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EXECUTIVE SUMMARY

The current requirements for the inspection of reactor vessel pressure-containing welds have been in

effect since the 1989 Edition of American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code, Section X1, as supplemented by Nuclear Regulatory Commission (NRC) Regulatory Guide

.1 50. The manner in which these examinations are conducted has recently been augmented by Appendix
VI11 of Section X1, 1996 Addenda, as implemented by the NRC in an amendment to 1 OCFR50.55a
effective November 22, 1999. The industry has expended significant cost and man-rem exposure that
have shown no service-induced flaws in the reactor vessel (RV) for ASME Sectibn XI Category B-Ar or
B-D, ei-B RV welds.

The objective of the methodology discussed in this report is to provide the technical basis for decreasing
the frequency of inspection by extending the Section XI Inspect.ion interval fromtihe current 10 years to
20 years for ASME Section Xl Category B-A and ;B-D--a+4.43-4RV nozzle welds --.*-Specific pilot studies
have been performed on the Westinghouse, Combustion Engineering and Babcock aii. Wilcox reactor
vessel and NSSS designs. The results show that the chdgii:Jn risk assciated with elimiitin•'all
inspections after the initial 10-year in-service inspection satXi§ es the. gufidejines specifiedi ffnRegulatory
Guide 1. 174 for an acceptable change in risk for large early release frequency (LERF).

This conclusion is applicable to all Westinght'§iý,,.eColnbustion Enginfe6iing, and Babcock and Wilcox
reactor vessel designs given that the applicable indiv•idualplant parameters~are bounded by the critical
parameters identified in Appendix A.

... ..%..,vv..................
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1 INTRODUCTION

The current requirements for the inspection of reactor vessel (RV) pressure containing welds have been in
effect since the 1989 Edition of American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel (B&PV) Code, Section X1 [14-], as supplemented by the U.S. Nuclear Regulatory Commission
(NRC) Regulatory Guide (RG) 1.150 [2-2]. The manner in which these examinations are conducted has
been augmented by Appendix VIII of Section X1, 1996 Addenda, as implemented by NRC in an
amendment to IOCFR50.55a effective November 22, 1999 [34]. The industry has expended significant
cost and man-rem exposure by performing the required examinations that have:'shown no service-induced
flaws in the RV for ASME Section XI Category B-A or-. B-D--ei-B-4R RVno•zzle welds. The current code
criteria for the selection of examination areas and the frequency of examin'iiations is not be an effective
way to expend inspection resources.

The objective of this study was to verify that a reduction in ffuiicy of volumetric examination of the

RV full-penetration welds could be accomplished with an:racceptably small change in"njlk:ý..,The
methodology used to justify this reduction involved ai'Mhaluiation of the change in risk ass9oN65ted with
extending the 10-year in-service inspection (ISI) interval f6othree pilot pOlant bounding cages based on the
calculated difference in the frequency of RV failure. RV failure,ý' wa's ,s'defined for this study to be the
extension of a crack all the way through the.:RV wall. The difference :in frequency of RV failure was
evaluated using RG 1. 174 [441 to determine ifIlihyalues met the specified regulatory guidelines. The
intent was that licensees can then use the results of, tisgbounding assessi-it.:t6 demonstrate that their RV
and plant are bounded by the generic analysis, thereby justrifng a plant-specific extension in the RV weld

inspection interval. . .... ...

This study followed the a'ippoach specified in ASME Code Case N-691 [55], which provides guidelines
for using risk-informediisiglts to increase the inspection interval for pressurized water reactor (PWR)
vessel welds.

• ... . .¢ i!•! .........-.:.:..:..... ..: .-•!
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2 BACKGROUND

The original objective of the ASME B&PV Code, Section XI [1-1] ISI program was to assess the condition
of pressure-containing components in nuclear power plants to ensure continued safe operation. If
non-destructive examination (NDE) found indications that exceeded the allowable standards,
examinations were extended to additional welds in components in the same examination category. If
NDE found indications that exceeded the acceptance standards in those welds, then the examinations
were extended further to similar welds in similar components, etc.

With respect to the method defined in this report, 100 percent of the prese&texamination areas will be
retained. The methodology is limited to Justification of a reduction in th e f"equency of examination,
i e., increasing the time interval between inspections.

The original examination interval of 10 years was based on "'w' ear-out rate experienc',Pn the pre-nuclear
utility and petrochemical process industries. As with som6'other Section XI IS] requi- * nts, with no
indications being found in the vessel welds under evaluathn'in this report, these ispecris~are
decreasing in value with increasing industry experience to re1•upOn The.{J.S. NRC has granted a
number of exemptions to inspections for other areas and comronents (e gs , piping [66], reactor coolant
pump motor flywheels [7:], etc.) based on experience and man -re•' eductions. This has been attributed
to the combined design, fabrication, examinaffo6:nand Quality assurae,(Qa) rigor of the nuclear codes,
and more careful control of plant operating parameters•y:.the utilities .

A critical component of the justification of the interval extensionis a ffracture mechanics evaluation of the
reactor vessel, which showsthtat-laws, if they do existi"would not grow to a critical size if the inspection
interval is increased to moi- than 10%yiears. This can'be demonstrated by selecting critical areas of the
reactor vessel for the ediiu•ation such ads ; the beltline, flange,, and outlet nozzle regions. These locations
are known to be areas of pniiar concern and are currentelySconsidered in ASME Section 111, Appendix G
[16] evaluations for protectioon 'ý'ýagainstinon'duc•t'iile failure' of the reactor vessel. As part of this study, a
deterministic frfcfidiirei~chanicsevýaluation of lihiftifig locations in a typical geometry for a RV identified
that the beltline region wa~s, tle criiatca ion with respect to the potential for growth of fatigue cracks.
Fatigue crack growth is recognized as the:pfiniary degradation mechanism in the carbon and low alloy
steel components in PWR Nuclear Steam:iSupply System (NSSS), that could contribute to any potential
growth of existing flaws in the c-omponent base materials and weld metals.

Fatigue can be defined as repeati'ed exposure to cyclic loading resulting from a variety of operating
conditions or events (e•'g,';.'heatbips, cooldowns, reactor trips). Design basis documents provided
descriptions of the conditions that would contribute to cyclic fatigue. This information was used to
identify and define the frequency of occurrence for each of the events that was considered when
determining the potential for fatigue crack growth.

A technical consideration critical to success was the application of risk-informed assessment techniques to
substantiate the deterministic fracture mechanics flaw growth evaluation. Risk assessment techniques
provided a means to quantify and calculate cumulative results from contributing mechanisms and
uncertainties associated with the critical parameters. A- probabilistic fracture mechanics (PFM)
methodology was used to consider the distributions and uncertainties in flaw numbers, flaw sizes, fluence,
material properties, crack growth rate, stresses, and the effectiveness of inspections. The PFM
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methodology was also used to calculate the change in the frequency of RV failure due to a change in
inspection interval. This change in RV failure frequency was used to evaluate the viability of such an
inspection interval change. Recognized guidelines for evaluating the change in failure frequencies are
provided in RG 1.174 [44] and the NRC risk assessment developed in conjunction with the current
pressurized thermal shock (PTS) evaluations f-8J1[8, 9_27.14-31.

Significant work is on-going in the nuclear industry to investigate the impacts from PTS or "off-normal"
plant transients that may be outside the current design basis. These transients are commonly understood
to present the most severe challenge to RV structural integrity. The NRC effort*to address PTS has
identified FirstEnergy Nuclear Operating Company's (FENOC's) Beaver .Valley Unilt I (BVI), Nuclear
Management Company's (NMC's) Palisades, and Duke Energy's .... Unit 1 (OC1) as the
representative plants based on geometry and embrittlement for the..Mstingh e Combustion
Engineering (CE), and Babcock and Wilcox (B&W) PWR designjs. These are th" primary PWR
manufacturers in the U.S. and were evaluated by the NRC andaik'•i-ýRige ati•" ratory (ORNL)
as part of the NRC PTS Risk Study [4q[8, 9][2-ý 431.

