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UNITED STATES

NUCLEAR REGULATORY COMMISSION
"•"

/f.'\WASHIJNGTON•,

D.C. 20555-0001

May 23, 2012

Mr. W. Anthony Nowinowsli, Program Manager
PWR Owners Group, Program Management Office
Westinghouse Electric Company
1000 Westinghouse Drive, Suite 380
Cranberry Township, PA 16066
SUBJECT:

FINAL SAFETY EVALUATION FOR PRESSURIZED WATER REACTOR
OWNERS GROUP TOPICAL REPORT WCAP-1 7236-NP, REVISION 0, 'RISKINFORMED EXTENSION OF THE REACTOR VESSEL NOZZLE INSERVICE
INSPECTION INTERVAL' (TAC NO. ME4878)

Dear Mr. Nowinowski:
By letter dated October 4, 2010 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML102790086), the Pressurized Water Reactor Owners Group
(PWROG) submitted Topical Report (TR) WCAP-17236-NP, Revision 0, 'Risk-Informed
Extension of the Reactor Vessel Nozzle Inservice Inspection Interval,* to the U.S. Nuclear
Regulatory Commission (NRC) staff for review. By letter dated January 26, 2012, an NRC draft
safety evaluation (SE) regarding our approval of TR WCAP-1 7236-NP, Revision 0, was provided
for your review and comment (ADAMS Accession No. ML1 20240.450). By letter dated March 22,
2012 (ADAMS Accession No. ML12083A195), the PWROG commented on the draft SE. The
NRC staffs disposition of the 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-17236-NP, Revision 0, is acceptable for referencing in
licensing applications for nuclear power plant.s 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.
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 plantspecific review in accordance with applicable review standards.
In accordance with the guidance provided on the NRC website, we request that the PWROG
publish an approved version of this TR within three months of receipt of this letter. The
approved 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 approved version shall include an "-A" (designating approved)
following the TR identification symbol.
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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,

Sher Bahadur, Deputy Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation
Project No. 694
Enclosure:
Final Safety Evaluation
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NUCLEAR•UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

FINAL SAFETY EVALUAT(ON BY THE OFFICE OF NUCLEAR REACTOR REGULATION
TOPICAL REPORT WCAP-17236-NP, REVISION 0. "RISK-INFORMED EXTENSION OF THE
REACTOR VESSEL NOZZLE INSERVICE INSPECTION INTERVAL'
PRESSURIZED WATER REACTOR OWNERS GROUP
PROJECT NO. 694
1.0

INTRODUCTION AND BACKGROUND

By letter dated October 4, 2010. the Pressurized Waler Reactor Owners Group (PWROG)
submitted Topical Report (TR) WCAP-17236-NP, Revision 0, 'Risk-Informed Extension of the
Reactor Vessel Nozzle Inservice Inspection Interval' (Reference 1), for U.S. Nuclear Regulatory
Commission (NRC) staff review. By letter dated August 26, 2011 (Reference 2), the PWROG
submitted responses to the NRC staff's request for additional information (RAt) questions on TR
WCAP-17236-NP, Revision 0 (hereafter referred to as the TR), but did not expand its scope as
originally submitted for NRC slaff review. Attached to the August 26, 2011, letter is a revised
TR WCAP-1 7236-NP, Revision 0, incorporating part of the PWROG's responses to the NRC's
RAI questions.
In the TR, the PWROG provided the technical and regulatory basis for decreasing the frequency
of inspections by extending the American Society of Mechanical Engineers (ASME) Boiler and
PressureVessel Code (ASME Code) Section XI inservice inspection (ISI) interval from the
current 10 years to 20 years for ASME Code Section XI. Category B-F and B-J reactor vessel
(RV) nozzle wetds that do not contain Alloy 821182.
The TR described a risk-informed methodology that relies on the probabilistic fracture
mechanics (PFM) methodology which is similar to that used in the approved PWROG
risk-informed ISI (RI-ISI) methodology for piping welds (ASME Code, Section XI, Appendix R,
Method A (Reference 3)). The extension of the ISI interval from 10 to 20 years is also
consistent with the methodology used in the approved application for extension of the ISI
interval for RV welds (Reference 4) from 10 to 20 years.
The proposed changes may affect the RI-ISI program for each licensee who has implemented a
RI-ISI program. In addition to the PWROG RI-ISI methodology, the NRC has endorsed plantspecific RI-ISI methodology based on the Electric Power Research Institute (EPRI) methodology
(ASME Code, Section XI, Appendix R, Method B (Reference 5)), and has accepted relief
requests based, in part, on the methodology in ASME Code Case N-716, Alternative Piping
Classification and Examination Requirements, Section XI, Division 1' (Reference 6). The effect
of extending the ISI interval for nozzle welds for all three RI-ISI methodologies is addressed in
the TR and this safety evaluation (SE).

ENCLOSURE
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-22.0

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
Regulations(10 CFR) 50.55a(g), except where specific relief has been granted by the NRC
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
(ih)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 10-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 nozzle-to-pipe
(RV nozzle) welds have been in effect since the 1989 Edition of ASME Code, Section XI. Article
IWB-2000 of the ASME Code, Section XI establishes an ISI interval of 10 years. The TR
proposed a methodology that can be used by individual licensees to demonstrate that extending
the ISI interval on their Category B-F or B-J RV nozzle welds that do not contain Alloy 82/182
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 7). SRP Chapter 19.2 directs the NRC staff to
review each of the four elements suggested in Section 2 of Regulatory Guide (RG) 1.174, 'An
Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific
Changes to the Licensing Basis" (Reference 8). 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. RG 1.174 also provides
five key principles and numerical risk acceptance guidelines.
3.0

TECHNICAL EVALUATION

The objective of ISI is to identify conditions, such as flaw indications, that are precursors to
leaks and ruptures which violate pressure boundary integrity principles for plant safety.
The TR contains a methodology based on the risk-informed approach to assess the change in
core damage frequency (ACDF) and the change in large early release frequency (ALERF) due
to extension of the ISI interval from 10 years to 20 years for RV nozzle Yields of four
configurations. This part of the methodology follows the basic steps of RG 1.174. Many plants
have implemented RI-ISI programs for piping, which considered RV nozzle welds as piping
welds. Consequently, extension of the ISI interval for RV nozzle welds may affect the current
RI-ISI assessment. Evaluation of this effect is the second part of the proposed methodology.
This TR provides calculations for Beaver Valley Power Station, Unit 1 (BY-i), and Three Mile
Island Nuclear Station, Unit 1 (TMI-1); illustraling the application of the proposed methodology
to these two pilot plants.
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Define the Proposed Change

The TR proposed to extend the IS] interval for ASME Code, Section Xl, Category B-F and B-J
RV nozzle-to-safe-end and safe-end-to-pipe welds (excluding welds of Alloy 821182 materials)
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)(3)(i) on the basis that
the alternative ISI interval provides an acceptable level of quality and safety.
The PWROG provided in the TR a proposed RV nozzle weld inspection schedule for
participating PWROG plants, with the intent to achieve a somewhat uniform number of
inspections per year from 2011 to 2050. The dates in this implementation plan are consistent
with those in the plan for implementation of the RV ISI interval extension in TR
WCAP-16168-NP-A, Revision 3 (Reference 4). Thus, the NRC staff determined that 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 referenced in the most recent Revision of TR
WCAP-16168-NP-A. This will be listed as a condition in Seclion 4 of this SE.
3.2

Risk-Informed Evaluations

According to the guidelines in RG 1.174 and SRP Chapter 19.2, a RI application is an analysis
of the proposed change using a combination of traditional engineering analysis with supporting
insights from a risk assessment. The RI analysis in this TR proposes to verify that a reduction
in the frequency of volumetric examination of the RV nozzle welds can be accomplished with an
acceptably small change in risk.
The engineering evaluations include the PFM analysis to estimate the change in weld failure
frequency caused by extending the ISI interval, and the change in risk caused by the change in
failure frequency. The PFM engineering evaluations in the TR were based on results from
applying the Westinghouse Structural Reliability and Risk Assessment (SRRA) Code
(Reference 9), which is also the tool supporting the approved PWROG RI-ISI methodology for
piping (Reference 3). These evaluations utilized the PFM methodology to model changes in
failure frequency caused by change to the ISI interval. The change-in-risk evaluations are
similar to the change-in-risk evaluations supporting the approved RI-ISI methodologies. The
proposed methodology includes modifications to the RI-ISI change-in-risk evaluations to
incorporate the increased failure frequency expected from the extended ISI interval.
3.2.1

PFM Methodology Evaluation

The ISI interval extension methodology is based, in part, on a PFM analysis of the effect of
different ISI intervals on the frequency of postulated RV nozzle weld failure modes (i.e., Small,
Medium, and Large Loss of Coolant Accident, or SLOCA, MLOCA, and LLOCA with leakage
rates of 100, 1500, and 5000 gallons per minute (GPMs)). The likelihood of RV nozzle weld
failure was postulated to increase with increasing time of operation due to the growth of preexisting fabrication flaws by fatigue. The PFM methodology allowed for the consideration of
distributions and uncertainties in flaw density and depth, material properties, crack growth
resulting from fatigue, failure modes, stresses, and the effectiveness of inspections. For each of
the four RV nozzle wield configuration types, the PFM approach was used to estimate a
bounding change in failure frequency for each failure mode, considering the change of ISI
interval from 10 years to 20 years. The change-in-risk calculation can then be performed for a
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-4plant to determine the ACDF and ALERF associated wilh the increased ISI interval and changes
to the RI-ISI program.
Validation of the Flaw Characteristics
The flaw characteristics used in the SRRA Code had already been accepted because this code
was used in supporting the approved PWROG RI-ISI applications. The flaw characteristics
were developed using the PRODIGAL Code, which relies on artificial intelligence rules that are
based on experience to simulate each step in the weld fabrication, considering the various types
of inspections used in the process. It is stated in Section 2.2 of the TR, '[tihe limiting flaw depth
specified above (a through-wall depth of greater than six percent of the wall thickness and a
length equal to six times the depthj is based upon the upper 2-sigma bound on the log-normally
distributed median value of the initial flaw depth used for the PFM analyses." To validate this
flaw depth distribution, DCI-RAI-1 requested the PWROG discuss the characteristics of the five
recordable indications shown in Table 3-1 of the TR from the past RV nozzle ISI findings to
justify the initial flaw depth distribution used in the PFM analyses in this application. The
PWROG clarified in its August 26, 2011, response that all five indications identified in Table 3-1
of the TR are sub-surface flaws. Therefore, the NRC staff determined that using surface flaws
with this initial through-wall depth distribution in the PFM analyses is conservative and bounds
operating experience for RV nozzle welds.
Regarding flaw density, the PFM analyses supporting the TR were based on the assumption of
one surface flaw per weld. The TR directs a licensee (Section 2.2) to validate that at most one
surface breaking flaw is present based on past ISI results. Ifmultiple surface breaking flaws
have been detected in past inspections, the TR directs that the frequency be multiplied by the
number of surface flaws. If the total flaw size from this method exceeds the dimension assumed
above, a weld-specific PFM analysis should be performed to develop a weld-specific
change-in-frequency value. Validation of this flaw assumption must also be performed in the
future through continued monitoring every 20 years.
3.2.1.1

PFM and Leakage Analysis in the SRRA Code

Since the TR contains no details of the PFM methodology used in the application, DCI-RAI-2
requested the PWROG provide a summary of the PFM analysis methodology used in the TR,
including the analysis methodology type (elastic plastic fracture mechanics or linear elastic
fracture mechanics), failure criteria, and the growth law for a flaw with an initial flaw depth to a
critical size or through-wall flaw, and eventually to a long flaw corresponding to SLOCA,
MLOCA, or LLOCA. DCI-RAI-2 also requested information regarding the establishment of
fracture toughness and other material properties critical to failure resistance for each of the two
failure periods for the RV nozzle welds and the key parameters which affect through-wall flaw
leakage, the leakage that is considered detectable, and how leak detection was credited.
The PWROG provided a summary in the August 26, 2011, response covering all aspects of the
PFM analysis methodology that the NRC staff mentioned in DCI-RAI-2. This PFM analysis
methodology was used in supporting the approved TR on PWROG RI-ISI for piping
(Reference 3). The summary helped the NRC staff accept the inputs for the current application
to the SRRA Code and identify additional conservatisms in the PFM analyses, such as the
surface flaw assumption and the instant change from a semi-elliptic flaw to a circular
through-wall flaw when leaking starts. Due to low neutron fluence and benign coolant condition,
fatigue crack growth was identified as the only growth mechanism of concern in this application.
The interface of leakage determination and PFM analysis is also consistent with the industry
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-5approach that has been used in other areas such as leak-before-break applications. In addition,
the PWROG's response to DCI-RAI-3 confirmed that 'there were no parts of the SRRA Code
used in generating PFM results for this application that were not needed in generating PFM
results for the prior risk-ranking application [approved by the NRC).' This statement further
supported the NRC staff's decision of not repeating a full, detailed, rigorous review of the PFM
and leakage methodology documented in Reference 9.
To gain additional confidence in applying the SRRA Code in this application, the NRC staff
requested additional information. DCI-RAI-4 inquired about the adequacy of obtaining an
average' change in failure frequency by dividing the difference in failure probability by 40 or 60
years. DCI-RAI-5 inquired about the use of engineering insights in certain places of the
application. DCI-RAI-6 inquired about the RV nozzle diameter input. DCI-RAI-7 inquired about
the difference between Iwo flaw related inputs: 'X-ray nondestructive examination (NDE), and
'One Flaw.' DCI-RAI-8 inquired about the selection of the crack inspection accuracy parameter
of 0.24 in adjusting the probability of detection (POD) curves used in the SRRA Code.
The response to DCI-RAI-4 included a histogram of the calculated failure frequencies
corresponding to the first row of results in Table 3-7 of the TR. For the case of the 20-year ISI
interval, the NRC staff estimated that the average failure frequency applicable between Year 50
and Year 60 would be 5.17E-7 based on the PWROG's failure frequency of 7.3E-8 at Year 50
and 1.47E-7 at Year 60. Similarly, for the case of the 10-year ISI interval, the NRC staff
estimated that the average failure frequency applicable between Year 50 and Year 60 would be
7.52E-8 based on the PWROG's failure frequency of 2.OE-8 at Year 50 and 2.92E-8 at Year 60.
Hence, the average change of failure frequency in the time between Year 50 and Year 60 due
to the ISI interval change would be 4.42E-7/year, about three times the change in failure
frequency based on averaging over 60 years as reported in the first row of Table 3-7. RG 1.174
directs that annual frequencies be estimated and used while the method of simulating lifetimes
in PFM analysis results in failure probabilities which can vary over times that extend far beyond
one year. Averaging the. results over the full life of the facility is a reasonable approximation
provided that the risk does not substantively increase toward the end of facility life. The factor
of three differences in the annual frequency results is small compared to the generally large
margin between the calculated changes in risk and the acceptable guideline values. Therefore,
the NRC staff finds that the proposed conversion of the PFM results to annual frequency is
acceptable because the evaluation in the TR indicates that other methods of conversion are not
expected to substantively change the results.
The response to DCI-RAI-5 clarified that the fatigue stress range and design limiting stress, two
of the SRRA Code inputs, were determined considering engineering (operating) experience.
Also, when steam generator snubber lock-up is evaluated, the worst type of snubber was
assumed in the analysis. The response stated that the heat-up and cool-down transients are
the primary. drivers for fatigue crack growth. This is appropriate because it is consistent with
operating experience. Also, considering the current industry practice of having a refueling cycle
of 1.5 years and the rare scenario of experiencing several heat-ups and cool-downs before a
defective component is successfully repaired during a scheduled or forced outage, the NRC
staff considers the assumed 5 cycles per year for heat-up and cool-down transients (specified in
the accompanying table) conservative. Therefore, DCI-RAI-5 is resolved.
The response to DCI-RAI-6 clarified that the input of RV nozzle diameter may not reflect the real
nozzle geometry. Instead, 'all grouping of thickness and diameter inputs were evaluated .... the
grouping that provided the highest change in failure (MLOCA) frequency between 10-year and
20-year inspection intervals was selected as being limiting for that nozzle type." Therefore,
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-6DCI-RAI-6 is resolved because the PWROG's approach of using the nozzle geometry that gave
limiting results is conservative. Response to DCI-RAI-7 clarified that regardless what the SRRA
input on flaw was called, 'the SRRA Code simulate a maximum of one flaw at the worst stress
location that could result in the first failure of the nozzle weld.' Therefore, DCI-RAI-7 is resolved
because the PWROG's approach of selecting the worst stress location for evaluation is
conservative.
The response to DCI-RAI-8 provided PWROG's viewpoint regarding use of the crack inspection
accuracy parameter of 0,24 versus 0.1. Since the NRC staffs conclusion does not depend on
the results based on one particular performance factor, DCI-RAI-8 is resolved.
Based on the above evaluation and aided by the resolution of the eight DCI-RAts, the NRC staff
determined that the PWROG's use of SRRA Code in this application is appropriate and the
PWROG's inputs for the SRRA Code are acceptable.
3.2.1,2

Change in Failure Frequencies Due to Extending the ISI Interval from 10 to 20 Years

The likelihood of RV nozzle weld failure was postulated to increase with increasing time of
operation between inspections due to the growth of pre-existing fabrication flaws by fatigue.
The likelihood of failure after an inspection decreased reflecting the possibility of identifying and
repairing a flaw. The PFM approach in the TR simulated the growth of flaws over time behteen
inspections and the repair of flaws that are detected during each 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, failed in SLOCA, MLOCA, and LLOCA, or the end of plant life is
reached. Therefore, the change in the likelihood of the event of concern is evaluated
individually in the TR for SLOCA, MLOCA, and LLOCA.
Section 3.2.3 of the TR provides the bounding change-in-failure-frequency analysis results for
all four types (Types A, B, C. and D) inlet and outlet nozzles for the failure modes of SLOCA,
MLOCA, and LLOCA with 40 and 60 years' plant operation when the crack inspection accuracy
parameter was assumed to be 0.24 (Tables 3-3 to 3-6). Detailed information supporting the
MLOCA case in Tables 3-5 and 3-6 is provided in Tables 3-7 and 3-8, along with additional
results for a crack inspection accuracy parameter of 0.1. The PWROG established the
bounding nature of the results by first performing simulations at the highest and lowest weld
temperatures and at different nozzle dimensions to determine the limiting case for the MLOCA.
Subsequently, additional results using the identified limiting case were generated for the SLOCA
and LLOCA for the normal and off-normal conditions.
During the implementation of a related TR, TR WCAP-16168-NP-A (Reference 4). which
extended the ISI interval for RV welds, the NRC slaff has concluded that relief from ASME Code
10 year inspection requirements should be requested every 20 years. Consistent with the
requirement that relief be requested every 20 years, licensees need to determine whether the
40 or 60 year change in failure frequencies are most representative of the end of the requested
20 year extension.
In response to DRA-RAI-9. Westinghouse clarified that selecting whether the 40 or the 60 year
failure frequencies should also include consideration of the plant life that has been used in the
RI-ISI program. RI-ISI programs may have been based on the failure frequency after a 40 year
plant life. If necessary, the plant life used in the RI-ISI program should be adjusted to match
that required by the extension request. The examples in the TR sometimes use the 40 year
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-7values and sometimes the 60 year values but the NRC staff does not endorse the examples only the estimated change in failure frequencies and the general methodology. Each licensee
should identify in its relief request which failure frequencies were selected and why.
Based on the NRC staffs evaluation of the PFM methodology in the SRRA Code, the
associated key SRRA Code input parameters for this application, and the reasonable approach
for determining the limiting case. as described above, the NRC staff accepts the PWROG's
change-in-failure-frequency analysis results when used as described in the NRC staff endorsed
version of this TR to evaluate the risk increase from extending the ISI interval for RV nozzle
welds from 10 to 20 years.
3.2.2

Risk Assessment

In its response to DRA-RAI-1 and modifications to the TR, Westinghouse confirmed that at least
one, and normally two, plant-specific changes in risk will be required to extend the RV nozzle
welds 11 interval from 10 to 20 years: 1) the change in risk from the ASME Code, Section XI
ISI program, and 2) the modified change in risk from the RI-ISI program if one is implemented.
The current ASME Code, Section XI requirements call for inspection of 100 percent of the RV
nozzle welds every 10 years. The change in risk from the ASME Code, Section XI ISI program
is required to identify the change in risk associated with relief from the 10 year inspection
requirements in the ASME Code. Most licensees have, however, implemented a PWROG,
EPRI, or ASME Code Case N-716 RI-ISI program to replace their ASME Code, Section XI ISI
program. In this case, the change in risk from the RI-ISI program is required to be modfied to
include any additional change in risk associated with extending the interval.
The TR provides a melhodology and part of the risk assessment inputs (the change in weld
failure frequencies in Tables 3-3, 3-4, 3-5, and 3-6) for both risk assessments. The
plant-specific risk assessment inputs to the change-in-risk calculations are the conditional core
damage probabilities (CCDPs) and the conditional large early release probabilities (CLERPs) for
SLOCA, MLOCA. and LLOCAs.
3.2.2.1

Change in Risk Associated with Relief from ASME Code, Section XI Inspection Interval
Requirements

The change in risk is estimated by combining the appropriate change in weld failure frequencies
from the TR with the plant-specific CCDPs and CLERPs. All change in failure frequency values
are found in Tables 3-3 through 3-6. The TR proposes that failure frequency values without
teak detection should be used for comparison to the ASME Section XI 11 interval. As
discussed previously, the licensee will need to select, and justify, either the 40 or the 60 year
life. The estimated change in risk for each LOCA size is estimated by multiplying the change in
failure frequency, the number of welds in the nozzle, and the CCDP and CLERP foreach size.
The total change in risk from the increased interval is obtained by summing the risk from all
LOCA sizes. The NRC staff concurs with the TR's direction that each licensee estimate the
change in risk associated with extending the interval on the inspection of 100 percent of the
welds from 10 to 20 years in each relief request that includes a request to extend the ISI
intervals.
The NRC staff finds that the use of change in failure frequency without leak detection is
conservative and therefore acceptable. The proposed calculations include the risk contribution
for each possible weld failure and therefore yield estimates of the ACDF and ALERF that reflect
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-8the change in risk from the increased intervals. The NRC staff concurs that an estimated
change that is less than the guidelines from RG 1.174 indicates that any increase in risk caused
by changing the ASME Code, Section XI ISI program to extend the ISI interval for nozzle welds
from 10 to 20 years is small and satisfies Principle 4 in RG 1.174.
3.2,2.2

Change in Risk Associated with Relief from RI-ISI Inspection Interval Requirements

Most plants have implemented RI-ISI and no longer inspect 100 percent of the RV nozzle welds.
The RI-ISI program development selects welds to inspect based on the risk significance of
piping segments. One or more welds within high-safety-significant (HSS) piping segments are
generally selected for inspection. Since failure in the primary reactor coolant loops can lead to
un-isolable LLOCAs, these segments are often HSS. Some plants select welds other than the
RV nozzle welds in the primary coolant loops to fulfill RI-ISI inspection requirements. Some
plants select RV nozzle welds. If a plant has selected no RV nozzle welds for inspection, the
risk of discontinuing inspections in those locations is already included in the RI-ISI change in
risk estimates. Plants which have included inspection of one or more RV nozzle welds in their
RI-ISI program should include the increased risk from extending the ISI interval in the RI-ISI
program's change in risk estimate. The TR provides the change in failure frequencies and the
methodology to include the increased risk from extending the ISI interval in the RI-ISI program
change-in-risk estimate.
The TR proposes that the *with leak detection' failure frequencies be used in the RI-ISI
change-in-risk calculations. Primary coolant leak detection capability in conlainment is
mandated by regulation and the NRC staff finds that crediting this capability is acceptab!e and
consistent with the RI-ISI methodologies.
The TR proposes a total of seven different methods to include the increased interval in the
RI-ISI change-in-risk estimates; four of which could be used wilh the PWROG RI-ISI
methodology, three of which could be used with the EPRI methodology.
PWROG RI-ISI
The PWROG RI-ISI methodology is based on weld failure frequencies developed using the
same methods and computer programs used in this TR. The PWROG RI-ISI methodology uses
a single, worst case, weld frequency to represent a segment failure frequency for each LOCA
size regardless of the number of welds in Ihe segment. A change in risk is only estimated when
all inspections in a segment are discontinued, when one or more inspection is introduced in a
previously uninspected segment, or when augmented inspections are improved. Changing the
number of welds inspected within a segment does not result in an estimated change in risk. As
described in the NRC SE on the PWROG RI-ISI methodology (Reference 3), the change-in-risk
calculations were not intended to *precisely estimate the magnitude of the change, (bull the
calculation can illustrate whether resulting change will be a risk increase or a risk decrease.'
The lack of precision in the risk increase estimate was found acceptable, in part, because the
PWROG RI-ISI method included acceptance guidelines that called for a neutral change in risk
or a risk decrease instead of the risk increases permitted according to the RG 1.174 guidelines.
The TR proposes one traditional method and three alternative methods to estimate the change
in risk between the ASME program and a PWROG RI-ISI program that includes an extended ISI
interval for selected RV nozzle welds. The traditional method is consistent with the PWROG
RI-ISI change-in-risk methodology, but includes the addition of the increase in risk associated
with the RV nozzle weld ISI interval extension. In response to DRA-RAI-7, Westinghouse
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-9provided detailed equations describing the variables and the manipulations required to
implement each of the three alternative methods. All three alternative methods modify the
PWROG RI-ISI change-in-risk methodology by assigning the segment failure frequency to each
weld in the segment, and accounting for changing the number of inspections within each
segment. The three alternative methods differ by increasing the resolution of the CCDPs and
CLERPs assigned to each segment from a worst case plant-wide estimate to a worst case
system estimate and finally to a segment-specific estimate. Increasing the resolution will result
in lower change in risk estimates.
The NRC staff finds that all four methods may be used. When using the traditional PWROG
RI-ISI change-in-risk methodology each nozzle is considered a segment. Therefore the failure
frequency of a nozzle segment with two welds can be represented by a single most limiting
failure frequency. When using one of the alternative methods, the failure frequency of all welds
must be included as described in the detailed equations. Therefore the failure frequency of a
nozzle with two welds is twice the failure frequency of one weld as illustrated in the equations
provided for each of the alternative methods, These differences are reflected in the different
acceptance guidelines discussed below.
When the traditional PWROG RI-ISI change-in-risk methodology is used, the original
change-in-risk methodology is used and therefore the original risk neutral acceptance guidelines
are applied. However, when one of the three alternative methods is used, the acceptance
guidelines are increased from risk neutral to reactor coolant system and total risk increases that
would meet the very small risk increase guidelines in RG 1.174. This modification of
acceptance guidelines is consistent with the alternative methods which now account for the
changes in the number of welds inspected instead of the number of segments inspected. If the
risk increase guidelines cannot be met with the current RI-ISI program, the TR directs the
licensee to add inspections until the guidelines are met. The NRC staff finds the methodology
and the associated acceptance guidelines acceptable because they incorporate any risk
increase from extending the interval into the RI-ISI program. The resolution and thereby the
precision of the change-in-risk estimates are increased in the alternative methods by accounting
for the changes in the number of welds inspected and therefore changing the acceptance
guidelines to the larger acceptable risk increases continue to provide confidence that the
increase in risk is acceptable.
EPRI/N-716 RI-ISI
The EPRIIN-716 RI-ISI methodology is based on weld failure likelihood 'bins' determined only
by the presence or absence of potential degradation mechanisms. Identification of segment
safety significance and determination of the number of inspections is based on which
degradation mechanism may be present and the CCDP and CLERP in each segment. The
change-in-risk estimates in the EPRIIN-716 method use a single break size frequency and
single values for CCDP and CLERP. The change-in-dsk estimate is the product of the failure
frequency of an uninspected weld associated with the potential degradation mechanism, the
estimated CCDP and CLERP (EPRI/N-716 Method 1), and, optionally, an inspection
effectiveness (IE) or probability of detection (POD) factor between 0 and I that characterizes
the likelihood that inspections will identify flaws before weld failure (EPRI/N-716 Method 2).
This IE factor is similar to the crack inspection accuracy parameter discussed in Section 3.2. 1.1
of this SE and included in the frequency estimates in Tables 3-3 through 3-6 of the TR.
Therefore, any calculation that combines frequencies from Tables 3-3 through 3-6 together with
an IE factor would incorrectly account twice for inspections.
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-10The TR repeats a variety of equations for calculating the change in risk between the ASME
program and an EPRIIN-716 RI-ISI program (Equations 3-11, 3-12, 3-13, and 3-14). Inspection
of the TR reveals three proposals for including the increased risk from extending the ISI interval
into the EPRIIN-716 RI-ISI program.
The first method uses the EPRIIN-716 qualitative method augmented by the change-in-risk
caused by extending the ISI interval for RV nozzle welds. When used to develop a RI-ISI
program, the qualitative method concludes that there is no expected increase in risk from
implementing the RI-ISI program. Therefore, the total change-in-risk from implementing the
RI-ISI program and extending the ISI interval for RV nozzle weld inspection interval is not
expected to be greater than the risk increase from extending the 1SI interval. The risk increase
from extending the ISI interval can be directly compared to the acceptance guidelines.
The second method estimates the increased risk from extending the ISI interval using the
change in failure frequency developed in this TR and adds that increase in risk to the
EPRIIN-716 RI-ISI change in risk. The Increased risk is the product of the increased weld
failure frequency (from Tables 3-3 through 3-6) and the plant specific CCDP and CLERP for
reactor coolant loop LOCAs as described in the TR. Simply adding this risk increase to the
increase in risk from implementing an EPRIIN-716 RI-ISI program is consistent with adding the
increased risk from the extended interval with the increased risk from implementation of the
RI-IS program and therefore acceptable.
The third method estimates the increased risk from extending the ISI interval by modifying the
IE or POD factors that would be applied to the welds with the extended ISt interval instead of
using the change in failure frequencies in Tables 3-3 through 3-6. Equations 3-12 and 3-13
provide the EPRI/N-716 formulas and parameters for the change in CDF calculations that use
the IE or POD factor. Modifying the POD (currently done, for example, to reflect increased
inspection volume) must be done by directly changing the value because there is no time
component in POD. There is a time component in the Mirkov model which can be used to
calculate the IE. The Markov model has been found acceptable for use in developing an
EPRIIN-716 RI-ISI program. The NRC staff concurs that these equations and models can be
used to reflect changing the inspection interval. However, modifying the POD or the IE require
the use of parameters not discussed in the TR including, for example, estimates for the
uninspected nozzle weld failure frequency.
The NRC staff finds that the first two methods (qualitative and using the change in failure
frequencies developed in this TR) to incorporate the extension of the ISI interval into the
EPRI/N-716 RI-ISI program change-in-risk estimates are consistent with the EPRI methodology
and the development of failure frequencies in this TR and therefore acceptable. The failure
frequencies in Tables 3-3 through 3-6 of the TR may be used in the first two methods and this
TR referenced. Using the third method requires the use of parameters not discussed in the TR.
Therefore, Section 4.0 of this SE, *Conditions and Limitations,' states that licensees that use
change to the POD or the IE to incorporate the extension of the ISI interval must identify and
justify all input parameters.
Unlike the PWROG RI-ISI methodology, the change-in-risk acceptance guidelines are not
changed. The NRC staff finds this is appropriate and acceptable because the EPRI/N-716
RI-ISI methodology uses changes in the number of welds inspected and these additional risk
calculations also use changes in the number of welds inspected.

WCAP-17236-NP-A

July 2012
Revision 0

xv

-

11

-

3.2.2.3 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 TR does not address the technical
adequacy of the PRA.
The TR requires CCDPs and CLERPs for SLOCA, MLOCA, and LLOCA. The acceptance
guidelines are comparable to the acceptance guidelines for a RI-ISI program. The NRC staff
finds that a PRA that is adequate to support the development of a RI-ISt program is adequate to
support the change-in-risk evaluations described in the TR because the PRA calculations
required by the TR are fewer than, or equivalent to, those required to develop a RI-ISI program.
However, the licensee will need to discuss any changes to the PRA or associated reviews and
dispositions of findings since the RI-ISI application. Any licensee that has no RI-ISI program
that requests relief to extend the ISI interval would need to justify that its PRA is technically
adequate to support the request.
3.3

Submit Proposed Change

The fourth and final element in the 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 with
10 CFR 50.55a(a)(3)(i), must be submitted and approved by the NRC to extend the IS interval.
Licensees that submit a request for an alternative based on the TR need to submit plant-specific
information summarizing which methods from the TR were used and addressing each of the
limitations and conditions in Section 4.0 of this SE.
3.4

Conformance to RG 1.174

In addition to the four element approach discussed above, RG 1.174 states that RI plant
changes are expected to meet a set of five key principles. This section summarizes these
principles and the NRC staff findings related to the conformance of the TR methodology with
changes to ISI programs in general and with the extension of the ISI interval proposed in the
TR.
Principle 1 states that the proposed change must meet the current regulations unless it is
explicitly related to a requested exemption or rule change. 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 10 CFR 50.55a(g), except where specific relief has been granted by the
NRC pursuant to 10 CFR 50.55a(g)(6)(i). This RI application requires a request for an
alternative under 10 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'. The NRC staff believes that ISI is an integral part of defense-in-depth and
extending the interval may change the robustness of the reactor coolant pressure boundary,
albeit very slightly. However, the NRC staff concludes that increasing the failure frequency by
I The NRC staff finds (he defense-in-depth discussion in, and following. Table 3-12 orthe TR, while supportive of
defense-in-depth, is more descriptive ot'the strategies that will be used to monitor the impact ofthe proposed change
and addresses the TR discussion under Principle 5.
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*inspections

extending the ISI interval is similar to increasing the failure frequency by discontinuing
in RI-ISI. Unlike RI-ISI, these increases are not offset by inspecting new locations
but, also unlike RI-ISI, the scope of the change is limited to the small, well defined, population of
nozzle welds. Therefore, consistent with the NRC staff conclusions endorsing RI-ISI, the NRC
staff concludes that there is a reasonable assurance that the resulting ISI program will provide a
substantive ongoing assessment of piping condition and therefore Principle 2 is met.
Principle 3 states that the proposed change shall maintain sufficient safety margins. The TR
states that no safety analyses are changed. The NRC staff concurs that there are no changes
to the evaluations of design-basis accidents in the Final Safety Analysis Report (FSAR). This
proposal is only to extend the ISI interval and no other portions of the current inspection
requirements are eliminated. The NRC staff finds that extending the ISI interval may permit
some flaws to remain undetected and thereby reduce the margin to failure of these welds.
However, the proposal does not, for example, change the acceptance criteria used to determine
whether any identified flaws are acceptable and therefore the NRC staff finds that sufficient
safety margins are maintained and 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
TR provides methods to estimate the change in risk associated with changing the ASME Code,
Section XI inspection program for RV nozzle welds from 10 to 20 years, and from changing the
ISI interval for RV nozzles in an existing Ri-ISI program from 10 to 20 years. Provisions to
increase the number of welds for inspection if the acceptance guidelines are not met are
provided. Therefore, Principle 4 is met.
Principle 5 states that the impact of the proposed change should be monitored using
performance measurement strategies. The TR states that nondestructive examinations will still
be conducted, but on a less frequent basis not to exceed 20 years and that indications of
potential generic degradation mechanisms of RV nozzle welds will still be available during this
extended ISI interval (e.g., foreign experience, inspection of other similar locations, and periodic
testing with visual examinations). To demonstrate that there will be a sampling of inspections
performed over the 20-year interval that will provide an indication of emerging issues; a
somewhat optimized implementation schedule was developed. This schedule is for the period
from 2009 to 2048 and applies to plants with non-alloy 82/182 Category B-F and B-J welds.
Since the RV nozzle weld inspections are performed at the same time as the RV shell weld
inspections, the schedule is based on the schedule developed for the RV shell weld ISI interval
extension as discussed in the most recent Revision of TR WCAP-16168-NP-A. The schedule is
based upon every plant identified in Table 4-1 implementing the 10-to-20-year interval extension
for the inspection of RV nozzle welds. Any indications that are found during the inspections will
be treated as flaw indications and evaluated under ASME Code, Section X1, and so there is no
change to this monitoring aspect. Therefore, Principle 5 is met.
4.0

CONDITIONS AND LIMITATIONS

This section summarizes the conditions and limitations that should be addressed by all
applicants in their relief requests to increase the ISI interval for RV nozzle welds from 10 years
to 20 years:
The PFM analyses supporting the TR were based on a key assumption - one surface
flaw per weld. Therefore, consistent with the TR guidance in Section 2.2, the NRC staff
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requires applicants to validate that at most one surface breaking flaw is present based
on past ISt results. If multiple surface breaking flaws have been detected in past
inspections, then the resulting change in failure frequency shall be multiplied by the
number of surface flaws. Ifthe total flaw size from this method exceeds the dimension
assumed in the TR (i.e., a through-walt depth of greater than six percent of the wall
thickness and a length equal to six times the depth), a weld-specific PFM analysis
should be performed to develop a weld-specific change-in-frequency value. Validation
of this flaw assumption must also be performed in the future through continued
monitoring every 20 years.
Licensees must identify the years in which future inspections wilt be performed. The
dates provided must be within plus or minus one refueling cycle of the dates identified in
the implementation plan referenced in the most recent Revision of TR
WCAP-16168-NP-A.
The NRC staff accepts the PWROG's change-in-failure-frequency analysis results in
Tables 3-3 through 3-6 when used as described in the NRC staff endorsed version of
this TR to evaluate the risk increase from extending the ISI interval for RV nozzle welds
from 10 to 20 years. Licensees must select the 40 or 60 year change-in-failurefrequency results, clarify the relationship between the selected life time and the values
used in the RI-ISI, and justify the selected life time values.
Licensees must submit plant-specific change-in-risk results in the relief requests as
described in the TR. A change in risk between the ASME requirements and the
extended IS[ interval must always be provided. If the licensee has a RI-ISI program, the
change in RI-ISI risk results including the extended intervals should be provided. If any
change in risk exceeds the applicable risk guidelines in the TR, the licensee should
identify and justify the deviation.
& Licensees must identify specifically which of the change-in-risk equations and methods
in the TR were used. Any deviations from the selected equalions andlor methods must
be identified and justified.
*

The use of the changes to the IE or the POD to reflect changes in risk caused by
extending the inspection interval may not use the change in failure frequencies in
Tables 3-3 through 3-6. Each licensee that uses this method must identify and justify all
parameter values used.
Licensees should address PRA quality in their relief request. Licensees relying on a
NRC staff approved RI-ISI program to demonstrate PRA quality should provide this
statement in their submittal and provide any updated information appropriate for the
application since the RI-ISI application. Licensees without a NRC staff approved RI-ISI
program must describe the technical adequacy of their PRA in the relief request,
The NRC staff does not endorse the BV-1 and TMI-1 examples or the use of any
quantative results from any tables besides Tables 3-3 through 3-6 of the TR. Licensees
(including BV-1 and TMI-1) may not reference the examples to justify any evaluation or
calculation.
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5.0

CONCLUSION

The NRC staff has reviewed TR WCAP-17236-NP and concludes that the TR, as modified by
the conditions and limitations summarized in Section 4.0 of the SE, provides an acceptable
methodology that can be used to support a request to extend the IS[ interval for Category B-F or
B-J RV nozzle welds that do not contain Alloy 821182 from 10 to 20 years.
Section 3.2.1.1 of this SE mentioned that due to low neutron fluence and benign coolant
condition, fatigue crack growth was identified as the only growth mechanism of concern in this
application. Also discussed in this section are the postulated surface crack, the fatigue stress
range, number of fatigue cycles, and design limiting stresses. Since extending the RV ISI
interval could increase the risk of RV failure from such cracks, the SRRA Code was used to
perform the fatigue crack growth analysis to produce PFM results for the subsequent riskinformed calculations. Based on the NRC staff evaluation of Section 3.2.1.1. the NRC staff has
concluded that the TR has appropriately postulated and modeled the potential change in failure
frequency risk that could be caused by fatigue crack growth over the life of operating facilities.
Therefore the NRC staff accepts the PWROG's change-in-failure-frequency analysis results (in
Tables 3ý3 through 3-6) when used as described in the NRC staff endorsed version of this TR to
evaluate the risk increase from extending the ISI interval for RV nozzle welds from 10 to 20
years.
The evaluation in the TR illustrates the variability in the estimated annual failure frequencies.
This variability is incorporated into all the methodologies approved for the development of RHiSI
programs. The analysis that was performed to support this TR does not reduce this variability
and therefore the NRC staff does not endorse any changes to PWROG or the EPRIIN-716
RI-ISI program methodology development.
Based on the above conclusions, the ASME Code Section Xl ISI interval for examination
categories B-F and B-J 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 with 10 CFR 50.55a(g)(6)(i), must
be submitted and approved by the NRC to extend any facility's ISI interval. During the
implementation of a related TR WCAP-16168-NP-A (Reference 4).which extended the ISI
interval for RV welds, the NRC staff has concluded that relief from ASME Code 10 year
inspection requirements should be requested every 20 years. Similarly, relief from the ASME
Code 10 year inspection requirement should be requested every 20 years when applying TR
WCAP-17236-NP, Revision 0, in coordination wilh the TR WCAP-16168.NP-A application.
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 referenced in the most recent Revision of TR WCAP-16168-NP-A.
The NRC staff does not endorse the BV-1 and TMI-1 examples. Licensees (including BV-1 and
TMI-1) may not refer to the examples to justify any evaluation or calculation. The NRC staff will
not repeat its review of the matters described in the TR WCAP-17236-NP, as modified by the
attachment to the supplement dated August 18, 2011, 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 4.0 of this SE.
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RESOLUTION OF COMMENTS BY THE OFFICE OF NUCLEAR REACTOR REGULATION
REGARDING THE DRAFT SAFETY EVALUATION FOR
TOPICAL REPORT WCAPo17236_NP, REVISION 0, 'RISK-INFORMED EXTENSION OF THE
REACTOR VESSEL NOZZLE INSERVICE INSPECTION INTERVAL'
PRESSURIZED WATER REACTOR OWNERS GROUP
PROJECT NO. 694
This Attachment provides the U.S. Nuclear Regulatory Commission (NRC) staffs review and
disposition of the comments made by the Pressurized Water Reactor Owners Group (PWROG)
on the draft safety evaluation for Topical Report WCAP-17236-NP, Revision 0, 'Risk-tnformed
Extension of the Reactor Vessel Nozzle Inservice Inspection Interval' (Agencywide Documents
and Management System (ADAMS) Accession No. ML120240450). The PWROG provided its
comments by a letterdated March 22, 2012 (ADAMS Accession No. ML12083A195).
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Suggested Changes on NRC Draft Safety Evaluation for WCAP-17236-NP, Revision 0
Comment

Page

Section

#

Location*

Line(s)

Editorial

I(E)

Description of Suggested Change

NRC Staff Comment Resolution

or
Technical

__(T)

1

1

1,0

P3. S1

32

E

Before the text "Reference 3" add the text
"(ASME-XI, Appendix R, Method A)"

2

1

1.0

P4. S3

38-39

E

Before the text "Reference 5" add "(ASMEXl, Appendix R, Method B),"

3

2

310

$1

33

E

Delete the word "and" before the word

4

3

3.1

P2

4-9

T

"which"

Accepted. The SE now states,
(ASME Code. Section XI,
Appendix R, Method A
(Reference 3)).,".
Accepted. The SE now states.
(ASME Code, Section XI,
Appendix R. Method B
(Reference 5))."
Accepted.