This report summarizes the results from an evaluation of tlhie extension:of .the inspection of ASME
Section XI [ 14-] Examination Category B-A and B-D welds in tihereactor pressure vessel (RPV) and

egi- wel- ds-t1o t4he--'RVne from the current requireme f.every 10 years to an extension of
20 years. It demonstrates that for the pilot plaintreactor vessel g yand fabrication history, any
potential change in risk when the inspection inferVA is .:extended meets the change in risk evaluation
guidelines defined in RG 1.174 [44]. The evaluation.............is report considers FENOC's BV1
as the Westinghouse pilot plant. NMC's Palisades PlantAian'Diýi .nergy s OCI are the respective
Combustion Engineering (CE.)i:Od:Babcock and Wilcox (B&W) pifit plants for this evaluation. To apply
the results of this report to non-pilo6tplants, it must beZshown, usim~g the tables contained in Appendix A
that the pilot plant evalbadtibns for the&respective desig• bound the non-pilot plant.

The following paragraphs addreýssthurrent SectionXSI requirements for PWR RV welds under
consideration Ih)ýf. posed exteSion T follIoIwing topics are included:

1. ,IReactor Vessel In-Service Insp'&ionp(RV ISI)
2. L...ocation-specific ISIf&data from participating plants
3. The` mnrem exposure and other costs of RV weld inspection
4. Generic R•K.-weld experience at various plants
5. Developme't of the ISI iniiterval extension methodology
6. Pilot plants
7. Safety impact •v

2.1 REACTOR VESSEL IN-SERVICE INSPECTION

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

WCAP-16168-NP Rlevision I24 e-4



2-3

Examination Volumes

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

examination of 10 percent of the length of longitudinal welds, and 5 percent of the length of
circumferential welds. Welds receiving exposure in excess of specified neutron fluence would require an
inspection of 50 percent of the length. The 1977 Edition of Section XI increased the examination of RV
welds from 5 or 10 percent of the length to 100 percent, with all welds examined in the first 10-year
interval. Subsequent intervals required 100 percent examination of specified circumferential and
longitudinal welds. The 1989 Edition of Section XI [14] extended the examination to include all welds.

There has been no report of structural failure or leakage from any full p'eheration weld being addressed in
this report in a PWR RV shell, globally. In volumetric examinations of these welds in ISIs performed in
accordance with the requirements of Section XI (and RG 1.1501[l2_]) flaws idenftfified in the original
construction have been detected and were acceptable under Scion ::XIfrequiremenits•!T:ý'These flaws have
been monitored and to date, no growth has been identified.", There has been no evidenc!ofin-service flaw
initiation in these welds.

Examination Approaches

The preceding discussion of RV welds addresses the Category B-A, RV•seam welds of Table IWB-2500-1
of Section XI. Category B-D, RV nozzle welds'anidnozzle inner radius'. 4iCi"ieory 13 J R e ncOze to
piping ...... are also included in this evaluation:. ..,

The ultrasonic examinations. (Us}of these RV weils, -as of the 1996:Addenda of Section X1, were
conducted in accordance with Appenix 1, 1-2110. This Addenda requires Appendix VIII inspections for:

* Shell and head welds :excluding flange welds "

* Nozzle-to-vessel welds, ..
N ozzn~si.•.e radius region

Precedent for Change ., .:....:..

There have been a number of re&visions (often by ASME Code Case) to the Section Xl 1S program that
have eliminatedor:.reduced the e6x'tent of examinations and tests based on successful operating experience
and analytical evaluation. Examiles of ASME Code Cases applicable to the RV and its piping
connections include,'

N-481 [109] Associated with cast austenitic pump casings. This was the first example of substituting

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

N-560 [1144)1 Permits a reduction in the examination of Class I Category B-J piping welds from 25 to
10 percent, provided a specified risk-importance ranking selection process is followed.
This was a substantive reduction of an established Class I examination.
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N-577 [1II244]
N-578 [134-2-]

N-613 [144-3]

Provide requirements for risk-informed ISI of Class 1, 2, and 3 piping. The cases provide
different methods to achieve the same objective. This was the first use of the plant
probabilistic risk assessment (PRA). Both methods have received extensive
implementation in the U.S. and in several other countries in Europe and Asia.

Reduces the examination volume of Category B-D nozzle welds in adjacent material
from 1/2 shell thickness to 1/2 inch. This permits a significant reduction in qualification
and scanning time.

N-552 [154-4] Permits computational modeling for the qualification of nozzle .. inner radius examination
techniques, in lieu of qualification on a multitude of cdnfigrations.

N-610 [164-5] Permits a KIR curve in Appendix G, in lieu of a .KiA •urve. Indirec:" this is beneficial to
the pressure-temperature limit curve during.1,pl'n'startup. ...

Not all of the changes in Section XI, due to operating c6onsderations, have led to a relaxation •1i'i.
inspection or evaluation requirements.

Over the past 10 years, there have also been:a number of changes (often by code case) to the Section XI
IS] program that have increased the extent of.-kaminations and tests based on operating experience and
analytical evaluation. The following examples o*fASME Code Cases are liinted to those applicable to
the RV and its piping connections.

N-409 [ 1716] Introduced pr. dureand personnelqualification requirements for UT of intergranular
stress corrosion craiing (IGSCC) in austenitic piping welds, a precursor to Appendix
VII, UT'Oerformand"&`temonstration requirements

N-512 [184-7-] Provided requiients forthssessment of RVs with low upper shelf Charpy impact

N-557s [it9 49g] IntroducedAPi'q*iiremensforin place dry annealing of a PWR RV.

2.2 LOd .TION-SPECI FIJC ISi DATA FROM PARTICIPATING PLANTS

While it is known thtRithe number" of flaws found in RPV welds is very small, it is important to relate
their number to the nu imlrer.of.wvelds that have been examined over the past 30 years with no evidence of
the development of servici-'lnduced flaws.

To develop location-specific ISI data from nuclear plants, ISI data on the RV weld categories noted above
were gathered in a survey [204-9]. This information focused on service-induced flaws. It did not address
the detection of original fabrication flaws, unless the flaws had grown due to service conditions. The
response to this survey is sulnmarized in Table 2-1.
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Table 2-1 Summary of Survey Results on RV ISI Findings [20-4-9]

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

14 301 B-A

Shell, B1.10 112 112 '> • ' 0

Head. B1.20 105 105,, 0

Shell-to-flange. B1.30 16 , :i:0 " One plant reported 3
- " indications that may be just

scratches.

Head-to-flange, B 1.40 16 16 0 One plant reported 3
indications that may be just

: : .:..• ::. scratches.

B-D.,.,.

Nozzle-to-shell, B3.9. *:. 102 " 10' ,:,. 0

Nozzle inside radi' 102 `"102 0
B3. 100 .

Dissinila'r -metal, " 84 ' : '84 0
B 5 .5 10 ,:.,:.:.:.-...: :...

B530 32 32 0

n4 64_ _4_

B-K

Welded attach-' ,,-:8,-10 4 4 0

B-N
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Table 2-1 Summary of Survey Results on ISI Findings [204-91] (cont.)

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

Vessel interior, 34 34 0
B 13.l10

Interior attach.- 6 6 0
beltline, B 13.50

Other interior attach., 53 3 "'-, 0 VT-3 UT One plant reported crack
B13.60 ECT arrest holes drilled in core

" -barrel.

Core support struct., 41 5 "
B13.70

Note 1: VT = Visual Inspection, UT = Ultrasonic Inspection, ECT Eddy Curent Inspecton :-
y urt:...,...ec.i",...*.-
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2.3 EXPOSURE AND COST REDUCTION

Data was gathered on CE and Westinghouse plants related to the cost of a typical RV ISI outage, as well
as the cost of the exposure affecting the involved personnel [204-9]. The objective of this effort was to
investigate the exposure and financial aspects of the RV ISI. The results of the survey were tabulated
based on the probability of a life extension program (60 years), and the potential savings were calculated
with regards to a proposed extension of the RV ISI interval to 20 years. The radiation exposure cost is

contingent on the utility and is typically $15,000 to $20,000 per man-rem. A summary of the results is
presented in Table 2-2.

Table 2-2 Savings on the Proposed Extension of RV ISI Interval from 10 Years to 20-Years (Per
Plant) 1204-91

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

Cost of Typical RV min 506,410 759;6.15 :JOlQ12 8"20
ISI Outage, S max 7,680,000 9600000 1 .520,0000

average 3,878,521 539 1 656K: 7 15,317

Dose of Exposure, min 0.2 .. 4 0.6
Man-rems max 975 13.0

average 1 .Q'&. 2.32.. 2.98

Cost of Dose of min 2,492 4,984 . 7,476
Exposure, $ max 65,000 .'. " .. 97 500 130,000

average 20:611 ' .:-.2.8856' 37,101

As shown in Table 2-2,Alie. savings associated with even the most conservative assumption, i.e., no life
extension program (40 years):for any of the surveyed plihts.•are significant. The extension of the RV ISI
interval to 20 years will save`ev.ery unita.'naverage of $3878,521 for the cost of the outage, and 1.66
man-rems of exp6s9ur•e... ý"

The sa- na values associted ith the less•conservative assumption of the guaranteed life extensin.
program.(60.years) for any of the surveyeNAlants are considerably higher. The extension of the RV 1SI
interval to 20] years will save every unit an average of $7,115,317 for the cost of outage, and 2.98 man-
rems of exposure The critical path outage time for RV inspections is approximately 3 / 2 days. While this
data was gathered: for,:Westinghouse and CE designed plants, the savings for B&W designed plants are
expected to be similar

2.4 GENERIC REACTOR VESSEL WELD EXPERIENCE AT VARIOUS PLANTS

Section XI 1S requirements developed in the early 1970s were based on the detection of fatigue cracking
in primary welds. This has not been substantiated by subsequent operating experience. Fatigue cracking
in primary welds has not been a problem. Random sampling for the assessment of condition of pressure-
containing components has not been effective; when leakage and other deterioration have been identified,
it has been by examinations other than the Section XI ISI NDE.
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Primary system failures/leakage have almost always been associated with dissimilar metal welds or
control rod drive, bottom mounted instrumentation, or vent connections of the RV and its head. The latter
connections are all partial penetration welds. They were not included in the survey, since the current
effort does not propose to recommend changes to their present IS1 interval requirements. Their
examinations are not contingent on the removal of the reactor internals and the use of the RV inspection
tool. Category B-F dissimilar metal welds, Category B-K welded attachments, and Category B-N interior
attachment and support welds were not included in the inspection interval extension.

In many plants, the most highly stressed reactor vessel weld is the weld betweenithe closure head flange
and the dome. There have been no reports of degradation of this joint. This joint rainks quite low in its

contribution to cumulative risk determined through typical PFM metho'ds Ci.alculations [21220] have
shown that flaw growth due to fatigue would be extremely small, so[thfhat eve''iire-existing flaws that
clearly exceed the acceptance standards would not be subject to;mearable gi6fro

2.5 DEVELOPMENT OF ISI INTERVAL EXTENSION METHODOLGY

The IS] interval extension methodology is primarily basedof6]i;a.,risk a•nalysis, including a PFM analysis of
the effect of different inspection intervals on the frequency of'i:'ct6f vessel failure due to postulated PTS
transients. Reactor vessel failure is definedfior the purposes of this sýtudy as the point which a crack has
extended all the way through the RV wall. The&ikelihood of reactor fssel failure is postulated to
increase with increasing time of operation due ttoit hgrowth of pre-exist.dingfabncation flaws by fatigue in
combination with a decrease in reactor vessel toughness due, o.iirradiationCredible, postulated PTS
transients that could potentially lead to reactor vessel failuire mt.'f"be.considered to occur at the worst time
in the life of the plant. The PFMmiiethodology allow the conside'hibrn of distributions and uncertainties
in flaw number and size, fluence, aterial properties:i crack growth rate, stresses, and the effectiveness of
inspections. The PFM. aproach lead s•o a conditional r-eactor vessel failure frequency due to a given
loading condition and a prescribed inspection interval. A•l locations of interest in the reactor vessel can

be addressed in a similar way'or':.asin-the case of this study, a bounding approach can be used to
minimize the::a ieivlng a detailed evaluatin

A feasi.Id.jhty study was performed [204*] that howed that this fracture mechanics and risk methodology
can be us.e`4to calculate the change in thefrequency of reactor vessel failure due to a change in inspection
interval andt e valuate the acceptabilityof the associated change in risk. The impact on plant safety
from the chang'e ýini risk presentedi:in this study was based on the standards for risk-informed assessment as
defined by RG 1.174[4]1
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3 PILOT PLANT SUMMARY

The risk evaluations summarized in this report utilized the same pilot plants as used in the NRC PTS Risk
Re-evaluation effort 1-ý41F27. 438. 91. The NRC effort to address PTS risk identified FirstEnergy Nuclear
Operating Company's (FENOC's) Beaver Valley Unit I (BVI), Nuclear Management Company's
(NMC's) Palisades, and Duke Energy's Oconee Unit I (OC 1) as the pilot plants. These pilot plant
applications also used fleet-specific design transient data for the Combustion Engineering (CE) and
Westinghouse designs. A typical generic heatup/cooldown transient was used for the Babcock & Wilcox
(B&W) study. A study was also performed to determine the bounding location::fom among the applicable
weld locations on a typical PWR reactor vessel. The results of all of thesýh vestigations are included in
the following sections.

3.1 BOUNDING LOCATION

The focus of the evaluations for reactor vessel inspectiorninterval extension was on the beitline of the RV.
To confirm that the beltline location represented the boundingQlocation for the reactor vessel', all locations
currently required for examination in the reactor pressure vesselI (RPV) needed to be identified and

considered. The beltline weld locations were found to be the bounding locations primarily due to
irradiation induced change in the fracture tounghess. This was consistent with the location assumptions
used to support the NRC PTS Risk Study N-'H8 J1F7+'3. Table 3-1 sfiiiari~es the current IS]
requirements for RPV inspection as identified in Table IWB 2500-1 of theA•SME B&PV Code, Section

XI [L--]. While this table identifies all welds with 'SectionwXIninspection requirements, this report only
addresses the ISI interval extension-of the CategoryB A and., B-D-4n-RW.1 welds.
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Table 3-1 ASME Section Xl [141 IS] Requirements for RPVs (ASME Section XI, Table IWB-2500-1)