Accepted. The SE now states
The SER states that licensees must
identify in their requests for relief the dates that, "The dates provided must
in which they plan to perform their
be within plus or minus one
inspections and they must be within plus or refueling cycle of the dates
minus one outage of the dates provided in
identified in the implementation
Table 3-13 of the TR. Table 3-13 of the TR plan referenced in the most
is based on the PWROG plan for
recent Revision of TR WCAPimplementing the RV ISt interval extension
16168-NP-A."
as documented in PWROG letter OG-10238. This plan is referenced in the recently
revised SER for WCAP-16168-NP-A,
Revision 3. Since these RV nozzle exams
will be performed at the same time as the
RV exams, it would be more efficient for
industry and the NRC to manage
implementation based on one schedule
rather than two. It is suggested that the
SER be revised to reference WCAP16168-NP-A as the schedule for RV nozzle
ISI interval extension implementation. The
PWROG proposes to revise the sentence
on Page 3-22 of the TR starting with "Since
I the RV nozzle weld inspections are..." to
I
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Comment

Page Section

#

Location*

Editorial

Line(s)

(E) or

Description of Suggested Change

NRC Staff Comment Resolution

Technical

(T)

5

4

3.2.1

P1

4

6

4

3.2.1

P1, last S

10

E

7

4

3.2.1

P2, last S

20

E

8

7

3.2.2

P2, S5

16

T

ZD

_

_

CD S

E

read 'Since the RV nozzle weld inspections
are performed at the same time as the RV
inspections, the proposed inspection dates
in the implementation plan are consistent
with those in the plan for implementation of
the RV ISI interval extension in the latest
revision of WCAP-16168-NP-A, (Reference
6)." Furthermore, Reference 6 will be
revised to reference WCAP-16168-NP-A,
Revision 3, rather than WCAP-16168-NPA, Revision 2.
Delete "fracture mechanics" and the
parenthesis of "PFM" since they are not
part of the TR sentence that the SE quoted
from.
It is recommended that the text "of an
aspect ratio of 6 to 1" be replaced with the
text "with this initial through-wall depth
distribution"
Add "every 20 years" after"continued
monitoring"
It is believed that the intent of the text
"ASME" in "EPRI/ASME" is to refer to
ASME Section XI Code Case N-716. If so,
it is suggested that the text be revised to
"PWROG, EPRI, or ASME Code Case N716". "EPRIIASME" should also be
changed throughout the SER to "EPRI/N716'. It is understood that Code Case N716 is an ASME Code Case, but using only
the word "ASME" leads the reader to
believe that you are referring to the
traditional ASME Section XI approach or

Accepted.

Accepted.

Accepted.
Accepted.
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•Comment

Page Section

Location*

Line(s)

#

Editorial

~(E) or

Technical

(T)

I

Description of Suggested Change

'NRC Staff Comment Resolution!

II
one of the ASME Section XI Nonmandatory

Appendix R methods.
9

7

3.2.2.1

P1, S1

33

E

10

8

3.2.2.2

P1. S1

3

E

3.2.2.2

Last P

22

T

It is stated that the TR proposes a total of
seven different methods. Based on the
comment # 13 (below), there should be a
total of 8 different methods, 4 for PWROG
and 4 for EPRI.

3.2.2.2

All

42-51

T

This paragraph says that 'The TR
proposes three alternative methods to
estimate the change in risk between the
ASME program and a PWROG RI-ISI
program that includes an extended ISI
interval for selected RV nozzle welds." It is
stated later in the paragraph that "All three
methods modify the PWROG RI-ISI
change-in-risk methodology by assigning
the segment failure frequency to each weld
in the segment, and accounting for
changing the number of inspections within
each segment." However, the SER does
not mention that the TR also proposes a
1 methodology that is consistent with the

.....

_

11

12

8

i Change 'discussed above" to "discussed
previously'
Change "RV nozzle welds" to "RV nozzleto-pipe (RV nozzle) welds" since it is
repeated several times

j

_SE

Accepted.
Not accepted. 'RV nozzle
welds" was first used in Section
2.0 (Page 2) to represent "RV
nozzle-to-pipe welds" and. since
its first occurrence, appeared
numerous times throughout the
text.
Accepted. Resolution of #12
and #13 added a PWROG
method, but resolution of #16
indicated that two of the EPRI
methods were, in fact, the same
so there is still a total of 7
methods.
Accepted, the original PWROG
methodology may be applied to
the nozzles when the original
acceptance guidelines can be
satisfied.
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Comment
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cio

S

(E)or
Technical
un(T)
PWROG change-in-risk methodology in
that the number of inspections within each

Sa

______throughout

13

9

3.2.2.2

P1

1-11

__

T

segment is not considered. This original
approach is discussed in Section 2.4.1 and
in Section 3.2.5.1, Page 3-31, "Evaluation
of Effect of RV Nozzle ISI Interval
Extension.' An example of this approach is
shown in Table 3-15 for Beaver Valley Unit
1. The first sentence of'Section 3.2.5.1,
Page 3-31, "Alternative Change-in-Risk
Evaluation Methods," states "If the
PWROG original change-in-risk
acceptance criteria cannot be met using
the PWROG change-in-risk evaluation
method in WCAP-14572 or an excessive
number of exams would have to be added
to meet the criteria, the following three
alternative change-in-risk evaluation
methods can be utilized to evaluate the
effect on the RI-ISI program". The original
PWROG change-in-risk method needs to
be added as an acceptable method
the SER.
This paragraph states "...in response to
DRA-RAI-2 and DRA-RAI-4, Westinghouse
i states that nozzles should be treated as
j segments and therefore nozzles with two
I welds should only use a single weld
frequency (i.e,, segment basis). This is
inconsistent with the modified PWROG
methodology...' As noted in Comment 13,
the SER does not mention the original
- PWROG methodology in which the number

__

Accepted, the original PWROG
methodology may be applied to
the nozzles when the original
acceptance guidelines can be
satisfied.
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Page

Section
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Line(s)

Editorial

Description of Suggested Change

NRC Staff Comment Resolution

jTechnical
of welds is not considered. Further, the
response to DRA-RAI-2 says 'However,
when evaluating the impact on the RI-SIS
program for plants that have implemented
the PWROG RI-ISI methodology and that
are using the PWROG original change-inrisk evaluation, the evaluation is conducted
on a per-segment basis. Thus, as
discussed in the response to DRA-RAI-4,
the change in risk added to the change in
risk from the RI-ISI element selection
should be calculated based on one weld
per nozzle,. It is suggested that the text in
the SER be removed and to provide
clarification, the PWROG proposes to add
the text ".. and the calculations are
conducted on a per segment basis." to the
end of the first sentence of the second
paragraph of Section 2.4.1 of WCAP17236-NP. It is agreed that if one of the 3
alternative methods are used, in which the
number of welds is considered, the nozzles

should be treated as two welds when two
_

14
15

9
9
10

3.2.2.2 I
3.2.2.2

P4
P3

I

I

19
47-50
31-33

_

E
T

I

_ _extended
__

_

welds exist.
1 The word "associated" is missing the "d"
It is stated that "The first method is a
1 qualitative method. As stated in the TR,

'inspections
it]his methodareimplicitly
assumes that all
performed on the same

Accepted.
Accepted, if the original RI-ISI
program was determined to be

risk neutral, the only increase

would come from extending the
interval." The discussion in the TR does not nozzle weld inspection intervals.
provide any alternative to this assumption
which is no longer valid if the ISI interval is
and therefore the NRC staff does -

x<
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_use

16

PO
2

CD

10

3.2.2.2

P5

14-20

T

Description of Suggested Change

NRC Staff Comment Resolution

not approve the use of the qualitative
method." However, the TR does state on
Page 3-39 that 'if this method were to
show that there is no reduction, or there is
an increase in the number of inspections,
the only increase in risk would be as a
result of the extension in inspection interval
for the reactor vessel nozzle welds.
Therefore, as long as the change in risk as
calculated per Section 3.2.4 meets the
Regulatory Guide 1.174 acceptance
criteria, the extension in inspection interval
would be acceptable." The PWROG
proposes to replace 'Regulatory Guide
1.174' with "EPRI RI-ISI". With this
change, the PWROG believes that the
qualitative method should be an acceptable
method for evaluating the acceptability of
the effect on the RI-ISI program. The SER
should therefore be revised to allow the
of the qualitative method.
It is stated that 'In the discussion following Accepted. The general,
these equations (3-2 and 3-2), the TR
mutually agreed observation
states that changes in failure frequency
that the change-in-frequencies
from Tables 3-3 through 3-6 should
from Table 3-3 through 3-6
somehow be used in the equations. This
should not be used with an IE or
POD is accurate. The second
discussion is inconsistent with the
and the third (of the original
definitions of the parameters in the
equations and would yield incorrect results four) EPRI methods appeared
when combined with changes in the IE
to propose using an IE or a
factors. Therefore. licensees that use the
POD at all welds, including the
nozzles. However, the PWROG
frequencies from Tables 3-3 through 3-4
cannot use these equations and parameter clarified that the equations

-8-

-I
I'-.)

Suggested Changes on NRC Draft Safety Evaluation for WCAP-1 7236-NP, Revision 0
Comment
#

Page Section

Location*] Line(s)
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definitions and must report this deviation
and identify and justify their proposed
method and input values." It is assumed
that the text that is being referred to is in
the section "Method B" on page 3-43 of the
TR. It was never the intention of the TR to

illustrated the EPRI method at
all welds other than the nozzles
- the nozzles would use the
change in nozzle weld
frequencies in the TR. Thus the
previous second and third

propose that the change-in-failure
frequencies be used to calculate inspection
effectiveness factors and we do not believe
that the text in the TR implies this, We
I agree that this would be incorrect. What is
proposed is that even if the Markov Model
had been used to originally calculate the
change-in-risk for the RI-ISI program, the
change-in-failure frequencies in Tables 3-3
through 3-6 could be used to calculate the
incremental increase in risk from the RV
nozzle ISI interval extension, This
incremental increase in risk for the nozzles
would be added to the total plant and RC
system risk as determined for the RI-ISI
program. This approach is similar to the
i approach defined for Method 2. The
I PWROG suggests that the quoted text from
i the SER be removed because we do not
1 believe that it implies the use of the
bounding change-in-failure frequencies in
1the determination of inspection
effectiveness factors. However, it would be
acceptable to the PWROG for the NRC
wants to place a limitation in Section 4
I stating that the bounding-change-in-failure
frequencies may not be used to calculate

methods both treat the nozzles
the same way and are one
method with respect to the TR.
The third method (previously
the fourth method) does require
the use of frequencies other
than those in the TR and the
requirement that each licensee
fully report were it obtained all
its parameters when using this
last method is retained.

_
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(E)or

#

Technical

_ _have

17

12

3.4

P3

26

T

18

12

4.0

81

47

E

19

13

4.0

B1

2-5

T

20

13

4.0

B3

15-17

T

21

13

4.0

B4

19-20

TIE

22

13

4.0

B6

36

E

___evaluation

CD'

inspection effectiveness factors, since we
no intention to do so.
As stated in Comment 4, the PWROG
proposes to revise the TR to refer to
WCAP-16168-NP-A as the basis for the
implementation schedule.
Because satisfaction of all Section 4.0
items is required for NRC acceptance in
Section 5.0, please add "every 20 years"
after 'continued monitoring" to avoid any
confusion in the future,
The PWROG is of the opinion that the
basis for the failure frequencies, whether
40 or 60 years, should be consistent with
the piping RI-ISI program at all times. The
suggestion to always be conservative is in
contradiction with other TR requirements.
It is recommended that the last sentence of
this paragraph be removed.
.........
As noted in comment 15, the PWROG
believes that this condition\limitation for the
qualitative method should be removed.
It is suggested that this condition \
limitation be revised to read as follows:
"Licensees must identify specifically which
of the change-in-risk equations and
methods in the TR were used. Any
deviations from the selected equations
and\or methods must be identified and
justified."
It is requested that the text '... may not
refer to the examples to justify any
or calculation." be changed to

Accepted, Consistent with NRC
resolution of Comment 4.
Accepted.

1__
Accepted.

Accepted.
Accepted.

Accepted.
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(E) or
Technical
(T)

23

24
25
26

"Note:

"may not reference the examples as a
basis for a plant specific request for
alternative." The use of the word "refer"
gives the impressions that the examples
are not suitable for serving their intended
which is to illustrate the method.
___________________
_______purpose,
____
14 1 5,0
P3
26-28
T
As stated in Comment 4, the PWROG
proposes to revise the TR to refer to
WCAP-16168-NP-A as the basis for the
implementation schedule.
15
6.0
R4
1-2
E
WCAP-16168-NP-A, Revision 2 has been
revised and is now Revision 3.
15
6.0
R6
8-9
E
No ASME approval date is specified for
Code Case N-716.
T
As stated in Comment 4, the PWROG
15
6.0
R10
24-27
proposes to revise the TR to refer to
WCAP-16168-NP-A as the basis for the
implementation schedule. Therefore, this
reference is no longer needed and can be
_ removed.
B is for bullet, P is for paragraph, R is for reference, and S is for sentence.

Accepted. Consistent with NRC
resolution of Comment 4.
Accepted.
Accepted.
Accepted.
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LEGAL NOTICE
This report was prepared as an account of work perfonned 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.
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Member Participation") for PA-MSC-0440
Participant
Utility Member

Plant Site(s)

Yes

No

AmerenUE

Callaway (W)

American Electric Power

D.C. Cook 1&2 (W)

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)

Dominion Connecticut

Millstone 3 (W)

Dominion Kewaunee

Kewaunee (W)

X

Dominion VA

North Anna 1 & 2, Surry 1 & 2 (W)

X

Duke Energy

Catawba I & 2, McGuire 1 & 2 (W)

X

Duke Energy

Oconee 1, 2, 3 (B&W)

X

Entergy

Palisades (CE)

X

Entergy Nuclear Northeast

Indian Point 2 & 3 (W)

Entergy Operations South

Arkansas 2, Waterford 3 (CE), Arkansas 1 (B&W)

X

Exelon Generation Co. LLC

Braidwood 1 & 2, Byron 1 & 2 (W), TMI 1 (B&W)

X

FirstEnergy NuclearOperating Co.

Beaver Valley 1 & 2 (W)

X

X
X

X
X

X

Davis-Besse (B&W)

X

Florida Power & Light Group

St. Lucie I & 2 (CE)

X

Florida Power & Light Group

Turkey Point 3 & 4, Seabrook (W)

X

Florida Power & Light Group

Pt. Beach 1&2 (W)

X

Luminant Power

Comanche Peak I & 2 (W)

X

Xcel Energy

Prairie Island 1&2 (W)

Omaha Public Power District

Fort Calhoun (CE)

X

Pacific Gas & Electric

Diablo Canyon 1 & 2 (W)

X

Progress Energy

Robinson 2, Shearon Harris (W),

X

PSEG - Nuclear

Crystal River 3 (B&W)
Salem 1 & 2 (W)

X
X

Southern California Edison

SONGS 2 & 3 (CE)

South Carolina Electric & Gas

V.C. Surnmer (W)

X

So. Texas Project Nuclear Operating Co.

South Texas Project I & 2 (W)

X

Southern Nuclear Operating Co.

Farley 1 & 2, Vogtle 1 & 2 (W)

X

Tennessee Valley Authority

Sequoyah 1 & 2, Watts Bar (W)

Wolf Creek Nuclear Operating Co.

Wolf Creek (W)

X

X

X
X

Note:
1. Project participants 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 this document
to participants not listed above.
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PWR Owners Group
International Member Participation... for PA-MSC-0440
Participant
Utility Member

Plant Site(s)

Yes

No

British Energy

Sizewell B

X

Electrabel (Belgian Utilities)

Doel 1, 2 & 4, Tihange 1 & 3

X

Hokkaido

Tomari I & 2 (MHI)

X

Japan Atomic Power Company

Tsuruga 2 (NMI)

X

Kansai Electric Co., LTD

Mihama 1, 2 & 3, Ohi 1,2,3 & 4,
Takahama 1, 2, 3 &4 (W & MHI)

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

Nuklearna Electrarna KRSKO

Krsko (W)

X

Nordostschweizerische Kraftwerke AG (NOK)

Beznau I & 2 (W)

X

Ringhals AB

Ringhals 2, 3 & 4 (W)

X

Shikoku

Ikata 1,2 & 3 (MHI)

X

Spanish Utilities

Asco I & 2, Vandellos 2,
Almaraz I & 2 (W)

X

Taiwan Power Co.

Maanshan 1 & 2 (W)

X

Electricite de France

54 Units

X

Note:
1. 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
Section XI of the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code
specifies a 10-year interval between reactor vessel (RV) nozzle weld inspections. The industry has
expended significant cost and man-rem exposure performing inspections that have found no serviceinduced flaws in ASME Section XI Category B-F or B-I RV nozzle welds that do not contain Alloy
82/182. Furthermore, many plants have implemented a 20-year inspection interval for the RV shell-toshell and shell-to-nozzle welds in accordance with WCAP-16168-NP-A, Revision 2. For many of these
plants, continuing to inspect the RV nozzle welds on a 10-year interval presents a significant hardship
without a corresponding increase in safety from performing the inspections.
The objective of this report is to provide the technical basis and methodology for extending the
Section XI inspection interval from the current 10 years to 20 years for Category B-F and B-J RV
nozzle-to-safe-end and safe-end-to-pipe welds that are not fabricated with Alloy 82/182 materials.
Bounding change-in-failure-frequency values have been calculated for use in plant-specific
implementation of the extended inspection interval. Plant-specific pilot studies have been performed and
the results show that the change in risk associated with extending the interval from 10 to 20 years after the
initial 10-year inservice inspection satisfies the guidelines specified in Regulatory Guide 1.174 for an
acceptably low change in risk for core damage frequency (CDF) and large early release frequency
(LERF). Further, the pilot-plant results provide examples which demonstrate that the effect of the
extended inspection interval on the pilot plant's risk-informed inservice inspection program for piping is
acceptable.
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1

INTRODUCTION AND BACKGROUND

1.1

INTRODUCTION

Section XI of the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
(Reference 1) specifies that reactor vessel (RV) nozzle welds are to be inspected on a 10-year interval.
The manner in which these examinations are conducted has been augmented by Appendix VIII of Section
XI, 1996 Addenda, as implemented by the NRC in an amendment to 10 CFR 50.55a effective
November 22, 1999 (Reference 2). The industry has expended significant cost and man-rem exposure
performing the required examinations for ASME Section XI, Table IWB-2500-1, Category B-F or B-i RV
nozzle welds that do not contain Alloy 82/182 with no service-induced flaws being detected. These results
indicate that the current ASME Code criteria for the selection of examination areas and the frequency of
examinations are not an effective way to expend inspection resources.
The objective of the study described in this report was to:
I.

Verify that the interval between volumetric examinations of non-Alloy 82/182 RV nozzle fullpenetration welds can be extended from the current ASME Code requirement of 10 years to 20
years with an acceptably small change in risk and an acceptable effect on a plant's risk-informed
inservice inspection (RI-ISI) program (if applicable).

2.

Provide a methodology that can be used by licensees to justify implementation of the extended
ISI interval on a plant-specific basis.
Note: The terms "Inspection," "Examination," and "Exam" are used interchangeably within this
report.

This "-A" version of WCAP-17236-NP, Revision 0, incorporates the NRC Safety Evaluation (SE). The
PWROG responses to NRC requests for additional information (RAI) are also included in Appendix A.
In addition, conditions and limitations, as specified in Section 4.0 of the SE, have been incorporated into
the applicable sections of this "-A" version. Most instances of these conditions and limitations are in
Section 2.0, Regulatory Evaluation, which provides the general implementation methodology. For clarity,
all conditions and limitations are also listed in Section 4 of this report.
1.2

BACKGROUND

The original objective of the ASME B&PV Code, Section XI (Reference 1), ISI program was to assess
the condition of pressure-retaining 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 the
NDE found indications that exceeded the acceptance standards in those welds, then the examinations
were extended even further to similar welds in similar components.
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 ISI requirements, with no
indications being found in the vessel welds under evaluation in this report, these inspections are
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decreasing in value with increasing industry experience to rely upon. The NRC has granted a number of
exemptions to inspections for other areas and components, such as piping (Reference 4) and reactor
coolant pump motor flywheels (Reference 5), based on inspection 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.
WCAP- 16168-NP-A, Revision 2, "Risk-Informed Extension of the Reactor Vessel In-Service Inspection
Interval," (Reference 6) was approved by the NRC in May 2008 and provides a basis for the extension of
the ASME Section XI (Reference 1) inspection interval from 10 years to 20 years. This interval extension
applies to the reactor vessel (RV) shell-to-shell (ASME Section XI, Table IWB-2500-1 Category B-A)
and shell-to-nozzle (ASME Section XI, Table IWB-2500- 1, Category B-D) welds.
Typically, the reactor vessel nozzle welds are inspected using the same tooling as the shell-to-shell and
shell-to-nozzle welds. Depending on the manufacturer of the reactor vessel and designer of the plant, the
configurations of welds joining the reactor vessel nozzles to the piping vary. Some reactor vessels were
fabricated with a safe-end welded to the nozzle. Depending on whether the reactor coolant main loop
piping is stainless steel or low-alloy steel, a dissimilar-metal weld (Category B-F) or a similar-metal weld
(Category B-J), respectively, joins the safe-end to the nozzle. A similar metal weld (Category B-J) then
joins the safe-end to the piping. For plants that do not have a safe-end, a single weld joins the nozzle to
the piping. For plants with stainless steel reactor coolant main loop piping, this is a dissimilar metal weld
(Category B-F), whereas it is a similar metal weld (Category B-J) for plants with low-alloy steel piping.
These configurations are shown in detail in Section 3.2.3.
The effort to develop WCAP- 16168-NP-A, Revision 2, originally included the ASME Category B-F and
B-J welds discussed above. The Category B-F welds were removed from the scope of the effort during the
development of the supporting ASME Code Case (Reference 7) because of concerns that Alloy 82/182
welds would be included. Therefore, as a resolution to a request for additional information from the NRC,
the Category B-J welds were removed. This has created a disconnect in that plants that have implemented
the 20-year interval for the shell-to-shell and shell-to-nozzle welds may still be required to inspect the
nozzle-to-pipe welds on a 10-year interval. This is a significant issue because the reactor core barrel will
need to be removed from the vessel in order to gain access to inspect these welds.
For a number of reasons, removal of the core barrel is an activity that should be minimized to the extent
practical. As with any heavy-lifting activity, there are significant safety risks. For the core barrel, this lift
typically results in a high man-rem dose. Furthermore, the removal of the core barrel requires a full core
offload, which typically consumes critical path outage time and always has the potential for fuel handling
errors. For several plants, their refueling cavity is not deep enough to accommodate the core barrel and
shielding must be erected around the core barrel after it has been removed because the upper portion is
not submerged.
To develop a quantitative estimate of the cost of core barrel removal and RV nozzle inspection, a survey
was performed by the PWROG. The results of this survey indicated an average cost of $515K per plant
for inspecting the reactor vessel nozzles and an average dose of 1.65 man-rems of exposure.
While some plants with risk-informed programs for piping weld inservice inspection may be able to select
welds other than the RV nozzle welds for inspection, which would eliminate the need to remove the core
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barrel, this is not an option for a significant number of plants. There are still several PWRs that do not
have RI-ISI programs and must select locations for inservice inspection in accordance with Section XI,
which includes the RV nozzle weld locations. Also, many plants that do have RI-ISI programs are limited
in the availability of other locations for an alternate inspection. These other locations may only be
inspected with limited coverage or may require the installation of scaffolding and shielding and the
removal of insulation, and result in higher dose than inspecting the nozzle locations. These factors are
likely the reasons why the RV nozzle locations were selected for inspection when the RI-ISI program was
originally developed. For these plants, the best, and sometimes the only, solution is to inspect the RV
nozzle welds on a 20-year interval.
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2

REGULATORY EVALUATION

ASME Section XI currently requires that reactor vessel nozzle welds, including nozzle-to-pipe welds,
nozzle-to-safe-end welds, and safe-end-to-pipe welds, be inspected on a 10-year interval. This interval
may be extended for a particular plant, provided that the criteria of Regulatory Guide 1.174 (Reference 3)
can be met and the effect on the plant's risk-informed inservice inspection program (if applicable) for
piping can be shown to be acceptable. Approval of the process used to make this determination, described
below, is requested. This process and two pilot-plant examples are described in detail in Section 3.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to this pilot plant example:
The NRC staff does not endorse the BV-1 and TMI-1 examples or the use of any quantitative
results from any tables besides Tables 3-3 through 3-6 of the TR. Licensees (includingB V-1 and
TMI-1) may not reference the examples tojustify any evaluation or calculation.
2.1

STEP 1: DETERMINE NOZZLE WELD CONFIGURATION TYPE

For the plants analyzed as part of this effort, nozzle weld geometries, dimensions, and operating
conditions were reviewed to determine four different configurations; Types A, B, C, and D. For each
configuration type, a set of bounding change in failure frequencies was determined. Figure 3-3 in Section
3.2.3 shows these weld types and Table 4-1 in Section 4 identifies the weld type for each plant analyzed.
The first step in implementing the RV nozzle IS] interval extension is to determine which configuration
type is applicable for a given plant.
2.2

STEP 2: REVIEW PREVIOUS INSERVICE INSPECTION RESULTS

The results from previous inservice inspections should be reviewed to confirm that there is no more than
one ID surface flaw in each of the welds for which the ISI interval extension will be implemented.
Furthermore, the surface flaw may not have a through-wall depth of greater than six percent of the wall
thickness and a length equal to six times the depth.
If multiple surface-breaking flaws are present in a given weld, are in close proximity to one another (as
defined by ASME Section XI proximity requirements), and can be bounded by the aforementioned flaw
size, they may be treated as one flaw. If there are multiple flaws present in a given weld, and they are not
bounded by the aforementioned flaw size, the bounding change in failure frequencies may need to be
adjusted to account for the presence of multiple flaws. One way of making this adjustment would be to
multiply the change in failure frequencies of Tables 3-3 through 3-6 by the number of surface flaws
present in the weld. If the flaw size exceeds the dimensions specified above, a weld-specific probabilistic
fracture mechanics (PFM) analysis, such as that described in Section 3.2.3, should be performed to
develop a weld-specific change-in-failure-frequency value.
The limiting flaw depth specified above is based upon the upper 2-sigma bound on the log-normally
distributed median value of the initial flaw depth used for the PFM analyses. Only about 2.5 percent of
the flaws simulated in the PFM analyses would be expected to have a depth greater than the limiting
value. The effects of flaw growth during operation are not included because the probability of the initial
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flaw growing through the wall and allowing a large leak is very small, typically less than 10-5 even after
40 years of operation.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to Step 2:
The PFM analyses supporting the TR were based on a key assumption - one surface flaw per
weld. Therefore, consistent with the TR guidance in Section 2.2, the NRC staff requires applicants
to validate that at most one surface breakingflaw is present based on past ISI results. If multiple
surface breakingflaws have been detected in past inspections, then the resultingchange in failure
frequency shall be multiplied by the number of surface flaws. If the total flaw size from this
method exceeds the dimension assumed in the TR (i.e., a through-wall depth of greater than six
percent of the wall thickness and a length equal to six times: the depth), a weld-specific PFM
analysis should be performed to develop a weld-specific change-in-frequency value. Validation of
this flaw assumption must also be performed in the future through continued monitoring every 20
years.
2.3

STEP 3: PERFORM CHANGE-IN-RISK EVALUATION

The change in risk associated with extending the ISI interval for the RV nozzles can be calculated using
the template shown in Table 2-1. The bounding change in failure frequencies for use in these calculations
can be obtained from the appropriate table in Section 3.2 (Tables 3-3 through 3-6, depending on
configuration type). The values should be those without credit for leak detection (L.D.) and either the 40year or 60-year values may be used, depending on the licensed period of operation for a particular plant.
Plant-specific conditional core damage probability (CCDP) and conditional large early release probability
(CLERP) values, determined from the plant model for probabilistic risk assessment (PRA), should be
used for the three failure modes for loss-of-coolant accident (LOCA) shown in Table 2-2. These LOCA
failure modes are defined in Table 2-2. If additional LOCA sizes are modeled in the plant PRA, such as
small-small LOCA, it is acceptable to use the small LOCA (SLOCA) change-in-failure-frequency values
as an approximation for that failure mode. Examples of the change-in-risk calculations can be found in
Section 3.2.4.
Note - The following conditions and\or limitations are noted in Section 4.0 of the NRC Safety
Evaluation and are applicable to Step 3:
The NRC staff accepts the PWROG's change-in-failure-frequencyanalysis results in Tables 3-3
through 3-6 when used as described in the NRC staff endorsed version of this TR to evaluate the
risk increase from extending the 1SI intervalfor RV nozzle welds from 10 to 20 years. Licensees
must select the 40 or 60 year change-in-failurefrequency results, clarify the relationshipbetween
the selected life time and the values used in the RI-ISI, andjustify the selected life time values.
Licensees must submit plant-specific change-in-risk results in the relief requests as described in
the TR. A change in risk between the ASME requirements and the extended IS1 interval must
always be provided. If the licensee has a RI-IS1 program, the change in RI-ISI risk results
including the extended intervals should be provided. If any change in risk exceeds the applicable
risk guidelines in the TR, the licensee should identify andjustify the deviation.
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Licensees should address PRA quality in their relief request. Licensees relying on a NRC staff
approved RI-ISI program to demonstrate PRA quality should provide this statement in their
submittal and provide any updated information appropriatefor the application since the RI-ISI
application. Licensees without a NRC staff approved RI-IS1 program must describe the technical
adequacy of their PRA in the reliefrequest.
Change-in-Risk Calculations for RG 1.174

Table 2-1

Bounding
Change in
Failure
Frequency
(w/o L.D.)

Failure
Mode

ACDF
(/year)

CCDP

ALERF
(/year)

CLERP

Outlet Nozzles
SLOCA

AFFSLOCA

CCDPSLOCA

= (AFFSLoCA)(CCDPSLoCA)

CLERPSLOCA

MLOCA

AFFMNOCA

CCDPMLOCA

= (AFFMLoCA)(CCDPMUoCA)

CLERPNILOCA

LLOCA

AFFLLOCA

CCDPLLOCA

(AFFLLOCA)(CCDPLLoCA)

CLERPLLOCA

#

# of Welds

Total ACDF

=

=(sum of above)*(# of welds

Total

examined)

ALERF

Examined

=

(AFFSLOCA)(CLERPSLOCA)
(AFFNLaocA)(CLERPMocA)

=

= (AFFLLOCA)(CLERPLLOCA)

(sum of above)*(# of welds

J

examined)

Inlet Nozzles
SLOCA

AFFSLOCA

CCDPSLOCA

=(AFFSLOCA)(CCDPSLOCA)

CLERPSLOCA

=

MLOCA

AFFMLOCA

CCDPM.OCA

=(AFFMLOCA)(CCDPMIOCA)

CLERPMoCA

= (AFFMIOcA)(CLERPMLOCA)

LLOCA

AFFLLOCA

CCDPLLOCA

#

# of Welds

Total ACDF

(AFFLLOCA)(CCDPLLOCA)
=

(sum of above)*(# of welds

Total

J

(AFFLLOCA)(CLERPLLOCA)
=

(sum of above)*(# of welds

ALERF

examined)

Sum of ACDF for inlet and

Total

Sum of ALERF for inlet and

outlet nozzles

ALERF

outlet nozzles

examined)

Examined

CLERPLLOCA

(AFFSLOCA)(CLERPSLOCA)

All Nozzles
Total Change-in-Risk Results

Table 2-2

Total ACDF

Failure Modes
Failure Modes

Acronym

Leak Rate (gpm)

Small Loss-of-Coolant Accident

SLOCA

100

Medium Loss-of-Coolant Accident

MLOCA

1500

Large Loss-of-Coolant Accident

LLOCA

5000
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The total change in risk associated with the extension in inservice inspection interval for the reactor vessel
nozzles of the plant must satisfy the regulatory guidelines in RG 1.174 (Reference 3) for an acceptably
small change in risk. These guidelines can be summarized as follows:
*
*

Change in Core Damage Frequency (ACDF) < 1E-06/year, and
Change in Large Early Release Frequency (ALERF) < 1E-07/year.

2.4

STEP 4:
EVALUATE
INSPECTION PROGRAM

EFFECT

ON

RISK-INFORMED

INSERVICE

If the plant has a traditional Section XI inservice inspection program for piping, rather than a
risk-informed inservice inspection (RI-ISI) program, the analysis described above is sufficient for
showing that the extension in inspection interval is acceptable. However, if the plant has implemented a
RI-ISI program, which includes the RV nozzle welds, additional evaluation is required. The following
sections detail the evaluations required for plants with PWROG (Reference 4) and EPRI (Reference 8)
RI-ISI programs for piping. The evaluations for the EPRI RI-ISI programs are also applicable for plants
with inspection programs based on ASME Section XI Code Case N-716 (Reference 9).
Note - The following conditions and\or limitations are noted in Section 4.0 of the NRC Safety
Evaluation and are applicable to Step 4:
The NRC staff accepts the PWROG's change-in-failure-frequency analysis results in Tables 3-3
through 3-6 when used as described in the NRC staff endorsed version of this TR to evaluate the
risk increasefrom extending the ISI intervalfor RV nozzle welds from 10 to 20 years. Licensees
must select the 40 or 60 year change-in-failurefrequency results, clarify the relationship between
the selected life time and the values used in the RI-IS1, andjustify the selected life time values.
Licensees must submit plant-specific change-in-risk results in the relief requests as described in
the TR. A change in risk between the ASME requirements and the extended 1S1 interval must
always be provided. If the licensee has a RI-1SI program, the change in RI-ISI risk results
including the extended intervals should be provided. If any change in risk exceeds the applicable
risk guidelines in the TR, the licensee should identify andjustify the deviation.
Licensees should address PRA quality in their relief request. Licensees relying on a NRC staff
approved RI-ISI program to demonstrate PRA quality should provide this statement in their
submittal and provide any updated information appropriatefor the application since the RI-ISI
application. Licensees without a NRC staff approved RI-lSl program must describe the technical
adequacy of theirPRA in the relief request.
Licensees must identify specifically which of the change-in-riskequations and methods in the TR
were used. Any deviations from the selected equations andlor methods must be identified and
justified.
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2.4.1

Effect on RI-ISI Program - PWROG Methodology

For plants that have applied the PWROG program for risk-informed inservice inspection (RI-ISI) of
piping, the following steps and calculations are required for implementing the ISI interval extension for
RV Category B-F and B-J nozzle welds that do not contain Alloy 82/182.
Implementation Method
To determine the effect on the piping risk-informed inservice inspection program of the plant, the changein-risk calculations for the template in Table 2-1 are duplicated with the exception that the calculations are
performed using the change in failure frequencies with credit for leak detection. Additionally, the basis of
40 or 60 years for the failure frequencies is consistent with the 40 or 60 year basis used in the current
RI-ISI program. These change-in-risk values, which represent the increase in risk associated with the
extension of the ISI interval for the RV nozzles, are then added to the change-in-risk results of the RI-ISI
program (Reference 4). These values are added to both the reactor coolant system (RCS) change-in-risk
values and also the total plant scope values for the ACDF, with and without operator action, and ALERF,
with and without operator action cases. For each of these four cases, the system level and total change-inrisk values must be assessed against the PWROG original change-in-risk acceptance criteria discussed in
the following section. If the PWROG original change-in-risk acceptance criteria cannot be met, additional
inspections shall be added to the RI-ISI program until the criteria are met.
If the PWROG original change-in-risk acceptance criteria cannot be met by adding additional inspections,
or it is impractical to do so, an alternative RI-ISI change-in-risk evaluation may be performed, consistent
with the method used for the EPRI RI-ISI methodology, taking into account the number of welds per
segment. If one of the alternative methods described in greater detail in Section 3.2.5.1 is used to perform
the change-in-risk evaluation, the PWROG alternative change-in-risk acceptance criteria, which is the
same as the criteria from the EPRI RI-ISI methodology, must be met.
It should be noted that the PWROG methodology as approved in WCAP-14572, Revision 1-NP-A
(Reference 4) considers risk on a segment basis and the that risk is not dependent on the number of welds
within a given piping segment. This is because the highest risk at the limiting location is controlling for
that piping segment. Therefore, for nozzle configurations (see Figure 3-3 in Section 3.2.3) where there are
two welds per nozzle, the change in risk added to the change in risk from the RI-ISI element selection
should be calculated based on one weld per nozzle.
Acceptance Criteria
PWROG Original Change-in-Risk Acceptance Criteria
The acceptance criteria of WCAP-14572, Revision 1-NP-A (Reference 4), which shall be used to
determine the acceptability of the effect of the ISI interval extension on the RI-ISI program, can be
summarized as follows:
1.