Examination
Item No. RPV Location Requirement

Pressure Retaining Welds in Reactor Vessel

B-A B 1.10 Shell Welds Volumetric

B-A B 1.11 Circumferential ; .,Volumetric

B-A B11.12 Longitudinal V6olumetric

B-A B 1.20 Head Welds Volumetric

B-A B1.21 Circumferential Volumetric

B-A B 1.22 Meridional Voluinetric

B-A B1.30 Shell-to-Flange Weld Volu,"netric

B-A B13.40 Head-to-Flange Weld Surface andVo61umetric

B-A B11.50 Repair Welds Volumetric

B-A B11.51 Beltline Region ... oVolumetric

Full Penetration Welded Nozzles in Vessels

B-D B3.90 RPV Nozzle-to-VesseP:WeldI :2,. ' Volumetric

B-D B3.100 RP\ Nvzle Inside Volumetric

Pressure Retaining Dissimilar Metal Welds in Vessel Nozzles

B-F B5.10 :RPV Nozzle o-Safe End BuMiWelds, Surface and Volumetric
NPS 4 or Larger

B-F B5.20 RPV Nozzl6i'toSafe End Butt Welds, Surface
Less Than NPS 4,'ý`ý!:

B-F 5.30, ýRPV Nozzlýeto-Safe End Socket Welds Surface

Pressure Retaining Welds in Piping

B-J B9.10 NPSiý4ýor Larger" Surface and Volumetric

B-A 7,B9.11 Circumferential Welds Surface and Volumetric

Welded Attachments for Vessels, Piping, Pumps and Valves

B-K 310.1 Weded Attachments Surface

Interior of Reactor Vessel

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

Welded Core Support Structures and Interior Attachments to Reactor Vessels

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

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

Removable Core Support Structures

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

* Existence of 10-percent through-wall initial flaw

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

* 40 EFPY embrittlement throughout plant life

Peak reactor vessel ID fluence assumed regardless of flaw depth,li.-e., maximum embrittlement

Design basis heat-up and cool-down transients
- 500 cycles/40 years for CE NSSS
- 200 cycles/40 years for Westinghouse NSSS

7 Weld Locations
- Closure Head to Flange
- Upper Shell to Flange
- Lower Shell Transition
- Bottom Head to Shell
- Beltline . .
- Inlet Nozzle to Safe End
- Outlet Nozzle to Safe End

The study evaluated the effect of various IsI intervals by comparinig the change in margins on ASME
Code allowable flaw sizesifor the respective locations-This approach was preceded by considering 3
iterative steps: -;

1. Select tlhe first inspection nterval, II, basýed onb the growth of the assumed initial flaw to a
fraction of thetolerable flaw size.

2. Perform the inspectio'in. If no defectis larger than the assumed flaw size are found, the second
inspection interval, 12, siihe sani&e as the first.

3. Continue su@,sequent insp'ections until actual flaws are detected that require repair or augmented
inspections.

The results of the study are summarized in Figures 3-1 and 3-2. Inspection intervals were based on 10-,
20-, 30-, or 40-year inspection intervals over a 40-year plant life. Each reactor vessel location was
evaluated by calculating the amount of crack extension that would occur due to fatigue crack growth over
a 10-year period of operation. Each crack length was then evaluated for the maximum applied Ki from a
transient. The ratio of the maximum allowable K1, per the ASME Section XI [ 14-] Appendix A criteria, to
the maximum K, applied, was used as a measure of the margin a flaw in a given location has to the
acceptance criteria. Note that in Figure 3-1 the margins on the acceptance standard are greater than 1,
except for the beltline region axial and circumferential flaws. This indicates that all of the flaw sizes in
other locations are acceptable with varying degrees of margin. The margin less than one for the beltline
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locations is an indication that the assumed initial flaw size of 10-percent throughwall was greater than the
acceptable flaw size. The other feature to note in Figures 3-1 and 3-2 is that, for each subsequent 10-year
period that was evaluated, there was an insignificant change in the degree of margin for all of the
locations. This observation was simply a reflection of the fact that the increments of fatigue crack growth
of the flaws were so small that the applied KI values were not changing. Therefore, the ratios of the
applied to allowable KI did not change. J houg1h 11t shown in fglures 3-1 and 3-2. the reactor vessel
nozzle to shell weld was also evalhated and found to be have a margin greater than that of the reactor
vessel bhitli uc axial and circumferential welds.

These results confirmed that the beltline was the limiting location and that the change in fatigue crack

growth increment for RPV flaws was insignificant relative to the inspection interval. While a specific
number of design basis heat-up and cool-down transients was not analyzed'for B&W designs in this
bounding location assessment, it is reasonable to expect that the:conclusions f .is.assessment would
also be applicable to B&W plants due to similarities in the RV'-'and NSSS designs.

2 10
9

U) 8

7

6
5
4

3
0 2
) 1 2

• 0

8] 20 Years

-= ,• 30 Years

•:::,,,, ,,;,v• • :•,:• ::: o[ 40 Years

\C)

Figure 3-1 Comparison to Acceptance Criteria - Minimum Margins Code Allowable
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3.2 BASIS FOR RISK DETE.RMINATION'-

As indicated in ASME Co'de,ý,_Case N-69-1 5-fl, the applicationi of risk-informed insights from PFM and
risk analyses can be used to justify' an.,m'ci'eaefrom 1.0:to 20 years in the requirements of Section XI,
IWB-2412 for"theii•.ction inter fr the examin•tion of Category B-A and B-D welds in PWR reactor
vessels tt .R' n i . The guldeines in Regulatory Guide 1.174 provide the

basis •~,oran acceptable change6in risk resulting from an extension in inspection interval. As the basis for
determing the change in risk.thfie inputsýfto the RV PFM and risk analyses included the following:

Accident Transienits and Frequency

ASME Code Case N-69.I[ýJi.states that it is necessary to define a complete set of accident transients that
can be postulated to realistically result in RV failure and their frequencies of occUITence. As previously
mentioned, PTS events are viewed as providing the greatest challenge to PWR RPV structural integrity.
For this reason, the pilot plant applications in this report used the PTS transients and frequencies from the
NRC PTS Risk Study 1[27,[38- 9]. As part of the NRC study, probabilistic risk assessment (PRA)
models were developed for each of the pilot plants using plant specific infornation [2-1. 22, 2-22. 23, 24].
These PRA models included an event-tree analysis that defined both the sequences of events that are
likely to produce a PTS challenge to RPV structural integrity and the frequency with which such events
can be expected to occur. The typical sequence of concern was cool-down and depressurization due to the
initiating event, followed by repressurization due to high-pressure safety injection or charging.
Historically, a small-break loss-of-coolant accident (SBLOCA) with low decay heat has been the
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sequence identified as a major contributor to PTS risk. However, other events considered included a large
break in the main steam line upstream of the main steam isolation valves, a double-ended main steam line
break (MSLB) upstream of the main steam isolation valves (MSIVs), small steam line break downstream
of the MSIVs, and excessive feedwater flow, all with the reactor coolant pump (RCP) shutdown and
multiple failures of the operator to take remedial action.

The PTS Risk Study utilized the plant specific PRA models to determine the possible sequences which
could result in a PTS event for each of the pilot plants. Due to the large number of sequences which were
identified, it was necessary to group (i.e., bin) sequences with like characteristic-sinto representative
transients that could later be analyzed using thermal-hydraulic codes. Thisiresulted in 178 binned
sequences for OC1, 118 for BV1, and 65 for Palisades. Thermal-hydraulic aalyses were performed for
each of these bins (i.e., representative transients) to develop time his(6ries ofitemperature, pressure, and
heat transfer coefficients [2-425]. These histories were then input intfothe PFM•.an• lsis to determine
conditional probability of reactor vessel failure for each transient. From this analysisýPit was determined
that only a portion of the transients contribute to the total:risk of RPV failure, while thle ,remainder have an
insignificant or zero contribution. The transients which`4-re identifi8d. to be contributors to P:TS risk
were then used for the PFM analysis in the PTS study and"fo 'the pilo t-'.1aflnt studies in this report.
Consistent with the PTS Risk Study, 61 transients were analyzed! f6orBV 1, 30 for Palisades, and 55 for
OC I in this study on the impact of extending,the RV IS interval 'Details of the transients are provided in
Appendix D for BV , Appendix H for PalisadRs;.and Appendix L fo•rf.OCI

As part of the NRC PTS Risk Reevaluation Program, a stud•yý,was performed to determine the
applicability of the pilot plant detailed analyses totihe remaiiininde'reofthe domestic PWR fleet. This
"Generalization" Study [2--K61ý:ýiiined the results:froi the three deiailed pilot plant studies (BV 1,
Palisades, and OCI) and Jdehntified ai st of plant design and operational features considered to be
important in determinin whether or 'not certain types ofkovercooling scenarios are significant contributors
to PTS. These features were then analyzed for five addiiio6nal plants and compared to the features of the
pilot plants. These five plants include*dth6efollowig.