The total change in piping risk should be risk neutral or a risk reduction in moving from
Section XI to RI-ISI. If not, the dominant system and piping segment contributors to the RI-ISI
risk should be re-examined in an attempt to identify additional examinations which would make
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the application at least risk neutral. If additional examinations can be proposed, then the
change-in-risk calculations should be revised to credit these additional examinations until at least
a risk neutral position is achieved.
2.

Once this is achieved, an evaluation of the dominant system contributors to the total risk for the
RI-ISI (e.g., system contribution to the total is greater than approximately 10%) should be
examined to identify where no improvement has been proposed (i.e., where moving from no ISI
or Section XI ISI to RI-ISI, the risk has not changed and it is still a dominant contributor to the
total CDF/LERF). If any systems are identified where this is the case, the dominant piping
segments in that system should be reevaluated in an attempt to identify additional examinations
which would reduce the overall risk for these systems and thus possibly the overall risk.

3.

The results should be reviewed to identify any system in which there is a risk increase in moving
from the Section XI program to the RI-ISI program. The following guidelines are suggested to
identify whether additional examinations are necessary:

4.

a.

If the CDF increase for the system is approximately a) greater than two orders of
magnitude below the risk-informed ISI CDF for that system, or b) greater than IE-08
(whichever is higher), then at least one dominant segment in that system should be
reevaluated to identify additional examinations.

b.

If the LERF increase for the system is a) greater than two orders of magnitude below the
risk-informed ISI LERF for that system, or. b) greater than 1E-09 (whichever is higher),
then at least one dominant segment in that system should be reevaluated to identify
additional examinations.

If any additional examinations are identified, the change-in-risk calculations should be revised to
credit these additional examinations.

PWROG Alternative Change-in-Risk Acceptance Criteria
The PWROG alternative change-in-risk acceptance criteria can only be used for the alternative change-inrisk methods.
The implementation of the RI-ISI program should be risk neutral, a decrease in risk, or, at most, an
insignificant increase in risk. The increase in risk for each system shall meet the following criteria in
order for it to be considered insignificant:
*
*

Change in Core Damage Frequency (ACDF) < I E-07/year, and
Change in Large Early Release Frequency (ALERF) < 1E-08/year.

The total change for all systems must meet the criteria of RG 1.174 for an acceptably small change in risk
which are as follows:
*
*

Change in Core Damage Frequency (ACDF) < I E-06/year, and
Change in Large Early Release Frequency (ALERF) < I E-07/year.
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2.4.2

Effect on RI-ISI Program - EPRI or Code Case N-716 Methodology

For plants that have applied the EPRI program for risk-informed inservice inspection (RI-ISI) of piping or
ASME Code Case N-716, the following steps and calculations are required for implementing the ISI
interval extension for RV.Category B-F and B-J nozzle welds that do not contain Alloy 82/182.
Implementation Method
To account for the extension in the inservice inspection interval for the reactor vessel nozzles, there are
several methods that can be used depending on the method that was used to perform the change-in-risk
evaluation for the original RI-ISI program development. These methods are discussed below based on the
change-in-risk method.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to Methods 2 and 3 below:
The use of the changes to the IE or the POD to reflect changes in risk caused by extending the
inspection interval may not use the change in failure frequencies in Tables 3-3 through 3-6. Each
licensee that uses this method must identify andjustify all parametervalues used.
I.

Qualitative
If the qualitative change-in-risk method from the EPRI topical report (Reference 8) were to show
that there is no reduction in the number of inspections when moving from a Section XI inservice
inspection program to a RI-ISI program, or if there is an increase in the number of inspections,
the only increase in risk would be the result of the extension in inspection interval for the reactor
vessel nozzle welds. Therefore, as long as the change in risk, as calculated per Section 2.3, meets
the criteria of Regulatory Guide 1.174 (Reference 3) for an acceptably small change in risk, the
extension in inspection interval would be acceptable.

2.

Bounding with or without any Credit for Increase in Probability of Detection (POD)
The effect of the ISI interval extension on the RI-ISI program may be evaluated by adding the
bounding change in failure frequencies for the appropriate weld type (see Tables 3-3 through 3-6
in Section 3.2.3) to the bounding rupture frequencies from the EPRI topical report. These values
would be added for each of the welds for which the ISI interval will be extended. For these
calculations, the bounding change in failure frequencies with credit for leak detection may be
used. The basis of 40 or 60 years for the change in failure frequencies is consistent with the 40 or
60 year basis used in the current RI-ISI program. Using these revised bounding rupture
frequencies, the system and total plant change-in-risk values would be calculated per the
requirements of the EPRI topical report or Code Case N-716. The change-in-risk values for each
system and for the total plant must be assessed against the change-in-risk acceptance criteria
discussed in the following section.
Alternatively, the CCDP and CLERP values for each of the welds, for which the ISI interval will
be extended, can be multiplied by the bounding change in failure frequencies for the appropriate
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weld type and 40 or 60 year basis to be consistent with the RI-ISI program. These change-in-risk
values for each weld can then be summed to determine the total change in risk for the RV nozzle
weld ISI interval extension. This total risk for the RV nozzle weld ISI interval extension can then
be added to the system and total plant change-in-risk results of the RI-ISI program. The change in
risk for each system and for the total plant must be assessed against the change-in-risk acceptance
criteria discussed in the following section.
3.

Markov Method
For plants that used the Markov method for evaluating the change in risk when moving from a
Section XI inservice inspection program to a RI-ISI program, two methods are acceptable for
evaluating the effect of the extension in inservice inspection interval for the RV nozzles.
Method A - Use Markov Model

For the reactor vessel nozzle welds for which the ISI interval is to be extended to 20 years, the
hazard rate for the RI-ISI program would be calculated based on a 20-year interval. This hazard
rate, determined on a 40- or 60-year basis consistent with the RI-ISI program, would then be used
to calculate the inspection effectiveness factor for these particular welds. This inspection
effectiveness factor would be used for the RV nozzle welds in the change-in-risk calculations, and
the change in risk would be a result of the difference in inspection effectiveness between the
Section XI exams performed on a 10-year interval and the RI-ISI exams performed on a 20-year
interval. Therefore, the change in risk for the system and total plant would account for the
increase in risk associated with the extension in inspection interval. The change in risk for each
system and for the total plant must be assessed against the change-in-risk acceptance criteria
discussed in the following section.
Method B - Blended Approach

The bounding change in failure frequencies in Tables 3-3 through 3-6 in Section 3.2.3 would be
used to calculate the increase in risk from the RV nozzle ISI interval extension in lieu of the
Markov model. The bounding change in failure frequencies are based on the 40- or 60-year basis
consistent with the RI-ISI program. Consistent with the discussion for the "Bounding" approach,
CCDP and CLERP values for each of the welds, for which the ISI interval will be extended, can
be multiplied by the bounding change in failure frequencies for the appropriate weld type. These
change-in-risk values for each weld can then be summed to determine the total change in risk for
the RV nozzle weld ISI interval extension. This total risk for the RV nozzle weld ISI interval
extension can then be added to the system and total plant change-in-risk results of the RI-ISI
program that have been calculated using the Markov method. The change in risk for each system
and for the total plant must be assessed against the change-in-risk acceptance criteria discussed in
the following section.
Acceptance Criteria
For the three methods discussed above, the acceptance criteria for change in risk from the EPRI RI-ISI
topical report (Reference 8) or Code Case N-716 (Reference 9) can be stated as the implementation of the
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RI-ISI program should be risk neutral, a decrease in risk, or, at most, an insignificant increase in risk. The

increase in risk for each system shall meet the following criteria in order for it to be considered
insignificant:
*
*

Change in Core Damage Frequency (ACDF) < IE-07/year, and
Change in Large Early Release Frequency (ALERF) < 1E-08/year.

The total change for all systems must meet the criteria of RG 1.174 for an acceptably small change in risk
which are as follows:
*
*

Change in Core Damage Frequency (ACDF) < 1E-06/year, and
Change in Large Early Release Frequency (ALERF) < IE-07/year.

If the scope of the RI-ISI program encompasses all Class 1 welds, the system-level criteria shall be met. If
the acceptance criteria cannot be met, additional inspections shall be added to the RI-ISI program until an
acceptable change in risk is achieved.
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3

TECHNICAL EVALUATION

3.1

BACKGROUND

Since its beginning, ASME B&PV Code, Section XI (Reference 1) has required inspections of weld areas
of reactor vessels and other pressure-retaining 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-retaining nuclear system components.
Applicable Weld Configurations
Depending on the manufacturer of the reactor vessel and designer of the plant, the configurations of welds
joining the reactor vessel nozzles to the piping vary. Some reactor vessels were fabricated with a safe-end
welded to the nozzle. Depending on whether the reactor coolant main loop piping is stainless steel or lowalloy steel, a dissimilar-metal weld (Category B-F) or a similar-metal weld (Category B-J) joins the safeend to the nozzle. A similar-metal weld (Category B-J) then joins the safe-end to the piping. For plants
that do not have a safe-end, a single weld joins the nozzle to the piping. For plants with stainless steel
reactor coolant main loop piping, this is a dissimilar-metal weld (Category B-F), whereas it is a similarmetal weld (Category B-J) for plants with low-alloy steel piping. These configurations are shown in detail
in Figure 3-3 in Section 3.2.3. For plants with no safe-end, this evaluation was limited to the single
nozzle-to-pipe weld. For plants with safe-ends, this evaluation addresses both the nozzle-to-safe-end weld
and the safe-end-to-pipe weld.
Examination Approaches
The preceding discussion of RV nozzle welds addresses the Category B-F and B-i welds of
Table IWB-2500-1 of Section XI. The ultrasonic examination (UT) of these RV nozzle and piping welds,
prior to the 1996 Addenda of Section XI, was conducted in accordance with Appendix 1, 1-2220. The 1996
Addenda and later editions/addenda require Appendix VIII inspections for welds in piping. The inspection
volume for these welds is shown in Section XI, Figure IWB-2500-8 and requires inspection of the inner
1/3 of the weld thickness.
Service Experience
There has been no report of structural failure or leakage from any full-penetration weld being addressed in
this report in a PWR RV nozzle, globally. In volumetric examinations of these welds via ISI performed in
accordance with the requirements of Section XI, flaws identified in the original construction have been
detected and were acceptable under Section XI requirements. These flaws have been monitored and to
date, no growth has been identified. There also has been no evidence to date of inservice flaw initiation in
these welds.
Location-Specific ISI Data from Participating Plants
While it is known that the number of flaws found in RV nozzle 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.
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To develop location-specific ISI data from nuclear plants, ISI data on the RV nozzle and piping weld
categories noted above were gathered in a survey. The response to this survey is summarized in Table 3-1.
Table 3-1

Summary of Survey Results on RV Nozzle ISI Findings

# of Plant
Inspections

# of RV
Nozzles

# of Recordable
Indications

# of Reportable
Indications'

19

94

5

0

Notes:
1. Defined as an indication that does not meet the ASME Section XI acceptance standards of IWB-3514

3.2

lSI INTERVAL EXTENSION METHODOLOGY

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 failure. The quantitative change-in-risk
assessment discussed below shows that extending the inspection interval from 10 to a maximum of
20 years has an acceptably small effect on the change in core damage frequency (ACDF) and large early
release frequency (ALERF) per the guidelines of RG 1.174 (Reference 3). A summary of the RG 1.174
methodology and requirements is provided for information in Section 3.2.1.The ISI interval extension
methodology that was developed was then applied to two pilot plants. The pilot plants utilized for the risk
evaluations summarized in this report were FirstEnergy Nuclear Operating Company's (FENOC's)
Beaver Valley Unit 1 (BV1) and Exelon Corporation's Three Mile Island (TMI) Unit 1.
3.2.1

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-Informed
Decisions on Plant-Specific Changes to the Current Licensing Basis (Reference 3), to allow licensees to
take advantage of this regulatory framework. In addition, the NRC issued application-specific RGs and
Standard Review Plans (SRPs):
*
*
*
*

RG- 1.175
RG-1.176
RG- 1.177
RG-1.178

(Reference
(Reference
(Reference
(Reference

10)
11)
12)
13)

and SRP Chapter 3.9.7, related to inservice testing (IST) programs,
related to Graded Quality Assurance.(GQA) programs,
and SRP Chapter 16.1, related to Technical Specifications,
and SRP-3.9.8, related to piping ISI programs.

These RGs 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.
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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
four basic steps as shown in Figure 3-1. 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.

Traditional
Analysis
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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
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sufficient safety margins are maintained. The engineering analysis includes both traditional deterministic
analysis and probabilistic risk assessment (PRA). The evaluation of risk effect 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.
Step 4: Submit Proposed Change
This element includes:
I.

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 that each application for a change must meet are described. These are
shown in Figure 3-2, and are discussed below.
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
identify either 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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Change meets current
regulations unless it is
explicitly related to a
requested exemption or
rule change.

Change is consistent
with defense-in-depth
philosophy.

Maintain sufficient
safety margins.

S Integrated

Decisionmaking

Use performancemeasurement
strategies to monitor
the change.

Proposed increases in
CDF or risk are small
and are consistent with
the Commission's Safety
Goal Policy Statement.

Figure 3-2 Principles of Risk-Informed Regulation (from NRC RG 1.174)
Principle 2: Change is Consistent with Defense-in-Depth Philosophy
Defense-in-depth has traditionally been applied in reactor design and operation to provide multiple means
to accomplish safety functions and prevent the release of radioactive material. As defined in RG 1.174
(Reference 3), 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.
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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.

Principle 4: Proposed Increases in CDF or Risk Are Small and Are Consistent with the Commission's
Safety 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 changes 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 104 per reactor year.
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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 10-5 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.
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 effect of the proposed extension in the RV nozzle
weld inspection interval, 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 1V 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.
3.2.2

Failure Modes and Effects

Failure Modes
Failure is defined for the purposes of this study as a leak rate large enough to result in a loss-of-coolant
accident (LOCA) within the RV nozzle-to-safe-end and safe-end-to-pipe welds. There are three different
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failure modes, or leak rates, defined for this study and they are a small, medium, and large LOCA. These
failure modes are defined in Table 3-2. The degradation mechanism of concern was thermal fatigue crack
growth due to typical plant operation. The mechanism for failure is growth of an existing undetected
fabrication flaw in the RV nozzle weld until it results in one of the LOCA leak rates identified in Table
3-2 or growth to the critical size that would lead to ductile rupture if a design limiting event, such as a
seismic event, were to occur.
Table 3-2

Failure Modes
Failure Mode

Acronym

Leak Rate (gpm)

Small Loss-of-Coolant Accident

SLOCA

100

Medium Loss-of-Coolant Accident

MLOCA

1500

Large Loss-of-Coolant Accident

LLOCA

5000

Failure Effects
A LOCA due to piping failure was considered to result in core damage and a large early release. The
failure modes specified in Table 3-2 correspond to leak rates for initiating events that are typically
evaluated in the plant probabilistic risk assessment (PRA) model per NUREG/CR-4550 (Reference 15)
and are considered to represent the spectrum of risk from failure (leakage) of the weld locations evaluated
in this report.
3.2.3

Change-in-Failure-Frequency Calculations

A probabilistic fracture mechanics (PFM) methodology was used because it allows the consideration of
distributions representing the uncertainties in key parameters, such as flaw size, material strength, crack
growth rate, applied stresses, and the effectiveness of inspections. The PFM methodology also provides
the failure frequency (probability per year) due to a given loading condition and a prescribed inspection
interval.
The change-in-failure-frequency calculations for this study were performed using the Westinghouse
Structural Reliability and Risk Assessment (SRRA) Code. The SRRA Code was developed for estimating
piping failure probabilities to be used in relative risk-ranking of piping segments and for calculating the
change in risk due to the different inspection schedules for the PWROG methodology for risk-informed
inservice inspection (RI-ISI) of piping (Reference 4). Furthermore, as stated in the NRC's Safety
Evaluation Report (SER) for the SRRA methodology (Reference 14), the program is consistent with the
"state of the art" for calculating piping failure probabilities.
The SRRA Code has been used for estimation of failure probabilities in other ASME Code Cases and
NRC-approved applications that have involved the reduction or relaxation of inservice inspection
requirements. These ASME Code Cases and NRC approved applications include:
WCAP-15666-A, Revision
Examination" (Reference 5)
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ASME Code Case N-648-1, Alternative Requirements for Inner Radius Examinations of Class 1
Reactor Vessel Nozzles (Reference 16)
ASME Code Case N-706-1, Alternative Examination Requirements of Table IWB-2500-1 and
Table IWC-2500-1 for PWR Stainless Steel Residual and Regenerative Heat Exchangers
(Reference 17)
The SRRA code for piping RI-ISI was developed in response to the NRC requirements for PFM
calculations in a 1999 Draft Report, NUREG- 1661 (Reference 18). These requirements included those for
the initial flaw depth and its uncertainty, flaw density, and the effects of ISI. These same types of
requirements for evaluating structural failure probabilities and candidate inspection programs were
reevaluated in a recent study by NRC contractors at Pacific Northwest National Laboratories (PNNL).
The results of this study, which are documented in a 2009 report, NUREG/CR-6986 (Reference 19), did
not change any of the 1999 requirements used in developing the SRRA code for piping RI-ISI. This
SRRA Code version has already been used in the past to calculate the failure probabilities of the
piping-to-component dissimilar-metal welds (Types A and C in Figure 3-3) and piping-to-safe-end welds
(Types B and D in Figure 3-3) in a number of RI-ISI Programs. With the exclusion of the Alloy 82/182
welds that are susceptible to primary water stress corrosion cracking, there is no technical reason to
preclude the application of the piping SRRA Code to the similar component-to-safe-end welds in the
Type B and D configurations that are also evaluated in this RI-ISI Program.
In the previous piping RI-ISI Programs, the SRRA Code was used to calculate the change in failure
probabilities and the associated change in risk for locations selected for an ASME Section XI ISI every
10 years relative to those with no ISI or a 10-year ISI at other locations. The same approach is also used
in this particular risk-informed application of the SRRA Code, where it is used to calculate the change in
failure probabilities and the associated change in risk for the locations shown in Figure 3-3 for an ASME
Section XI ISI every 10 years relative to the same locations with ISI every 20 years.
Method
The first step was to review the nozzle and weld geometries and determine similarities between the
nozzles of different plants. Based on these similarities, nozzles could be grouped and one set of runs
could be performed for each grouping, rather than each plant individually. After reviewing fabrication
drawings, the RV nozzles of the participating plants (as identified in Table 4-1 in Section 4) were
categorized into four different types based on their weld configuration. These configurations can be seen
below in Figure 3-3. Type A is typical for RV nozzles in Babcock and Wilcox Nuclear Steam Supply
System (NSSS) designs. Type B is typical for RV nozzles in Combustion Engineering NSSS designs.
Type C and D are applicable for RV nozzles in Westinghouse NSSS designs.
Based on the nozzle types identified in Figure 3-3, geometric data, and operating conditions of the
participating plants, run groups were determined where each group could be evaluated by a single set of
SRRA runs. Since each weld may join two different thicknesses (nozzle and pipe), or the nozzle type may
contain two welds and three different thicknesses (nozzle, safe-end, and pipe), the objective was to
determine a single run group that could provide a bounding change in failure frequency for all of the
welds for each nozzle type.
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Figure 3-3 Nozzle Weld Configuration Types
The SRRA Code was used to calculate piping failure probabilities for a 60-year lifetime to correspond to
a period of extended operation. Probabilities were calculated for the three different failure modes, or leak
rates, shown in Table 3-2. The SRRA Code calculates and reports the cumulative failure probability for
each year up to the input 60 years. For each combination of inputs, two cases are evaluated. One case
considers inservice inspection performed on a 10-year interval while the other considers inspection
performed on a 20-year interval. The difference in failure probabilities, output by the SRRA Code, is
calculated by taking the difference between the 20-year-interval case and the I 0-year-interval case at both
40 years and 60 years. This difference in failure probability is then converted to a change in failure
frequency by dividing the difference in failure probability by the respective number of years, 40 or 60.
Initially, two sets of two runs (four runs) were made for each run group using the MLOCA failure mode
during normal operation without credit for leak detection capability. Each set of runs consisted of a run
using a 10-year ISI interval and a run using a 20-year ISI interval. For each set, one run was made at the
highest temperature for the run group and one run was made for the lowest temperature of the run group.
It was expected that variation in failure frequencies between the SLOCA, MLOCA, and LLOCA failure
modes would be small and that the MLOCA failure mode could be used to determine the relative
importance of the different run groupings. This expectation was confirmed in subsequent evaluations.
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Based on the results of the MLOCA runs, the limiting run group was determined for each nozzle type. For
each of the limiting run groups, further SRRA runs were performed to determine the failure frequencies
for the SLOCA and LLOCA failure modes during normal operation. These runs confirmed the
expectation that there would be very little difference between the failure frequencies for the three different
LOCA failure modes. Additional runs were then performed for the following off-normal conditions, with
the calculated frequencies adjusted by the probability of the condition occurring in any one year of
operation:
*
*
*

Seismic Event (safe shutdown earthquake or SSE),
Snubber Locking (during heat up or cool down),
Seismic Event with Snubber Failure (not locking).

These off-normal runs, along with the normal operation runs, were all performed without leak detection.
The decision to not perform the runs with leak detection was made so that the change in failure frequency
between the 10- and 20-year intervals could be maximized. If leak detection were credited, the change in
risk would have been minimized by the effects of leak detection.
The most limiting results for each of the LOCA failure modes and operating conditions were then
determined by comparing the change in failure frequency for each run condition.
Since the risk-informed inservice inspection programs for piping use failure frequencies that are
calculated with consideration of leak detection for the change-in-risk evaluations, additional runs were
performed for the limiting conditions that considered leak detection.
The process described above is shown graphically in Figure 3-4, which also shows the intended uses for
the bounding change in failure frequencies in following steps.
Inputs
The inputs to the SRRA Code are identified and discussed in detail in Reference 14. The input median
values that were used in the calculation of the RV nozzle weld failure frequencies are discussed below.
The geometry and temperature inputs to the SRRA Code were selected based on a review of the
plant-specific records. These inputs included the inside diameter, outside diameter, and tlhickness.
Likewise, plant-specific records were reviewed to determine the normal RV inlet and outlet
operating temperatures.
An operating pressure of 2.25 ksi was used for all cases.
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Number of run groups
needed is dependent upon
Ithe
number of different
dimensions within the nozzle
type

n

Set of runs includes runs at 10-yr ISI
interval and 20-yr ISI interval. For each
interval high and low temperatures
evaluated. Total of 4 runs. No credit for
leak detection

Limiting run group is that group that
provides the largest change in failure
frequency from the 10-year ISI interval to
the 20-year ISI interval

LLOCA but not shown

Figure 3-4 SRRA Run Process Flowchart
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Operating stress and other SRRA input values are consistent with those developed by the
engineering teams for 19 U.S. plants and 10 other plants that used the PWROG Method for piping
RI-ISI. These inputs are based on a combination of design stress analysis results and engineering
insights. The stress input values are in terms of a fraction of the material flow stress. The material
flow stress is dependent on temperature and the values used in the SRRA Code are included in
Table 3-3 of Supplement I of the RI-ISI WCAP Report (Reference 14).
-

A high value of 0.17 was used for the deadweight and thermal stress level based on the
high normal operating temperatures of these welds.

-

The following input values were used for the fatigue stress range:

-

*

A low value of 0.30 for heatup and cooldown (Nozzle Types A and B),

"

A medium value of 0.50 for heatup and cooldown of dissimilar-metal welds (Nozzle
Types C and D),

"

A high value of 0.70 for snubber locking (All Nozzle Types).

The following input values were used for the design limiting stress (primary stresses only):
"

A low value of 0.10 for normal operation,

"

A medium value of 0.26 for SSE,

*

A high value of 0.42 for SSE with failure of snubbers to lock.

The low cycle fatigue frequency was set to 5 cycles per year. This is conservative based on the
fatigue cycle count information that has been compiled on a plant-specific basis as part of the
license renewal application process.
Material Wastage Potential, Stress Corrosion Potential, and Vibratory Stress Range inputs were
all set to zero since there is no service experience to indicate that these are degradation
mechanisms that should be considered for these nozzle weld types.
The snubber failure probability used in the evaluation was 0.1 and the seismic event (SSE)
probability used was 0.001. As stated in the safety evaluation report for the SRRA Code
(Reference 14), these values are conservative.
The minimum leak detection rate was 1 gallon per minute per typical plant technical
specifications.
The initial flaw conditions
uncertainty and the flaw
NUREG-1661 (Reference
Figures 2.13 and 2.15 of

WCAP- 17236-NP-A

contained in the SRRA Code, including the median flaw depth and its
density are consistent with Figure 4.1 and Table 4.1 of Draft
18). Furthermore, these values are the same as those shown in
NUREG/CR-6986 (Reference 19). An input value for initial flaw

July 2012
Revision 0

3-14

conditions was selected such that one flaw was simulated at the worst stress location in each
weld. All flaws are surface breaking and circumferentially oriented.
The probability of detection curves used in the SRRA Code, for carbon and stainless steel, are
consistent with those in NUREG/CR-6986 (Reference 19) but are adjusted based on the SRRA
ISI accuracy input. This input corresponds to the ratio of crack depth to wall thickness that
provides a 50% probability of detecting or not detecting the flaw. The input value, which was
used for ultrasonic examination (UT) in the PWROG RI-ISI pilot plant application, and has been
used in subsequent PWROG RI-ISI applications, was 0.24.
Results
The resulting bounding change in failure frequencies for each weld type are shown in Tables 3-3, 3-4, 3-5,
and 3-6 for weld types A, B, C, and D, respectively. This information can be used to perform
plant-specific change-in-risk calculations for extending the RV nozzle weld inspection interval from 10 to
20 years.
Table 3-3

Type A Bounding Change in Failure Frequencies (/year)
Failure
Results for

Mode

Without Leak
Detection

With Leak Detection

Outlet Nozzle - 40 Year

SLOCA

5.90E- 10

2.84E- I1

MLOCA

1.80E- 11

6.90E- 12

LLOCA

8.13E-12

2.17E-12

SLOCA

3.93E- 10

1.89E- I1

MLOCA

1.20E- 11

4.60E- 12

LLOCA

5.42E-12

1.45E-12

SLOCA

2.96E- 10

1.34E- 11

MLOCA

7.87E- 12

1.50E-12

LLOCA

7.77E- 12

1.39E-12

SLOCA

1.97E- 10

8.93E-12

MLOCA

6.32E-12

1.00E- 12

LLOCA

5.84E-12

9.29E- 13

Outlet Nozzle - 60 Year

Inlet Nozzle - 40 Year

Inlet Nozzle - 60 Year
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Table 3-4

Type B Bounding Change in Failure Frequencies (/year)
Failure

Results for

Mode

Without Leak
Detection

Outlet Nozzle - 40 Year

SLOCA

5.36E-10

2.85E- I1

MLOCA

1.97E- 11

8.09E- 12

LLOCA

1.97E- 11

7.45E-12

SLOCA

3.57E-10

1.90E- II

MLOCA

1.31E-11

5.39E-12

LLOCA

1.31E-1I

4.97E-12

SLOCA

5.28E-10

4.77E-1 I

MLOCA

2.07E-11

6.10E-12

LLOCA

1.99E- 11

1.47E- 12

SLOCA

3.52E-10

3.18E- II

MLOCA

1.45E- 1

4.07E-12

LLOCA

1.40E- I1

9.78E-13

Outlet Nozzle - 60 Year

Inlet Nozzle- 40 Year

Inlet Nozzle - 60 Year

Table 3-5

With Leak Detection

Type C Bounding Change in Failure Frequencies (/year)
Failure
Results for

Mode

Without Leak
Detection

With Leak Detection

Outlet Nozzle - 40 Year

SLOCA

6.7 1E-08

4.49E-09

MLOCA

6.68E-08

3.16E-09

LLOCA

6.68E-08

3.04E-09

SLOCA

1.18E-07

3.96E-09

MLOCA

1.18E-07

2.66E-09

LLOCA

1.18E-07

2.58E-09

SLOCA

7.88E-08

3.52E-09

MLOCA

7.54E-08

1.52E-09

LLOCA

7.45E-08

1.40E-09

SLOCA

1.13E-07

3.61E-09

MLOCA

1.23E-07

1.75E-09

LLOCA

1.23E-07

1.67E-09

Outlet Nozzle - 60 Year

Inlet Nozzle - 40 Year

Inlet Nozzle - 60 Year
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Table 3-6

Type D Bounding Change in Failure Frequencies (/year)

Failure
Results for

Mode

Without Leak
Detection

With Leak Detection

Outlet Nozzle - 40 Year

SLOCA

7.09E-08

7.02E-09

MLOCA

7.09E-08

7.08E-09

LLOCA

7.03E-08

7.02E-09

SLOCA

1.55E-07

7.77E-09

MILOCA

1.53E-07

1.07E-08

LLOCA

1.52E-07

1.06E-08

SLOCA

8.74E-08

3.27E-08

MLOCA

7.89E-08

2.60E-08

LLOCA

7.83E-08

2.60E-08

SLOCA

2.02E-07

2.37E-08

MLOCA

1.92E-07

1.89E-08

LLOCA

1.91E-07

1.89E-08

Outlet Nozzle - 60 Year

Inlet Nozzle - 40 Year

Inlet Nozzle - 60 Year

One of the parameters in probabilistic fracture mechanics applications identified as a concern to the NRC
was the probability of detection for ISI. The probability of detection (POD) is dependent on the size of
flaw that is being investigated and therefore, POD data are typically expressed as a function of flaw size.
In the case of the SRRA Code, the shape of the POD curve is defined in the detailed input, but its location
is indexed by the "Crack Inspection Accuracy" parameter. This parameter establishes the point on the
POD curve at which the crack depth, as a fraction of the wall thickness, equates to a 50% POD.
While an input value of 0.24 has been consistently used for ISI accuracy in application of the SRRA Code
for RI-ISI piping inspections using ultrasonic testing, it was requested that a sensitivity study be
performed for an increased accuracy of inspection. This was motivated by the industry implementation of
ASME Section XI, Appendix VIII, inspection techniques that had been qualified via the Performance
Demonstration Initiative (PDI). These techniques have been widely credited by industry and the NRC for
providing better POD than previously used techniques. The purpose of the sensitivity studies was to
determine the extent to which a change in inspection accuracy would affect the bounding change in
nozzle weld failure frequency results provided in Tables 3-3 to 3-6.
Data were not available to justify a specific crack depth corresponding to a 50% POD, so a depth of 1/10
of the wall thickness was used. The limiting run groups for the Type C and D nozzles were reevaluated
for the normal operation and snubber locking cases at the MLOCA failure mode and 60 years of
operation. A comparison of the results for the 0.10 inspection accuracy cases and the 0.24 inspection
accuracy cases is shown in Tables 3-7 and 3-8. This comparison shows that the bounding failure
frequencies in the Tables 3-3 through 3-6 are conservative.
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Table 3-7

Sensitivity Run Comparison - Type C - MLOCA Failure Mode
10 Years
Cumulative
Failure

Results

Failure

Wall

For

Conditions

Fraction

Probability

Outlet
Nozzle-

Normal

0.24
0.1

1.75E-06
3.95E-07

60 Year

Inlet
Nozzle 60 Year

A (FF 2o - FFo)

2.92E-08
6.58E-09

8.8 1E-06
1.63E-06

1.47E-07
2.72E-08

1.18E-07
2.06E-08

_____

______

0.24
0.1

3.34E-05
6.02E-06

5.57E-07
L.OOE-07

6.70E-05
3.18E-05

1.12E-06
5.31E-07

5.60E-08
4.30E-08

Normal
Operation

0.24

9.17E-07

1.53E-08

8.30E-06

1.38E-07

1.23E-07

0.1

3.79E-07

6.3 1E-09

1.32E-06

2.20E-08

1.56E-08

0.24
0.1

3.59E-05
9.94E-06

5.99E-07

9.42E-05

1.57E-06

9.71E-08

1.66E-07

4.89E-05

8.16E-07

6.50E-08

Sensitivity Run Comparison - Type D - MLOCA Failure Mode
10 Years
Cumulative
Failure
Probability
Frequency

Results

Failure

Wall

For

Conditions

Fraction

Outlet
Nozzle
60 Year-

Normal
Operation

0.24
0.1

1.44E-06
4.36E-07

Snubber
Locking

0.24
0.1

Normal
Operation

Inlet
Nozzle 60 Year

Failure
Frequency

Snubber
Locking

Snubber
Locking

Table 3-8

Frequency

Cumulative
Probability

3.95E________

______

20 Years

Snubber
Locking

17236-NP-A
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20 Years
Cumulative
Probability

Failure
Frequency

A (FF 2o - FFlo)

2.40E-08
7.26E-09

7.96E-06
1.27E-06

1.33E-07
2.12E-08

1.09E-07
1.39E-08

6.11 E-05
1.20E-05

1.02E-06
2.OOE-07

1.53E-04
6.47E-05

2.55E-06
1.08E-06

1.53E-07
8.78E-08

0.24

3.96E-06

6.60E-08

1.17E-05

1.95E-07

1.29E-07

0.1

4.26E-07

7.10E-09

1.72E-06

2.86E-08

2.15E-08

0.24

4.99E-05

8.32E-07

1.65E-04

2.75E-06

1.92E-07

0.1

1.21E-05

2.01E-07

6.61E-05

1.10E-06

9.00E-08

July 2012
July 2012

Revision 0

3-18

3.2.4

Change-in-Risk Calculations

The objective of the change-in-risk assessment was to evaluate the change in core damage and large early
release risk from the extension of the inservice inspection interval of the RV nozzle welds relative to other
plant risk contributors through a qualitative and quantitative evaluation.
NRC RG 1.174 (Reference 3) 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.
*
*

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

For the purposes of extending the ISI interval for the RV nozzle welds, the change in likelihood as a result
of the ISI interval extension needs to be evaluated rather than the absolute values. The following sections
describe the likelihood and postulated consequences and the changes as a result of the extension in ISI
interval. The change in likelihood and the consequences were then combined in the change-in-risk
calculation and the results are presented in this report.
What is the Likelihood of the Event?
As identified in Section 3.2.2, the event of concern is a loss-of-coolant accident (LOCA). The likelihood
of this event, and the change in the likelihood of this event, was addressed by the calculations in
Section 3.2.3. These calculations are summarized in the change-in-failure-frequency results in Tables 3-3,
3-4, 3-5, and 3-6.
What are the Consequences?
As discussed in Section 3.2.2, a LOCA was considered to result in core damage and a large early release.
The failure modes specified in Table 3-2 correspond to leak rates for initiating events that are typically
evaluated in the plant probabilistic risk assessment (PRA) model per NUREG/CR-4550 (Reference 15)
and are considered to represent the spectrum of risk from failure (leakage) of the weld locations evaluated
in this report. The likelihood of core damage and large early release, given a LOCA, can be quantified by
the PRA in terms of the conditional core damage probability (CCDP) and large early release probability
(CLERP), respectively.
Change-in-Risk Calculation Method
As discussed in Section 3.2.2, the change in failure frequency associated with the extension of the
inservice inspection interval was calculated for three failure modes (leak rates): SLOCA, MLOCA, and
LLOCA. The change in failure frequency is the difference in failure frequencies for the licensed life of
the plant (40 or 60 years). This change in failure frequency for each of these failure modes was multiplied
by the conditional core damage probability (CCDP) and conditional large early release probability
(CLERP) for that particular failure mode to determine the change in core damage frequency (ACDF) and

WCAP- 17236-NP-A

July 2012
Revision 0

3-19

the change in large early release frequency (ALERF), respectively. The total change in CDF and change in
LERF for the reactor vessel nozzles were determined by adding the results from all three failure modes
and then multiplying by the number of RV nozzle welds examined. This calculation is shown graphically
in Table 3-9.

Table 3-9

Change-in-Risk Calculations

Failure
Mode

Bounding Change
in Failure
Frequency

CCDP

ACDF
(/ year)

CLERP

ALERF
(/ year)

SLOCA

AFFSLOCA

CCDPSLOCA

= (AFFSLOcA)(CCDPSLOCA)

CLERPSLOCA

= (AFFSLOCA)(CLERPSLOCA)

MLOCA

AFFNEoCA

CCDPILOCA

=

(AFFNEcOA)(CCDPMALoCA)

CLERPMILocA

=(AFFMLocA)(CLERPNEOCA)

LLOCA

AFFLLOCA

CCDPLLOCA

=

(AFFLLOCA)(CCDPLLOCA)

CLERPLLOCA

= (AFFLLOCA)(CLERPLLOCA)

# (No.) of Welds
Examined

Total ACDF

(sum of above)(# of welds
examined)

Total ALERF

= (sum of above)(# of welds
examined)

=

The calculations in Table 3-9 would need to be performed for both the RV inlet and outlet nozzles. For the
change-in-risk calculation, the bounding change in failure frequencies with or without credit for leak
detection from Tables 3-3, 3-4, 3-5, or 3-6 shall be used. To determine the total change in risk, the totals
determined in Table 3-9 would need to be summed together for both the RV inlet and outlet nozzles.
To determine the acceptability of the change in risk associated with the extension in the inservice
inspection interval, the total ACDF and total ALERF without credit for leak detection are compared to the
criteria in Regulatory Guide 1.174 for an acceptably small change in risk. These criteria were discussed
previously in Section 3.2.1.
Pilot Plant Change-in-Risk Calculations
Beaver Valley Unit 1
Beaver Valley Unit 1 is a Westinghouse NSSS design and has Type C RV Nozzle welds. The 60-year
bounding change in failure frequencies from Table 3-5, without credit for leak detection, were used along
with plant-specific CCDP and CLERP values to determine the change in risk associated with the
extension in inspection interval for Beaver Valley Unit 1. The results of the change-in-risk calculations
are shown in Table 3-10.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to this pilot plant example:
The NRC staff does not endorse the BV-I and TMI-1 examples or the use of any quantitative
resultsfrom any tables besides Tables 3-3 through 3-6 of the TR. Licensees (including BY-i and
TMI-J) may not reference the examples tojustify any evaluation or calculation.
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Table 3-10

Failure
Mode

Change-in-Risk Calculations - Beaver Valley Unit I
Bounding Change in
Failure Frequency
(From Table 3-5,
No Leak Detection and
60-Year Basis)

CCDP

ACDF
(/ year)

CLERP

ALERF
(/year)

Outlet Nozzles
SLOCA

1.18E-07

1.38E-05

1.63E-12

7.61 E- 12

8.97E- 19

MLOCA

1.18E-07

1.68E-03

1.98E- 10

4.70E-08

5.53E-15

LLOCA

1. 18E-07'

2.15E-03

2.53E-10

5.30E-08

6.23E-15

Total ACDF

1.36E-09

Total ALERF

3.53E-14

# of Welds Examined

3

Inlet Nozzles
SLOCA

1.13E-07

1.93E-04

2.18E- 11

2.90E- 10

3.27E- 17

MLOCA

1.23E-07

1.68E-03

2.07E- 10

4.70E-08

5.78E- 15

LLOCA

1.23E-07

2.15E-03

2.65E-10

5.30E-08

6.53E- 15

Total ACDF

1.48E-09

Total ALERF

3.70E-14

2.84E-09

Total ALERF

7.23E-14

# of Welds Examined

3

All Nozzles
Total Change-in-Risk Results

Total ACDF

Three Mile Island Unit 1
Three Mile Island Unit I is a B&W NSSS design and has Type A RV Nozzle welds. The 60-year
bounding change in failure frequencies from Table 3-3, without credit for leak detection, were used along
with plant-specific CCDP and CLERP values to determine the change in risk associated with the
extension in inspection interval for Three Mile Island Unit 1. The results of the change-in-risk
calculations are shown in Table 3-11.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to this pilot plant example:
The NRC staff does not endorse the BV-I and TMI-1 examples or the use of any quantitative
results from any tables besides Tables 3-3 through 3-6 of the TR. Licensees (including BV-1 and
TMI-1) may not reference the examples tojustify any evaluation or calculation.
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Table 3-11

Failure
Mode

Change-in-Risk Calculations - Three Mile Island Unit 1
Bounding Change in
Failure Frequency
(From Table 3-3,
No Leak Detection and
60-Year Basis)

CCDP

ACDF
(/year)

CLERP

ALERF

(/year)

Outlet Nozzle
SLOCA

3.93E-10

1.83E-03

7.20E- 13

2.53E-04

9.95E- 14

MLOCA

1.20E- 1I

2.23E-03

2.68E-14

2.55E-04

3.06E- 15

LLOCA

5.42E- 12

3.93E-02

2.13E- 13

8.06E-04

4.37E-15

Total ACDF

1.92E-12

Total ALERF

2.14E-13

# of Welds Examined

2

Inlet Nozzle
SLOCA

1.97E-10

1.83E-03

3.61 E- 13

2.53E-04

5.OOE- 14

MLOCA

6.32E- 12

2.23E-03

1.41 E- 14

2.55E-04

1.61 E- 15

LLOCA

5.84E- 12

3.93E-02

2.29E- 13

8.06E-04

4.71E-15

Total ACDF

2.42E-12

Total ALERF

2.25E-13

4.34E-12

Total ALERF

4.39E-13

# of Welds Examined

4

All Nozzles
Total Change-in-Risk Results

Total ACDF

Change-in-Risk Results and Conclusions
The analysis shown above demonstrates that changes in CDF and LERF as a result of the extension in ISI
interval for the RV nozzle welds for Beaver Valley Unit 1 and Three Mile Island Unit 1 do not exceed the
NRC's RG 1.174 (Reference 3) acceptance guidelines for a small change in CDF and LERF (<10-6 per
year for Total ACDF, <10-7 per year for Total ALERF).
As part of this evaluation, the key principles identified in RG 1.174 and summarized in Section 3.2.1 were
reviewed and the responses based on the evaluation are provided in Table 3-12.
This evaluation concluded that extension of the RV nozzle weld inservice inspection interval 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.
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Table 3-12

Evaluation with Respect to Regulatory Guide 1.174 (Reference 3) Key Principles
Key Principles

Evaluation Response

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

Change to current ASME Section XI requirements, endorsed
in 10 CFR 50.55a is proposed.

Change is consistent with
philosophy,

NDE examinations still conducted, but on less frequent basis
not to exceed 20 years.

defense-in-depth

Other indications of potential degradation of RV nozzle welds
are available (e.g., foreign experience, inspection of other
similar locations, and periodic testing with visual
examinations). 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
are consistent with the Commission's Safety
Goal Policy Statement.

Proposed increase in risk is estimated to be acceptably small.

Use performance-measurement
monitor the change.

NDE examinations still conducted, but on less frequent basis
not to exceed 20 years.

strategies

to

Other indications of potential degradation of RV nozzle welds
are available (e.g., foreign experience, inspection of other
similar locations, and periodic testing with visual
examinations).

Defense-in-Depth
Extending the RV nozzle weld 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 any potential emerging generic degradation mechanisms, and would permit the industry to
react with more frequent examinations if needed. Furthermore, similar welds in other locations, such as
steam generator or pump nozzles, operating at similar service conditions, will continue to be inspected on
a 10-year interval and will provide an indication of any emerging issues that could also affect the RV
nozzle welds.
To demonstrate that there will be a sampling of inspections performed over the 20-year interval that will
provide an indication of emerging issues, example implementation schedules were developed. This
schedule is for the period from 2009 to 2048 and applies to plants with non-Alloy 82/182 Category B-F
and B-J welds. Since the RV nozzle weld inspections are performed at the same time as the RV
inspections, the schedule is based on the schedule developed for the RV Weld ISI interval extension
provided in PWR Owners Group Letter OG-09-454 (Reference 20). The schedule is based upon every
plant identified in Table 4-1 implementing the 10-to-20-year interval extension for the inspection of RV
nozzle welds. The schedule also includes plants with non-Alloy 82-182 welds that were not evaluated as
part of this project who will continue to use a 10-year inspection schedule. This inspection schedule can
be seen below in Table 3-13.
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Table 3-13

Proposed Reactor Vessel Nozzle Weld Inspection Schedule

Utility

Plant Name

Weld Type

Current
IS[ Date

AEP

D. C. Cook Unit 2

D

2009

2019

2039

Constellation

Calvert Cliffs Unit I(')

B

2008

2008

2018

2028

2038

Calvert Cliffs Unit 2(1)

B

2009

2009

2019

2029

2039

R. E. Ginnat)

C or D

2009

2009

2019

2029

2039

Kewaunee

C

2014

2014

2034

Millstone Unit 2(2)

B

2008

2028

2048

North Anna Unit I

C

2009

2009

2019

2029

2039

North Anna Unit 2

C

2010

2010

2020

2030

2040

1)2)

C

2013

2023

2043

Surry Unit 2(2)

C

2014

2024

2044

Catawba Unit 1(2)

D

2014

2024

2044

McGuire Unit 2(2)

B

2014

2024

2044

Oconee Unit

1(21

A

2012

2012

2032

Oconee Unit 2(2)

A

2013

2013

2033

Oconee Unit 3(2)

A

2014

2014

2034

Palisades1 2)

B

2006

2010

2030

ANO Unit 1

A

2018

2028

2048

ANO Unit 2

B

2009

2018

2038

Waterford Unit 3

B

2008

2015

2035

Exelon

Three Mile Island Unit 1

A

2011

2015

2035

FENOC

Beaver Valley Unit

C

2017

2027

2047

Davis-Besse(2)

A

N/A

2012

2032

Point Beach Unit W)

C or D

2018

2010

2020

2030

2040

Point Beach Unit 21)

C or D

2018

2009

2019

2029

2039

St. Lucie Unit 1)2)

B

2018

2017

2037

St. Lucie Unit 2(2)

B

2010

2010

2030

Turkey Point Unit 3)2)

C

2014

2013

2033

Turkey Point Unit 4(2)

C

2015

2014

2034

Crystal River Unit 3(1)

A

2017

2017

2027

2037

2047

Dominion

Surry Unit

Duke

Entergy

FPL

Progress
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Table 3-13
(cont.)

Proposed Reactor Vessel Nozzle Weld Inspection Schedule

Utility

Plant Name

Weld Type

Current
ISI Date

SCE

San Onofre 2

B

2012

2022

2042

San Onofre 3

B

2013

2023

2043

1(2)

C

2006

2015

2035

Sequoyah Unit 2(2)

C

2015

2024

2044

Prairie Island Unit I

D

2014

2012

2033

Prairie Island Unit 2

C

2013

2012

2034

TVA

Xcel

Sequoyah Unit

Proposed IS! Dates

Notes:
1.

Plant does not have Alloy 82/182 RV nozzle welds but is not participating in this project (See Table 4-1).

2.

Based on available data, this plant must inspect the RV nozzle welds to meet the requirements of their RI-ISI or
Section XI ISI program (i.e., another weld location may not be selected for inspection).

The distribution of the inspections by dates specified in Table 3-13 can be seen in Figure 3-5. Figure 3-6
displays the nozzle weld inspection distribution by weld category (B-F or B-J) from 2009 to 2048. These
figures display the number of inspections possible following this schedule.
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Figure 3-6

Number of Category B-F and B-J Inspections per Year for Proposed Implementation
Schedule

Figures 3-7 and 3-8 display the number of inspections that may be performed for the non-Alloy 82/182
nozzle welds if it is assumed that all plants identified in Table 3-13 that have the ability to inspect another
location for inspection within their RI-ISI program will do so. Plants that do not have this ability are
assumed to implement the 10-to-20-year interval extension.
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Based on the data presented in Table 3-13 and Figures 3-5 and 3-6, an acceptable number of inspections
for the RV nozzle welds can still be achieved by implementing the 20-year inspection schedule.
Specifically, in the 40-year period evaluated, there are only five inspection gaps of one year and only
two gaps of two years. As shown in Figures 3-7 and 3-8, if it is assumed that plants will select another
location for inspection as an alternative to the RV nozzle weld, the total amount of RV nozzle weld
inspections will be greatly reduced. Extension of the inspection interval from 10 to 20 years for
RV nozzle welds would provide an effective means to maintain defense-in-depth in the form of a
consistent and evenly distributed inspection schedule that provides for early detection of emerging
degradation mechanisms.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to the scheduling of inspections, as discussed above:
Licensees must 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
implementationplan referenced in the most recent Revision of TR WCAP-16168-NP-A.
It should also 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 startup, as well as leak tests with visual examinations that precede
each start-up following maintenance or repair activities.
Relative to Defense in Depth, Regulatory Guide 1.174 states 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
in RG 1.174 and Section 3.2.1 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 will not be affected. Additional assessment of the effect on each of the six
defense-in-depth elements is provided below:
A reasonable balance among prevention of core damage, prevention of containment failure, and
consequence mitigation is preserved:
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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 RV nozzle welds 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 inspection interval extension does not affect system redundancy, independence, or
diversity in any way since it is not changing the plant design or how it is operated.
Defenses against potential common cause failures are preserved and the potential for introduction
of new common cause failure mechanisms is assessed:
The proposed inspection interval extension does not affect 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, not to vessel nozzle welds
that are passive components.
Independence of barriers is not degraded (the barriers are identified as the fuel cladding, reactor
coolant pressure boundary, and containment structure):
The inspection interval extension does not change the relationship between the
and therefore does not degrade the independence of the barriers. The change in
does not change the robustness of the vessel nozzle design in any way. It
robustness that the inspection interval can be doubled with no significant
frequency.

barriers in anyway
inspection interval
is because of this
change in failure

Defenses against human errors are preserved:
The RV nozzle weld inspection interval extension does not affect any defenses against human
errors in any way. The inspection interval extension reduces the frequency at which the lower
internals need to be removed. Reducing this frequency reduces the possibility for human error
and damaging the core but still provides for detection of emerging degradation mechanisms.
3.2.5

RI-ISI Program Effects

For plants that have a risk-informed inservice inspection (RI-ISI) program for piping, it is necessary to
determine the effect of the ISI interval extension and ensure that the program still meets appropriate
metrics for risk. The two most commonly applied methodologies in the U.S. for RI-ISI of piping are the
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PWROG methodology and the Electric Power Research Institute (EPRI) methodology. These
methodologies are included as Methods A and B in Nonmandatory Appendix R of Section XI of the
ASME Code and are documented in more detail in References 4 and 8, respectively. One other
methodology that has been applied is ASME Section XI Code Case N-716 (Reference 9). Relative to the
extension of the inservice inspection interval, Code Case N-716 is very similar to the EPRI methodology.
The fundamental steps involved with developing a RI-ISI program are identified below and, for the steps
that are affected by the inservice inspection interval, a discussion of how inservice inspection of the RV
nozzle welds is credited or used is provided.
1.

Scope Determination

2.

Segment Definition

3.

Consequence Assessment

4.

Failure Potential Assessment - For each piping segment, the likelihood for failure is determined.
a.

For the PWROG methodology, the failure potential is calculated in the form of a
cumulative failure probability using probabilistic fracture mechanics. Separate failure
probabilities are calculated with and without credit for inservice inspection. The
probabilities without credit for inservice inspection are to be used in the risk evaluation
(next step) while the failure probabilities with credit for inservice inspection are to be used
in the change-in-risk evaluation. Therefore, for the PWROG methodology, the inservice
inspection interval is considered in this step.

b.

For the EPRI methodology, failure potential is based solely on the postulated degradation
mechanism. Therefore, for the EPRI methodology, the inservice inspection interval is not
considered in this step.

5.

Risk Evaluation

6.

Element Selection

7.

Change-in-Risk Evaluation - A comparison is made between the risk associated with the welds
selected for inspection in the non-risk-informed, ASME Section XI program, and the risk
associated with the welds to be inspected for the proposed risk-informed program. This
comparison is performed by taking credit for inservice inspection for the welds that are selected
for each program and by not taking credit for the benefits of inservice inspection for those that
are not selected. Since this is the only step that takes credit for inservice inspection, this is the key
step for determining whether the extended inservice inspection interval has an effect on the RIISI program. Each RI-ISI methodology has different criteria for an acceptable change in risk.
These criteria are discussed in the following sections for each methodology. If these criteria
cannot be satisfied, additional examinations are required until they are satisfied. It should be
noted that the RI-ISI methodologies take credit for leak detection.

Based on the discussion above, the effect on the RI-ISI program can be determined during the change-inrisk evaluation. The method for doing so is discussed below for the different RI-ISI methodologies.
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3.2.5.1

PWROG RI-ISI Methodology

Change-in-Risk Evaluation Method
In the PWROG RI-ISI methodology, the change in risk associated with the change in number of piping
segments selected for inspection is calculated. The change in risk is calculated for each system by
summing the change in risk for all segments within that system. The total change in risk is then calculated
by adding the change in risk for all systems. The method for performing this change-in-risk assessment is
discussed in detail in WCAP-14572, Revision 1-NP-A (Reference 4). The total change in risk and systemlevel change in risk must then be compared to the PWROG original change-in-risk acceptance criteria
described in Section 2.4.1. The PWROG methodology requires that the change-inmrisk evaluation be
performed for CDF and LERF with and without the effects of operator actions and all four delta-risk
cases are compared against the PWROG original change-in-risk acceptance criteria.
Evaluation of Effect of RV Nozzle ISI Interval Extension
To determine the effect on the piping risk-informed inservice inspection program of the plant, the
change-in-risk-calculations in Table 3-9 are duplicated with the exception that the calculations are
performed using the change in failure frequencies with credit for leak detection from Table 3-3, 3-4, 3-5,
or 3-6. The basis of 40 or 60 years for the failure frequencies is consistent with the 40-or 60-year basis
used in the current RI-ISI program. These change-in-risk values, which represent the increase in risk
associated with the extension of the ISI interval for the RV nozzles, are then added-to the change-in-risk
results of the RI-ISI program (Reference 4). These values are added to both the reactor coolant system
change-in-risk values and also the total plant scope values for the CDF, with and without operator action,
and LERF, with and without operator action cases. It should be noted that the PWROG methodology
considers risk on a segment basis and that the risk is not dependent on the number of welds within a given
piping segment. This is because the highest risk at the limiting location is controlling for that piping
segment. Therefore, for Nozzle Types B and D, where there are two welds per nozzle, the risk should be
adjusted to reflect only the most limiting weld prior to being added to the change in risk from the RI-ISI
element selection.
Alternative Change-in-Risk Evaluation Methods
If the PWROG original change-in-risk acceptance criteria cannot be met using the PWROG change-inrisk evaluation method in WCAP-14572 or an excessive number of exams would have to be added to
meet the criteria, the following three alternative change-in-risk evaluation methods can be utilized to
evaluate the effect on the RI-ISI program. In all three alternative evaluations methods, the change-in-risk
evaluation is conducted on a weld-examined basis to address the underestimation of risk increases arising
from the reduction in the number of inspections within each segment when the change-in-risk evaluation
is conducted on a segment basis. The three alternative methods, in order of increasing complexity, are:
1.
2.
3.

Examined Weld Counts Using Largest Change in Risk,
Examined Weld Counts Using Sum of System Change in Risk for Total Plant,
Examined Weld Counts Using Applicable Segment Change in Risk.
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Licensees may select any of the three alternative methods, but it is expected that the licensee will start
with the first alternative method and move to the more complex methods until the results indicate an
acceptable change in risk when compared against the PWROG alternative change-in-risk acceptance
criteria or additional exams are added to make the change in risk acceptable. These methods are discussed
in more detail in the following sections.
First Alternative Evaluation Method - Examined Weld Counts Using Largest Change In Risk
In the first alternative evaluation method, the change in risk is based on the largest applicable segment
change in risk. The reactor coolant system change in risk is evaluated using equation 3-1. The total plant
change in risk is evaluated using equation 3-2.
ACDFRCS = ACDFNozzles + ACDFRCS-RJ-ISI

(3-1)

ACDFAI = ACDFNozzIes + ACDFmA-RJ-isj

(3-2)

Where:
ACDFRCS

ACDFNozz-Ies
ACDFRCS-FJ.ISI

ACDFAiI

ACDFAJi-RI-sIS

= Change in CDF in the reactor coolant system between the ASME and RIISI programs including the effect of the reactor vessel nozzle ISI interval
extension,
= Change in CDF from the reactor vessel nozzle ISI interval extension,
= Change in CDF in the reactor coolant system between the ASME and RIISI programs excluding the effect of the reactor vessel nozzle ISI interval
extension,
= Change in CDF in the total plant between the ASME and RI-ISI
programs including the effect of the reactor vessel nozzle ISI interval
extension,
- Change in CDF in the total plant between the ASME and RI-ISI
programs excluding the effect of the reactor vessel nozzle ISI interval
extension,

Similar equations are conducted for the LERF. The equations are solved using the following steps:
I1.

Identify the applicable largest (i.e., most conservative) segment change in risk for the reactor
coolant system and the total plant. The segment change in risk is based on the change between the
segment being examined per the ASME Section XI or RI-ISI and no examination using the
guidelines in WCAP-14572 with consideration for leak detection, augmented ISI programs, and
the factor of three.
Where:
ACDFsegMaxRCS
ACDFsegM.Ax,

WCAP- 17236-NP-A

= Maximum segment change in risk for the reactor coolant system
segments that are in the scope of the RI-ISI program,
= Maximum segment change in risk for all segments that are in the scope
of the RI-ISI program including the reactor coolant system.
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2.

Identify the number of welds examined per the ASME Section XI program and the RI-ISI
program for the reactor coolant system and the total plant.
a.

For the welds examined pet the ASME Section X1 program, identify all welds examined
excluding welds with visual only examinations.

b.

For the welds examined per the RI-ISI program, conservatively do not count the welds
examined as part of a visual only examination.

Where:
SXIRcs

SXIAII

RIISIRCS

RIISIA11

3.

Number of reactor coolant system welds within the scope of the RI-ISI
program that are examined per the ASME Section XI program excluding
visual-only exams,
= Number of all welds within the scope of the RI-ISI program that are
examined per the ASME Section XI program, including the reactor
coolant system, excluding visual-only exams,
= Number of reactor coolant system welds that are examined per the RI-ISI
program, excluding visual only exams,
= Number of all welds that are examined per the RI-ISI program, including
the reactor coolant system, excluding visual-only exams.
=

Multiply the applicable largest segment change in risk times the difference in the number of
welds examined per ASME Section XI and the RI-ISI programs for the reactor coolant system
and the total plant. See equations 3-3 and 3-4.
ACDFRcs-RI-ISl = ACDFSegMaxRCS * (SXIRcS - RIISIRCs)
ACDFAII-RI-ISI

=

ACDFSegMaxAll * (SXIAMI - RIISIAII)

(3-3)
(3-4)

4.

Add the reactor vessel nozzle ISI interval extension risk increase as calculated on a weld basis to
the current change in risk for the reactor coolant system and the total scope of the RI-ISI
program. See equations 3-1 and 3-2.

5.

Compare the results of step 4 against the PWROG alternative change-in-risk acceptance criteria,
a.

If the change-in-risk criteria are met, no further analysis is required.

b.

If the change-in-risk criteria are met for the reactor coolant system but not the total plant,
add exams or proceed to the second alternative evaluation.

c.

If the change-in-risk criteria are not met for the reactor coolant system, add exams or
proceed to the third alternative evaluation method.
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Second Alternative Evaluation Method - Examined Weld Counts Using Sum of System Change in Risk
for Total Plant
The second alternative evaluation method is very similar to the firstalternative evaluation method except
that instead of using the largest overall change in risk to calculate the total plant change in risk, the
change in risk from all the systems is summed. Use equation 3-1 for estimating the reactor coolant system
change in risk. The total plant change in risk is evaluated using equation 3-5.
ACDFi = ACDFNozJes + >ACDFj

(3-5)

Where:
ACDFj

=

Change in CDF in the system j between the ASME and RI-ISI programs
excluding the effect of the reactor vessel nozzle ISI interval extension.

A similar equation is used for LERF. The equation is solved using the following steps:
1.

Identify the applicable largest (i.e., most conservative) segment change in risk for each system in
the scope of the RI-ISI program. This is conducted in the same manner as the first alternative
change-in-risk evaluation method with the exception that it is conducted only on a system basis
for all systems in the scope of the RI-ISI program.
Where:
ACDFsegMaxj

2.

=

Maximum segment change in CDF for system j segments that are in the
scope of the RI-ISI program

Identify the number of welds examined per the ASME Section XI program and the RI-ISI
program, for each system in the scope of the RI-ISI program. This is conducted in the same
manner as the first alternative change-in-risk evaluation method.
Where:
SXIj

RIISIj

3.

= Number of system j welds within the scope of the RI-ISI program that
are examined per the ASME Section XI program excluding visual only
exams,
= Number of system j welds that are examined per the RI-ISI program
excluding visual only exams.

Multiply the largest segment change in risk for each system times the difference in the number of
welds examined per ASME Section XI and the RI-ISI programs for the respective system. See
equation 3-6.
ACDFj = ACDFsegMaxj * (SXIj - RIIS~j)
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4.

Add the reactor vessel nozzle ISI interval extension risk increase as calculated on a weld basis to
the current change in risk for the reactor coolant system. See equation 3-1.

5.

Sum the change in risk for each system, to obtain the total plant change in risk. Note that the
reactor coolant system change in risk calculated in step 4 is used in this step. See equation 3-6.

6.

Compare the results of step 5 against the PWROG alternative change-in-risk acceptance criteria.
a.

If the change-in-risk criteria are met, no further analysis is required.

b.

If the change-in-risk criteria are not met, add exams or proceed to the third alternative
evaluation method.

Third Alternative E~valuiation Method

-

Examined Weld Counts IUsinQ Annlicable Segment Chan~e in

Alternative Evalu ion Method - Examined Weld Counts Using Applicable Segment Chanve in
Third
Risk

In the third alternative evaluation method, the change in risk is based on the applicable segment change in
risk instead of the largest segment change in risk for the system or plant. The reactor coolant system
change in risk is evaluated using equation 3-7. The total plant change in risk is evaluated using equation
3-8.
ACDFRcs = ACDFNozlIes + ACDFj for RCS

(3-7)

ACDFAu = ACDFNozJes + Z ACDFj

(3-8)

I

Where:
ACDFj

=

ACDFj for RCS

-

Change in CDF for system j accounting for the number of welds
examined in system j,
Change in CDF for system j accounting for the number of welds
examined in system j where system j is limited to the reactor coolant
system.

A similar equation is used for LERF. The equations are solved using the following steps:
1.

Identify the individual segment change in risk. This is conducted in the same manner as the first
alternative change-in-risk evaluation method with the exception that it is conducted on a segment
basis and is only required where there is a difference in the number of welds examined between
the ASME Section XI program and the RI-ISI program.
Where:
ACDFjj

WCAP- 17236-NP-A
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2.

Identify the number of welds examined per the ASME Section XI program and the RI-ISI
program for each segment in the scope of the RI-ISI program. This is conducted in the same
manner as the first alternative change-in-risk evaluation method with the exception that it is
conducted on a segment basis.
Where:
SXIij

RIISlij

3.

= Number of welds in segment i (in system j) within the scope of the
RI-ISI program that are examined per the ASME Section XI program
excluding visual-only exams,
= Number of welds in segment i (in system j) that are examined per the
RI-ISI program excluding visual-only exams.

Multiply the segment change in risk times the difference in the number of welds examined per
ASME Section XI and the RI-ISI programs for that segment. See equation 3-9.
ACDF#ij = ACDFij * (SXlIj - RIISI 1j)

(3-9)

Where:
ACDF#jj

4.

Change in CDF for segment i (of system j) accounting for the number of
welds examined in segment i.

Sum the individual segment change in risk for each segment in a system to obtain the system
change in risk. See equation 3-10.
ACDF,=

ACDF#1 , j

(3-10)

5.

Add the reactor vessel nozzle ISI interval extension risk increase as calculated on a weld basis to
the change in risk for the reactor coolant system. See equation 3-7.

6.

Add the reactor vessel nozzle ISI interval extension risk increase as calculated on a weld basis to
the sum of the change in risk for each system in the scope of the RI-ISI program to obtain the
total plant change in risk. See equation 3-8.

7.

Compare the results of step 6 against the PWROG alternative change-in-risk acceptance criteria:
a.
b.

If the change-in-risk criteria are met, no further analysis is required.
If the change-in-risk criteria are not met, add exams until the criteria are met.

All three alternative change-in-risk evaluation methods are conservative for the following reasons.
All ASME Section XI exams are conservatively assumed to address the potential degradation
mechanism of concern whereas RI-ISI exams are inspections for cause. In addition, per WCAP14572 Supplement 2 (Reference 21), all postulated degradation mechanisms on a high-safety
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significance (HSS) segment must be addressed in the RI-ISI program. The underestimation in risk
reductions arising from changing inspection locations from a weld subject to no potential
degradation mechanism to another with an identified potential degradation mechanism still
applies.
No credit is taken for visual (VT-2) examinations performed per the RI-ISI program.
In addition, the first and second alternative change-in-risk evaluation methods have the following
conservatism.
The largest ISI change in segment risk is assumed to represent each weld examined in a system.
The vast majority of welds that are examined per ASME Section XI will not result in the largest
ISI change in segment risk. While it is also true that the vast majority of welds examined per the
RI-ISI program will not result in the largest ISI change in risk, there are fewer welds examined
per the RI-ISI program. Thus the overall effect is conservative.
PWROG Alternative Change-in-Risk Acceptance Criteria
The PWROG alternative change-in-risk acceptance criteria for the alternative change-in-risk evaluation
methods are the same as the change-in-risk criteria used for the EPRI methodology. Refer to Section
2.4.1. Use of the alternative evaluations and criteria are acceptable since conducting the change-in-risk
evaluation on a weld examined basis is consistent with how the change-in-risk evaluation is conducted for
EPRI and Code Case N-716 methodologies. The underestimation of risk increases arising from the
reduction in the number of inspections within each segment is addressed. In addition, the three alternative
change-in-risk evaluation methods are conservative since the underestimation of risk reductions arising
from changing inspection locations from a weld subject to no degradation mechanism to another with an
identified degradation mechanism is not addressed.
Pilot Plant Example
Beaver Valley Unit 1 has a RI-ISI program for piping that is based on the PWROG methodology. To
determine the effect on the Beaver Valley Unit I piping risk-informed inservice inspection program, the
change-in-risk calculations in Table 3-10 were duplicated with the exception that the calculations were
performed using the change in failure frequencies from Table 3-5 (Type C), with credit for leak detection
and the failure frequencies were based on 40 years to be consistent with the current RI-ISI program.
These calculations are shown in Table 3-14. The change in risk calculated in Table 3-14 was then added to
the change-in-risk results from the development of the RI-ISI program. The results of this evaluation are
shown in Table 3-15.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to this pilot plant example:
The NRC staff does not endorse the BV-1 and TMI-1 examples or the use of any quantitative
results from any tables besides Tables 3-3 through 3-6 of the TR. Licensees (including BV-I and
TMI-1) may not reference the examples tojustify any evaluation or calculation.
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Table 3-14

Failure
Mode

Change-in-Risk Calculations for RI-ISI Program Effects - Beaver Valley Unit I
Bounding Change in
Failure Frequency
(From Table 3-5, with
Leak Detection and
40-Year Basis)

CCDP

ACDF
(/ year)

CLERP

ALERF
(/year)

Outlet Nozzles
SLOCA

4.49E-09

1.38E-05

6.19E- 14

7.61 E- 12

3.42E-20

MLOCA

3.16E-09

1.68E-03

5.31E-12

4.70E-08

1.49E-16

LLOCA

3.04E-09

2.15E-03

6.54E-12

5.30E-08

1.61E-16

Total ACDF

3.57E- I

Total ALERF

9.29E- 16

# of Welds Examined

3

[

Inlet Nozzles
SLOCA

3.52E-09

1.93E-04

6.79E-13

2.90E-10

1.02E-18

MLOCA

1.52E-09

1.68E-03

2.55E-12

4.70E-08

7.15E- 17

LLOCA

1.40E-09

2.15E-03

3.02E-12

5.30E-08

7.43E-17

Total ACDF

1.87E- I1

Total ALERF

4.40E- 16

5.45E-1 I

Total ALERF

!.37E-15

# of Welds Examined

3

All Nozzles
Total Change-in-Risk Results

Total ACDF

/
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Table 3-15

Effects of RV Nozzle ISI Interval Extension on the Beaver Valley RI-ISI Program Utilizing
Change-In-Risk Criteria from WCAP-14572
Beaver Valley Unit I with
Operator Action

Beaver Valley Unit 1 without
Operator Action

ACDF
(/year)

ALERF
(/year)

ACDF
(/year)

ALERF
(/year)

RC System (Existing RI-ISI Program)

-2.58E-13

4.52E- 19

-2.58E-13

4.52E-19

Additional Risk from IS1 Int. Extension
(From Table 3-14)

5.45E- I1

1.37E-15

5.45E-I I

1.37E-15

Total RC System Change in Risk

5.42E- I1

1.37E-15

5.42E-11

1.37E- 15

Acceptable System Change in Risk

O.OE+00

1.OE-09€"

O.OE+00

1.OE-091l)

Total Plant (Existing RI-ISI Program)
Additional Risk from ISI Int. Extension

-3.94E-I 1
5.45E-11

-7.88E- 13
1.37E-15

-2.02E- 10
5.45E-I1

-9.36E- 13
1.37E-15

Total Plant Change in Risk

1.5 1E- I

-7.87E-13

-1.48E-10

-9.35E-13

Acceptable Total Change in Risk

O.OE+00

O.OE+00

O.OE+00

O.OE+00

(From Table 3-14)

Note:
I.

The RC system is not a dominant system for LERF; therefore, a small increase in risk is acceptable.

As can be seen in Table 3-15, when the increase in risk associated with extension of the ISI interval is
added to the risk as a result of the risk-informed inservice inspection program element selection, the total
change in risk does not meet the PWROG original change-in-risk acceptance criteria. Therefore, in order
to implement the ISI interval extension for the RV nozzles, additional piping segments would need to be
selected for inspection in the reactor coolant system until the total plant change in risk is either risk
neutral or a risk reduction.
A review was conducted to see how many segments would have to be added for Beaver Valley Unit 1 to
meet the PWROG original change-in-risk acceptance criteria. It was identified that even if all RCS
segments were selected for examination, the criteria (absolute neutrality) could not be met.
Based on not being able to meet the PWROG original change-in-risk acceptance criteria, the first
alternative evaluation, Examined Weld Counts Using Largest Change In Risk, was applied to Beaver
Valley Unit 1. The results of this evaluation are presented in Table 3-16.
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Table 3-16

Effects of RV Nozzle ISI Interval Extension on the Beaver Valley RI-ISI Program Utilizing
First Alternative Change-in-Risk Evaluation
Beaver Valley Unit I with
Operator Action

Beaver Valley Unit I without
Operator Action

ACDF
(/year)

ALERF
(/year)

ACDF
(/year)

ALERF
(/year)

Total RC System Change in Risk

1.97E-09

5.03E-14

1.97E-09

5.03E-14

Acceptable System Change in Risk

1.OE-07

1.OE-08

1.OE-07

1.OE-08

Total Plant Change in Risk

7.75E-08

1.16E-08

7.86E-07

1.84E-08

Acceptable Total Change in Risk

1.OE-06

1.OE-07

1.OE-06

1.OE-07

As can be seen in Table 3-16, the change in risk for the Beaver Valley RI-ISI program, including the
additional risk associated with the extension in inspection interval, meets the system and total plant
PWROG alternative change-in-risk acceptance criteria. Therefore, using the first alternative evaluation
for the change in risk, the effect of the extension in inspection interval for the RV nozzles on the Beaver
Valley Unit 1 RI-ISI program is acceptable.
Although the PWROG alternative change-in-risk criteria were met utilizing the first alternative
evaluation, for additional information, the second alternative evaluation was applied to Beaver Valley
Unit 1. The results of this evaluation are presented in Table 3-17.
Table 3-17

Effects of RV Nozzle ISI Interval Extension on the Beaver Valley RI-ISI Program Utilizing
Second Alternative Change-in-Risk Evaluation
Beaver Valley Unit I with
Operator Action

Beaver Valley Unit I without
Operator Action

ACDF
(/year)

ALERF
(/year)

ACDF

ALERF

(/year)

(/year)

Total RC System Change in Risk

1.97E-09

5.03E-14

1.97E-09

5.03E-14

Acceptable System Change in Risk

1.OE-07

1.OE-08

1.OE-07

1.OE-08

2.99E-08

3.98E-09

2.85E-07

6.3 1E-09

1.OE-06

1.OE-07

1.OE-06

1.OE-07

Total Plant Change in Risk
Acceptable Total Change in Risk

The change in risk for the Beaver Valley RI-ISI program, including the additional risk associated with the
extension in inspection interval, meets the system and total plant PWROG alternative change-in-risk
acceptance criteria. Therefore, using the second alternative evaluation for the change in risk, the effect of
the extension in inspection interval for the RV nozzles on the Beaver Valley Unit I RI-ISI program is
acceptable. As expected, there was no change in the change in risk for the reactor coolant system between
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the first and second alternative evaluation. As anticipated, there was a reduction in the change in risk in
the total plant when going from the first alternative evaluation to the second alternative evaluation.
3.2.5.2

EPRI RI-ISI Methodology

Change-in-Risk Evaluation Methods
The EPRI RI-ISI Methodology in Reference 8 provides four methods for evaluating the change in risk
associated with implementing the RI-ISI program. These four methods in order of increasing complexity
are:
1.
2.
3.
4.

Qualitative
Bounding without any credit for increase in Probability of Detection (POD)
Bounding with credit for increase in Probability of Detection (POD)
Markov Model

Licensees may select any of the four methods but it is expected that the licensee will start with the
qualitative methodology and move to the more complex methods until the results indicate an acceptable
change in risk or additional inspections are added to make the change in risk acceptable. These methods
are discussed in more detail in the following sections.
It should be noted that the change-in-risk analysis methods for the EPRI RI-ISI methodology can also be
used with Code Case N-716 (Reference 9). Therefore, the discussion below would also be applicable for a
plant that has implemented a Code Case N-716 based RI-ISI program.
Change-in-Risk Criteria
1.

Qualitative Method (1)
The RI-ISI program must provide for an increased number of inspections in each High- or
Medium-risk category (Categories 1-3 and 4-5, respectively), or a comparable number of
inspections are redirected to locations that are more likely to identify failure precursors on the
basis of characteristics of the potential damage mechanisms.

2.

Quantitative Methods (2, 3, & 4) - Bounding, with and without Credit for POD, and Markov
Method
The implementation of the RI-ISI program should be risk neutral, a decrease in risk, or, at most,
an insignificant increase in risk. The increase in risk for each system shall meet the following
criteria in order for it to be considered insignificant:
*
*

Change in Core Damage Frequency (ACDF) < 1E-07/year, and
Change in Large Early Release Frequency (ALERF) < 1E-08/year.

The total change for all systems must meet the criteria of RG 1.174 as stated in Section 3.2.1. If
the scope of the RI-ISI program encompasses all Class 1 welds, the system level criteria shall be
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met. If the acceptance criteria cannot be met, additional inspections shall be added to the RI-ISI
program until an acceptable change in risk is achieved.
Evaluation of Effect of RV Nozzle ISI Interval Extension
A discussion of the methods and how they would be affected by the change-in-inspection interval is
provided below. It should be noted that, all four methods include the assumption that there is a negligible
increase in risk associated with the elimination of inspections of welds in piping segments in the lowestrisk categories, 6 and 7.
1.

Qualitative Method
In some cases, the RI-ISI process can be shown to provide an increased number of inspections in
each High- or Medium-risk category (Categories 1-3 and 4-5, respectively), or a comparable
number of inspections are redirected to locations that are more likely to result in failure
precursors on the basis of characteristics of the potential damage mechanisms. In these cases, the
change in risk can qualitatively be shown to be a decrease in risk.
This method implicitly assumes that all inspections are performed on the same interval. If this
method were to show that there is no reduction, or there is an increase in the number of
inspections, the only increase in risk would be as a result of the extension in inspection interval
for the reactor vessel nozzle welds. Therefore, as long as the change in risk as calculated per
Section 3.2.4 meets the Regulatory Guide 1.174 acceptance criteria, the extension in inspection
interval would be acceptable.

2.

Bounding without any Credit for Increase in Probability of Detection (POD)
A quantitative estimate of the change in risk can be performed for all system locations in the
high- and medium-risk categories. This evaluation is performed using bounding values for
CCDPs and rupture frequencies as specified in the EPRI topical report (Reference 8). The
bounding values for high, medium, and low failure potentials correspond to rupture frequencies
of IE-4, IE-5, and IE-6 per weld year, respectively. High-, medium-, and low-consequence
categories correspond to CCDPs of 1, 1E-4, and I E-6 per reactor year, respectively. The CCDP
for the high-consequence category can also be calculated from the plant-specific, as the highest
value of CCDP. The change in risk is calculated for each weld and then calculated for each
system by summing the change in risk for all welds within that system. This calculation is shown
in equation 3-1 1:
ACDFj=j[FR,..,*(SXJ,,j -RIS1,,)*CCDP,,j].

(3-11)

Where:
ACDFj
FRj
SXIIJ
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RISIj
=
CCDPij =

Number of RISI inspection elements for risk element i of system j,
Conditional core damage probability given a break in risk element i of
system j.

Similar calculations can be performed using the CLERP (conditional large early release
probability) to determine the change in LERF for each system. The change in risk for each system
and the total plant is compared to the EPRI acceptance criteria described above to determine the
acceptability of the RI-ISI program.
To account for the extension in the inservice inspection interval for the reactor vessel nozzles, the
change-in-risk calculations in Table 3-9 are duplicated with the exception that the calculations are
performed using the change in failure frequencies with credit for leak detection from Tables 3-3,
3-4, 3-5, or 3-6. The basis of 40 or 60 years for the change in failure frequencies is consistent
with the 40-or 60-year basis used in the current RI-ISI program. These change-in-risk values,
which represent the increase in risk associated with the extension of the ISI interval for the RV
nozzles, are then added to the system and total plant change-in-risk results of the RI-ISI program.
In some applications of the EPRI RI-ISI methodology, the change-in-risk calculation may use
only one LOCA-initiating event (the one that is determined in the risk evaluation to be the most
limiting in terms of CDF and LERF) to model the range of LOCA sizes. In these instances, the
change in risk associated with the extension in interval for the limiting LOCA size shall be added
to the system-level change in risk.
3.

Bounding with Credit for Increase in Probability of Detection (POD)
This approach is consistent with the second approach discussed above but it allows for an
increase in the probability of detection based on the use of an inspection strategy that is based on
the postulated degradation mechanism. This is illustrated in equation 3-12, which can be used to
estimate the change in risk of core damage at location j that is affected by the changes in the RIISI program:

ACDFs=(Fr -Fi)*CDJ = (Iri -- Iej)* Fo, *CCDPs.

(3-12)

Where the subscript "rj" refers to the risk-informed inspection program at location j, and the
subscript "ej" refers to the existing inspection program at location j. I is the inspection
effectiveness factor. F0j is the frequency of pipe rupture at location j, if no inspection is
performed. CCDPj is the conditional core damage probability from a pipe rupture at location j,
which is independent of the inspection strategy.
For the reactor vessel nozzle welds addressed in this calculation, there is no expected increase in
probability of detection associated with the implementation of the RI-ISI program because there
is no change in the inspection strategy. Therefore, the method for determining the effect of the
extended inservice inspection interval is consistent with the approach above in that the change in
risk as calculated per Table 3-9, using change in failure frequencies with credit for leak detection
and a basis of 40 or 60 years to be consistent with the RI-ISI program, would be added to the
system and total plant change-in-risk results of the RI-ISI program.
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4.

Markov Model
The Markov model attempts to make a more realistic model of the interactions between potential
degradation mechanisms that cause pipe cracks and pipe inspections, and leak detection processes
that mitigate pipe cracks, leaks, and ruptures. For the change-in-risk evaluation, the Markov
model is used to develop hazard rates that are in turn used to determine inspection effectiveness
factors. The change in risk for each system j is calculated using equations 3-13 and 3-14:
N

A P,(

ACDFj =

-

Ld)CCDP,

(3-13)

i=1

and
N

ALERFJ =nP,

(R IF)1..

,,-I,)CLERP,.