* Salem Unit I (Westinghouse loop plant comparable to Beaver Valley Unit 1)

* TMUnit I (B&W pia•i..comparable to Oconee Unit 1)

" Fort C']lhiq (CF pl nt c:nparable to Palisades)

" Diablo Canyon (Westlnghouse 4-loop plant comparable to Beaver Valley Unit 1)

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

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

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

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

It was determined in the generalization study that there were no differenc-s i9n plant features that from a
PRA, thermal hydraulic, and PFM standpoint would be expected tQause signij:ficant differences in the
through wall cracking frequencies due to the postulated PTS scenarios. It was-hiher concluded through
the generalization study that the pilot plant results at a compa•rabe"embrittlementle". .could be applied to
the remainder of the domestic PWR fleet.

Operational Transients and Cycles

ASME Code Case N-691 [5g] states that the,.operational transients, tht contribute to fatigue crack growth
and the number of cycles occurring each year must .be identified. Typic16ally, the start-up (heat-up) and
shut-down (cool-down) events are the dominant loadingýconditions as seenn,.,ASME Code Section XI,
Non-Mandatory Appendix A [ 1-1-] calculations f6rffatigue crack.growth of-ian existing flaw.

For the purpose of the pilot plaiksttdies in this report-an 80-year ljfe for fatigue crack growth was used.
This 80-year life envelopesgplants seeking to obtain lic6ense extensions to 60 years and provides an
additional margin of conservatism. Th•edesign basis transients for the pilot plants were reviewed and it
was determined that the greatest contributor to fatigue crack growth for the pilot plants is heat-up and
cool-down. Each transient represents a:ffilllheat-up. and cool-down cycle between atmospheric pressure at
room temperatfiirae ai..l.znsystem..pressure at 100"percent power operating temperature, and thus
envelope sAynny transients ith a sMfaltegrange of conditions. For the pilot plant evaluations, 7 heat-up
and cootdown cycles per year•rwere used-Tofori.Westinghouse plants (BV 1) and 13 cycles were used for
CE Olants".(Palisades) to boundaMll the des!' ii basis transients for the respective PWR plant designs in each
fleet. Based-upon available information, 12 cycles were used for Babcock and Wilcox plants. For any
B&W plant usin'g the results of this WCAP to extend the reactor vessel ISI interval from 10 to 20 years,
including the pilot pla'int (OCI), ýthe fatigue crack growth for 12 heatup/cooldown transients per year will
have to be verified to bound the fatigue crack growth for all design basis transients.

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

ASME Code Case N-691 [54] requires credible flaw distributions for a PWR reactor vessel. Significant
work by Pacific Northwest National Laboratory (PNNL) and the NRC was performed to more completely
specify the initial flaw size distributions and their densities for input into the NRC PTS Risk Study 1[-[2-
448. 9]. This work focused on making detailed destructive and non-destructive measurements of
fabrication flaws in nuclear grade RPV welds and plates. Whenever possible, this experimental evidence
was used exclusively or given the greatest "weight" in establishing the flaw distributions. In cases where
experimental evidence was not sufficient, physical models and expert opinion!were used to supplement
the experimental evidence in establishing the flaw distributions. For the NC PTS'Risk Study, flaw
distributions were developed for embedded flaws in welds, plates (includes§'forgings), and inner surface
breaking flaws.

The weld flaw distribution was based on the highest densitiesof thle:Shoreham reacto:.essel and the
largest sizes of the PVRUF vessel. The embedded flawsaqie distributed evenly throui'ghihe thickness of

the weld. Flaws are postulated only in the same orientatin :as the weld. The flaw dlstri iepresent
a blended combination of weld types with 2% of the welds'ass§umed t#Sfie:,repair welds, wtich have the
largest flaw sizes.

Empirical evidence to support a plate flaw diwibution is much more liffited than that for welds. For this
reason, the density for flaws of depths less than 6mm i•is .l.0% of that for.. eld...i..ws, while the density for
flaws of depth above 6mm is 2.5 % of that for wJld fla•'P.:i'Ahlf•of the similated flaws are assumed to be
axially oriented while the other half are assumed tobe cifrceirnfui~eatn4y oriented.

For weld and plate flaws, thie pilotp•l-ant studies for theRV ISI interval extension study used the flaw

distributions from the NRC-PTS RiskOStudy directly. These densities are input into the FAVOR Code

PFM analyses as flaw densiftyiles, P.dat (plate-embedded.'laws) and W.dat (weld-embedded flaws). This

is discussed further in the "PFMWCoiori0t&T.91:ohand Methodology" section.

The innerWdairmeter of tli6eRY is clawi*lth a thin layer of stainless steel. Lack of inter-run fusion can

occur býeK, een adjacent wel6ldbeads resutingmin circumferentially oriented cracks (the cladding in the RV

is deositel.1ircumferentially)ý:.`However.:.none of the cracks discovered in the PNNL studies had broken

through the " &adding layer on the inside Surface of the RV. Therefore, for the NRC PTS Risk Study N-84[8.
9-7.-43], the BVI and Palisadesqealuations used multi-pass cladding with no surface breaking flaws.

Multi-layer claddin' is assumed to have no surface breaking flaws due to the small likelihood of two

flaws aligning in two differenit;weld layers. The OC I pilot evaluation used an assumed surface flaw

completely through the cladding with a density of 1/ 10 00 of the embedded flaws through the vessel wall.

For this investigation on the impact of extending the RV ISI interval it is important to consider the effects

of fatigue crack growth. Due to the fact that embedded flaws do not grow significantly due to fatigue, for

the pilot plant studies, the presence of surface breaking flaws with an initial flaw depth equal to the

cladding thickness was postulated. Therefore, for the pilot plant evaluations to bound all the plants of the

same design, single-pass cladding was conservatively assumed. The initial flaw size and distribution was

input into a fatigue crack growth and S]1 analysis to determine a surface flaw density file after any

inspections (ISI). Surface flaw density files were created two simulate two cases. The first case

simulated inspections performed on a 10 year interval as currently required by the ASME Code. The
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second case simulated a single inspection performed after the first 10 years of operation with no
subsequent inspection. These surface breaking flaw density files are then input into the PFM analysis as
surface breaking flaw density file S.dat. The methodology for determining the flaw depth and density
included in this file is described in the section on PFM and Computer Tool Methodology. Cladding
details for the pilot plants are identified in Appendices B, F, and J.

Fluence Distribution

ASME Code Case N-691 [55] requires that the fluence distribution versus operating time, both axial and
azimuthal, be based on plant-specific or bounding data for the current opefating time and extrapolated as
applicable to the end of the current 40 year license or for license rene.wal .tq&6.0 years.