(3-14)

i=1

Where:
ACDFj

= Change in core damage frequency due to changes in inspection strategy for
the system j,

ALERFj = Change in large early release frequency due to changes in the inspection
strategy for the system j,
= Index for risk element having the same potential degradation mechanisms
and consequence of pipe ruptures,
N

= Number of risk elements in the system,

nj

= Number of elements (welds) in risk element i,

= Failure rate for welds in risk element i (including leak and rupture failure
modes) assuming no inspections, estimated from service data,

Pi (RI F) = Conditional probability of rupture given failure of welds in risk element i
assuming no inspections, estimated from service data,
factor for proposed risk informed inspection
strategy for risk element i, calculated from Markov model,

kinew

= Inspection effectiveness

Iio1d

=

CCDPi

= Conditional core damage probability due to pipe ruptures in risk element i,
obtained from Consequence Evaluation,
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CLERPi = Conditional large early release probability due to pipe ruptures in risk
element i, obtained from Consequence Evaluation.
As mentioned above, the Markov model is used to determine the inspection effectiveness factors,
li.ew and lh.old, associated with the new (RI-ISI) and old (ASME Section XI) inspection programs.

Each factor represents the ratio of the rupture frequency with credit for inspections to that given
no credit for inspections. Noting the solution of the Markov model is a set of time-dependent state
probabilities and rupture frequencies; the hazard rate of the Markov model at the end of the
40-year design life is used to determine these factors. More specifically, the inspection factors are
defined using equations 3-15 and 3-16:

h4o{RJ- ISI}
Ii,,new

,,old

h 4 o{noinsp}

40 {SecXI}
h4o{noinsp}

=h

(3-15)

(3-16)

Where:
h40 {Rl-ISI)

=

hazard rate (time-dependent rupture frequency) for weld subjected to the
RISI inspection strategy,

h40f{SecXI}

=

hazard rate (time-dependent rupture frequency) for weld subjected to the
ASME Section XI inspection strategy,

h40fnoinspl

=

hazard rate (time-dependent rupture frequency) for weld subjected to no
inservice inspection.

To account for the extension in the inservice inspection interval for the reactor vessel nozzles,
there are two different methods that could be used.
Method A
For the reactor vessel nozzle welds for which the ISI interval is to be extended to 20 years, the
hazard rate for the RI-ISI program would be calculated based on a 20-year interval. This hazard
rate, determined on a 40- or 60-year basis consistent with the RI-ISI program, would then be used
to calculate the inspection effectiveness factor for these particular welds. In the change-in-risk
calculations, the change in risk would be a result of the difference in inspection effectiveness
between the Section XI exams performed on a 10-year interval and the RI-ISI exams performed
on a 20-year interval. Therefore, the change in risk for the system would account for the increase
in risk associated with the extension in inspection interval.

17236-NP-A
WCAP- 17236-NP-A

July 2012
July 2012
Revision 0

3-45

Method B
The bounding change in failure frequency calculated using the SRRA code would be used in lieu
of the Markov model. The change-in-risk-calculations in Table 3-9 are duplicated with the
exception that the calculations are performed using the change in failure frequencies with credit
for leak detection and a 40- or 60-year basis consistent with the RI-ISI program from Table 3-3,
3-4, 3-5, or 3-6. This calculated change in risk would then be added to the change in risk for the
system containing the reactor vessel nozzle welds. In instances where the change-in-risk
calculation uses one LOCA initiating event (the one that is most limiting in terms of CDF and
LERF) to model the range of LOCA sizes, the change in risk associated with the extension in
interval for the limiting LOCA size shall be added to the system level change in risk.
Pilot Plant Example
Three Mile Island Unit I has a RI-ISI program that is based on the EPRI methodology. The Markov
method was used for performing the TMI-1 RI-ISI change-in-risk evaluation. Therefore, the effect on the
RI-ISI program was evaluated using the two methods described in the preceding sections.
Note - The following condition and\or limitation is noted in Section 4.0 of the NRC Safety
Evaluation and is applicable to this pilot plant example:
The NRC staff does not endorse the BV-1 and TMI-1 examples or the use of any quantitative
results from any tables besides Tables 3-3 through 3-6 of the TR. Licensees (including B V-1 and
TMI-1) may not reference the examples to justify any evaluation or calculation.
The results of the evaluations for the two methods are discussed below:
Method A
The TMI-1 Markov model ISI frequency input was changed to 20 years. New hazard rates for the RV
nozzle welds were calculated by the Markov model based on this inspection interval and a 40-year basis,
consistent with the RI-ISI program. This hazard rate was used to calculate inspection effectiveness factors
and determine the change in risk associated with extending the ISI interval for the RV nozzles from 10 to
20 years. The results of this evaluation are shown in Table 3-18.
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Table 3-18

Effects of RV Nozzle ISI Interval Extension on the TMI-1 RI-ISI Program - Method A
ISI Interval

Hazard Rate with 11S(h40{xxyr})

10 Years

20 Years

4.0238E-10

5.8499E- 10

Hazard Rate without ISI (h4o{noinsp})
Inspection Effectiveness Factor
Change in Inspection Effectiveness (AI)

9.1872E-10
0.438

0.637
0.199

Failure Rate (Xf)

8.16E-06

Cond. Prob. Rupture (Pi(R I F))

4.76E-02

LLOCA CCDP

3.93E-02

LLOCA CLERP

8.06E-04

ACDF = fP, (RI F)(AI)CCDP (per nozzle)

3.0 1E-09

ALERF = 2f P,(RI Fý(A/)CLERP (per nozzle)

6.18E- 11

Number of RV Nozzle Welds Examined

6

Total Nozzle ACDF (/year)

1.81E-08

Total Nozzle ALERF (/year)

3.71E-10

RC System ACDF (/year) from RI-ISI

6.74E-09

RC System ALERF (/year) from RI-ISI

1.12E-09

New RC System ACDF (/year)

2.48E-08

New RC System ALERF (/year)

1.49E-09

As can be seen in Table 3-18, the change in risk for the RI-ISI program, including the additional risk
associated with the extension in inspection interval still meets the system and total plant change-in-risk
acceptance criteria for the EPRI RI-ISI methodology. Therefore, using Method A, the effect of the
extension in inspection interval for the RV nozzles on the TMI-1 RI-ISI program is acceptable.
Method B
Method B uses the bounding failure frequencies from Table 3-3 (Type A), with credit for leak detection
and a 40-year basis, in lieu of the Markov model. The calculations and results of this method are shown in
Table 3-19.
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As can be seen in Table 3-19, the change in risk for the RI-ISI program, including the additional risk
associated with the extension in inspection interval, still meets the system and total plant change-in-risk
acceptance criteria for the EPRI RI-ISI methodology. Therefore, using Method B, the effect of the
extension in inspection interval for the RV nozzles on the TMI-I RI-ISI program is acceptable.

Table 3-19

Effects of RV Nozzle ISI Interval Extension on the TMI-I RI-ISI Program - Method B

Failure Mode

Maximum Change in
Failure Frequency
(From Table 3-3, with
Leak Detection and
40-Year Basis)

CCDP

ACDF
(/year)

CLERP

ALERF
(/year)

8.06E-04

1.75E-15

Outlet Nozzle
LLOCA

2.17E-12

# of Welds Examined

J

3.93E-02

8.53E-14

Total

1.71E-13

Total

3.50E- 15

3.93E-02

5.48E- 14

8.06E-04

1.12E-15

Total

2.19E- 13

Total

4.49E- 15

Inlet Nozzle
LLOCA

1.39E-12

# of Welds Examined

4

All Nozzles
Nozzle Change-in-Risk Results

3.90E- 13

7.99E- 15

RC System Change in Risk

6.74E-09

1.12E-09

New RC System Change in Risk

6.74E-09

1.12E-09

Plant Change in Risk

4.08E-08

5.36E-09

New RC Plant Change in Risk

4.08E-08

5.36E-09
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4

LIMITATIONS AND CONDITIONS FOR ACCEPTANCE

The limitations for the acceptance and application of the RV nozzle weld ISI interval extension
methodology described in this report are as follows:
*

The ISI interval extension cannot be applied to plants where the full-penetration weld has been
fabricated using Alloy 82 or 182 weld materials.
The bounding change in failure frequencies identified in Tables 3-3 through 3-6 in Section 3.2.3
are applicable for RV nozzle welds of the plants identified in Table 4-1. The operating conditions
and geometries for other plants were not reviewed as part of the development of the bounding
change in failure frequencies and therefore, it has not been confirmed that the values in Tables 3-3
through 3-6 would be applicable to other plants.
Table 4-1

Plants Evaluated
Nozzle Weld Configuration Type

Weld Material

ANO Unit I

A

CS

ANO Unit 2

B

CS

Beaver Valley Unit 1

C

SS

Catawba Unit I

D

SS

Davis-Besse

A

CS

D.C. Cook Unit 2

D

SS

Kewaunee

C

SS

McGuire Unit 2

D

SS

Millstone Unit 2

B

CS

North Anna Unit I

C

SS

North Anna Unit 2

C

SS

Oconee Unit I

A

CS

Oconee Unit 2

A

CS

Oconee Unit 3

A

CS

Palisades

B

CS

Prairie Island Unit 1

D

SS

Prairie Island Unit 2

C

SS

San Onofre Unit 2

B

CS

San Onofre Unit 3

B

CS

Sequoyah Unit I

C

SS

Sequoyah Unit 2

C

SS

Plant
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Table 4-1
(cont.)

Plants Evaluated
Plant

Nozzle Weld Configuration Type

Weld Material

St. Lucie Unit 1

B

CS

St. Lucie Unit 2

B

CS

Surry Unit I

C

SS

Sunry Unit 2

C

SS

Three Mile Island Unit I

A

CS

Turkey Point Unit 3

C

SS

Turkey Point Unit 4

C

SS

Waterford Unit 3

B

CS

Note - The following conditions and limitations are noted in Section 4.0 of the NRC Safety
Evaluation for WCAP-17236-NP, Revision 0. These conditions and limitations should be addressed
by all applicants in their relief requests to increase the ISI interval for RV nozzle welds from 10
years to 20 years:
The PFM analyses supporting the TR were based on a key assumption - one surface flaw per
weld. Therefore, consistent with the TR guidance in Section 2.2, the NRC staff requires applicants
to validate that at most one surface breakingflaw is present based on past ISI results. If multiple
surface breakingflaws have been detected in past inspections, then the resulting change in failure
frequency shall be multiplied by the number of surface flaws. If the total flaw size from this
method exceeds the dimension assumed in the TR (i.e., a through-wall depth of greater than six
percent of the wall thickness and a length equal to six times the depth), a weld-specific PFM
analysis should be performed to develop a weld-specific change-in-frequency value. Validation of
this flaw assumption must also be performed in the future through continued monitoring every 20
years.
*

Licensees must 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 referenced in the most recent Revision of TR WCAP-16168-NP-A.

"

The NRC staff accepts the PWROG's change-in-failure-frequency analysis results in Tables 3-3
through 3-6 when used as described in the NRC staff endorsed version of this TR to evaluate the
risk increasefrom extending the ISI intervalfor RV nozzle welds from 10 to 20 years. Licensees
must select the 40 or 60 year change-in-failurefrequency results, clarify the relationshipbetween
the selected life time and the values used in the RI-ISI, andjustify the selected life time values.

*

Licensees must submit plant-specific change-in-risk results in the reliefrequests as described in
the TR. A change in risk between the ASME requirements and the extended ISI interval must
always be provided. If the licensee has a RI-ISI program, the change in RI-ISI risk results
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including the extended intervals should be provided. If any change in risk exceeds the applicable
risk guidelines in the TR, the licensee should identify andjustify the deviation.
"

Licensees must identify specifically which of the change-in-risk equations and methods in the TR
were used. Any deviations from the selected equations andlor methods must be identified and
justified.

*

The use of the changes to the IE or the POD to reflect changes in risk caused by extending the
inspection interval mav not use the change in failurefrequencies in Tables 3-3 through 3-6. Each
licensee that uses this method must identify andjustif, all parametervalues used.

*

Licensees should address PRA quality in their reliefrequest. Licensees relying on a NRC staff
approved RI-ISI program to demonstrate PRA quality should provide this statement in their
submittal and provide any updated information appropriatefor the application since the RI-ISI
application.Licensees without a NRC staff approved RI-ISI program must describe the technical
adequacy of their PRA in the reliefrequest.

"

The NRC staff does not endorse the BV-I and TMI-i examples or the use of any quantitative
results from any tables besides Tables 3-3 through 3-6 of the TR. Licensees (including BV-] and
TMI-1) may not reference the examples to justify any evaluation or calculation.
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August 26, 2011

WCAP-17236-NP, Rev. 0
Project Number 694

OG-1 1-257

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington DC 20555-0001
Subject:

Pressurized Water Reactor Owners Group
Responses to the NRC Supplemental Request for Additional Information
(RAI) on PWR Owners Group (PWROG) WCAP-17236-NP, Revision 0
"Risk Informed Extension of the Reactor Vessel Nozzle Inservice Inspection
Interval" (TAC NO. ME4878) PA-MSC-0440

References:
1. PWROG Letter from Melvin Arey to Document Control Desk, Request for Review and
Approval of WCAP-17236-NP, Revision 0, entitled "Risk Informed Extension of the
Reactor Vessel Nozzle Inservice Inspection Interval," dated September 2010, OG-10342, October 4, 2010.
2. Acceptance for Review of PWR Owners Group (PWROG) Topical Report WCAP17236-NP. Revision 0, entitled "Risk Informed Extension of the Reactor Vessel Nozzle
Inservice Inspection Interval (TAC NO. ME4878) PA-MSC-0440, OG-l 1-75, March 1,
2011.
3. Request of Additional Information Pressurized Owners Group Topical Report WCAP17236-NP, Revision 0 "Risk Informed Extension of the Reactor Vessel Nozzle Inservice
Inspection Interval" (TAC NO. ME4878) PA-MSC-0440, OG-1 1-135, April 26, 2011.
4. Responses to the NRC Request for Additional Information (RAI) on PWR Owners Group
(PWROG) WCAP-17236-NP, Revision 0 "Risk Informed Extension of the Reactor
Vessel Nozzle Inservice Inspection Interval" (TAC NO. ME4878) PA-MSC-0440, OGI t-193, June 20, 2011.
5. Supplement Request for Additional Information RE: Topical Report WCAP-17236-NP,
Revision 0 "Risk Informed Extension of the Reactor Vessel Nozzle Inservice Inspection
Interval" (TAC NO. ME4878) PA-MSC-0440, OG- 11-237, August 3, 2011.
In October 2010, the Pressurized Water Reactor Owners Group (PWROG), submitted WCAP17236-NP, Revision 0, entitled "'Risk Informed Extension of the Reactor Vessel Nozzle Inservice
Inspection Interval," for review and approval (Reference I). In March 2011, the NRC accepted
the topical report (Reference 2) and provided a Request for Additional Information (RAI)
(Reference 3) on April 11, 2011. The PWROG provided responses to the RAIs on June 20, 2011
(Reverence 4). A follow-up question was asked via email in regard to the response for DCIRAI-7. In July 2011, the NRC provided a second set of RAIs (Reference 5).
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U.S. Nuclear Regulatory Commission
Document Conlrol Desk
Washington DC 20555-0001

August 26, 2011
Page 2 of 2
OG- 11-257

Enclosure I (Appendix A) to this letter provides the RAI responses to the questions received in
Reference 5 and the follow-up question. on DCI-RAI-7 in. addition to those provided in Reference
4. Also. contained in Enclosure I (Appendix B) are the proposed changes that are to be
incorporated in the revised WCAP. These changes include those originally provided in
Reference 4 along with new changes made to address the questions in Reference 5.
If you have any questions, please do not hesitate to contact me at (704) 382-8619, or if you
require finuther information, please contact Mr. Jim Molkenthin of the PWR Owners Group
Project Management Office at (860) 731-6727.
Sincerely yours.

Melvin L. Arey, Jr.. Chairman
PWR Owners Group
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Westinghouse Non-Proprietary Class 3

OWestinghouse
To: J. P. Molkenthin
cc:

Ourref: LTR-AMLRS-1 1-42
Revision I

From: S. M. Parker

Ext: (412) 374-2652
Fax: (724) 940-8565
Subject:

Date: August 18, 2011

Response to NRC Request for Additional Information and Mark-Up Pages for WCAP-17236NP, Revision 0. "Risk-Informed Extension of the Reactor Vessel Nozzle Inservice Inspection
Interval"

Attachment A to this letter contains the Westinghouse responses to requests for additional
information (RAI) issued by the NRC Staff for WCAP- I 7236-NP, Revision 0. After delivering
Revision 0 of these responses to the NRC Staff, a follow-up question was received regarding
DCl-RAI-7. Additionally. two new requests, DRA-RAI-9 and DRA-RAI-10, were received. The
Westinghouse responses to the DCI-RAI-7 follow-up and DRA-RAI-9 and DRA-RAI-10 are
included in this revision.
These responses have required additional changes to the WCAP.
Attachment B contains the marked-up pages to this topical report that reflect changes proposed to
address the NRC RAI.
Please contact the undersigned should you have any questions or concerns. Page 2 of this letter
contains a matrix of the authors and reviewers for each RAI response.

Authors/Reviewers:
*
S. M. Parker
Aging Management and License
Renewal Services
*

N. A. Paln
Aging Management and License
Renewal Services

*

B. A. Bishop

Acting Manager:
* M. G. Semmnler
Aging Management and License
Renewal Services

Aging Management and License
Renewal Services
*

P. R. Stevenson
Risk Applications and Methods I

*Electronicall,approvedrecords are authenticatedin the electronic document management system.
@2011 Westinghouse Electric Company LLC
All Rights Reserved
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I
Westinghouse Non-Proprietary Class 3

RAJ Response Author/Reviewer Matrix

>
RAI. Responses

DCI-RAI-1
DCI-RAI-2
DCI-RAI-3
DCI-R-AI-4

R
A
R
R
A

DCI-RAI-5.1
DCI-RAI-5.2
DCI-RtA-6
DCI-RAI-7
DCI-RAI-7 Follow-up
DCI-RAI-8
DCI-1AI-9
DCI-RAI-10
DCI-RAI-1 1
DCI-RAI-12
DCI-RAI-13
DCI-RAI-14
DRA-RAT-1
DRA-RAI-2
DRA-RAI-3
DRA-R.A-4
DRA-RAJ-5
DRA-RAI-6
DRA-RAI-7
DRA-RAI-8
DRA-RAI-9
DRA-RAI-10
A = Author, R Reviewer

R
R
A
A

R
R
R
R
R
R

R

A
R
A
A
R
R
A
A
R
R
R.
R
R
A
R
A
R
R
A
R
R
R
A
R
A

A

A

A
A
A

A
A
A

R
A
A
A
A
A
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Attachment A: RAI Responses
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PWROG Responses to NRC RAIs
Related to
TOPICAL REPORT (TR) WCAP-17236-NP
"RISK-INFORMED EXTENSION OF THE REACTOR VESSEL NOZZLE INSERVICE
INSPECTION INTERVAL"
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DCI-RAI-1

It is stated in Section 2.2 of the Topical Report (TR) WCAP-17236, "[t]he
limiting flaw depth specified above [a through-walldepth of greaterthan six
percent of the wall thickness and a length equal to six times the depth) is
based upon the upper 2-sigma bound on the log-normally distributed
median value of the initialflaw depth used for the probabilisticfracture
mechanics (PFM) analyses." Discuss the characteristicsof the five
recordableindications (Table 3-1) from the past reactorvessel (RV) nozzle
inservice Inspection (ISI) findings to justify the initial flaw depth
distribution used in the PFM analysesin this application.

Response
The intent of the data presented in Table 3-1 was to demonstrate that the number of flaws found
in reactor vessel nozzle welds is small. This information was not explicitly used in the selection
of the initial flaw depth. As stated on page 3-13 of topical report (TR) WCAP-17236-NP, the
initial flaw depth and its uncertainty used in the SRRA Code are consistent with Figure 4.1 of
Draft NUREG-1661. The values in Draft NUREG-1661 are also the same as those shown in
Figure 2.13 of NUREG/CR-6986. It should be noted, however, that the initial flaw postulated by
the SRRA Code is a surface flaw that is consistent with these NUREGs. All five indications
identified in Table 3-1 of the TR were characterized as sub-surface flaws in accordance with
Section Xl of the ASME Boiler and Pressure Vessel Code. Therefore, all five of the recordable
indications in Table 3-1 would satisfy the requirements on the initial flaw conditions for review of
previous inservice inspection results that are specified in Section 2.2 of the TR.
DCI-RAI-2

Section 2.4.1 of TR WCAP-17236 mentions that "the calculationsare
performed using the change in failure frequencies with credit for leak
detection." Provide a summary of the PFM analysis methodology used in
TR WCAP- 17236, including:
1. The analysis methodology (elasticplastic fracture mechanics or
linearelastic fracture mechanics), failure criteria,and the growth law
for a flaw with an initial flaw depth that is randomly selected to grow
from the initialsize to a criticalsize or to a through-wall flaw, as
applicable.
2. The analysis methodology, failure criteria,and the growth law for a
through-wall flaw to progress into a long flaw correspondingto
small, medium, or large loss-of-coolant accident (LOCA).
3. Establishmentof fracture toughness and other materialproperties
criticalto failure resistancefor each of the two failure periods for the
RV nozzle-to-pipe welds.
4. The key parameteror parameterswhich affect through-wall flaw
leakage, the leakage that is considereddetectable,and how leak
detection was credited.
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The purposeof this summary is to minimize the staff's effort in looking for
information in TR WCAP-14572, Revision I-NP-A report (Reference 1) and
TR WCAP-14572, Revision I-NP-A, Supplement I (Reference 4), to support
the currentreview.
Response
The PFM methodology used to calculate the change in failure frequencies with credit for leak
detection is summarized as follows:
1. The PFM analysis methodology in the Westinghouse Structural Reliability and Risk
Assessment (SRRA) Program LEAKPROF, per Reference 4, is linear-elastic fracture
mechanics for circumferentially oriented initial fabrication flaws that grow to a throughwall flaw due to stress corrosion cracking (SCC) or fatigue crack growth (FCG). For the
RV nozzle-to-pipe welds in PWR Plants that are not Alloy 82/182 material, the only
growth mechanism of concern is FCG. The change in stress intensity factor (K) values
is calculated separately for growth in the depth direction (AKa) and length direction
(AKb), assuming that the circumferential fabrication flaw on the inside surface is located
circumferentially where the membrane and bending stress is a maximum and that this
maximum stress is uniform through the weld wall thickness. The values of AK, which
are directly proportional to the change in uniform axial stress and the square root of the
crack depth, are calculated in LEAKPROF as a function of a/w and a/b, where a is the
crack depth, w is the weld wall thickness and b is half the length of the crack, L. The
crack growth equations for FCG used by LEAKPROF are as follows:
da/dN = C (AKa)n and dL/dN = 2 db/dN = 2 C (AKb)n
Where da is the change in crack depth, dN is the number of fatigue cycles in one year, C
is the FCG coefficient, n is the FCG exponent, and dL is the change in crack length. For
type 304 or 316 stainless steel welds, exponent n is a constant value of 4, while for
carbon (ferritic) steel welds the exponent is 5.95 for AK values < 19 Ksi-(inch) 0 5 and
1.95 for AK values > 19 Ksi-(inch)°. The calculation of AK, the median values and
uncertainty of coefficient C, and the constant values of exponent n in LEAKPROF are
the same as those in pc-PRAISE. The PRAISE computer code was developed by
Lawrence Livermore National Laboratory (LLNL) for NRC use in PFM analyses of piping
welds and was used to benchmark the SRRA PFM models for FCG of fabrication flaws
that are used in LEAKPROF. The development of the different versions of the PRAISE
Code is summarized in the 1992 User's Manual for the pc-PRAISE Code by LLNL
(NUREG/CR-5864). The FCG rate test data that was used to develop the median
.values of the coefficients and their log-normal uncertainties for both the PRAISE and
LEAKPROF models is the same data that was used to develop the upper-bound growth
rate equations in Section Xl of the ASME Code. The equations for carbon-steel welds
are in Appendix A, while the equations for stainless-steel welds are in Appendix C.
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There are separate criteria for the two failure modes of concern for these linear elastic
FCG calculations. For a small leak, which is used to compare the calculated probability
with the industry piping failure experience, the criterion is that the crack depth is equal to
the weld wall thickness. Although the only leaks from vessel nozzle-to-pipe welds were
observed in Alloy 82/182 material, welds with this material were excluded from the TR.
The other failure mode is a full break due to ductile rupture before a small leak is
detected. Here the failure criterion is exceeding the weld material flow stress in the uncracked portion of the piping weld cross section when the primary design limiting stress
is applied. Note that the increase in primary stress due to cracking of the piping weld
cross section is also estimated in the evaluation of this type of failure mode. The value
of weld material flow stress that is used for this evaluation is discussed in more detail in
the Response to Part 3 of this RAI.
2. The PFM analysis methodology in the Westinghouse SRRA Program LEAKPROF, per
Reference 4, is linear-elastic fracture mechanics for the growth of through-wall flaws to a
critical length due to FCG. The change in stress intensity factor (K) values are
calculated for growth in the length direction (AKb) only, with the same assumptions that
the circumferential fabrication flaw on the inside surface is located circumferentially,
where the membrane and bending stress is a maximum, and that this maximum stress is
uniform through the weld wall thickness. It is also conservatively assumed that the initial
through-wall crack length is the maximum length at the inside surface (weld ID) at the
time the semi-elliptical crack just went through the wall at the outside surface (weld OD).
The value of AKb is directly proportional to the change in uniform axial stress and the
square root of the crack length. The crack growth equations for FCG used by
LEAKPROF are:
dLJdN = 2 db/dN = 2 C (AKb)n
Again, the calculation of AKb, the median values and uncertainty of coefficient C, and the
constant values of exponent n in LEAKPROF are the same as those in pc-PRAISE
(NUREG/CR-5864, 1992). The criterion for the failure mode of concern for these linear
elastic FCG calculations is exceeding the critical through-wall flaw length for a small,
medium or large LOCA before a small leak is detected. However, the calculation of the
critical crack length for the leak rates corresponding to the different LOCA sizes and the
crack length for the small detectable leak rate uses elastic-plastic fracture mechanics
calculations involving the plastic stress intensity factor J. These elastic-plastic
calculations are described in detail in the Response to Part 4 of this RAI. The Response
to Part 4 also describes how leak detection is credited in the calculation of the
probabilities of this failure mode.
3. The other material property critical to failure resistance for each of the two failure periods
(40 years and 60 years) for the RV nozzle-to-pipe welds is the flow stress, which is a
function of the weld material and its temperature, but does not change as a function of
time. As discussed in Part 1 of this RAI Response, the failure criterion for full break due
-4-
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to ductile rupture is exceeding the material flow stress in the uncracked portion of the
pipe weld cross section. The values of material flow stress at various operating
temperatures from 50°F to 650°F for stainless and carbon steel welds are provided in
Table 3-3 of the SRRA Supplement (Reference 4). For the stainless steel welds, a
statistical evaluation of measured flow stresses at room and operating (5500 F)
temperatures for various types of welds contained in a 1986 EPRI Report (NP-4768)
was performed by Westinghouse to determine the mean values and their uncertainty.
For carbon steel welds, utility responses to NRC Bulletin 87-01 which are contained in a
1988 EPRI Report (NP-6066) and a 1992 ASME Piping and Pressure Vessel
Conference Paper by Phillips on the PRA risk significance of passive component failures
indicated that the flow stress in a carbon steel weld should be approximately 6.6 Ksi
higher than that in a stainless steel weld at the same temperature.
4. To calculate the failure probabilities for the failure modes of specified leak rates, such as
a small-break loss-of-coolant accident (LOCA), a medium or large-break LOCA or the
effects of leak detection on a full break due to ductile rupture, the pre-processor program
CLVSQ is used. CLVSQ stands for crack length versus the leak flow Q, and typical
calculated results are shown in Figure DCI-RAI-2-1 (Figure 2-4 in the SRRA
Supplement, Reference 4). The crack flow rate, dQ/dt, in gallons per minute (GPM) is
calculated in CLVSQ using the equation:
dQ/dt = 0.06 P A / w0 5
Where P is pressure in psi, A is the crack opening area in square inches, and w is the
weld wall thickness in inches. This equation is based upon calculated results from the
pc-PRAISE Code (NUREG/CR-5864, LLNL, 1992) with an improved leak leak-rate
model similar to that in the PICEP Computer Code contained in the 1984 EPRI Report,
NP-3596-SR. The constant value of 0.06 in the equation was derived for the improved
pc-PRAISE results for five different sets of pipe sizes and operating conditions.
However, the basecase was for large-diameter piping welds at PWR reactor coolant
system (RCS) operating conditions that would be directly applicable to the RV nozzle-topipe welds. The CLVSQ program also requires weld material properties for calculating
the crack opening area as a function of crack length for the applied pressure,
deadweight and thermal stresses per the elastic-plastic analysis methods contained in
the 1984 EPRI Report NP-3607. Specifically, the crack opening displacement is
calculated by numerically integrating the plastic stress intensity factor (J) along the
length of the crack. The elastic-plastic weld material properties that are used in the
CLVSQ program for type A-106B carbon and types 304 or 316 stainless steel,
respectively, are the same as the default input values to the improved pc-PRAISE Code.
Finally, the crack leak rates for small, medium, or large loss-of-coolant accidents (LOCA)
are 100 GPM, 1,500 GPM and 5,000 GPM, respectively, per Sandia National Laboratory
Report NUREG/CR-4550, Revision 1, Volume 1, 1990. A minimum detectable leak rate
of 1 GPM is used based upon PWR plant Technical specifications for unidentified
leakage.
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Howleak detection is credited is best shown in Figure DCI-RAI-2-2 (Figure 2-3 in the
SRRA Supplement. Reference 4). For each random trial, the initial flaw size arid crack
size for a full break due to ductile rupture are set and the crack grows in depth and
length due to the fatigue loading (stress range and number of cycles) for each time step,
which is one year of operation. The growth in both directions to a through-wvall flaw, and
only in the length direction thereafter, was previously discussed in the Responses to
Parts 1 and 2 of this RAI, respectively. Because a break due to ductile rupture from
application of the design limiting stress could occur without a through-wall flaw, it is
checked first to determine if failure occurs, and if so a new thai is initiated. If it does not
fail, a check is made to determine if the flaw has grown through the wall. If not, the
crack is grown for additional years of operation until 40 or 60 years is achieved and a
new random trial is initiated If it is through the wall, the length is checked to see if it will
cause the specified large leak rate, such as that for a small, medium or large LOCA, and
if so the pipe fails. If not, the crack length is checked to see if it exceeds that for a
detectable leak of 1 GPM. Ifthe leak is not detectable, the crack grows for another year
due to fatigue loading and is then checked again for breaks and large leaks. If the leak
is detectable, there is no failure and a new random trial is.initiated.

CLVSQ Program Calculations
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Figure DCI-RAI-2-1 - Leak Rate Program Calculations (from Reference 4)
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Figure DCI-RAI-2-2 - Flow Chart for Piping Weld Failure Modes (from Reference 4)
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DCI-RAI-3

Section 3.2.3 of TR WCAP-17236 states, "[t]he SRRA [StructuralReliability
and Risk Assessment] Code was developed for estimatingpiping failure
probabilitiesto be used in relative risk-ranking of piping segments..... List
and discuss any significantpart of the SRRA Code which was not needed
in generatingresults supportingpriorapplications,but are needed now to
generate PFMresults to support the current applicationfor RV nozzle-topipe welds.

Response
There were no parts of the SRRA Code used in generating PFM results for this application that
were not needed in generating PFM results for the prior risk-ranking application. The same
version of the SRRA Code that was used in previous applications for risk-informed ISI of piping
welds was also used to generate the PFM results to support the current application for RV
nozzle-to-pipe welds.
DCI-RAI-4

Section 3.2.3 of TR WCAP-17236 states under "Method," "[t]hisdifference
in failure probabilityis then converted to a change in failure frequency by
dividing the difference in failureprobability by the respective number of
years, 40 or 60." Using the first row of results in Table 3-7 as an example,
provide the histogram of failures for the period of 60 years for the
computer runs of the 10-year ISI interval and the 20-year ISI interval. The
staff will use this information to determine whether the failure frequency
obtained by averagingfor 60 years is appropriate.

Response
The SRRA Code output includes the probability of failure each year and the cumulative failure
probability at the end of each year of operation. These calculated probabilities are typically
much less than 10.4, even after 40 or 60 years of operation. For calculating the change in risk,
the cumulative failure probability needs to be converted to a failure frequency in events per
year. This is consistent with Section 3.6.1 of WCAP-14572, Revision 1-NP-A, 'Westinghouse
Owners Group Application of Risk-Informed Methods to Piping Inservice Inspection Topical
Report." The description of Equation 3-3 in this section states,
"Becausethe SRRA model generates a probability,the probabilitymust be transformed
into a failure rate. The cumulative failure probabilityat end of license is divided by the
numberof years at end of license."
As an example, Table 3-7 in the TR contains the values used to calculate the change in failure
frequency for the sensitivity studies. Below is a histogram of the calculated failure frequencies
corresponding to the first row of results in Table 3-7. These failure frequencies were calculated
at 10-year increments up to 60 years. The 10-year increment was selected because the
frequency would change every 10 or 20 years due to the effects of inservice inspection.
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I

Comparison of Calcuated Failure Frequency for 10- and
20-Year Inspection Intervals
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In this example, the largest change in failure frequency occurs at the end of 40 or 60 years of
operation due to extending the inspection interval from 10 years to 20 years. Therefore, use of
the change in failure frequencies calculated at 40 and 60 years (the number of years at the end
of license) for this topical report is both appropriate and consistent with WCAP-14572, Revision
1-NP-A.
DCI-RAI-5

Section 3.2.3 of TR WCAP-1 7236 states under "Inputs," "[olperatingstress
and other SRRA input values are consistent with those developed by the
engineering teams for 19 U.S. plants and 10 other plants that used the
PWROG [PressurizedWater Reactor Owners Group] Method for piping riskinformed (RI) ISL These inputs are based on a combination of design
stress analysis results and engineering insights."
1. Provide two examples for the criticalinput values where engineering
insights were applied for their determination and demonstratethat
these engineeringinsights have merit.
2. Provide a complete set of SRRA Code inputs, using the first row of
results in Table 3-7 as an example.

Response
1. The 18 input parameters to the SRRA Computer Program and standard input values are
listed in Table 3-1 in the Supplement 1 of the Piping RI-ISI WCAP-14572, Rev. 1-NP-A
(SRRA Supplement, Reference 4) and example inputs are also included in the Response to
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Part 2 of this RAI. Two critical parameters, where engineering insights were used to
determine the input values for the RV nozzle welds, are the fatigue stress range and design
limiting stress.
For the fatigue stress range, a low value of 0.3 of the flow stress (FS per Table 3-3 of the
SRRA Supplement) was used as the input for plant heatup and cooldown of similar metal
nozzle welds (Nozzle Types A and B). The value of 0.3 is based upon engineering insights
and experience from ASME Code Stress Reports, where the fatigue stress range is twice
the calculated value of the alternating stress amplitude, Sa. For normal and upset transients
in similar material welds, the value of Sa is approximately 0.5 of the hot limit stress, which is
typically 2/3 of the yield stress. Ifthe yield stress is taken as 0.9 of the FS, then the median
value of Sa is approximately 0.3 of the FS and the upper bound stress-reportvalue on the
fatigue stress range would be 0.6 of the FS. Engineering experience has also shown that
the slow heatup and cooldown transients are the primary drivers for fatigue crack growth
relative to the other design duty cycle transients. These other design duty cycle transients
provide high skin stresses for fatigue crack initiation, which is the failure mode of concern in
Section III of the ASME Code, but do not have sufficient energy to drive an initial insidesurface flaw through the thickness of the wall. For nozzles with dissimilar metal welds
(Types C and D), the fatigue stress range is known from engineering experience to be from
50 to 75 percent higher due to the additional stresses due to the restraint of the differential
thermal expansion of the two different materials. An above average increase of 67 percent
was applied to the low value of 0.3 of the FS to give the medium input value of 0.5 of the
flow stress for the welds in these types of nozzles. A high input value of 0.7 of the FS was
6sed for the welds in all types of reactor vessel (RV) to pipe nozzles when the snubbers on
the steam generators failed 10-percent of the time and locked up during normal heatup
expansion of the reactor coolant loop piping. The 10-percent snubber failure rate is based
upon the 90-percent snubber operability that is required with a high degree of confidence in
the plant-specific snubber testing programs. Note that this type of snubber failure is typically
associated with mechanical snubbers, which like ball-screws, lock up well dynamically.
Moreover, hydraulic snubbers, like shock absorbers allow for slow movement, but also
sometimes do not lock up for rapid movement due to dynamic events. To make the nozzle
stresses used for the PFM analyses with the SRRA Code applicable to RV nozzle-to-pipe
welds in a variety of PWR plant designs, the worst type of snubber was used in this
evaluation. Finally, it should be noted that these input stress range (minimum to maximum)
values are median values with a 2-sigma upper bound factor of 2 in a log-normal
distribution. That is, if the snubber locks up when it is not supposed to, then significant
plastic deformation would result in the upper bound case, which would also limit the actual
stress range values to approximately 1.4 of the FS.
For the design-limiting stress, which includes only the primary stresses that could lead to a
full break due to ductile rupture, a low value of 0.1 of the FS is used for normal operation in
larger pipe welds, like those in the RPV nozzles, since the only loads of concern are
deadweight and pressure. For the maximum seismic loading due to a design basis safe-10-
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shutdown earthquake (SSE), a median stress value of 0.26 of the FS is used for all the
nozzle welds. With an upper 2-sigma bound factor of 2 higher in a log-normal distribution,
the upper bound value is 0.52, or approximately 50% of the ASME Code limits. This upper
bound value, which corresponds to the SSE stress from an ASME Code stress report, is
judged to be low based upon engineering insights and experience from typical ASME Code
stress reports for RCS piping nozzle welds. These stress report values are low because
snubbers are typically provided near the top of the massive and tall steam generators in
PWR plants to limit the overturning bending moments during any seismic event. The
frequency of the design-limiting SSE event that is used for the RPV nozzle welds is 0.001
(10-) events per year, a conservative high value per Section A.7 of the NRC Safety
Evaluation Report (SER) for the SRRA Supplement to the Piping RI-ISI WCAP-14572, Rev.
1-NP-A. For a 10 percent chance that the steam generator snubbers fail to lock during the
SSE event, the frequency of the combination of the two conditions would be 0.0001 (10-4)
events per year and the stress level would be much higher. The RV nozzle-to-pipe weld
stress level for these conditions, which is not calculated in the ASME Code stress report, is
taken to be a 2-sigma upper bound value between 0.8 of the FS (estimated proportional
limit) and 0.9 of the FS (estimated yield strength), where the plastic flow would limit the
stress values. The median value would be approximately 50% of the upper-bound value, or
0.42 of the FS. Note that this type of snubber failure to not lock up dynamically is typically
associated with hydraulic snubbers. To make the nozzle weld stresses used for the PFM
analyses with the SRRA Code applicable to RV nozzle-to-pipe welds in a variety of PWR
plant designs, the type of snubber providing the most conservative input was used in this
evaluation.
2. SRRA Input values for Type C Outlet Nozzle Sensitivity Run - MLOCA
Input Parameter
Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection1
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (KSI)
Uniform Residual Stress (KSI)
Flaw Factor (<0 for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on .0095 in/yr CS Wastage
P-P Vib. Stress (KSI for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)

Value
316SS
Large Leak
10.0 and 20.0
0.24 and 0.10
620.1
36.0
0.0977
2.250
10.0
-10.80
0.17
0.00
0.00
0.0
0.50
5.0
0.10
1500
0.0
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Input Parameter
Value
Value of Weld Metal Flow Stress in KSI
50.50
Note 1: input used to adjust the probability of detection (POD)
for sensitivity studies in Section 3.2.3 of the TR

DCI-RAI-6

Figure3-3 of TR WCAP-17236 shows schematics of the four RV nozzle weld
configurations. In reality, the diameter varies from the nozzle to the pipe.
Identify the diameterthat the PWROG used as input to the SRRA Code
(nozzle diameter,pipe diameter,or something else) andjustify the
selection,

Response
Nozzle and piping fabrication drawings were reviewed for all four nozzle types and it was
determined that the diameter varies from the nozzle to the pipe only for Types C and D. For
Types A and B, the diameter and thickness are constant from the end of the nozzle to the pipe.
Therefore, for Types A and B this pipe diameter and thickness were used as input to the SRRA
Code. For the type C and D nozzles, it was acknowledged, as stated in the last paragraph on
page 3-9 of the TR, that "...each weld may join two different thicknesses (nozzle and pipe), or
the nozzle type may contain 2 welds and three different thicknesses (nozzle, safe-end, and
pipe)..." It could be further stated that these different thicknesses may coincide with different
diameters. As further stated in the WCAP, "...the objective was to determine a single run group
that could provide a bounding change in failure frequency for all of the welds for each nozzle
type." Therefore, run groupings were developed for each unique thickness and diameter
combination (i.e. two groupings for Nozzle Type C and three groupings for Nozzle Type D). All
groupings of thickness and diameter inputs were evaluated using the SRRA Code. As shown in
Figure 3-4 in the TR, the grouping that provided the highest change in failure (MLOCA)
frequency between 10-year and 20-year inspection intervals was selected as being limiting for
that nozzle type.
DCI-RAI-7

Section 3.2.3 of TR WCAP-1 7236 states under "Inputs," "ftjhe initialflaw
conditionscontained in the SRRA Code, including the median flaw depth
and its uncertainty and the flaw density are ... the same as those shown in
Figures 2.13 and 2.15 of NUREG/CR-6986 ["Evaluations of Structural
FailureProbabilitiesand CandidateInservice Inspection Programs"]
(Reference 19). An input value of eitherX-ray NDE [nondestructive
examination]or One Flaw was used." Pleasedefine the "X-ray NDE" and
"One Flaw" and demonstrate that either input can be used in this
applicationto produce similarresults.

Response
The SRRA Code simulates a maximum of one flaw at the worst stress location that could result
in the first failure of the nozzle weld. This one flaw can result from either selecting the "One
Flaw" option in the "Flaw Factor" SRRA input field or by selecting the "X-ray NDE" and entering
a thickness and diameter such that the flaw density (flawslinch) multiplied by the weld length
-12-
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exceeds one. The flaw density used by the SRRA Code for welds that have been examined
using X-Ray NDE, such as the reactor vessel nozzle welds, is shown in Figure 2-1 of WCAP14572, Revision 1-NP-A, Supplement 1. The thinnest weld evaluated for WCAP-1 7236-NP is
approximately 2.4". Based on Figure 2-1, a 2.4" thick weld would contain 2.206E-02 flaws per
inch of weld length. Based on this density, 45.33" of weld length would be required for the
SRRA Code to simulate one flaw. This 45.33" of weld length would be equivalent to a weld
inside diameter of 14.44". The smallest inside diameter evaluated for WCAP-1 7236-NP was
greater than 27". Given that the density and number of flaws increases with respect to
increasing thickness and diameter, all welds evaluated in WCAP-17236-NP Would result in one
flaw. Therefore, the use of either "X-ray NDE" or "One Flaw" in the SRRA Code input will
produce identical results. However, to avoid any confusion and to clarify the intended result, the
bullet in Section 3.2.3 of WCAP-1 7236-NP dealing with initial flaw conditions will be revised to
only state that the input was selected such that one flaw was simulated at the worst stress
location in each weld.
Follow-up Information Requested by the NRC
The response stated that "The thinnest weld evaluated for WCAP-1 7236-NP is
approximately 2.4"...Based on Figure 2-1, a 2.4" thick weld would contain 2.206E02 flaws per inch of weld length." The response further stated that, "The smallest
inside diameter [ID] evaluated for WCAP-17236-NP was greater than 27"." Based
on the above stated information, the corresponding weld length for RV nozzle
weld would be 84.82 inches (Trx27), giving a flaw number of 1.87 flaws (2.206E02x84.82). Since for most RV nozzle welds, the weld thickness is more than 2.4"
and the ID is more than 27", the number of flaws per weld is most likely to be 2 or
greater. This contradicts to your one flaw per weld assumption. Please clarify.
Additional clarification was provided on June 28, 2011 as follows:
If the flaw density is 2 per weld (as described in DCI-RAI-7 Follow-up) and if there are
multiple worst stress locations in the weld (for instance, a peak-valley-peak-valley
distribution), then the resulting changes in failure frequencies may be much greater
than what you calculated in the WCAP-17236 report. Please address this concern.
Response to Follow-up Request
In reality, there is not a singular worst stress location around the nozzle-to-pipe weld for the
initial fabrication flaw. For the primary degradation mechanism of fatigue crack growth, the
worst location of concern would be where the alternating stress range due to heat up or cool
down is a maximum value. For calculating the through-wall flaw length to give a specified
leak rate (LOCA size), the worst location would be where the combined pressure,
deadweight and thermal stresses during normal operation are a maximum because this
would give the largest crack opening displacement and corresponding leak rate. For a very
large leak or full break due to ductile rupture, the worst location would be where the primary
stresses due a safe-shutdown earthquake (SSE), including the vector combination of
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stresses due to seismic loading in both the horizontal and vertical directions, are a maximum
value.
The likelihood of any one of these three worst stress locations being the same as that of the
randomly located initial flaw is very small. Since the stress conditions are all independent of
one another, the likelihood of all three worst stress locations being the same as that of the
initial flaw would be expected to be extremely small. However, that is what was
conservatively assumed in the SRRA-PFM models and calculations for the nozzle-to-pipe
welds evaluated in WCAP-17236-NP. It is highly unlikely that any one flaw would ever have
a failure probability as high as that calculated with this overly conservative coincidence
assumption, and even much less so for two flaws. That is why a maximum of only one flaw
was assumed in the SRRA-PFM models and calculations.
To provide high confidence that only one flaw will control the weld failure probability,
implementation of the ISI interval extension would require the following requirement from
Section 2.2 of WCAP-1 7236-NP on review of previous inservice inspection results be
satisfied:
"The results from previous inservice inspectionsshould be reviewed to confirm that there
is no more than one ID surface flaw in each of the welds for which the IS) interval
extension will be implemented. Furthermore,the surface flaw may not have a throughwall depth of greaterthan six percent of the wall thickness and a length equal to six
times the depth."
However, if the above requirement for only one weld flaw indication cannot be satisfied, then
Section 2.2 also requires that the effects of multiple flaw indications be considered. This
requirement provides high confidence that the effects of potential multiple weld flaw
indications on failure probability would also be evaluated:
"Ifmultiple surface-breaking flaws are present in a given weld, are in close proximity'to
one another(as defined by ASME Section XI proximity requirements), and can be
bounded by the aforementionedflaw size, they may be treatedas one flaw. If there are
multiple flaws present in a given weld, and they are not bounded by the aforementioned
flaw size, the bounding change in failure frequencies may need to be adjusted to
account for the presence of multiple flaws."
More details on the requirements for evaluating indications for both one flaw and multiple
flaws are also provided in Section 2.2 of WCAP-1 7236-NP.
DCI-RAI-8

Section 3.2.3 of TR WCAP- 17236 states under "Inputs," "[t]heprobability
of detection [(POD)] curves used in the SRRA Code, for carbon and
stainlesssteel, are consistent with those in NUREG/CR-6986 (Reference 19)
but are adjusted based on the SRRA ISI [inservice inspection] accuracy
inpuL " It was then stated that this value was 0.24. Although the results
from a sensitivity study on the inspection accuracyare provided in Tables
3-7 and 3-8 of TR WCAP-17236, there Is no Information about the actual
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performance level that the licensees can deliver. Please provide data,
demonstrating that the selected performance parametervalue of 0. 24 is
based on the licensees' actualperformance,notjust an arbitrarilyassumed
value.
Response
The selected performance parameter value of 0.24 for ISI accuracy was first used in the pilot
application of the Westinghouse risk-informed program for piping at Surry Unit 1. The value
was proposed for ultrasonic (UT) examinations by the NDE engineer at Surry in the late 1990s.
This value was then reviewed and accepted by members of the ASME Research Task Force on
Risk-Based Inspection Guidelines that authored.NUREG/GR-0005, Volumes 1 and 2. It was
also discussed at meetings of the Task Force that were held in conjunction with the public
meetings of ASME Section XI, including the Working Group on Implementation of Risk Based
Examination. However, this value of 0.24 was used prior to the implementation of qualified
inspection per Appendix VIII of ASME Section XI, which is a requirement of the NRC and ASME
for piping RV nozzle weld examinations. Since the implementation of the Appendix VIII
requirements, a value of 0.10 is believed to be more realistic based upon actual piping weld
inspection experience. That is why this new value of 0.10 was used in the sensitivity studies of
Tables 3-7 and 3-8 in the WCAP TR.
DCI-RAI-9

Section 3.2.4 of TR WCAP-17236 states under "What are the
Consequences," "[tihelikelihood of core damage and large early release,
given a LOCA, can be quantified by the PRA [Probabilisticrisk assessment]
in terms of the conditionalcore damage probability(CCDP)and
[conditional]large earlyreleaseprobability (CLERP), respectively." Sample
analyses results are provided for Beaver Valley Power Station, Unit I and
Three Mile Island, Unit I (Tables 3-10 and 3-11). The last sentence in the
Executive Summary, "[flurther,the pilot-plant results show that the effect
of the extended inspection interval on the plant's risk-informedinservice
inspection program for pipingis acceptable"Implies a generic conclusion.
What is the purpose of Including these results in TR WCAP-17236? Would
they be used generically to support a relief request or is each request to
include plant-specific results? The results for Beaver Valley Power Station,
Unit 1, indicate conditionalcontainment failure probabilitiesas low as IE-6
which seems unreasonable.

Response
The pilot plant results calculated and reported in the TR are included to provide an example of
how the methodology is applied and how it affects the respective risk-informed inservice
inspection program for piping. These results are not meant to be bounding or applicable to the
results of any plant applying this methodology other than the pilot plants.
The pilot-plant results would not be used to generically support a relief request. Each request
would need to provide plant-specific risk results using the appropriate change in failure
frequency from Tables 3-3 to 3-6. These results would then be compared to the guidelines for
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an acceptably small change in risk as defined in R.G. 1.174 and any risk requirements for the
applicable risk-informed inservice inspection program for piping.
The final sentence of the Executive Summary will be changed to read:
"Further,the pilot-plantresults provide examples which demonstratethat the effect of the
extended inspection intervalon the pilot plant's risk-informed inservice inspection
programfor piping is acceptable."
The Beaver Valley Power Station, Unit I results are consistent with the Beaver Valley plantspecific PRA results. Ninety-four percent (94%) of the Large Early Release Frequency (LERF)
calculated in the Beaver Valley Unit 1 PRA results from containment bypass through a steam
generator tube rupture (SGTR) or interfacing system LOCA. The remaining LERF contributors
are high-pressure melt ejection, temperature-induced SGTR and rocket mode containment
failures. None of these containment failures result from LOCA initiators. The Beaver Valley
containment was originally designed as a sub-atmospheric containment and continues to be
operated at a slightly negative pressure which prevents large pre-initiator containment bypass.
The results of the Beaver Valley Unit 1 plant-specific PRA indicate conditional containment
failure probabilities in the range of 1 E-4 to 1E-6 for the loss-of-coolant initiators.
DCI-RAI-10

Section 3.2.5.1 of TR WCAP-17236 lists under "Alternative Change-in-Risk
Evaluation Methods" five steps for executing the proposed Method I to
assess the impact of RV nozzle ISI interval extension on the existing RI-ISI
program.
1. For Step 2a, it is stated, "flor the welds examined per the [American
Society of Mechanical Engineers (ASME) Code, Section XI] program,
conservatively identify all welds examined by a volumetric and
surface exam and by a surface exam only." Why are the
examination methods limited to a volumetric and surface exam and
a surface exam only? The ASME Code, Section Xi examination
methods also include volumetric only and visual only.
2. For Step 3, it is stated, "[miultiplythe applicablelargestsegment
change in risk times the difference in the number of welds examined
per[ASME Code, Section XI] and the RI-ISI programs for the reactor
coolant system and the total plant" What is the interval (e.g., every
10 years) for this weld counting?

Response
The intent was not to exclude volumetric-only examination. The text in step 2a of Section
3.2.5.1 of TR WCAP-1 7236-NP will be revised from:
"Forthe welds examined per the ASME Section XI program, conservatively identify all
welds examined by a volumetric and surface exam and by a surface exam only."
-
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To:
"Forthe welds examined per the ASME Section X1 program, identify all welds examined
excluding welds with visual only examinations."
Visual-only exams are excluded from the change-in-risk evaluation since there is no change to
the Section XI visual exams when switching to a RI-ISI program.
The interval for weld counting is every 10 years.

DCI-RAI-11

At the end of the subsection "Alternative Change-in-Risk Evaluation
Methods" of Section 3.2.5.1, TR WCAP-17236 summarizes in four bullets
the reasons for conservatism in the three alternativechange-in-risk
evaluation methods. The first bullet states, "ft]he underestimationin risk
reductions arisingfrom changing inspection locations from a weld subject
to no potentialdegradationmechanism to anotherwith an identified
potential degradationmechanism still applies." The fourth bullet states,
"...the RI-ISI exams typically address more risk than the [ASME Code,
Section Xl] exams on a per weld basis, since the RI-ISI exams are
inspections for cause." Please explain why these two reasons are
different, consideringboth reasons emphasize that the RI-ISI program
inspects locationsof potential degradationmechanism.

Response
The first and fourth bullets both use the reason that the RI-ISI program is an inspection for
cause. The fourth bullet was meant to emphasize this reason when considering that not all RIISI programs will result in the largest ISI change in segment risk.
For clarification, the following changes will be made to WCAP-1 7236-NP.
*

Information from the fourth bullet will be merged with the first bullet, and the fourth bullet
will be removed. Specifically, the text, 'Whereas RI-ISI exams are inspections for cause"
will be added to the end of the first sentence in the first bullet, and the following sentence
will be inserted after the first sentence in the first bullet.
"in addition,per WCAP-14572 Supplement 2 (Reference 21), all postulated
degradationmechanisms on a HSS segment must be addressedin the RI4SI
program."

"

In the sentence between the second and third bullet, "conservatisms" will be changed to
"conservatism".

DCI-RAI-12

Section 3.2.5.2 of TR WCAP-17236 states under "Change-in-Risk Criteria"
for the qualitativemethod, "ftfhe RI-ISI program must provide for an
increase number of inspections in each High- or Medium-risk category
(Categories1-3 and 4-5, respectively), or a comparablenumber of
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inspections are redirectedto locations that are more likely to identify
failure precursorson the basis of characteristicsof the potential damage
mechanisms. Provided that the risk acceptance criteria of RG [Regulatory
Guide] 1.174 are met, the effect of the extended [ISI] interval on the RI-ISI
program is acceptable." The above change-in-riskcriteriafor the qualitative
method are for the approved Electric PowerResearch Institute (EPRI)RMSI
methodology when the inspections are converted from the ASME Code,
Section XI to a RI-ISI program. Evaluation of the effect caused by RV nozzle
ISI intervalextension is discussedlater in TR WCAP-17236 under
"Evaluation of Effect RV Nozzle ISI Interval Extension." Therefore, please
clarify that (1) the last paragraphin the quote regarding the effect of the
extended ISI interval on the RI-ISI program is not part of the approved EPRI
RI-ISI methodology, and (2) by including this paragraph,TR WCAP-17236 is
proposinga modification to the qualitative method of the approved EPRI
RI-ISI methodology.
Response
The last sentence of the cited paragraph, "Provided that the risk acceptance criteria of RG
[Regulatory Guide] 1.174 are met, the effect of the extended [ISI] interval on the RI-ISI program
is acceptable," is not part of the approved EPRI RI-ISI methodology. This TR is not proposing a
modification to the qualitative method of the approved EPRI RI-ISI methodology. The cited
sentence will be removed from Section 3.2.5.2 of the TR.

DCI-RAI-13

Section 3.2.5.2 of TR WCAP-17236 presents,under "Evaluationof Effect RV
Nozzle ISI Interval Extension," Equation (3-2) to be used in the third EPRI
RI-ISI method, "Boundingwith Credit for Increase in POD." The definition
for parameter"lr" in the equation is not given, even though the meaning of
the subscript "rj" is given. Pleasemake appropriaterevision.

Response
Parameter "lq" in Equation (3-2), now Equation 3-12), of the TR is the inspection effectiveness
factor for the risk-informed inspection program at location j. The parameter "1." is the inspection
effectiveness factor for the existing inspection program at location j. The definition of "'"will be
added to Section 3.2.5.2 of the WCAP TR.

DCI-RAI-14

Table 3-18 of TR WCAP-17236 presents input and calculatedvalues for
parametersused in estimation of the reactorcoolant system change in
core damage frequency (ACDF) and change in large early releasefrequency
(,NLERF) values for Three Mile Island NuclearStation, Unit 1, when Method
A of the Markov model (the proposedEPRI RMISI methodology) is applied.
Pleaseprovide information on calculation of the hazardrates (i.e., the first
two rows with Input values), failure rate (the fifth row), and conditional
probabilityof rupture (the sixth row) for this plant-specific example.

-18-

WCAP- 17236-NP-A

July 2012
Revision 0

A-25

Response
The hazard rates were calculated using the Markov model that was used in the development of
the piping risk-informed inservice inspection program for Three Mile Island Unit 1. The hazard
rate values corresponding to a 10-year inspection interval and no inspection are identical to
those values used for the RV nozzle welds inthe Three Mile Island Unit 1 RI-ISI program risk
impact assessment. The hazard rate value for the 20-year interval was calculated using the
same Markov model equations and input as those used to calculate the 10-year inspection
interval and no inspection values with the exception that the inspection interval input was
changed from 10 years to 20 years.
The failure rate and conditional probability of rupture are also the same values that were used
for the RV nozzle welds in the development of the Three Mile Island risk-informed inservice
inspection program. These values can be found in Table 5 of Enclosure 2 to the Three Mile
Island relief request to implement the risk-informed inservice inspection program
(ML02283021 1). The values used are those for construction defects in the reactor coolant
system. Also indicated in Table 5 is the basis for these values, which is the following
Reference:
T.J. Mikschl and K.N. Fleming, "Piping System Failure Rates and Rupture Frequencies for Use
in Risk informed Inservice Inspection Applications," EPRI TR-111880, 1999, September 1999.
DRA-RAI-1

TR WCAP-17236 first develops the change in risk associatedwith
extending the inspection intervalfrom 10 to 20 years. This methodology
seems to assume that all reactornozzle welds will be inspected each 20
years instead of each 10 years. TR WCAP-17236 then evaluates the effect of
the increasedinspection intervalon a RI-ISI program. The relationship
between changing both the programsis unclear.Are all reactornozzle
welds inspected every 10 years under Section Xl? Will they all be inspected
after 20 years under a RI-ISI program? If all welds were inspected under
Section X1, but not all welds will be inspected undera RI-ISI program, how
does this affect the examples and the conclusions In TR WCAP-17236.

Response
TR WCAP-1 7236 describes two different evaluations for change in risk. The first evaluation is
applicable to all plants implementing TR WCAP-1 7236 and uses the bounding failure
frequencies without leak detection in Tables 3-3 to 3-6 for the appropriate type of nozzle and
compares the calculated change in risk to the guidelines for an acceptably small change in risk
in Regulatory Guide 1.174. The second evaluation is only applicable to plants that have
implemented a piping RI-ISI program and uses the bounding failure frequencies with leak
detection in Tables 3-3 to 3-6 for the appropriate type of nozzle and compares the calculated
change in risk to the requirements for the plant-specific piping RI-ISI Program or the alternative
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criteria proposed in TR WCAP-17236. In both evaluations, the calculated change in risk is
proportional to the number of welds examined.
According to ASME Boiler & Pressure Vessel Code Section XI inspection requirements in Table
IWB-2500-1, 100% of all Examination Category B-F RV welds must be inspected. Examination
Category B-J RV nozzle welds are terminal ends in piping connected to the RV and 100% of
these welds must also be inspected. TR WCAP-1 7236 does not modify inspection locations,
just the inspection interval. For plants following Section XI that apply this TR, all reactor nozzle
welds will be inspected on a 20-year interval and evaluated in only the first change-in-risk
evaluation.
For plants with a RI-ISI Program for piping, not all RV nozzle welds may be required to be
inspected. If any of the reactor nozzle welds are included in the piping RI-ISI Program, then the
number of welds examined would be the same for calculating the change in risk for both
evaluations. If all the nozzle welds are included in the piping RI-ISI Program, then all the nozzle
welds will be inspected after 20 years and included in both change-in-risk evaluations. Ifonly
50% of the nozzle welds are included in the Piping RI-ISI Program, then only 50% the nozzle
welds will be inspected after 20 years and included in both change-in-risk evaluations. If none
of the nozzle welds are included in the piping RI-ISI Program, then TR WCAP-1 7236 would not
be used.
The inclusion of only some of the reactor nozzle welds in a piping RI-ISI Program has no affect
on the conclusions in TR WCAP-1 7236 because both examples used all the vessel nozzle
welds, which gives the maximum values for the calculated change in risk. Also, the methods
provided in TR WCAP-1 7236 would still be applicable, even if only some of the reactor vessel
welds had been examined per the plant-specific piping RI-ISI Programs.
DRA-RAI-2

Tables 2-1 and 3-9 (and other tables) of TR WCAP-17236 direct that the
change in risk includes a multipliercharacterizedas "(# of welds
examined)." Figure3-3 illustratesthe different nozzle types where it
appears that weld Types B and D have two welds per nozzle Implying that
the frequency results for these types of welds should be multiplied by 2.
Other discussion and examples in TR WCAP-1 7236 Imply that a frequency
estimate is developed for each nozzle, not each weld in the nozzle. Is the
"(# of welds examined)" more appropriatelylabeled "(#of nozzles
examined)"? If not, please clarify what the relationshipis between the (# of
welds examined)and the number of welds in a nozzle.

Response
In order to calculate the change in risk for a specific plant, the number of welds examined must
be multiplied by the summed changes in CDF and LERF results for all three failure modes
(LOCA leak rates) as described in Section 3.2.4 of the TR. This change in risk is determined on
a per weld examined basis and not a per nozzle examined basis. Ifthere are two welds within a
single nozzle and both of these welds are examined, then they must be included in the changein-risk calculation. For example, if a 3-loop plant with Type D nozzles, as illustrated in Figure 3-3
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of the TR, inspects every RV inlet and outlet nozzle weld, there would be a total of 6 inlet nozzle
welds and 6 outlet nozzle welds examined. These totals would be used to calculate the total
change in risk, as represented by the total change in CDF and LERF.
However, when evaluating the impact on the RI-ISI program for plants that have implemented
the PWROG RI-ISI methodology and that are using the PWROG original change-in-risk
evaluation, the evaluation is conducted on a per-segment basis. Thus, as discussed in the
response to DRA-RAI-4, the change in risk added to the change in risk from the RI-ISI element
selection should be calculated based on one weld per nozzle.
DRA-RAI-3

Section 2.4 of TR WCAP-17236 begins by stating, "...the analysis described
above is sufficient for showing that the extension in inspection intervalis
acceptable.However, if the planthas implemented a risk-informed
inservice inspection (RI-ISI) program,which includes the reactorvessel
nozzle welds, additionalevaluation is required. The following sections
detail the evaluations..." Sections 2.4.1 and 2.4.2 proceeded to describe a
proposalto incorporatethe changes in nozzle failure frequency into TR
WCAP-14572 (Reference 1) and EPRI/N-716 (References 2 and 3) RI-ISI
programs.Later, in Section 3.2.5 of TR WCAP-17236, a proposal to
incorporatethe changes in nozzle failure frequency Into TR WCAP-14572
and EPRI/N-716 RI-ISI programsis again described. Why is the impact on
the existing RI-ISI program methods discussedin two different sections of
TR WCAP-17236? If the two sections are not combined into one section,
please confirm that there are no differences in the methodologies
describedin the two sections.

Response
The layout of the TR is based on discussions between Westinghouse, the PWROG and the
NRC. The intent of this layout was to assist the NRC in the preparation of the SER. Section 2
of the TR is intended to contain the methodology that the PWROG wants to be approved by the
NRC in their SER. Section 3 contains the technical basis for the methodology proposed in
Section 2. It is understood that this layout results in some redundancy. Therefore, the text has
been modified to make redundant sections more consistent. In some cases, the redundancy
has been eliminated by deleting a paragraph in Section 3 and referring to the applicable
paragraph in Section 2.
The following changes will be made to WCAP-1 7236-NP.
*

A sentence will be added to the end of the first paragraph in Section 2.4.1 under
Implementation Method.
" A new paragraph will be inserted following the above sentence.
Refer to response to DRA-RAI-5 for additional changes thatalso provide clarification.
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DRA-RAI-4

Section 2.4.1 of TR WCAP-17236, subsection "Implementation Method",
states that "when there are two welds per nozzle, the risk should be
adjusted to reflect only the most limiting weld prior to being added to the
change in risk from RI-ISI element selection." The "most limiting"
frequency as defined in TR WCAP-14572 is developed by assuming that all
degradationmechanisms in a segment are present at the weld and
imposing the most severe operatingconditions on that weld. It states in
Section 3.2.3 of TR WCAP-1 7236 that the objective of the failure frequency
evaluation "was to determine a single run group that could provide a
bounding change in failure frequency for all welds for each nozzle type."
Therefore it appears that TR WCAP-14572 and TR WCAP-17236 both
develop a most limiting failure frequency. If this is correct,what adjustment
is referred to In Section 2.4.1? If this is incorrect,please compare the most
limiting estimates in TR WCAP-14572 with those in TR WCAP-17236 and
clarify what "adjustment"is to be made.

Response
The intent of the sentence was to identify that even though a nozzle-to-pipe connection may
contain two welds, the WCAP-14572 method only considers one weld per RI-ISI piping
segment. In the WCAP-14572 method, all degradation mechanisms in a particular segment are
combined and placed on one weld at the worst stress location for the SRRA analysis. The
same approach was used to determine the bounding change in failure frequencies for WCAP17236. Therefore, only one of the two welds needs to be considered. Since the bounding
change in failure frequency is the same for either of the two welds, there is no adjustment that
needs to be made to the bounding change in failure frequencies. Therefore the referenced
sentence from Section 2.4.1 of the TR will be revised to read:
"Therefore, for nozzle configurations(see Figure 3-3 in Section 3.2.3) where there are
two welds per nozzle, the change in risk added to the change in risk from the RI-ISI
element selection should be calculatedbased on one weld per nozzle."

DRA-RAI-5

Section 2.4.1 of TR WCAP-17236, subsection Acceptance Criteria,appears
to change the acceptance guidelines for a RI-ISI program developed
according to the TR WCAP-14572 method. Specifically, the last two
sentences (includingthe four bullets) (1) define insignificantas a factor of
10 higher than the definition of insignificantin TR WCAP-14572 and (2)
state that the total change in risk from implementing a RI-ISI program can
be an increase in CDF and LERF of up to 10.6 and 1017, respectively. These
changes appearto be proposed even if the standardchanges in risk
calculationsin TR WCAP-14572 are used. In contrast,Section 3.2.5 of TR
WCAP-17236 first introduces three alternativerisk calculationsand then
proposeschanges to the acceptanceguidelines in TR WCAP-14572, but
only afterusing the alternative methods. Does TR WCAP-17236
intentionallypropose changing the acceptance guidelines from TR WCAP14572 for all TR WCAP-14572 RI-ISI programsin Section 2.4.1, or only
proposenew guidelines to be used after application of the alternative
methods in Section 3.2.5? If changes to the acceptance guidelines are
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proposed without application of the alternativemethods, please justify
these new guidelines.
Response
The intent of the topical report is to propose new acceptance criteria if the alternative change-inrisk methods proposed in TR WCAP-1 7236-NP are also used, and not to propose new
acceptance criteria for the change-in-risk in TR WCAP-14572.
For clarification, the following changes will be made to WCAP-1 7236-NP.
0
0
0

The acceptance criteria of WCAP-14572 will be referred to as the "PWROG Original
Change-in-Risk Acceptance Criteria."
The alternative acceptance criteria will be referred to as the "PWROG Alternative
Change-in-Risk Acceptance Criteria."
The following sentence will be added prior to the PWROG alternative acceptance criteria
description in Section 2.4.1:
"The PWROG alternative change-in-riskacceptancecriteria can only be used for
the alternative change-in-riskmethods."

•
6

The paragraph beginning with "If the acceptance criteria cannot be met..." between the
original and alternative acceptance criteria will be removed.
The following sentence will be added to the end of the second to last paragraph of
Section 2.4.1 in the Implementation Method subsection:
"Ifthe acceptance criteriacannot be met, additionalinspections shall be added to
the RI-ISI program until the criteria are met."

*

The following paragraph will be added following the above sentence.

"Ifthe PWROG originalacceptance criteriacannot be met by adding additional
inspections, or it is impracticalto do so, an alternativeRI-ISI change-in-risk
evaluation may be performed, consistent with the method used for the EPRI RIISI methodology, taking into account the number of welds per segment. If one of
the alternativemethods describedin greater detailin Section 3.2.5.1 is used to
perform the change-in-risk evaluation, the PWROG alternative change-in-risk
acceptance criteria, which is the same as the criteriafrom the EPRI RI-ISI
methodology, must be met."
0
*

The PWROG original acceptance criteria in Section 2.4.1 will be revised to more closely
match the criteria listed in WCAP-14572 Revision 1-NP-A.
The PWROG original acceptance criteria will be removed from Section 3.2.5.1 and
reference will be made to Section 2.4.1.

Refer to DRA-RAI-3 for changes to Section 3.2.5.1.
- 23-

WCAP- 17236-NP-A

July 2012

Revision 0

A-30

DRA-RAI-6

The first alternative method in Section 3.2.5.1 of TR WCAP-17236 seems to
addresstwo overlappingpopulations of welds, those in the RCS and those
in the total plant. When referring to welds "in the total plant " does this
include or exclude the RCS welds?

Response
Welds in the total plant include the reactor coolant system welds since the total plant welds
include all welds within the scope of the RI-ISI program for comparison with the total change-inrisk criterion. Welds counts are also conducted for just the reactor coolant system for
comparison with the system change-in-risk criteria.
DRA-RAI-7

Please define variables and provide equations for the three alternative
methods in Section 3.2.5.1 of TR WCAP-1 7236. This will reduce the
possibility of misunderstanding.

Response
Equations for the three alternative change-in-risk methods will be added to Section 3.2.5.1 of
the TR along with definitions of the variables. Clarifying text associated with the equations will
also be added. Equation numbers for Section 3 will be revised to reflect the additional
equations.
DRA-RAI-8

In Section 3.2.5.2, TR WCAP-17236 summarizes the change in risk
calculationsin the EPRI/N-716 methodology. One EPRI/N-716 method
estimates the change in risk using a probability of detection and the
uninspected failure frequency of a weld and seems to have no provision to
evaluate changing inspection intervals.An alternative EPRI/N-716 method
(Markov) does provide the capabilityto evaluate a change in the inspection
interval but changes to inspection intervals were not envisioned and
thereforenot used in the RI-ISI programs.
a) What differences between the previously approved and the
proposed Markov method exist?
b) Is the use of the Markov method required to use the EPRI/N-716 RIISI program together with TR WCAP-17236? Alternatively, how can
TR WCAP-17236 be used together with the EPRI/N-716 change in
risk method that uses a probability of detection and the uninspected
failure frequency of a weld?

Response
a) There is no difference between the approved and proposed Markov methods. The only
difference is that the inspection interval input is changed to 20 years when calculating the
hazard rate corresponding to the 20-year inspection interval.
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b) No, the use of the Markov method is not required to use the EPRI/N-716 RI-ISI program
together with TR WCAP-1 7236-NP. For a plant that has not used the Markov model to
evaluate the change in risk associated with implementing their RI-ISI program (i.e., they
have used the qualitative method of one of the two bounding methods), the method for
evaluating the effect of the nozzle ISI interval extension is discussed starting on page 3-39
and ending in the top paragraph on page 3-41 of the WCAP TR. These methods make use
of the bounding change in failure frequencies from Tables 3-3 to 3-6 that were calculated
using the SRRA Code. For a plant that has used the Markov model to evaluate the change
in risk associated with implementing their RI-ISI program, as stated on page 3-42 of TR
WCAP-1 7236-NP, there are two different methods that could be used, Method A or Method
B. Method A makes use of the Markov model to develop new hazard rates and inspection
effectiveness factors corresponding to a 20-year interval for the RV nozzle welds. Method B
makes use of the bounding change in failure frequencies calculated using the SRRA Code.
Method B is similar to the approach proposed on pages 3-39 through 3-41 for the plants that
have used the qualitative or bounding methods.
For plants that have used the EPRI/N-716 change-in-risk method that uses a probability of
detection and the uninspected failure frequency of a weld, the method for evaluating the
effect of the extension in inspection interval for the RV nozzles is the same as that described
on page 3-40 of the TR that is used for the "Bounding without any Credit for Increase in
Probability of Detection (POD)" and "Bounding with Credit for Increase in Probability of
Detection (POD)" methods. As stated on page 3-40 of the TR, the change-in-risk
calculations in Table 3-9 are duplicated with the exception that the calculations are
performed using the change in failure frequencies with credit for leak detection from Table 33, 3-4, 3-5, or 3-6. The resulting change-in-risk values, which represent the increase in risk
associated with the extension of the ISI interval for the RV nozzles, are then added to the
system and total plant change-in-risk results of the RI-ISI program.
DRA-RAI-9

In Section 3.2.4, "Change-in-Risk Calculation," subsection "Change-in-Risk
Calculation Method," the Topical Report (TR) states "The change in failure
frequency should be taken for the licensed life of the plant (40 or 60
years)." Both the examples, Beaver Valley Power Station, Unit 1, and Three
Mile Island Nuclear Station, Unit I (TMI-1), have 60 year licenses yet use the
change in failure frequencies at 40 years. Please clarify which failure
frequency estimates should be used.

Response
Whether the failure frequencies are based on 40 or 60 years is dependent upon how the failure
frequencies are being used. In Step 3: Perform Change-in-Risk Evaluation (Section 2.3 and/or
3.2.4), the failure frequencies are based on the licensed life of the plant (i.e., 40 or 60 years, as
applicable). The calculations for RG 1.174 are conducted once and therefore should be based
on the licensed period of operation. In Step 4: Evaluated Effect on Risk-Informed Inservice
inspection Program (Section 2.4 and/or 3.2.5), the failure frequencies use the same basis of 40
or 60 years as is used in the current RI-ISI program. The intent of this step is to evaluate the
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impact of the reactor vessel nozzle ISI interval extension on the RI-ISI program and therefore
should use the same basis of 40 or 60 years as is used in the RI-ISI program. The RI-ISI
programs are living programs and are re-evaluated on a periodic basis. The impact of the
reactor vessel nozzle ISI interval extension on the RI-ISI program is repeated every time that
the change-in-risk calculation is repeated for the RI-ISI program. For some plants the failure
frequencies used in Step 3 may be based on 60 years while in Step 4 they may be based on 40
years.
Based on the above the following changes will be made to WCAP-17236-NP:
0 In Section 3.2.4, the pilot plant change-in-risk calculations will be revised to reflect a
failure frequency basis of 60 years instead of 40 years.
0 Various other changes will be made throughout WCAP-1 7236-NP to clarify the failure
frequency basis of 40 or 60 years as indicated above. Refer to the highlighted changes
in the attached marked-up copy of WCAP-1 7236-NP for the specific changes.
DRA-RAI-10 While describing Method A for the Electric Power Research Institute (EPRI)
risk-informed inservice inspection (RI-ISI) methods on Page 3-40, the TR
states "In some applications of the EPRI RI-ISI methodology, the change-inrisk calculation may use only one LOCA [loss-of-coolant accident]initiating event (the one that is determined in the risk evaluation to be the
most limiting in terms of CDF [core damage frequency] and LERF [large
early release frequency])." A similar statement is included for Method B on
Page 3-43. However, in the examples provided, only a small LOCA
conditional core damage probability (CCDP) and conditional large early
release probability (CLERP) is combined with the rupture failure frequency.
On Page 8 of 18 in the TMI-1 submittal (Agencywide Documents Access
and Management System accession number ML02283021 1) that is
referenced as the example states "The failure rates and rupture frequencies
that were used in this evaluation are from Reference 4." Reference 4 is
"Piping System Failure Rates and Rupture Frequencies for Use in Risk
Informed Inservice Inspection Applications," EPRI TR-111880, 1999,
September 1999 EPRI Licensed Material. Reference 4 provides a single
rupture frequency estimate for welds in each system and degradation
mechanism. Given a single rupture frequency, the larger CCDP and CLERP
for large LOCAs would appear to be most limiting in terms of CDF and
LERF. Please explain this apparent discrepancy.
Response
It is agreed that the Large LOCA CCDP and CLERP values are the most limiting in terms of
CDF and LERF. The TMI-1 examples in Tables 3-18 and 3-19 of WCAP-1 7236-NP will be
revised to use the CCDP and CLERP values for Large LOCA. The TMI-1 example in Table
3-19 will also be revised to use the bounding change in failure frequencies for Large LOCA.
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EXECUTIVE SUMMARY
Section Xl of the AmericanZSociety qf A'fedhaical Engineers (AStIM) Boiler atw Pressur Vessel Code
epecifies a 10-year interval between reactor vessel (RV) nozzle weld inspections. The industry has
expended significant cost and man-rein exposure performing inspections that have found no serviceinduced flaws in ASME Section XI Catego•y B-F or H-I Ra' nozzle welds that do not contain Alloy
82/182. Furthermore, many plants have implemented a 20-year inspection interval for the RV shell-toshell and shell-to-nozzle welds in accordance with WCAP-16168-N P-A, Revision 2. For nmany of these
plants, continuing to inspect the RV nozzle welds on a 10-year interval presents a significant hardship
without a corresponding increase in safety fiom performing the inspections.
lihe objective of this report is to provide the technical basis and methodology for extending the
Section XI inspection interval from the current t) years to 20yeare for Category B-F and B-J RV
nozzle-to-safe-end and safe-end-to-pipe welds that are not fabricated with Alloy 821182 materials.
Bounding change-in-failure-fi-equency values have been calculated for use in plant-specific
implementation of the extended inspection interval. Plant-specific pilot studies have been performed and
the results show that the change in risk associated with extending the interval from 10 to 20 years after the
initial 10-year inservice inspection satisfies the gutidelines specified in Regulatory Gulide 1.174 for an
acceptably low change in risk for core dmnage frequency (CDF) and large early release firequency
(LERF). tFOttIer, tile pill-plsan restdlLt
rovide exampies which dmnonetmratr that the effec. of the
-,xten

Dý

'hon

I,,

Pit

P. Is

[04-.ddd: i'wta.5h,epao.-pl.WWrcnUi
__I,
o ft ott,. ascndod
inspectiointovu .o the
ptmntcuisl-infonned
inevonisooo egro
foc jipiogis aocptsbt.

WCA'P-l 7236-NP

17236-NP-A
WCAP- 17236-NP-A
WCAP-

September 2010

Revision 0

July 2012
July 2012
Revision 0

A-35

vii

TABLE OF CONTENTS

j.]S T OF TABL.ES .... ...............................

............ ... .............. ............ ......... ...... ..................... ........ ......" i i

LI1STOF FIGiURFS.......

............
i

..
.......
...
..
..
............
.....................
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
...
..
..
...
..
A (:R O N Y M S ...........................
I

2

... .

I.
.. .... ... . ..
. ...
INTROD17CTION AND PACKORCOND ......
.................... .... .1-1
........................
.
INTRODUCTION
................................
..................................
!•
Z .•.[L:............................................
•
....................................................................................................................
.... 1-1
.................................
LDACKGROUND..
.
............................... 2-1
REG QU
L FO RY EVA LUAIIO N ................................
CNIItU
RA 'ON T)111 . ...... ............ 2-I
2.1
STEP Ii DETF'RMINE-N NO(ZLE WEIA) C
2.2
STEP2: REVIEW PREVIOUS INSERVICE INSPECTION RESI.ITS ............ ........ 2-1
2.•

:GE-1N-RISK EVALUATION
... ...................
2-2
STEP I. PERFORM CIHAI
STEP ..
S
EVALUArE EFFECT ON RISK-INFORMED INSERVICE INSPE(FION
.. "-3
PPQOGRAM
..