For the pilot plant evaluations in this report, the input fluence distribuitions were'taken directly from the
NRC PTS Risk Study N[8, 92-7,43]. For the NRC PTS Riske-'Stfitdya series of netif6n transport
calculations were performed to determine the neutron fluence on the inner-wall of thcpilot plant RPVs.
The modeling procedures were based on the guidance.:conftiained in NRC Reg. Guide I. .0t2 7. The
models incorporated pilot plant specific geometry and operatintg.data ý.*T-he fluence for E>.[eV was
calculated as a function of the azimuthal and axial location in the•inner reactor vessel wall. The fluence
was extrapolated from the current state point.t;o various effective fujfpower years (EFPYs) assuming a
linear extrapolation of the most recent operafiif'tqycles.

The fluences used in the RV ISI interval extensi6n evaluations were for 6,,FPY for BVI and Palisades
and for fluences at 500 EFPY for OC I to envelope license extensfhon.•500 EFPY were used for OCI
rather than 60 EFPY becausejit isý'recognized that it is n•o•t the mos'i.embrittled RV in the B&W fleet. The
use of 500 EFPY for OC Ishould bound the embrittlemient of the most highly embrittled RV in the B&W
fleet when evaluated aghst the paramehters identified inhAppendix A. Representative fluence maps for
BV1, Palisades, and OCI Ni.j:2 EFPY.` c•'an be found in kf_"e•ndices B, F, and J, respectively. While the
magnitude of the fluence on tfihe'miýSi:correspond jt.32 EFPY rather than the 60 EFPY and 500 EFPY
used in the pilothplattevaluations the contour of'the fluence relative to the reactor vessel weld layout still
applies.

Material:V'rcture Toughness'

ASME Code Case•N-691 [57f] states that the material fracture toughness of the limiting beltline plates and
weld materials need •t•obe base&dn the following plant-specific data:

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

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

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

* Fracture toughness versus time and depth, including uncertainty
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These reactor vessel material properties for the BV1, Palisades, and OCI pilot plants evaluated in this
report are identified in Appendices B, F, and J, respectively.

Embrittlement due to irradiation in RPV steels occurs due to matrix hardening and age hardening .i4ID7
4-38, 9]. Based on the physical insights into these hardening mechanisms a relationship between material
composition, irradiation-condition variables, and measurable quantities such as yield strength increase,
Charpy-transition-temperature shift, and toughness-transition-temperature shift was established for the

NRC PTS Risk Study N4][8, 927, 43]. Furthermore, a quantitative relationship was developed from the
database of Charpy shift values generated in domestic reactor surveillance programs. The Eason and
Wright irradiation shift model was developed by fitting this data. This mTOl is us'ed in the FAVOR Code
[28] -for the NRC PTS Risk Study J'-]8-2and the RV ISI interval extension pilot plant studies to calculate
the shift and irradiated reference temperature as a function of time.

The results of the significant work at ORNL, the NRC, and wiffit 'industry to morei completely specify
the distribution on fracture toughness and its uncertaintyf6:'the NRC PTS Risk Study' t$-8, 92--43] are

included in the FAVOR Code which is used for the pilo'Vfflant studies fbr RV 151 intervlextension. The
FAVOR Code includes fracture toughness models which Oi~ased ow-n ekended databss of empirically

obtained K1 and Kia data points and include the effects of the stagtistal bias for direct measurement of
fracture toughness (Master Curve Method). :,furthermore, the FAVOR Code f [28 1-41 uses the latest
correlation on irradiated upper shelf fracture toughness.

It should be noted that along with the inspection of a weldUftiere is a specified amount of base metal
inspected. In the FAVOR Code evaluation, if a flaw is pla-ed"withiin a:a.weld that is adjacent to a more
highly embrittled plate, the flaw,*i.:'assigned the emlrittilement chafdteristics of the plate rather than the
weld and is assumed to fracture and propagate in the d'irection of the plate.

The NRC has proposed that:through wall cracking frequency (TWCF) can be correlated to the
embrittlement index (referencet6emp.:erature,,)..ofýýthe reactor vessel components. The correlation for
determining plant specific TWCF`based on the plant specific data mentioned can be found in Reference

2-7- 4-39. Thls correlationi takes into c'ii&deration the contribution to TWCF for each of the most limiting
plate, axial, weld, and circumferiential 'e•.l:ds These individual TWCF contributions are then weighted
based on:experimental pilot plant .data and::summed to determine a total reactor vessel TWCF. For
application t'i6other plant reactor vessels, the plant specific TWCF must be equal to or less than the values

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

Crack Growth Rate orrelation

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

operational transients (e.g., heat-ups, cool-downs, normal plant operating changes, and reactor trips)
including the effects of uncertainties, be used for the PFM analysis. Also used are the basic physical
models for crack growth during these transient events (i.e., the change in applied stress intensity and the

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

The pilot-plant studies in this report included a probabilistic representation of the fatigue crack growth
correlation for ferritic materials in water that was consistent with the previous and current models

contained in Appendix A of the ASME Code, Section XI [ 14]-. These correlations represented the
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behavior of the ferritic reactor vessel materials for all domestic PWRs. This probabilistic representation
was consistent with that used by the NRC-supported pc-PRAISE code [2944] and the NRC-approved
SRRA tool for piping-risk informed ISI [30-24].

Cladding and Residual Stresses

ASME Code Case N-691 [53] requires that the residual stress distribution in welds and the cladding stress
and its temperature dependence due to differential thermal expansion be considered. For the pilot plant
studies for RV ISI interval extension, the residual stress distribution throughjthe6wall was taken from the
NRC PTS Risk Study NJ[8, 9 27,4-3 and is described in the FAVOR Code&Theory Manual [4-28]. This
distribution is shown in Figure 3-3. The stress profile was determined4fthe NRC PTS Risk Study
thorugh experiments in which a radial slot was cut in a longitudinal weld in as•.hell segment from an
actual RPV and the deformation of the slot was measured after cuttiig. Finite' element analysis was used
to determine the residual stress profile from the measured de forations. The cladding,. stress used in the
pilot plant studies was taken from the NRC PTS Risk Study •'The cladding temperature.idependence due
to differential thermal expansion was based on a stress&freeltemperature of-4"8 488F, whichis . consistent
with that used in the NRC PTS Risk Study [8. 9•2.7. 4 ..
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Figure 3-3 Weld Stress Profile

Effectiveness of ISI

The essential requirement for an effective volumetric examination in ASME Code Case N-691 [5§] is that
it be conducted in accordance with Section XI Appendix V11I [1] or RG 1.150 [2_].
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The following effects also need to be considered along with the change in ISI interval:

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

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

The basis for the probability of flaw detection used in the pilot plant studies for ,the RV IS] interval
extension was taken from studies performed at the EPRI NDE Center ontthe detection and sizing
qualification of ISIs on the RV beltline welds [3 13f11. Figure 3-4 shows the :probability of detection with
respect to flaw size used in the pilot studies in this report.
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Figure 3-4 ISI Detection Probability

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

Section XI Appendix VIII [1-4-], so that Figure 3-4 could be used. Flaws that were detected were assumed
to be repaired with the repaired area returned to a flaw-free condition. If the quality of inspection is not
as good as assumed (e.g. ISI per Regulatory Guide 1.150) or the quality of the repair is less than 100
percent, then the result would be fewer flaws found and fewer flaws removed during repair, resulting in
less difference in risk from one inspection interval to another. Therefore, the pilot plant studies
conservatively calculated a larger potential difference in risk by maximizing the benefits of inspection.
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Impact of Other ASME Code Cases on RPV Inspection

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

ASME Code Case N-697 [32-34] addresses Examination Requirements for PWR Control Rod Drive and
In-Core Instrumentation Housing Welds. It adds requirements for examination of in-core instrumentation
housing welds greater than 2" Nominal Pipe Size to Examination CategoryB 0. If these UT or surface
examinations of the housing weld inner surface were conducted from iside ,the RPV, they could result in
examination intervals incompatible with effective implementation ofiN-691"'{[.], However, these welds
are not inspected from inside the RPV and, therefore, there is no-impact.