PWROG .MehdO4,y .. ....................... .2-3
Effth ,•i RI-ISI Proam .....
7
Efrect ofn RI-ISI Pro'anm .- EPR: (r Co'de Case N- 16 MetIhodohogv. .......... 2-S
............ ..... 3-1
.
TEC H NIC AL E \A L .- II O N .........................................
.................3.1
BACKGROUND .......
................................
3.2
ISTIN'FERVAI. EXTENSION M ETIHODOLOGY ........................................................
-2
1
e h rIrig
1
3.2.1I
Ripl:IiiFormeI Re
1314, Oicide 1.I--....
3 .2.2
Failure- M odes m id. E fT,-, s ......... .............................................................
Chc lgu -in-Failure-Fr uinency Cakulations :................ ................... ...... " -S
3.2.3
2. I

2.4.2

3

I 2 .1

13.asie-ii,-Rik Calculaiione......... ....

........................

-18

Deleted: LIST OF TARBIlS viii¶

UlSTOFnGLRTJ'.'W]
......................................... ...
RI-ISf Program Efeccý ...........
ACRONYMS 4¶
LA..4-1
R A t E ''.-) CE .................................................
INTRODUCTION AN'T)BACK.GROUND. 1-11
1.1 IN!nRODJUCHION1-11
5 -1I............................................
R E F E R E N C ES ...... ................ .................

3.2 5

4FO
5

WCAP-l',236-NP

WCAP- 17236-NP-A

1.2.BACK3GROUND 1-IT
2 REROUATOeRYFVAIUATION 2.11
2.1 STEP I; DE'rERMINENOZZLEAELD
CcONIGURAnTIONI1E. 2-15
2.2 STEP2: REVIEW PREVIOUS INSERVICE
INSPECTION RE .,LTS 2-1¶
2.3 STEP3: PERFORMCIEAIOE-WI-R]SY
FVA3.UATION 2-29
2. . STEP4: EVAU.UATEFPFECT ON RISK.
INr0PME1) INSERVICEINSPEC7ION
PPOORAM 2-391
2.4.1 . Effel on RI-ISI Progs•o - PWROG
Mcthodolegy 2-3T
2.4.2 Effset on P2-ISIP.gWann- EPRI o, Code
C- sN.' 16Motsddeloy. 2-59
3 TECHNICAL EVALUATION 3-19
3.1 BACKrGROUND 3-11
3.2 ISI nT=ERVALEXTENSION
MptT[iOOOI._Olw 3-2T
3.2.1 Risk-lf•I..dRnAR dssoy Oi& 1.174
Methodology 3-2f1
3.22 Fo•ihoMrodcrandEffectD 3-79
3.2.3 Chwgt-in-Faiors-Treqwsncy
C.isdstion .3891
3-189
3.2.4 Chgn.-in-RiskCalWlied
3.2.5 R1.IStProgrqmEffc," :)-281T
4 LIMITA•IONS AND CONIDrn SNS
FOR
ACCEPTANCE.,I-1¶1
5 RRF.RENC.S 5-139

Scpltember2010
Revision 0

July 2012
Revision 0

A-36

viii

LIST OF TABLES
Table 2-1

lINe 3-1

CIail

e-i -Risk CaI. lati.... s for RG. 1. 174 ....................................................................

SunmTuafj ot'Survey Results on

-,' Nozzle 1SI Findian . ...............................................

Table 3-2
Failh re M odes. ............................ ...................... .....
T2bb.e.3.:.......... .T l. _ .. _rti_Ld.:..!..'•.Fq
..
g ...................................
•_ ..F .!.i~ •_ t R .. ii f:
'i e ..
Tab......
e ...
T....
. ..
A...
Ro ndp . .. ... lne
.......Frq en is .....
v

~

......

~g~

Table 3-4

Type B Bolwidinu, Chacae in h-ilurv 'rea

TIable 3-5

Tvy e C Boun'tillg Chwige m l'ailue Ficquencies (N ear) ................... ........................

Table 3-5

T",ue Q 1.eouandltm
Ch uL ne
i h ila
lt e frea neaci

abe 3-7
Table .-

Se ilivit

R

S n iivitv R n

T b. .3.
3

C

ari

om

...

•.L

enwie8(Neaw) .....-...................................

vee ) ...... . .......... . .......

e C .-. MIOCA :ailre Mode

........

.-2

..... .... ...
..
.................
3-15
-15

........... ... 3-I6
............ 3-17

C.A Fa.r M d ................ ............

...........
talc......

19

. . . .hang.-in-lik
.........

Tab e 3-10

Cene-l-Riek Callatioti

Table 3-11

Change-i -Risk ('aleulabtows - T uhee Mile Island Unit

lable 3-12

Evaluation wit.h Repeert to Regaiator" Guide 1.174 (Ref'reowce 31 Kev Ptinciuie ... 3-22

''bie 3- 13

Proposed Reactor Vesel Nozzle Weld Inspection Schedule .

Table 3-1 4

Cliange-m-Rifk Caloalatiors for RI-[el Prx,grim Effecis ... Beaver Vallev Uni I ........ . -

Table 3-15

Efteota of fRV Nozzle ISI Interval Extegsibn on the Beaver Valley MI-ISI i'roeratn
ltiliziru&Chame-ln-Risk Criteria from W'CAP-14572 ....
...................
-38

Table 3.1

Effectq of RV Nozzle [I1 Interval Exlesion on the Beaver Valley R.-IS[ Prozram
Ut.tliita Fir.l Alternal ive (Thaune-in-Risk Evaluation .......................................... .... 3-39

'TN e,3-17

EfIfic.,: of RV Nozzle ISI Inlerval Extension on She. Beaver Vallev RI-1,SI izogram
3-31
t tilizing S econd Altmeantie Chanye-in-Ridk Eval uagton ..................................

Oh! e• •-J N;

tif"•l-,c

- Beaer Vle U

1

.......... 3-20
............ ..............................

.....

3-21

.-3

Deleted: T61,n24 Ct~ngnht~tttCntlmdai
f.. 11(11.174.?.211
Table2-2 Fail=e Mocle 2-3¶j
Tnbtn3-t Snnnny nfS-en)R-n~onlfRV
NnedntStF-iding, 3-211
Tnbtn3-2 Fni]-nn~dn A3aKj
Tabtn3-3 TypcA~onnndnh n~nin1'nilur
fietsnnin (1yne, 3.1411
F~eqnnn. I!enn. .3. "fi
Tnbln3-5 Tep C Bnn,dingChnngninFffitnn
Cnn,queiesI~I-)~ 3-15T
TotIn3-f, Typn D Bonnng Ctmigin F~itnn
Finqnninn. Ilenn4 3.tttl
Tabln3-7 Snnitlva Rn- Cnn.panie - Tycn C
NILOCAn.tnnnMnde 3-I171
Table3-8 S-ithiqy R- .nrnmpari- -rType DMLOCA Fal-n Mod, .3.1711
Tablcl3-9 Ch an-in-t1.nkCntnntntinm 3.199
V.1kthwtie

,f

ttVi.N ,•:ele

1N letersctd lxt,teaiorn on 'the "TM1-I tI-tN I Pmr'ra

....Idle'hocl

A 3-

Preop=nttttint - BeavenVallnyUnit 1 3,35¶
Etnbn3iS

Table 3-189

EffectaofRV Nozzle ISi Irtlevial Extemttion ott

eheTM!- iZI-151 Proratm ... Methtod 3 3-

47
Table I -I

Plants Evaluated..

4-1

3-2011

Mile Idm~dUnit I .3-21f11
Tnbtn3-t2 EsnItwi.neill,ttRoped w0tPngntney
Ctnidc1.t171lkfnn,. 31KnyPinciplna 3-2211
Tnabt3.13 Peoposcdttecton Vnnnt Nnnnl Wnld
tcnpna,fitSchdnt 3.23$1

linone
h~ca2layNIO

tat hatnm

Utilizing Chan~n-tn-51islCnritcrnfivmnWCAP.

145723.3611
T,.b]tn3.t6. Effnnf RVtN-, ISTttWnneal
Pnnp-n
EnVnnn enthn B-on Vlttn RM1.St
T~ldizingFirn lattnnatiln Chnnn-in,-Rnsk
E-1-6-ie 3.37T,
Tn.1,13.17 EtenlanCRVNnJn 9ttt Inn
UtabitigiSnnnd Altetntiavn Cia.nn-n.-Rinln
Esntnntn, 3-37f
Ennnand.n
TEIt-IRt-151Atmnnn Mnthnod
A 3-445!.
Tablen3.19 Effnnt nIPV Nnznt tSt tntnvn
Entnnnn -n theIn-I-I R11-S A.%en,-.
MthodBD. 3-451
U21,1,4-1 PmnteE.--.I,td 4-lf[

WCAP-17236-NP

WCAP- 17236-NP-A

September 2010
Revision 0

July 2012
Revision 0

A-37

ix

LIST OF FIGURES
Figltre .,-I

Rai- 5icp. in (Principle Elne•es o'f) Rijk-hnfinied, Pli)-Specific Decision Making
(fiou N RC R 1.174) ......................
. ....... 3-3

Finwe 3-2 Princiile.o ofRiuk-itorilmed Reeul-alion (fioni NRC RO 1.174) ..................
Figure 3-3 NOz7le Weld Co~ pi~i
lrat

Type ..
rn

.

..........................

........

....

.......................

.. 3-5
3-10

................... ...............
Nj~ir 3 -. SRRA.R~un Process Flow(:iart ..........................
Finj'e 3-5. Number

nnnec-i.3rIn ocr Year tir Pro,.aed Imslem

ita.on Schude.................... 3-24

Fiz'fre 3-)

Number of Cat.egory B-F and 13-J Imspeetionq per Yea; for Proposq-. Impleniewlion
Sch edule ........... ................................................................
3 .2

Fi•ure 3-%

Number of Catezor, B-P and 13-3 Ihpections Per YVca - Asmuiine Inspection 0i
3 726
Alternative Lo•,a o s .....................................................
Deleted: 1Spoo3.1 BasicSlcp, in (Principlen
BMaltioog
fnmNRC ROI1.174)

3-311

(froooNRCRO l.17l) 3.59q
Filpsuro
J3 N-leel Weld Configuratoiono
Tym'o3.

Fi

3-4 slUt,' BOPemcIsnomac,1 3-149

FluoroiS .Nuenbcrofl'pisi-b perY..f.,o
Poopond1ooolo~o.~
ohoulo3.24U
Figoon36 NumodoofCacoloyB.FuoodB-J
Scheduole 3-25T.
Figoon3.7 N ...
boooflnpccticnespaoYear hg= 340 NuorofoooCologoryB.C od B.
Inspectioo ponYear- Aonoooogloopoolionof
AlitoootooTooio 3.20-,

WCAPA- 7236-NP

WCAP- 17236-NP-A

September 2010
Revision 0

July 2012
Revision 0

A-38

1-2

Interval," (Reference 6) was approved by the NRC in May 2008 and provides a basis for the extension of
the ASME Section XI (Reference 1) inspection interval from 10 years to 20 years. This interval extension
applies to tie reactor vessel (RV) shell-to-shell (ASME Section XL, Table IWB-2500-1 Catdgory B-A)
and shell-to-nozzle (ASME Section Xl, Table IWB-2500-l. Category B-D) welds.
Typically, die reactor vessel nozzle welds are inspected using die same tooling as the shell-to-shell and
shell-to-nozzle welds. Depending on the manufacturer of the reactor vessel and designer of the plant, the
configurations of welds joining the reactor vessel nozzles to the piping vary. Sonie reactor vessels were
fabricated with a safe-cud welded to the nozzle. Depending on whether the reactor coolant main loop
piping is stainless steel or low-alloy steel. a dissimilar metal weld (Catgeory B-F) ot a similar metal weld
(Category B-1): respectively, joins the safe-end to the nozzle. A similar metal weld (Category B-J) then
joins tie safe-end io the piping. For plants dtat do not have a safe-end, a single weld joins the nozzle to
the piping. For plants with stainless steel reactor coolant main loop piping, this is a dissimilar metal weld
(Category B-F) whereas it is a similar metal weld (Category B-J) for plants with low-alloy steel piping.
Tliese configurations are shown in detail in Sectiin 3.2.3.

I

The effort to develop WCAP-16168-NP-A, Revision 2, originally included the ASME Category B-F and
B-J welds discussed above. The Category B-F welds were removed from the scope ofthe effort during the
development of the supporting ASME Code Case (Reference 7) because of concerns tiat Alloy 82/182
welds would be included Therefore, as a resolution to a request for additional information fi'om the NRC,
the Category B-J welds were removed. This has created a disconnectin. that pla.tte tgit ha-ve inipiemented
the 20-year interval for the shell-to-shell and shell-to-nozzle welds tay still be required to inspect the
nozzle-to-pipe welds on a 10-year interval. This is a significant issue because lie reactor core barrel will
need to be removed from the vessel in order to gain access to inspect these welds.

(Del....e.t•e:
d

For a number of reasons, removal of the core barrel is an activity that should be minimized to the extent
prmetical. As with any heavy-lifting activity, there are significant safety risks. For the core barrel, this lift
typically results in a high nain-rein dose. Furthermore. the removal of the core barrel requires a full core
offload., which typically eonsumes critical path outage time and always has the potential for fuel handling
errors. For several plants, their refueling cavity is not deep enough to accommodate the core barrel and
shielding must be erected arotud ite core barrel after it Ins been removed because the upper portion is
not sumbetgcdl.
To develop a quantitative estimate of the cost of cure barrel removal and RV nozzle inspection, a survey
was performed by the PWROG. The results of flis survey indicated an average cost of S515K per plant
for inspecting the reactor vessel nozzles and an average dose of 1.65 man-reins ofexposure.
While some plants with risk-inforrmed prograns for piping weld iiservice inspection may be able to select
welds other thani the RV nozzle welds for inspection, which woudd eliminate the need to remove the core
barrel, this is not an option for a significant number of plants. There are still several PWRs that do not
have RI-ISI programs and must select locations for inservice inspection in accordance with Section Xl,
which includes the RV nozzle weld locations. Also, many plants that do have RI-IS I programs are limited
in the availability of other locations for an alternate inspection. These other locations may only be
inspected with limited coverage or may require the installation of scaffolding and shielding and the
removal of insulation, and result in higher dose than inspecting the nozzle locations. These factors are
likely the reasons why the RV iozzle locations were selected for inspection when the RI-ISI program was
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Failure Modes
Failure Modes

Acronym

Small Loa-of-Coolant Accident

SLOCA

Leak Rate (GPM)

Medium Loss-of-Coolant Accident

MILOCA

1501)0

Large Loss-of-Coolant Accident

LLOCA

5000

100

The total change in risk associated with the extens'ion in inservice inspection interval for the reactor vessel
nozzles of the plant must satisfy the regulatory guidelines in RG 1.174 (Reference 3) for an acceptably
small change in risk. These guidelines can be eummarized as follows:
Change in Core Damage Frequency (ACDF) < I -06/year, and
Change in Large Early Release Frequency (ALERF) -, I E-07.year.
2.4

STEP 4:
EVAkLUTvE
INSPECTION PROGRAM

EFFECT

ON

RISK-INFORMED

INSER VICE

If tire plant has a traditional Section XI itrrervice n•sipection progran for piirngr rather than a
risk-informed iniservice inspection (RI-ISI) progran, ite analysis described above is sufficieni for
abowing thar the exlension in inspection interval is acceptable However; if the plant has implemented a
RI-ISI program, which includes the RV nozzle welds, additional evaluation is required. The following
sections detail the evaluations required for plantLs with PWROG (Reference 4) amd EPRI (Reference 8)
R1-ISI programs for piping. The evaluations for the EPR1 RI-ISI programs are also applicable for plants
with inspection programs based on ASME Section .XICode Case N-7 16 (Reference 9).
2A4.1

Effect on RI-ISI Programs- PPVROG Methodolosgy

For plants thai have applied the PWROG program for risk-informed inservice inspection (RI-ISI) of
piping, the following steps and calculationre are required for inrplementing the ISI interval extension for
RV Categor B-F and B-J nozzle welds that do not contain Alloy 82/182.
Implementation Method
"lb determine the effect ar the piping risk-informed inservice inspection program of lie plant, the changein-risk calculations for the template in Table 2-1 are duplicated with the exception that the calculations are
performed using the chatrge itt tfolure frequencies witi credit .for leak detection. AdditjonalJI. the batisnof
t10of 60 y-ears ftr thir thiltirc freqlnc.cieýe is consistent wilth it:ha I0 1r 60 yeor basis w•edin the currenrt
RI-1S1 prosraeis. These clange-in-riek values, which represent the increase in risk associated with the
ex•.••sion of the 1SI interval for the RV nozzles, are then added to the change-in-risk results of the RJ-ISI
program (Reference 4). These values are added to both the reactor coolant system change-in-risk values
and also the total plant scope values for the ACDE. with and without operator action, and ALERF, with
and without operator action cases. For each of these four cases, rite system level and total change-in-risk
values must be assessed against the TPI-OOC original change-in-risk acceptance criteria discussed in the
following section. If 11wiPW RG orisnital chanoe-iri-risk ,?-pCsrtucecrilerin cmiurot be nmet• •dditional
jierveetionr shall be added Tothe il-IS rYroporairunrtil the criteria aro met.

WCAP-1 7236-NP

WCAP- 17236-NP-A

September2010
Revision 0

July 2012
Revision 0

A-40

2-4

ie PWRO.O origitnal chanie-in-rinsk Ueetance criteria oarneotbe mat by adding additional inspiections.
or it s, imoracctical to do so. an alternative R[-IS1 ehanue-in-cisk e.luation may beneforentd. consistent
with the method usedl fim the EPRI I-ISI melhodrtlogy. taking imt account the nmibeir of welds per
segment. If sie eofthe alternative methods described in reaiter detail in Section 3.2.5 l is used to Perfiorm
t11 QhWait-in-risk eIn.il.,9ito,0 the PWROG altsncalive cliisnwo-ia-risk acceptace crit-ria. which is the
sate as te nters flora
tio theeEPR[ I ,-IS1 methodolosx: nt Ie met.
IN

It should be noted that the PMROG methodology as approved in WCAP-14572, Revision I-NP-A
(Reference 4) considers risk on a segment basis mid tde that risk is not dependent on the number of welds
witlhin a given piping segment. This is because the highest risk at the limiting location is controlling for
that piping segment. Therefore, for nozzle configurations (see Figure 3-3 in Section 3.2.3) where there are
two welds per uoTa-le,. ho Qteintee in risl- added to the chense in rif-•, fors tce R'-ISr eticet sele-'ti.ts..
should he calculated Juated
on cis wel ocr nozrl..
Tmzz1!3,
on one weld 1!.eTAcceptance Criteria

Formattisid: Fant: Not Italic
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tted: Font: Not Italic
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the men limiting weld psi% to bein,
. I.
ang,in risk from the RI-ISI element selection

PWROG Original Chanse-in-Risk Acceptance Criteria
The acceptance criteria of WCAP-14572, Revision I-NP-A (tReference 4), which shall be used to
detennr'ie the acceptability of the effecl of the ISI interval extension on the RI-tSI program, can be
sunminarized as follows:

I.

The Total change in piping risk should be risk neutral or a risk reduction in moving from
Section XI to RI-ISI. If noL the dotinanti system and piring sctiernt ccntributors to the IU-ISI
tisk should le re-examimed i- ui atteipt to idgiitify additional exuninaltiois which wocild make
the applicatioti at least risk teutial. I1t additionial exuminations cati be proposed, then thce
chumne-in-risk ruleelaliost. lissouhd
be revised to creeih these additional examni.naticns until at least
a risk neutral position is achfieved.

2.

tince this is achieve. III ensaluasiol of the dontitnan, systear contributoxs to the total fisll for th
RI-IS I (e.j. system contribution to lhe total is realter thasi approxiinately I%)
should le
examined to identitv where no imrTOvenmeM hbs been propostd (i.e., where rmzEints romr no 1S1
or SOectiort Xl ISI to RH-1St the risk has not chmited and it is still a dominant con'tibutor to the
total tD1tLt:'). If any sytvteris are identified wheiec this is the case. the do-intant niaini
isha
ftrsitOsild hle reeVithluoediin an attempLto5c
identift addititonail exatinahts
atst
winch anoslht reduce the tovcmili risk for these systeres and lbIIs
wtosiblv the overall ris.
grose
riseiswiti A-
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,xarniinationsare .necesa"

If the CDF' increase for the system is apnroximately a) grs-ater titan two orders of,-ninanitude tetow the riM,-ifr-ied [IM CDF fioI that systen,

Deleted iton-domimuse
systems

or b) greatr than IE-08

(whichever is hig-her). then aat least one doitmnmlt seenierit iii that svstem should be
reevalnated to idenlti tv additional examinations.
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b.

LER

increase for the .sycstemn a) ,ie tc• than to

orders of mas.nitude below the'

risk-informed ISI LERF for that system, or b) yreater than IE-09 (whichever is higher).
then il least ome lonmitnsst sepernem in thnt systeni -hould te reevaluated to ident;ifv
additional exassinations.
Ifanv additional etxatinatiaoik ate ideattitied. the chatnne-in-risk calctulations should he revised to(
credii. these additional enaienis'wilis.

4.

P'V,'ROC, Alternative Chanpo-in-Risk Acceptance Criteria

. - Deleted: <O¶
dAlThetFttoi.,r..- i f lnc ,e.. d-dd belces
that e) thai Soarders of "tnitude
Mo.the.e sbki rnor-ed tSICDF or that Wy-e, orb) IE-ta
Deleted: should be [to tim

Forirautted: Lstsh14l,Indent: Left: 0.5",
Hangshg: 0.3t,

Outdne nurniba ed ÷ Level: 2

a5u+
Ntemaets Sl: a,b, c, ... + Start at, 1
s|Allyment:Left+ Alltgedat: 0.5"+ Irdent at:
0.75 jTab sbts: Ott,•Left
* Deleted: T

The PWROGTalteritaive change-in-risk acceptance criteria can only be tsed for the alternative chanse-isrisk oincthodn,.
rhe inplemnentation of tie Ri-ISI _progrcn should be risk nentral. a decrease in risk, or at most an
insignificant increase in risk. The ineresUe in risk for each system shall meet the followiitg criteria in
order for it to be considered insigntificaut:
Change in Core Damage Frequency (ACDF) < I E-O7/vear. and
Change in Large Early Release Frequency (ALERF) < I L-08,iyear.
The total change for all systems mutst meet the criteria of RG 1.174 for an acceptably small change in risk
which are ai follows:
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Change in Core Damage Frequency (ACDF) < I E-06!year, and
Change in Large Early Release Frequency (,aEI.F) , I E-07/year.
S
2.4.2

Effect on RI-ISI Program - EPRI or Code Case N-716 Methodology

For plants that have applied the EPRI program for risk-intformed inservice inspection (RI-ISI) of piping or
ASME Code Case N-716. the. following steps and calculations are required for implementing the ISI
intterval extension for RV Category B-F and B-J nozzle welds that do not containilloy 82/182.
Implementation Method
To account for the extension in the inservice inspectiolt interval for the reactor vessel nozzles, there are
several methods that can be used depending on the method that was used to perform the change-in-risk
evaluation for the original RI-ISI program development These methods are discussed below based on the
change-in-risk method.
1.

Qumlitative
Ifthe qualitative change-in-risk method from the EPRI topical report (Reference 8) was to show
that there is no reduction in the nmnber of inspections when moving front a Section XI inservice
inspection program to a RI-ISI prograin, or if there is an increase in the number of inspections.
the only increase in risk would be the result of the extension in inspectionT interval for the reactor
vessel noz.le welds. Therefore, as long as the change in risk, as calculated per Section 2.3. nieets

5
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the criteria of Regulatory Guide 1.174 (Reference 3) for at acceptably small change m risk, the
extension in inspection interval would be acceptable.
2.

Bounding with or without any Credit for Increase in Probability of Detection (POD)
The effect of the ISI interval extension on tie Rli-ISI program may he evaluated by adding dte
bounding change in failure fiequetcies for the approlpiate weld type (see Tables 3-3 through 3-6
in Section 3.2.3) to the bounding rapture frequencies from the EPRI topical report. These values
would be added for each of ite welds for which the ISI interval will be extended. For these
calculations the bounding change in failure frequencies with credit for leak detection may be
used. The basis of 40 or 60 vears for the change in.failre fresuercues is coissieteis with the t0 or
60 veoar basis used itn the current Rt-ISt program. Using these revised bounding rapture
frequencies, the system and total plant change-in-ritk values would be calculated per the
requirements of the EPRI topical report or Code Case N-716. The change-in-risk values for each
system and for fie total plant nmustbe assessed against the change-in-risk acceptance criteria
discussed in the following section.
Alternatively, the CCDP and CLERP values for each of die welds, for which the ISI interval will
be extended, can be multiplied by the bounding change in fhilure frequencies for the appropriate
weld type and '10or 60 sear bades to be cousisreit wsiththe RI-IS! program. These change-in-risk
values for eacht weld can then be stmmted to determine thetotal change in risk for the RV ntozzle
weld IS] interval extension. Tius total risk fotdie RV nozzle weld ISI interval extension can then
be added to the system and total plant change-in-risk results of the RI-ISI program. The change in
risk for each system and for the total plant must be assessed against the change-in-risk acceptance
criteria discussed in the following section.

3.

Markov Method
ror plant@
that used the Markor method for evaluating the change in risk when moving from a
Section Xl inservice inspection program to a R1-1S1program, two methods are acceptable for
evaluating the effect of the extension in inservice inspection interval for tie RV nozzles.
Method A - Use Markor Model
For the reactor vessel nozzle welds for which the ISt interval is to be extended to 20 years, the
hazard rate for the RI-ISI program would be calculated based on a 20-year interval. This hazard
rat% deterunined on a,40 or 601seas basis co.sistent with the RI-IS I 4'rcara.n would _thet be usade
to calculate the itnspection effectiveness factor for these particular welds. This inspection
effectiveness factor would be esed for tie RV nozzle welds in the change-in-risk calculttious, atid
the change in risk would be a result of the difference hi inspection effectiveness between the
Section X%
exams performed on a 10-year interval and the R1-1SI exams performed on a 20-year
interval. Therefore, the change hi risk for the system and total plait would account for the
increase in risk associated with the extetsion in inspection interval. The change in risk for each
system and for the total plait must be assessed against the change-in-risk acceptance criteria
discussed in lhe following section.
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Method B - Blended Approach
The bounding change in failure frequencies in Tables 3-3 through 3-6 in Section 3:2.3 would be
used w, calculate the increase in risk from tie RV nozzle IS! interval extension in lieu of the
ate bitted on the 4.1 or 6,) tear baSit
Markov model. The bounttde eiane to jaihuc trenti.,
0o1itMstenltwill the RI-131 pro-simn.
onsistent with the discussion tbr the "Bounding" approach,
CCDP and CI.ERP values for each of the welds, for which the IS interval will he extended, can
be multiplied by the bounding change in failure frequencies for the appropriate weld type. These
chanige-in-risk values for each weld can thle be sumnied to determite the total change in risk for
the RV nozzle weld IS1 interval extension. This total risk for the RV nozzle weld ISI interval
extension can dhen be added to the system and total plant change-in-risk results of the RM-1SI
program flint have been calculated using the Markov mtethod. The change in risk for each system
and for the total plant must be assessed against die change-in-risk acceptance criteria discussed in
dte following section.
Acceptance Criteria
For the three metlhos discssed above, the acceptance criteria for chitge in risk from the E-RI P1-ISI
topical report (Reference 8) or Code Case N-7 16 (Reference 9) can be stated •sthe implementation of the
RI-ISI program should be risk neutral. a decrease in risk, or, at most, an insignficant hicrease in risk. The
increase in risk for each system shall meet the following criteria in order for it to be considered
itisinificait.
Change in Core Damage Frequency (ACDF7) - 1E-07/vem, and
Change in Large Early Release Frequency (ALERF) < IE-08/yvar
The total change for all systems must meet the criteria of RG 1.174 for an acceptably small change in rask
which are as follows:
Change in Core Damage Frequency (ACDF) %1E-06/year, and
Change ii Lhuge Early Release Frequency (ALERF.i-: IE-071'year.
If the scope of the RI-ISI program encompasses all Class I welds, the system level criteria shall be met. If
the arceptaice criteria camiot be met, additional inspections shall be added to the RI-1S1 program until an
acceptable change in risk is achilved.
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failure modes are defined in 'able 3-2. The degradation mechanism of concern was thernal fatigue crack
growth due to typical plant operation. The mechanisn for failure is growth of an existing undetected
fabrication flaw in the RV nozzle weld until it results in one of the ,OCA leak rates identified in Table
... r.gr,?t i to the critical size th. would lead to.ducie.rv t ..i • H deiri..n limni .eerit .ich..s. a

, j Deleted:.

seismic event, were to occur
Trable3-2

Failure Modes

Failure Mode

Acronym

Small Loss-of-Coolant Accident

SLOCA

100

Medium toms-of-Coolant Accident

MLOCA

1500

Large Loss-of-Coolart Accident

LLOCA

5000

leak Rate (GPIM)

Failure Effects
A LOCA due to piping failure was considered to result in core damrage and a large early release. The
failure modes specified in Table 3-2 correspond to leak rates foi initiating events that are typically
evaluated in the plait probabilistic risk assessment (PRA) model per NIUTREGrCR-l4550 (Reference 15)
znd are considered to represent lIre spectruam ofrlik firom lfailure (leakage) of the weld locations evaluated
in this reort.
3.2.3

Change-in-Failure-Frequency Calculations

A probabilistic fracture mechanics (PFM) nmethodology was used because it allows fire consideration of
distributions representing the uncertaiities in key paxarieters, such as flaw size, material strerigth, crack
growth rate, applied stresses, and the effectiveness of inspections. The PFM methodology also provides
the failure tiequency (probability per year) due to a given loading condition and a prescribed inspection
interval.
The change-in-failure-fieqrency calculations for this study were performned using. the Westinghouse
Structural Reliability mid Risk Assessment (SRRA) Code. The SRRA Code was developed for estimating
piping failure probabilities to be used in relative nsk-ranking of piping segments and for calculating the
change in risk due to the different inspection schedules for tie PWROG methodology for risk-informed
inservice inspection (RI-ISI) of piping (Reference 4). Fruthermore, as stated in the NRC's Safety
Evaluation Report tSFR) for tie SRRAL
methodology (Reference 14). the prograrr is consislent with the
",state of the art" for calculating piping ihsilure probabilities..
The SRRA Code has been used for estimation of failure probabilities in other ASME Code Cases rid
NRC-approved applications that have involved the reduction or relaxation of irsenrvie inspection
requirements. These ASME Code Cases and NRC approved applications include:
WCAP-15666-A Revision 1. "Extension of Reator Coolant Pinup Motor Flywheel Exanmination"
(Reference 5)
*

ASME Code Case N-648-1. Alternative Requirements for Inner Radius Examinations of Class I
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Reactor Vessel Nozzles (Reference 16)
.ASME Code Case N-70A-I, ALternative Examination Requirements of Table lWB-2500-1 and
Table IWC-2500-1 for PWR Stainless Steel Residual and Regenerative Heat Exchangers
(Reference 17)
The SRIRA code for piping RI-ISI was developed in response to the NRC requirements for PFM
calmalations in a 1999 Draft Report, NUt.REG-1661 (Reflerence 18). These requirements included those for
the initial flaw depth and its uncertainty, flaw density, and the cfltects of 1SI. These same types of
requirements for evaluating structural failure probabilities and candidate inspection programs were
reevaluated in a recent study by NRC contractors at Pacific Northwest National Laboratories (PNNL).
The results of this study, which are documented in a 2009 report, NUREG/CR-6986 (Reference 19), did
not change any of the 1999 requirements used in developing the SRRA code for piping RI-ISI. This
SRRA Code version has already been used in the past to calculate the failure probabilities of the
pipaig-to-component dissimilar metal welds (Types A.and C in Figure 3-3) and piping-to-safe-end welds
(TypTes B and D in Figure 3-3) in a number of RI-ISI Programs. With the exclusion of the Alloy 821182
welds that are susceptible to primary water stress corrosion cracking, there is no technical reason to
preclude the application of the piping SRIRA Code to the similar cornponent-to-cafe-end welds in the
Ty'pe B and D configurations that are also evaluated in this RI-ISI Program.
In the previous piping RI-ISI Programs, tie SRRA Code was sted to calculate the change
probabilities and the associated change in risk for locations selected for an ASME Section XI
10 yearsrelative to those with no 1S1 or a 10-year 1S1 at other locations- The same approach is
in this particular risk-informed application of the SRRAk Code, where it is used to calculate the
failure probabilities and. the associated change in risk for tie locations shown in Figure 3-3 fbr
Section XI ISI every 10 years relative to the same locations with ISI every 20 years.

in failure
IS1 eveny
also used
change in
an ASME

Method
The first step was to review the nozzle and weld geometries and determine similarities between the
nozzles of different plants. Based on these similarities, nozzles could be grouped and one set of runs
could be performed for each grouping, rather tiam each plant individually. After reviewing fabrication
drawings, the RV nozzles of the participating plants (as identified in Table 4-1 in Section 4') were
categorized into four different types based on their weld configuration. These configurations can be seen
below in Figure 3-3. Type A is typical for RV nozzles in Babcock and Wilcox Nuclear Steam Supply
System (NSSS) designs. Type B is typical for RV nozzles in Combustion Engineering NSSS designs.
Type C and D are applicable for RV nozzles in Westinghouse NSSS designs.
Based on the nozzle types identified in Figure 3-3, geometric data, aid operating conditions of the
participating plants, run groups were determined where each group could be evaluated by a single set of
SRRA runs. Since each weld may join two different thicknesses (nozzle and pipe), or the nozzle type may
contain tyo welds and three different thicknesses (nozzle, safe-end, .and. ppe),..te objective was to
determine a single ran group that cotild provide a bounding change in failure frequency for all of the
welds for each nozzle type.
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*
Operating
stress and other SRRA input values are consistent with those developed by the
engineering teams for 19 U.S. plants and 10 other plants that used the PWROG Method for piphig
RI-ISI. These inputs are based on a combination of design stress analysis results mid engineerisig
insights. The stress input values are in terms ofa fraction oftihe material flow stress. The material
flow stress is dependent on temperature and the values used in the SRRA Code are included in
Table 3-3 oftSupplement I ofthe Rl-tSl WCAP Report (Reference 14).
-

A high value of 0.17 was used ltbr the deadweight and thermal stress level based on the
high normal operating temperatures ofthese wtlds.

-

The following input values were used for the fatigue stress range:

-

*

A low value of 0.30 for heat up and cool down (Nozzle Types A mid B),

*

A medium value of 0.50 for heat up and cool down of dissimilar metal welds
(Nozzle Types C and D),

*

A high value of 0.70 for snubber locking (All Nozzle Types).

The following input values were used for the design limiting stress (primary stresses only):
*

A low value of 0. 10 tfr normal operation,

"

A medium value of 0.26 for SSE,

*

A high value of 0.42 for SSE with failure ofsnubbers to lock.

The low cycle fatigue frequency was set to 5 cycles per yesu. This is conservative based on the
fatigue cycle count information that has been compiled On a plant-specific basis as part of the
license renewal application process.
Material Wastage Potential, Stress Corrosion Potential. and Vibratory Stress Range inputs were
all set to zero since there is no service experience to indicate that these are degradation
mechasisms that should be considered for these nozzle weld types.
The snubber failure probability used in the evaluation was 0.1 mid the seismic event (SSE)
probability used was 0.001. As stated in the safety evaluation report for the SRRA Code
(Reference 14). these values are conservative.
The minimum leak detection rate was 1 gallon per minute per typical plant technical
specifications.
The initial flaw" conditions
uncertainty and the flaw
NUREG-1661 (Reference
Figures 2.13 and 2.15 of

WC'A.P-17236-NP

17236-NP-A
WCAPWCAP-17236-NP-A

contained in the SRR.A Code, including the median flaw depth and its
density are consistent with Figure 4.1 and Table 4.1 of Draft
18). Furthermore, these values are the same as those shown in
NUREG/CR-6986 (Relerence 19). An input value fiorilial flaw
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condition,• Eas selected such ghat one flaw was simulated at the wmst stress location in x.ach
weld. All flaws are surface breaking and circum ferentially oriented.

Deleted: of eit-l,

Ilie probability of detection curves used in the SRRA Code, for carbon and stainless steel, are
consistent with those in NUREG/CR-6986 (Reference 19) but are adjusted based on the SRRA
ISI accuracy input. This input corresponds to the ratio of crqck depth to wall thickness that
provides a 50% probability of detecting or not detecting the flaw. The inptut value, which was
used for ultrasonic examination (7T) in the PWROG RI-1SI pilot plant application, and has been
used in subscquent PWROG RJ-ISI applications, was 0.24.
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Results
The resulting bounding change in failure frequencies for each weld type are shown in Tables 3-3, 3-4. 3-5,
and 3-6 for weld types A, B, C, and D, respectively. 'This informiation can be used to perform
plant-specific change-in-risk calculations for extending the RV nozzle weld inspection inteovnd fiont 10 to
20 years.
Table 3-3

Type A Bounding Change In Failure Frequencies (Iyear)
Failure

Without Leak

Results ror

MNode

Detection

Wlth Leak Detection

Outlel Nozzle - 40 Year

SLOCA

5.90E-10

2.84E- Il

MLOCA

1.80E-Il

6.90E-12

LLOCA

S.13E-12

2.17E-12

SLOCA

3.93E-10

1.89E-11

MLOCA

1.20E-I I

4.60E-12

LLOCA

5.42E-12

1.45E-1 2

SLOCA

2.96E- 10.

1.34E-1
Il

MLOCA

7.87E-12

1.50E-1 2

LLOCA

7.77U- 12

1.39E-12

SLOCA

1.97E.10

8.93E-12

6.32E-12

1.001-12

5.8.E- 12

9.29E-13

Outlet Nozzle - 60 Year

Inlet Nozzle - 40 Year

hilet Nozzle - 60 Year

MLOCA
LLOCA
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3.2.4

Change-in-Risk Calculations

The objective ofthe change-in-risk assessment was to evaluate the change in core damage and large early
release risk from the extension of the inservice ins'pection interval ofthe RV nozzle welds relative to other
plant risk contributors through a qualitative and quantitative evaluation.
NRC RG 1.174 (Reference 3) provided the basis for this evaluation as well as tie acceptance guidelines
to make a change to the current licensing basis.
Risk was defined as tile combination of likelihood of an event and severity of cousequences of an event.
Therefore, the following two questions were addressed.
What was the likelihood of the event?
What would flueconssequences be?
For the purposes of extending the IS] interval for UseRV nozzle welds, the change in likelihood as a result
of the 1SIinterval extension needs to be evaluated rather than the absolute values. The following sections
describe the likelihood and postulated consequejnces and tse changes as a result of the extension in IS1
interval. The change in likelihood and dile consequences were then combined in the change-in-risk
calculation mid the results are presented in this report.
What Is the Likelihood of the Event?
As identified in Section 3.2.2, the event of concern is a loss-of-coolant accident (LOCA). The likelihood
of this event and the change in the bkelihood of this event, was addressed by the calculations in
Section 3.2.3. These calculations are summarized in the change-in-faiture-frequency results in Tables 3-3,
3-4. 3-5, and 3-6
What are the Consequences?
As discussed in Section 3.2.2, a LOCA was considered to result in core damage and a large early release.
The failure modes specified in Table 3-2 correspond to leak rates for initiating events that are typically
evaluated in the plant probabilistic risk assessment (PRA) model per NUREG/3CR-4550 (Reference 15)
and are coissidered to represent Usespectrum of risk fiois failure (leakage) of the weld locations evaluated
in this report. The likelihood of core damage mid large early release. given a LOCA. cal be quantified by
the PA,%in teanns of the conditional core damage probability (CCDP) and large early release probability
(CLERP), respectively.
Change-in-Risk Calculation Method
As discassed in Section 3.2•.,the chamne in failure frequency associated with the extension of theinserviweinspection interval was calculated for thre failure modes (leak rates): SLOCA/ MLOCA, and
LLOCA. The change inlfailure frequency is the ditffrence intfailure frequencies fbr the licensed life of
the plant (40 or 60 years). This change ini failnre frequency for each of these failure modes was multiplied
by the conditional core damage probability (CCDP) and conditional large early release probability
(CLERP) for that particular failare mode to deternine the change in core damage frequency (ACDF) and
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the change in large early release frequency (ALERF), respectively. The total change in CDF and change in
LERFYfor the reactor vessel nozzles were determined by adding the results from all three failure modes
and then multiplying by the number of RV nozzle welds examined. This calculation is shown graphically
in Table 3-9.