A top priority in Section XI is to work with the Material Reliability Program Alloy 600Is sue Task Group
to identify and incorporate changes needed in the examriiatGn of affected partial penetratiin "and dissimilar
metal welds. This could result in incompatible examination"ineirvals. forExamination Category B-F welds
to reactor vessel nozzles, and dissimilar metal welds in Examina'i6o6nCategory B-J not covered by Category
B-F. A possible approach for some plants, where access permits, would be to examine these welds from
the pipe outer diameter (OD) at alternate 10 -yeaintervals, and from the inner diameter (ID) during the
Case N-691 [5-5] examinations.

ASME Code Case N-700 [333'4] addresses Examination Category:BK surface examination of welded
attachments. It permits exampiintihn•of a single weldedereactor vessl attachment each inspection interval.

ASME Code Case N-648-1 [3 4ý3-] permits a VT-I visual examination of a reactor vessel nozzle inner
radius in lieu of a volumetric ýexamination. Applicability of this Code Case would not be affected by the
increased examination interval ,

ASME Code Case N-624 :[V.4] provides for modification of the sequence of successive examinations.
The increased examination interval would.be applicable.

ASME Code, C,:ase N-623 [. 6ýý5]:permits deferral to the end of the interval of shell-to-flange and head-to-
flange welds of a reactor vessel. The methodology of Case N-691 [55] would not be affected by
application of this "Code Case.,,,.,)

ASME Code Case N-6155 [17---] permits ultrasonic examination as a surface examination method for
Category B-F and B-J piping welds of 4" Nominal Pipe Size and larger. It would be compatible with the
increased examination interval.

ASME Code Case N-613-1 [388347-] reduces the nozzle weld examination volume of Examination Category
B-D. It would be compatible with the increased examination interval.

ASME Code Case N-598 [3392] provides alternatives to the required percentages of examinations each
inspection period. ASME Code Case N-691 [55] would increase the length of the inspection period but
would not affect the percentage requirements.
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Probabilistic Fracture Mechanics Computer Tool and Methodolo-y

For the pilot-plant applications of the PFM methodology, the failure frequency distributions for all
postulated flaws in the RV were calculated using :the latest version (04(4.Q1) of the FAVOR code [428].
The Fracture Analysis of Vessels - Oak RidgcI lAV ).'OR mputer pro'gram was developed as part of the

NRC PTS Risk Study {j[.438, 9]. It is a program' th:ipfoins a pro albilistic analysis of a nuclear
reactor pressure vessel when subjected to events in.which1t:h•the reactor•pressure vessel wall is exposed to
time-varying thermal-hydraulic ½bbundary conditions..

To run the FAVOR code, 3 modules (FAVLOAD, FAVPFM and FAVPOST) and various input files were

required as shown in Figu re.13-5 In the NRC PTS Risk' Study 1-8118, 927,-4&], the effects of fatigue crack
growth and ISI were not considered.1`1". Howe .v.er•,Jtou perform the risk evaluation for changing the inspection
interval from1 't6:2Oyears thes "e effects were"i"uaritified. Program PROBSBFD (Probabilistic Surface
Breaking Flaw Density)"ýia Ideveloed to include these effects by modifying the surface-breaking flaw
input file to FAVOR (S.dat)a•sii s.hown i'ni r& 3-5.

The first module. in FAVOR is the load module, FAVLOAD, where the thermal-hydraulic time histories
are input for tlieilom ninant PTS transients. For each PTS transient, deterministic calculations are
performed to producea load-defifition input file for FAVPFM (FAVPFS is also used in this analysis).
These load-definition,'-files include time-dependent, through-wall temperature profiles, through-wall
circumferential and axit['tOres's profiles, and stress-intensity factors for a range of axially and
circumferentially oriente ,d:rmbedded and inner surface-breaking flaw geometries (both infinite and finite-
length).

The FAVPFS module in Figure 3-5 is a modification of the FAVPFM module, which is the second module
contained in the FAVOR code that was used in the NRC PTS risk study. The modification allows
FAVPFS to have a 4 times finer depth distribution for surface breaking flaws in S.dat. -:t~t• t*•aI-ion

p~iH±~-a~4k*-- u-1a.,--t + ~i+eek-&+~iei-The FAVPFS
FAVOR module uses the input flaw distributions (e.g., S.dat, W.dat, and P.dat), the loads for the PTS
events from the FAVLOAD module and fluence/chemistry input data at 60 EFPY (effective full-power
years) to calculate the initiation and failure probabilities for each PTS transient.
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The FAVPOST post-processor is the third module in FAVOR. It combines the distributions of initiating
frequencies for the dominant PTS transients with the results of the PFM analysis (performed with the
FAVPFS module) to generate probability distributions for the frequencies of reactor vessel crack initiation
and reactor vessel failure. This module also generates statistical information on these distributions and
the distributions for the conditional probabilities of reactor vessel crack initiation and failure for each PTS
transient included in the risk analysis.

A '9

A,• & ."""':•:::'.:.,. ¢

WCAP-16168-NP Rcvisiml 1124%e4sýo+t-! I



Time History FAV OAD
Input

for HUCD

Loads f(
PTS Evei

FAVPFS is FAVPFM modified to have 4 times
finer depth distribution for surface breaking
flaws on S.dat.

W.dat & P.dat

Fluence / Chemistry Input
at 60 EFPY

Frequencies of Dominant
Transients

(PTS Representative
Plants)

Flaw Distribution Files
P.dat Embedded Plate Flaws
S.dat Surface Breaking Flaws
W.dat Embedded Weld Flaws

PTS Failure
Frequency
Distribution

Figure 3-5 Software and Data Flow for Pilot Plant Analyses
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The PROBSBFD code was specifically developed for the RV ISI interval extension project and verified in
accordance with the Westinghouse Quality Assurance requirements. This program utilizes the
Westinghouse Structural Reliability and Risk Assessment (SRRA) library program, which provides

standard input and output, including probabilistic analysis capabilities (e.g., random number generation
and importance sampling). PROBSBFD was used to develop 1000 random surface breaking flaw
distributions that fed into the FAVPFS module via an input file (S.dat is the default name). The loads
were determined using the FAVLOAD module, for the input with time histories of temperature, pressure,
and heat transfer characteristics for the operational transients (e.g., heat-up and cool-down) that could
grow the initial flaws by means of fatigue. The applied stress intensity factorK)ý at various times and
various depths through the reactor vessel wall were taken directly from the FAVLOAD output file and
input into PROBSBFD (FAVLOADS.dat for PROBSBFD).