Chatige-in.Rlsie Cailculation~s

Filble 3-9
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The calculations in Table 3-9 would need to be performed for both tie RV inlet and outlet nozzles. For the
change-in-risk calculation, the bounding change in failure frequencies with or without credit for leak

detecfton from Tables 3-3. 3-4, 3-5. or 3-6 shall be used. To determine the total change in risk- die totals
deternisted in Table 3-9 would need to be summed together for both the RV inldet and outlet nozzles.
To deternmine the acceptability c-f the change in risk associated with the extension in the inservice
inspection interval, the total iCDF and total ALERF without credit for leak. detection are compared to the
criteria in Regulatory Guide 1.174 for an acceptably small change in risk. These criteria were discussed
previously in Section 3.2. 1.
Pilot Plant Change-in-Riik Calculations
Beaver Valley Unit I
Beaver Valley Unit I is a Westinghouse NSSS design and has Tvpe C RV Nozzle welds. The O-year
bounding change in failure frequencies from Table 3-5, without credit for leak detection, were used along
with plant-specific CCDP and CLERP values to determine the change in risk associated with the
extension in inspection interval for Beaver valley Unit 1. The results of tde change-in-risk calculations

I

are shown in Table 3-10.
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Calculations - Beaver Valley Unit I
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'Trce Mile Island Unit__.
I

f

Three Mile Island Unit I is a B&WV NSSS design and has TIype A RtV Nozzle welds. The _60-year se
bounding change in failure frequaencies from Table 3-3. without credit for leak detection, were used along o
with plant-specific CCDP and CLERP values to determine tie change in risk associated with the f
exteiLgion in inspection interval tbr Three Mile Island Unit 1. The results of the change-in-risk
calculations are shown in Table 3-1I.
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reviewed and ite responses based otn the evaluation are provided in Table 3-12.
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Over-reliance on programmatic activities to compensate for weabnesses in plant design is
avoided:
The change in inspection interval does not change the robustness of die RV nozzle welds in any
way. I1is because of this robustness that the inspection interval can be doubled with no significant
change in failure fiequency.
System redundancy. independence, and diversity are preserved commensurate with the expected
frequency and consequences to the system (e.g., no risk outliers):
The proposed inspection interval extension does not affect system redundancy, independence, or
diversity in any way since it is not changing the plant design or how it is operated.
Defenses against potential common cause failures are preserved and die potential for introduction
ofnew conimon ciuse failure mechauisms is assessed:

The proposed inspection interval extension does not affect any defenses against any conimon
cause failures and there is no reason to expect the .introduction of any new common cause failire
mechanisms. This requiremeni applies to multiple active components, not to vessel nozzle welds
that are passive coniponeuts.
Independence of barriers is not degraded (the barriers are identified as the fiuel cladding, reactor
coolant pressure boundary, and containment structure):
The inspection interval extension does not 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 nozzle design in any way. It is because of this
robustness that the inspection interval can be doubled with no significant change in failure
frequeney.
Defenses against human errors are preserved:
The RV nozzle weld inspection interval extension does not affect any defenses against human
errors in aiiy way. The inspection interval extension reduces the frequency fbr which the lower
internals need to be removed. Reducing tiles fequency reduces the possibility for human error
and damaging the core but still provides for detection of emerging degradation mechanisums.
3.2.5

RU-TSI Program Effects.

For plants dust have aisk-,jsrforaped jserice •.nspectiqn (RI-ISI)prozramn forpiping,.it issnecessary to
determine the effect of the IS1 interval extension and ensure that the program still meets appropriate
I metrics for risk. The two most commonly applied methodologies in the U.S. forgl-IS!.fp.ping_ ae the
PWROG methodology and the Electric Power Research Insititute (EPRI) methodology. These
methodologies are included as Methods A and B in Nonmandatory AppendixR of Section XI of the
ASME Code mid are docaniented in more detail in References 4 mid 8, respectively. One other
methodology that has been applied is ASME Section Xl Code Case N-716 (Reference 9). Relative to the
WCAP-1 7236-NP
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3.2.5.1

PWROG RI-ISI Methodology

Change-in-Risk Evaluation Method
In the PWROG RI-ISI methodology, the.change in risk associated with the change in number of piping
segments selected for inspection is calculated. The change in risk is calculated for each system by
summing the change in risk tIr all segments within that system. The total change in risk is then calculated
by adding ite change in risk for all systems. The method for performing this chmage-in-risk assessment is
oeleted: batdiscussed in detail in WCAP-14572. Revision 1 .NP-A (Reference 4). The total change in risk and system
'cic-ink
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level change in risk must then be compared to the PWRO(.G orizinal change-in-risk acceptansse criteria
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Alternative Change-in-Risk Evalceation Methods
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meet the criteria, the following three alternative change-in-risk evaluation methods can be utilized to

evaluate the effect on the RI-ISI program, lt all three alternative evaluations methods, the change-in-risk'
evaluation is conducted on a weld-examined basis to address the untderestimation of risk increases arising
from the reduction in the number ofinspectioss within each segment when the change-in-risk evaluation
is conducted on a segment basis. The three alternative methods, in order ofincreasing complexity; are:
L..
2.

Examined Weld Counts Using Largest Change in Risk,
Exanined Weld CounnI I sing Sum of System Chatnge in Risk tor Total Plant,

3.

Examained Weld Counts Using Applicable Segment Change in Risk.
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with the first alternative method aid move to the more complex methods until the results indicate an
acceptable change in risk. when compared ae.irest the PWRtOG alternetivo rh!nge-iini-i.sk accaptance
crileria or additional exams are added to make the change in risk acceptable. These methods are discussed
in more detail in thie following sections.
rrs.r

uiernenauve rvaiiuanon Method. -

i•l .....

1..

•J--I.

rExannened
veeld s7junee UsingW Laig-L~ Change ill Risk

In the first alternative evaluation method, the change in risk is based on the largest applicable segment
L t.!.Lt
change in risk. 'he. reactor o.olant syste! -chs.grji risk -i.c.v-aleetod erring .. usi.e..t.-Th totai.
ch-iesge in ris: is esalsnted rieinsg equation 3-2.
A"D T,.- :..ACIeIT..

AC2D:',-

e

(3- I

AtCDF,;. =tA(DF .. :.. - ACDF,.-.-A.e?'l

•

.. F

..........

ii. CDF in fhfereactor o-tol•snr•-• te•- between tc•s ASN-IF and RI1St nrorav ms net i.... e.eK.?
o.f
.heve
no
Jh
.e.....r
le
.s.l
tS
.. .I
i..er.v.l
IS]t nm oincuiieefc
nis

A
•(.'I
A.,..{,j( •

ACDF,!

CD"I..-.-..

,lzrarivse

ozeIIi

ClarCnge i1r CDF f'i'on dwereactor vessil nmzzle ISI interval extrensi-n.
Chaage iu CDF inethes reactcr coolant sivsteerbetween the ASME anId RIISI prorrirns e:celitdine the effect ortele reactor vessel n1oz.le IS1 inter'.al
extensrion
ChanQe in CDF ine tfies
totJ plane between the ASME and PI-ISI
perownatis inrcluding the efiect of the reactor vessel 17zzle 17.1
jeneteal
eat ensioerr
... Change in CDIF in die total slaatl between the ASMIE aid RI-ISI
vroerasrs exchledina the
of the reactor esel nozzle IS I iniersal
"-

cubert

Similar eauntioes are condected for the ILERF. The eqnationQaare solvred crsine the following .1"s,

Dltdznv, fvflvi,,, siqep mem-vedeevee

-Identify the applicable largest (i.e., most conser-atwve) segment change in risk for the reactor
coolant system and the total plant. The segment change in risk is based on the change between the
segment being examined per the ASME Section XI or RI-ISI and no examination using the
guidelines in WCAP-14572 with considerafion for leak detection, augmented ISI programs, and
the factor of three.
Where
"
.

WCAP-I "236-NP

WCAP- 17236-NP-A

l.' -'aiz.n.~

-=

Mnxinem
n segient chaeeee in risk for the reactor coolant svytcen
segments that are int tie scope of the R I-ISI Iprogram
seg nienl change in risk Fbr ell seanie lles thet are in the scope.
M a .inximum
,settee tt T-ITO 't'eevre.ronvet eimetldthe rereler retee,,Ine .vs'streeu
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2.

ldentit, the nambei of welds exainined per the ASME Section XI program and the RI-ISI
programn for the reactor coolanit system and the total plant.
a.

For the welds examined per the ASME Section XI program,jdentify all weld.ani.tied
& e meti:nlvd -.
excluitnhi welds wrih visual otilv examinations.

.............
F)_thew-elda__eý x umiedper tfle Rt-_ISTLrogm._mrconsevativetl do not count the weld.-d
..............
examined as part ofa,:isual milv examination.

5

-

t

.
-

Whero:

Sxh-

N- niber of reactor coolant syslem welds witdin the score of dir RI-ISI
progrlamlhat
alr ex
catiried, po tiheASME Sehion X1 pr,,gtam excluilli

I

-Number of all welds within the .rotpe of the RI-ISI Program that are
-rgan~
Ii chdingihrecr
exNairnesl rei the ASAIE Serlioti X1

coolan 8vsttcm. ech\rluding visual onrj exants
Nutter o freac(or coolant svetlri welds that ae exanmined pter the aJ-tS1
progran, eXcIadjing visual onl' exeams.
..R__,,-........--.-.N"tut1er ,fall welds ttiatn ae
e iiiie
s 1`1th)t-S_
a.
rtig
the reactor eoolant stlemi, excledina Oq
ital onlv exatus.
RIMSI,-

.

. Multiply the applicable largest seanent change in risk times the difference in the number of
welds exaninted per ASME Section XI and the RI-ISI programs for the reactor coolant system
and the total plant. See etatiotns 3-3 and 3-4.

tWI;--

* lS"t.-~ - P11ShI:t

(3-31

t . v . R.T
., 1,)
.t

(3-4)

Add the reactor vessel nozzle ISI interval extenion risk increase as calculated on a weld basis to
the current change in rink for the reactor coolant system and the total scope of the RI-ISI
program..-Rt.i.
.-s• '..uiii•...
I antI S-2.

5.

Compare the reenlts of step 4 againsit the PIWROG alternative ohanye-iw-risL ucce.nta-ce citeria,
a.

Ifthe cliange-in-risk critetia are met, no further inalysis in required.

b.

If the change-in-risk criteria are reet for the reactor coolant ynteombut not the total plant,
add exanms or proceed to the second alternative evaluation.

c.

If the change-in-risk c•iteria are not met for the reactor coolant syntem, add exanis or
proceed to the third alternative evaluation method.

7236-NP
WCAP-l 736-NP
WCA.P-1

WCAP- 17236-NP-A
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Second Alternative Evaluation Method - Examined Weld Counts Using Sum of System Change in Risk
for Total Plant
The second alternative evaluation method is vety similar to the first alternative evaluation method except
that instead of using the largest overall change in risk to calculate the total plant change in risk-, the
change in risk from all the aystems is summed. Refer tl• equation 3-1 fbr esnitating the reactor coolant
mveteamchanize in nsl,. The total plau chaiie iiv risL is evaluated usina etination 5-5.
ACDF.4.'

ACDFc..t,, -E.

AC(7L,_

_ (.3.-_

_

*FleWCde
rd.ae.ged

W'iele:
ACI) Fi

Change in CD( in the ',Vyein i bet.weei the .ASM Ei and RIISI proprums
exclusinp the effect ofthe reactor vesselt mzi.rle IST interval extet'm.rn,

A sirtilar equation is used for LERF:. The equation it solved acine the followinl
_

Oeleted:Th, ro~iscsaccrdec

at,.eL

Identify the applicable largest (i e.. most conservative) segment change in risk for each system in
the scope of the RI-ISI program. This is conducted in the scane manner as the first alternative
change-in-risk evaluation method with the exception that it is conducted only oin a svytem basis
for all systenm in the scope ofthe RI-ISI program.
Where:
ACDF

S

Maximam selament clinize in CDF Itm svstem i sermnetts thai ire in the
scope oftle RI-itSI prograt

Identify the number of welds examined per the ASME Section XI program mid tie RI-ISI
program for each system in tie scope of the RI-ISI program. This is conducted in the same
manner as the first alternative change-in-risk evaluation method.
WheroC

3

SXI.

= Number of eastein i wateld within the scope of the RI-ISi Prouran that
ate exgaminied pet the ASME Section Ml progran exciuding visnal oidv

RItISI,

-

Number of Nsiem i weldks ihat are examined ver the RI-ISI uternnn
eaclndin•n vsual otdly exama.s

Maltiply the largest segment change in risk for each system times die difference iii the nutnber of
welds examined per ASME Section XI atd the RI-ISI programs for the respective system. fe
rtt-Rls33-66.
........

ACDF
;::-Y--DY
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4.

I

Add the reactor vessel nozzle 1S] interval extension risk increase as calculated on a weld basis to

tie current change in risk for the reactor coolant system. Refer to eclustjoil 3. 1.
5.

Sins the change in risk for each system, to obtain the total plant change in risk. Note that the
reactor coolant system change in risk calculated in step 4 is used in this step. Refer to cquation
3-6.

6.

Compare the results of step 5 against the PWVT.,G,0.ternative cl.an$e-in-risk Aceprutance css.eris

Deleted: ,iwi. f.. th.
Deleted: medvds

a.

Ifthe change-in-risk criteria are met, no fiurther analysis is required.

b.

If the change-itn-risk criteria are not met, add examst,or proceed to tlte third altentative
evaluation method.

Ttsird Alternative Evalantion Method - Examined Weld Counts Using Apolicable Seasent. Change in
Risk
In the third alternative evaltation method, the change in risk is based on the applicable segment clhange in
risk instead of the largest segrsent change in risk for the systenn or plant. The reactor coolant syistett
chnuges in risk ii e-ahiated sitte ejuation 3-7. The total Plant clIansesin t79k 1n evaluated using, equation
3-8.
'C:D

.=

_ACTDF~js-

'1F._.'AC[
ACDFs..o-

+•

(3-7)
Code

t3-S)

ACDFt

hangeddField

Where:
ACDF,

'

Change its CDIF for evatetn

ACDlc

.=Change

li accounssr
for the

unmber of welds

exanitned io svstem I.
i ,CDF
C
for ymien
accounsting for the number of welde
examined in svstem i whore svstemti is limited to the reactor colant
FYvetro.
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Identify the individual segosent change in risk. This is conducted in the same saismer as the first
alternative clhange-in-risk evaluation method withlthe exception that it is condtcted onia segassent
basis and is only required where there is a difference in the number of welds examined between
the ASME Section XI program and the RI-ISI program.
Where:
NCDI
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2.

tdentilv, the number of welds examined pcr the ASME Section XI program and the RI-ISI
program for each segment in the scope of the RI-ISI program. This is conducted in the same
manner as the first alternative change-in-risk evaluation method with the exception that it is
conducted on a segment basis.
Where:
s•X

Number of welds in segment i (in system i) within the scope of the
excluding Vistal osilV exams.
=MIS
Number of welds in sepment i (in e.stenm 0 that are exantined per the
RI-ISI prograt exclidintg visual otiv ex•Jnts.

3.

Multiply the setnient change it risk times

te difference in the nmber of welds examined per

ASME Section XI and the RI-ISI prograns for that segment. ltefce to euastion 3-9.

Where:
ACDF#:;

4

-

Chatnse in CDF lbr eramant j (of svsstm i) accountdiae for the nusniber of
welds examined in Le.vLteiat i.

Suns the individual segment change it risk for each segment in a system to obtain the system
change in risk. Relier to etutelion 3-10

ACD.!

', ACDF#,.

,Fkld Code Changed

(3-10)

5.

Add the reactor vessel nozzle IS interval extension risk increase as calculate,] ont a weld basi, to
the change in risk for the reactor coolant system. Refer to eatuation 3-7.

6i.

Add the reactor vesso nttoZzCleISI interal extension risk increasec a calculated on a weld basis to
iescope of the R -IS. .prio1gran . co obtain.he
e chiange is
_risk
for each -s. tent .s
th.e s in o
total plant chansge in sisk. Lterci to estualion 3-......

.
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Compare the results of step 6 against the I.'WRtOG -lternative
a.
b.
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If dse change-in-risk criteria are met, no farther analysis is required.
Ifthe change-in-risk criteria are not aesk add exams until the criteria are met.

All three alternative chlange-iis-risk evaluation methods are conservative for the following reasons.
0

All ASME Section KI exams are conservatively assumed to address the potential degradation
mcchanism of concern wheseas RI-ISI exaHsat are inspections lfor cauoe. i additio
lies per WnCAPt
A.37.
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must be addressed in the RI-ISi progiram. The underestimation in risk reductions arising from
changing inspection locations from a weld subject to no potential degradation mecharnsn to
anothelr with an identified potential degradation mechanism still applies.
*

No credit is taken for visual (V7-2) examinations performed per the RI-IS I program.

In addition, the first and second alternative change-in-risk evaluation methods have the following
cotservatis

*

.............................................................

.....-

I.t..:

..

The largest ISI change in gegment risk is assumed to represent each weld examined in a system.
The vast majority of welds that are examined per ASME Secton XI will not result in the largest
ISI change in segment risk. While it is also true that the vast majority of welds examined per the
RI-ISI program will not restlt In the largest ISl change in risk, there are fewer welds examined
per the RI-ISI program. Thus the overall effect is consernative.

PWROG Alter native Change-in-Risk,•ccipant

ce Criteria

The PWROG allenlative change-in-riAk a•.tcLiehtcin riteria for the alternative change-in-risk evaluation 'a
methods are the same as fite change-in-risk criteria used for the EPRI methodology Refer to Sectiont
.J
EJ.s
of the alternative evaluations aid criteria are acceptable since. conducting tite change-in-risk"

evaluation on a weld examined basis is consistent with how fite chasme-in-risk evaluation is conducted for
EPRI and Code Cane N-7 16 methodologies. The underestimation of risk increases arising from tie
reduction in the number of inspections within each segment is addressed. In addition, the three alternative
change-m-risk evaluation methods are consiervative since the underestimation of risk reductions arising
from changing inspection locations from a weld subject to no degradation mechanism to another with an
identified degradation mechanism in not addressed.
Pilot Plant Example
Beaver Valley Unit I has a RI-ISI prograni for piping that is based on the PWROG methodology To
detenniiie the effect on the Beaver Valley Unit I piping risk-infotrmed inservice inspection program, the
change-in-risk calculations in Table 3-10 were duplicated with the exception that the calculations wete
performed using stie chtnge.in failure frequencies from Table 3-5 (Type C), with credit for leak: detection
and the failure fi'euicticies werc based on 40 yeats to he consistent with the currenl It.-I p1o1rmin,
These calculations are shown in Table 3-14. The change in risk calculated in Table 3-14 was then added to
the change-in-risk results front the development of the RI-ISI program The resulls of thin evalation are
shown inrable 3-15.
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Table 3-14

Change-Il-Risk Calculations for RI- ISI Program Effects - Beaver Valley Ulll I

i
Faflure
Mode

Bounding Change In
Failure Frequency
(Fuom Table 3-5. with
Leak DeteclionILod
L- Year Ba-ds)

SLOCA

4.49E-09

M OCA

3.16E-09

LLOCA

3.04E-09

T

CD

ACDF
(1:year)

CLERP

ALERF
(,year)

1.S3fF-05

6.19E-14

7.61E-12

3.42.E-20

1.68E-03

5.31E-12

4.70E-08

1.49E-16

1150E-03

6.54E-12

5 33E-08

1.61E-16

3.57E-11

TataoteALERF

CCDP
Outlet Nouzzles

#

fW.& E

ied

3

TatalA.CF

1

9.29E-16

Inlel Nozzles
SLOCA

3.521-09

1.93F-04

6.790-13

2.90E-10

1.02E-18

MLOCA

1.52E.09

1.6&E.03

2.55E-12

4.70E-08

7.15E-17

LLOCA

1.40E-09

2.15-03

3.02`-12

5.300-00

7.130-1"

Total AC'DF

1.870 I

ToldA101F

5.0-1

TliLRO

* o Wld Eauaue

3

L

4.4a0F-16

All Nozzles
Total Chaogc-i-Risk Rmoal

WCAP-172 36-NP

WCAP- 17236-NP-A
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Table 3-15

Effects of RV Nozzle [SI Interval Extenslon oI he Beaver Valley RI-IS! Program Utilizing
Change-In RiskCriteria from WCAP-14572
Beaver Valle- Unil I arit
Operator Action

Reavet Valley Unit I without
Operator Action

AcDF
("Year)

LLERF
(year)

±CDF
((sear)

ALERE
(iyear)

RC Systcm IExisling RI-ISI Progranm)

-2.58E- I

4.52E-l19

-2.5SF-13

4.52E-19

Additional Risk front IS] Int. Extension
(From Table 3-14)

545E-t1

1.37E-15

5.45E-I1

1.37E-15

Total RC Sy)Iem Change in Risk

5.42E- I1

1.37E-15

5.42E-11

1.37E-1 5

Acceptable System Change in Risk

0.OE+00

I.0E-09("

0.0E'00

1.0E-09.

Total Plant (Existing RI-ISI Prograrnn

-3.94iE-11I

-2.021-10

-9.36E-13

Additional Risk frorn ISI Int. Extension
(Front Table 3-14)

5 45E.11

1.37E-15

5.45E-11

1.37E-15

Total Plant Change in Risk

1.51E-1 I

-7.87E-13

-I .48E-10

-9.35E-13

.OE-s00

0.0&E00

0.0E-00

0.OE+00

Acceptable Total Change itt Risk

-7.881%-13

Note:
for LEP-Fand therfore amnaJlincrease in risk iiýacceptable.
1. 'Thc RC qy¢urmLsnot a dormentasystemn

As can be seen in Table 3-15, when the increase in risk associated with extension of the ISI interval is
added to the risk as a result of the risk-inforosed inservice inspection program element selection, tite total
change in risk does not meet the l-WROG onn ailt change-in-risk acceptance criteri T'herefore, in..order....
to implement tile IS! interval exlension for tse RAtnozzles, additional piping segments would need to be
selected for ianspection in the. reactor cobllnt systemn until the total plan! change in risk is either risk
neutral or a risk reduction.
A review was conducted to see Isow many segments would have to be added for Beaver \alley Unit I to
mneet the PWROU5 original el.asge-in-risklsfceptco criteril, It nas identfiedfi.at
eve. If all. R..'S...
segments were selected for examination, the criteria (absoluttt neutrality) could not be met.
Bated on not being able to meet the PWRY3G o•tislitA chatge-in-risk
ezotac
rtivetia,6he
t
first.,
alternative evaluation. Examined Weld Counts Ltsing Lamgest Change In Risk was applied to Beaver
Valley UInt 1. The results of this evaltation ate presented in ':rable 3-16.
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Table 3-16

Effects of RV Nozzle IS} Interval Extension on the Beaver Valley RI-ISI Program Utilizing
First Alternative Change-lu-Risk Evaluation
Beaver Valley UlnitI with
Beaver Valley Unit I without
Operator Action
ACDF
(!year)

Total RC System Change in Risk

1.97E-09

Acceptable System Ctlange in Risk

1.E-07

Total Plant Change in Risk
Acceptable Total Change in Risk

Operator Action

ALERF
(_ear)

ACDF
(,;year)

5.03E-14

ALERF
(/aYear)

1.97E.-09

5.03E-1,

1.E-08

1.0&-07

t.E-08

7.75L-08

1.16E-08

7.86F C

1 ,41F-08

I .IE-0i

1.0E-0

1.0E-06

1.OE-07

As can be seen in Table 3-16, tile chmage in risk for the Beaver Valley RI-ISI program, including the
additional risk associated with the extens-ion in inspection interval meets the system and total plant
PWRG
l']:i
ernafie chiange-in-risk acceptance criteria. Therefore., using the first alterntative ev-aluation
for the change in risk, the effect of the extension in inspection interval for the RV nozzles on the Beaver
Valley Unit I RI-ISI progrsni is acceptable.
Alth.llgh the OV.'lPIXOQil:-mative chmage-in-ris: criteria were mel utilizing the first alternative
cvaluation, for additional information, tile second alternative evaluation was applied to Beaver Valley
Unit 1. The resutlts ofthis evaluation are presented in Table 3-17.
Table 3-17

Effects of RV Nozzle [SI Interval Externshon on the Beaver Valley R.I-ISI Program Utilizing
Second Alternative Change-in-Risk Evaluation
Beaver Valley Unit I with
Operator Action
TdIT)F

Beaver Valley Unit I without
Operator Action

__year)

ZLERF
yrear

,C[F
yar)

,LERF
.,year)

Tolal RC Systen Change in Risk

1.97&-09

5.03E- I.

1.97-09

5.03E-14

Acceptable Systen COrange
in Risk

L.0&07

1.E-08

1.0E-07J

.0E-0

Total Plant Change is Risk

2.99E-(s

3.98E09

2.85F-07

631E-09

Acceptable Total Change in Risk

1.013-06

1.-0

C.E-06

1.0E-07

The change in risk for th.e Beaver Valley RI-ISI program, including the additional risk associated with the
extension in inspection interval meets the system mid total plant PWROGy aolerintiv, change-in-risk
acceptance criteria. Therefore, using the second alternative evaluation for the change in risk, the effect of
the exteiisiou in inspection intertvnl for the RV nozzles on the Beaver Valley Unit I RI-ISI program is
acceptable. As expected, there was no change in tile change in risk for tse reactor coolant system between
the first and second alwtmative evaluation. As anticipated, there was a rednctioni in the change in risk in
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the total plant when going from the finrt alternative evaluation to the second alternative evaluation.
3.2.5.2

EPRI RI-ISI Methodology

Change-in-Risk Evaluation Methods
The EPRI RI-1SI Metethodology ihi Relfrence 8 provides tfur methods for evalualing the change in risk
associated with implementing the RI-ISI program. These four methods in order of increasing complexity
are:

3.
4.

Qualitative,
Bounding without any credit for increase in Probability of Detoction (POD).
Bounding with credit for increase in Probabiliry of Detection (POD),
Markov Model.

Licensees may select any of the flur methods but it is expected that the licensee will start with the
qualitative methodology and move to the more complex methods" until the results indicate an acceptable
chanige in risk or additional inspections are added to make the change ia risk acceptable. Th.ese methods
are discussed hi more detail in the following sections.
It should be noted thal the chaiige-in-tisk analysis methods for the EPRI Ri-ISI methodology can also be
used with Code Case N-716 (Reference 9). Therefore, the discnssioii below would also be applicable for a
plant that has implemented a Code Case N-716 based RI-ISI program.
Change-ti-Risk Criteria
1.

Qualitative Method (1)
The RI-ISI pregrarn must provide fbr an increased number of inspections in each High- or
Mediun-risk category (Categories 1-3 mid *t-5, respectively), or a comparable number of
inspections are redirected to locations hint are more likely to identith' failure precursors on the
........................
basin of characteristics ofthe potential damage ntechanisms.,

.

DReleted:Psoided thaintede accpft
tesciv1.1e

2.

Quantitative Methods (2, 3, & 4) - Bounding, with and without Credit for POD, and Markov
Method

t i.

ainsemette
acism t ofdie eten-idedp ii

sac.

The implementation of the RI-ISI program should be risk neutral, a decrease in risk, or, at most,
an inriognificant increase in risk. The increase in risk for each system shall meet the tfllowing
criteria in order for it to be considered insignificant
*

Change in Core Damage Frequency (ACDF) , 1E-07/year, and
Change in Large Early Release Frequency (ALERF) tI E-08!year.

The total change for all systems must meet the criteria of RG 1.174 as stated in Section 3.2. 1. If
the scope of the RI-IS1 program encompasses all Class I welds, the system level criteria shall be
met. If the aeeeptance criteria cannot be met, additional hispeetiois shsall be added to the RI-ISI
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program until an acceptable change in risk is achieved
Evaluation of Effect of RV Nozzle IS! Interval Extension
A discussion of the methods mid how they would be affected by the change-in-inspection interval is
provided below. It should be noted that all four methods include the assumption that there is a negligible
inmrease in nisk associated with the elimination of inspections of welds in piping segments in the lowest

risk categories, 6 and 7.
1.

Qualitative Method
lit some cases, the RI-ISI process can be shown to provide an increased number ofitispections in
each Iligh- or Medium-risk category (Categories 1-3 and 4-5, respectively), or a comparable
number of inspections are redirected to locations that are more likely to result in failure
precussors on the basis ofeliaracteristics of the potential damage mechmnisms. hi these cases, the
change in risk can qualitatively be shown to be a decrease in risk.
This method implicitly asstmes that all inspections are performed on the same interval. If this
method were to show that there is no reduction, or there is an increase in the number of
inspections, the only increase in risk would be as a resnlt of the extension in inspection interval
for the reactor vessel nozzle welds. Therefore, as long as the chiange in risk as calcalated per
Section 3.2.4 meets the Regulatoiy Guide 1.174 acceptance criteria, the extension in inspection
interval would be acceptable.

2.

Boundiig without any Credit for Increase in Probability of Dltection (POD)
A quantitative estimate of the change in risk can be performed for alt system locations in the
high- and medium-risk categories. lids evaluation is performed using bounding values for
CCDPs and rupture frequencies as specified in the EPRI topical report (Reference 8). This
bounding values for high, mediumi. and low failure potentials correspond to rupture frequencies
of IE-4, IE-5, and IE-6 per weld year, respectively. High-, medium-, and low-consequence
categories correspond to CCDPs of 1, I E-4, and IE-6 per reactor year, respectively. The CCDP
for the high consequence category can also be calculated fi-om the plant-specific, as the highest
value of CCI)P. The change in risk is calculated for each weld and the change in risk is then
calculated for each system by summing the change it risk fbr all welds within that system. This
calculation is shown in equation 3-I_
ACDJD=Z[FR,,j*(A,..

--RIS,.,,)*CCDP,..].

(3-ID

Where:
ACD,
FR:,
S,.,
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RIST'4, =
(?CCP,. =

NumbeT of 1ISI inspection elements for risk element i of systemj,
Conditional core damage probability given a break in risk element s of
system j.

Sinmilar calculations can be performed using the CLERP (conditional large early release
probability) to determine the change in LERF for each system. The change in risk for each system
and the total plant is compared to tile EPRI acceptance criteria described above to determine the
acceptability of the RI-ISI program.
To, account for the extension in the inservice inspection interval for the reactor vessel nozzles, the
change-its-risk calculations in Table 3-9 are diuplicated with the exception that the calculations are
performed using the change in failure frequencies with credit for leak detection from Tables: 3-3,
3-1, 3-5, or 3-6. The basis of 10 or 60 years tfs the clsnge in failure freonencies is consistent
siish tlhe 40 o9160 veer bais Used in the
Terlejit
RI-ISI pr,orasri. These chattge-in-risk values,
which represent the increase in risk associated with the extension of the ISI interval for the RV
nozzles, are then added to tlse system and total plant ctsange-in-risk results of the RI-ISI program.
In sonie applications of the EPRI RI-IS] methodology, the change-in-risk calculation may use
only one LOCA-initiating event (the one that is determined in the risk evaluation to be the most
limiting its terms of CDF and LERF) to model Use range of LOCA sizes. In these instances, the
change in risk associated with the extension in interval for the limiting LOCA size shall be added
to tlse system level change in risk.
3.

Bounding with Credit for Increase in Probabiliýy of Delection (POD)
This approach is consistent with the second approach discussed above but this approach allows
for assincrease in the probability of detection based on the uste of an inspectios strategy that is
based on the postulated degradation mechlanism. This is illustrated in equation 3-12, which can be
used to estimate the chansge in risk ofcore damage at location j that is affected by the chansges in
the RI-ISI program:
ACD
lWhere
Ute subscripts
sabacripta "el" refer
elfectivetscs faclor.
performed. CCDP. is

(W,-F.,) * CDF
3 = (.I, - 4ý) - Fj, * CCDP,.

(3-12)

"s•i"refer to ite risk informed inspection program at location j, and ite
to the existing inspection program at locatios j..1 is the inellctitts
I,, is th freqssesscv of pipe rupture at location j, if no inap2ectio'n is
the consditional core damase probability fionma pipe rujppigre
at location i-

which is independent of the inspection strategy.

..

"""
" .

Font (Deault) Tres W Ro-an
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F-rmatted: 9.mrlpt
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For the reactor vessel nozzle welds addressed in this calculation, there is no expected increase in
probability of detection associated with the implementation of the RI-ISI program because there
is no change in the inspection strategy. Therefore, the method for determining the etfect of the
extended inservice inspection interv'al is cotssistent saith the approach above in liat the lsaisge in
risk as calculated per Table 3-9. using change in fail are freequencies with credit for leak detection
and a basis c-f 40 or 60 veers to he consistenr witll the RI-ISI proramn. Would be added to the
system and total plant change-in-risk results ofthe RI-ISI program.
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4.

Markov Model
The Markov model attempts to make a more realistic model of the interactions betwme potential
degradation mechaisisns that cause pipe cracks and pipe inspections. and leak detection processes
that mitigate pipe cracks, leaks, and raptures. For the purposes of the clsange-in-risk evaluation,
die Markov model is used to develop hazard rates that are in turn used to determine inspection
3-43
eflfctiveness factors. The change in risk for cacti system j is calculated msing equations 3-.].3
and 3-_14:

ACDF,

IICCDIP
JA(IF(.

(3-r3)

and
ALýE/F .-

(3-_14)

Where
ACDF,

= change in core damage frequency due to changes in inspection strategy for
the system .j,

AI,ERF,

= change in large early release frequency due to changes in the inspection
strategy for the system j,

i

= index for risk element having the same potential degradation mechamnisms
and consequence of pipe ruptures,

N

= number of sisk elements ii the system,

n,

= number ofelements (welds) in risk element i,

ki

= failure rate for welds in risk element i (including leak and rupture failure
modes) assuming no inspections, estimated from service data,

Pi (R I F) = conditional probability of rupture given failure of welds in risk element i
assuming no inspections, estiraated from service data,
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= inspection effectiveness factor for proposed risk informed inspection
strategy for risk element i. calculated from Markov model,

l,..Id

= inspection fector for currentASME Section XI based inspection strategy for
element i, calcalated from Markov model,
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CCDP,

= conditional core damage probability due to pipe niptures in risk element i,
obtained from Consequence Evaluation,

CLERP, = conditional large early release probabilily due to pipe raptures in risk
element i. obtained from Consequence Evaluation.
As mentioned above, the Nlarkov model is used to determine the inspection eftietiveness factors,
..._ and Itj associated with the new (RI-ISI) and old (ASME Section XI) inapection programs.
Each factor represents tise ratio of the rapture frequency with credit for inspections to that given
no credit fur inspections. Noting die solution of the Markov model is a set of time-dependent state
probabilities and nipture frequencies; the hazard rate of the Markov model at the end of the
40-year design life is used to determine these factors. More specifically, the itspecti.ou factors are
defined using equaliowss 3-15 aid 3-16:
-,

hnIRI -- R5I and
h17snoinspj

(3-15)

-

h1o"SeCA7.
hs
' noinspI

(3-16)

Where:
lis,{R.I-ISI)

= hazard rate (time-dependent rapture ficqiuency) for weld subjected to the
RISI inspection strategy,

h4,{SecXl)

= hazard rate (time-dependent rnptnre frequency) for weld subjected to the
ASME Section XI inspection strategy,

hts(noinsp) = hazard rate (time-dependent rupture frequency) for weld subjected to no
inservice inspection.
To account for the extension it the iuseivice inspection interval for the reactor vessel nozzles,
there are two differenit methods that could be ussed.
Method A
For the reactor vessel nozzle welds for which the ISI interval is to be extended to 20 years, the
hazard rate tfr the RI-ISI program would be caiculated based ott a 20-year interval. This hazard
rate, delermined ot a 40 or 60 year basis consistent ktuhthe 11-IS.I trogrusn, would then be used
to calculate the inspection effectiveness factor for these particular welds. In the change-in-risk
calculations, the chasge in risk would be a result of the difference its inspection effectiveness
between, the Section X1 exams perforned on a 10-year interval and the RI-ISI exmns performed
on a 20-year interval. Therefore, the change in risk for the system would account for the increase
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in risk associated with the extension in inspection interval
Method B
The bounding change in failure frequency calculated using the SRRA code would be used in lieu
of the Markov model. The cbange-in-risk-calculations in Table 3-9 are duplicated with the
exception that the calculations are performed using the change in failure frequencies with credit
for leak detection and a 40 or 60 ,ear basis cons.istent with the RI-ISI nroram from Table 3-3,
3-4, 3-5, or 3-6. This calculated change iii risk woldd then be added to the change in risk for the
system containing the reactor vessel nozzle welds. In instances where the change-in-risk
calculation uses one LOCA initiating event (the one that is most limiting in terms of CDF and
LERF) to model the range of LOCA sizes, the change in risk associated with the extension in
interval for the limiting LOCA. size shall be added to the system level change in risk.
Pilot Plant Example
Three Mile Island Unit 1 has a RI-ISI program that is based on the EPRJ methodology. The Markov
method was used for performing the TMI- I RI-ISI change-in-risk evaluation. Therefore, the effect on the
RI-ISI program was evaluated rising the two methods described in the preceding sections. The results of
the evaluations for the two methods wre discussed below:
Method A
The TMI-I Markov model ISI frequency inrput was changed to 20 years. New hazard rates for the RV
nozzle welds were calculated by tire Markov model bused on thi.s inspectonr interval and a 40-year hasis,
collsistent writh the R1..151 nrograr. This liazard rate was used to calculate inspection effectiveness flrctors
and deteramine the change in risk associated with extending the ISI interval for the RV nozzles from 10 to
20 years. The results ofthiis evaluation are shown in Table 3-18

Table 3-18

Errects or R' Nozzle ISI Interval Extension on the TMI- I RI-ISI Program - Method A
ISt Interval

10 Years

Hazard Rate with IS] tlr4s{xxyr)t

20 Years

4.0238E-10

Hazard Rate without ISI (hD5 noirsp))
Inspection Effectiveness Factor

0.43S

Change in Inspection Effectivenes

9.899E-10

9.1872E1-10
1

(i1)

0.199

Failure Rate O.j)

8.16E-06

Cond. Prob. Rupture klP`,•RF(I

4.76E-02

.1LOCA CCDP
JL4ýCA CLERP .

.

.
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Table3 18

Effects or RV Nozzle IS] Interval Extension on the

ACDF = tP (RIFXAI)CCflP (per nozzle)

...
.....
.
an

LIERAF = 11P,(,RIF)(Al.)LERP (per nozzle)

I

10Years

ISI Interval

-...
,,. . ,
----

%MI-RI-ISI Program - Method A
20Years
..............

3

.... . . . . ... .
. ....
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....
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As can be seen in Table 3-18, the change in risk for dhe RI-ISI programi, including the additional risk
associated with the extension in inspection interval still meets the system and total plant change-in-risk
acceptance criteria for the EPRI RI-ISI methodology. Therefore, using Method A, the effect of the
extension in inspection interval for the RV nozzles on the TMI-1 RI-ISI program is acceptable.

Method B
Method B uses the hounding faiiOre Frequencies fromnTable 3-3 (Type A), with credit for leak detection
and a 40-year basis. in lieu of the Markov model. The calculations and results of this method are shown in
Table 3-19.

As can be seen in Table 3-19, the change in risk for the RI-ISI program, including the additional risk
associated with the exlension in inspection interval etill meets the system and total plant change-in-risk
acceptance critetia for the EPRI RI-ISI methodology. Therefore, using Method B, the effect of the
extension in inspection interval tfr the RV nozzles on the TMI- I RJ-ISI programn is acceptable.
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Table 3 19

Failure Mode

Effects or RV Nozzle IS] Interval Extension on the TMI-I RI.ISI Program -Method B
Maxhnum Change in
Failure Frequency
(From Table 3.3, with
Ieak DetelIon and
40.Ycot Basis)

ACDF
(I year)

CCDP

ALERF
(I year)
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