The beneficial effects of 1SI were modeled in the same way as in..the NRC's pfrobailistic analysis code
pc-PRAISE [2-429] and the SRRA Code [30-24] used with the::WO•G/ASME piping6"sk-informed in-
service inspection (RI-ISI) program. Specifically, only the"flaws not detected during iiildSI exam, at 10
years for example, remained. For example, if the probability of detection for the first inis*ff6:ic6hn was 90
percent, then the flaw density was effectively multiplied by 10P ,percentfor. input to the nexftiteration. The
effects of subsequent inspections, where the probability of detectioinwas increased because the flaw was
bigger (see Figure 3-4), could be either cumulative or independent"ýýi:,ý;ý.,

For each of the 1000 simulations performed by>*PROBSJBFD the initial flaWdepth and density were

defined. Four aspect ratios, 2, 6, 10, and infinite were'conigdered. For each time-step and flaw-aspect
ratio, the effects of IS], the stress intensity factors '•.and the random crack growth were calculated. After
all the time steps were complet'eathe distribution of flaw densities by depth and aspect ratio were written
to a surface-breaking, flaw"distribution-input file for FAVPFS, which was in the same format as the
default S.dat file (see F~igure 3-5),
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3.3 RESULTS FOR THE WESTINGHOUSE PILOT PLANT: BV1

Reactor vessel failure frequencies were calculated for BV1 for two cases corresponding to the two surface
flaw density files discussed in the section on "Initial Flaw Distribution". These cases were referred to as
"ISI Every 10 Years" and "10-year ISI Only". As the names imply, the "ISI Every 10 Years" case

simulates the current ASME Code required inspections while the "10-year IS] Only" case simulates a
discontinuation of inspections after the first 10-year ISI. Statistically, the differ'ence between the mean
failure frequencies for the "IS] Every 10 Years" case and the "10-year ISIiOnly" cýise is insignificant.
This is due to the fact that the difference between the mean values is less.ltan the standard error for each
of the cases. However, to calculate a change in risk for comparison, -,,reguI-a guidelines, a change in
failure frequency was conservatively calculated based on the differ eie between a"n Upper Bound" and a
"Lower Bound." The Lower Bound was determined by subtractini'g.,2 times the stafdard error as reported
by FAVPOST from the mean value of the "IS1 Every 10 Yers" case. The Upper Bo1n3dwas determined
by adding 2 times the standard error as reported by FAVIPOST to the.mean value of the 10 Year IS1
Only" case.

Elimination of lSI after the first 10-year ISITfor the BVI RPV resu'ltsnin a difference in failure (through-
wall flaw) frequency of less than 3 IE-09. AX``summary ha~b-of the .reslts of the evaluation are included
in Table 3-2. The results reflect the maxiums-gtati'stically calculated va<jMefor..the potential change in
risk at a number of reactor vessel simulations at*which-theMonte Carlo stdti§tical analysis has reached a
stable solution. The difference between the Upper4Bound.an6dJo6,wer B.ound represents the bounding
difference between the I 0-yearinspection interval currenftly applicable under ASME criteria and
elimination of all future inspecti :f.....ol lowing an inspection within"the first 10 years of operation.

This change in failure frequlehncy is acc'ptable per the regulatory guidance discussed in Section 4.1.
Transient input was based on-d'sign b-asis'transients and&the transients used in the NRC PTS Risk Study
[8• 97]. The input dataincludedco•nsiderationofp:ostulated life extension to 60 EFPY. The FAVPOST
outputs for ithe cases presented in Table 3-2 are presented in Appendix E. S p o" i tioi i :4-i

Table•3-2. BVI Rliactor Vessel Failure Frequency Results

10-Year 1S1"-•iOnly (M,,ih Value Standard Error) 5.04E-09 / 2.544,#ýE-10

Upper Bound Val•e- 51.51(56,01E-09

ISI Every 10 Years (Mean Value Standard Error) 5.2341-E-09 / 3. I222,8,9E-10

Lower Bound Value 4.61 ;ý4E-09

Bounding Difference in Risk 9.4--49E- 1 004

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

Reactor vessel failure frequencies were calculated for Palisades for two cases corresponding to the two
surface flaw density files discussed in the section on "Initial Flaw Distribution". These cases were
referred to as "IS1 Every 10 Years" and "10-year IS Only". As the names imply, the "IS Every 10
Years" case simulates the current ASME Code required inspections while the,,'10'- year ISI Only" case
simulates a discontinuation of inspections after the first 10-year 1S]. While ithe failure frequency for the
"IS] Every 10 Years" case is higher than the "10-Year ISI Only" case, statistically, the difference between
the mean failure frequencies for the "ISI Every 10 Years" case and the, 10year 151 Only" case is
insignificant. This is due to the fact that the difference between the mi-ean valiuiesis less than the standard
error for each of the cases. However, to calculate a change inji.jskfor' comparisnfi-'{ltoregulatory
guidelines, a bounding change in failure frequency was calciulated based on the diff rne between an
"Upper Bound" and a "Lower Bound." The Lower Bound ýw-as determined by subtractiffti2,i.es the
standard error as reported by FAVPOST from the meanfi value of the "ISI1Every 10 Years"ca'se. The
Upper Bound was determined by adding 2 times the standarderror.a'sreported by FAVPOST to the mean
value of the "10-Year ISI Only" case.

Elimination of 1SI after the first 10-year ISI fror•thef P;alisades RPV resultsin a.,bounding difference in
failure (through-wall flaw) frequency of less than 4(-.l.SI8, -- 0 A summ:a .ry ii4e-of the results of the
evaluation are included in Table 3-3. The results reflect the maximum statistically calculated value for the
potential change in risk at a number of reactor vesgel simui'u'lation's" at which the Monte Carlo statistical
analysis has reached a stable ubiitioý:JThe differencel.between the Upper Bound and Lower Bound
represents the bounding difference 66,@een the 10-year.; inspection interval currently applicable under
ASME criteria and elifrihKtiKbn of all fifture inspections, follwing an inspection within the first 10 years
of operation.

This changedin failure':freqUency is'aýcceptable per the regulatory guidance discussed in Section 4.1.
Transiedntinput was basedon "design basis :transients and the transients used in the NRC PTS Risk Study
8. 9UlJ.:-Theinput data included considera'to*n'of postulated life extension to 60 EFPY. The FAVPOST

outputs for'the cases presented in Table 3`3 are presented in Appendix 1. Ns pre"iyN ion.' mentione'd in
S ecEAionl 1 - 1

m.13 1tLe'l B .1 'Ad tie included in tile Palisa'des R! is! pipine rgr, but wr
see~ected as J km ,ITh..deptli tineta:adnt eiredited ini the delta ri;;k exukation. Theefore.

g t 4he 14ie 11e I it e wed; would noet impact 4he RI1 I I rgr

Table 3-3 Palisades Reactor Vessel Failure Frequency Results

I 0-Year ISI Only (Mean Value / Standard Error) -. 4i4-4A-4-047621-054.08E-

Upper Bound Value 4 [ý61-414-1-'-08

ISI Every 10 Years (Mean Value / Standard Error) 4--.,----I - • 3S4) 17.9-

Lower Bound Value 6,63 F-0S-.4-24--4. 8
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Bounding Difference in Risk 1.81E-084.40k 09

The mean effects of fatigue crack growth and 1SI on the surface breaking flaw density for 1000
simulations are shown in Figures 3-8 and 3-9. These figures plot the flaw density as a function of the
flaw depth for the cases of I initial 10-year ISI, a I 0-year ISI interval, and a 20-year ISI interval. These
plots display the results for the of 10-to-I and infinite aspect ratio sizes. The PROBSBFD outputs used to
generate these plots are included in Appendix G. The crack growth and density reduction due to ISI
would both be reduced for the flaw length-to-depth aspect ratios of 2-to-1 and&.6to-I also considered in
the pilot plant study.
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3.5 RESULTS FOR THE BABCOCK AND WILCOX PILOT PLANT: OC1

Reactor vessel failure frequencies were calculated for OC I for two cases corresponding to the two surface
flaw density files discussed in the section on "Initial Flaw Distribution". These cases were referred to as
"ISI Every 10 Years" and "10-year ISI Only". As the names imply, the "IS' Every 10 Years" case
simulates the current ASME Code required inspections while the "1 0-year IS1 Only" case simulates a
discontinuation of inspections after the first 10-year ISI. While the failure frequency for the "ISI Every
10 Years" case is higher than the "10-Year ISI Only" case, statistically, thediffererice between the mean
failure frequencies for the "ISI Every 10 Years" case and the "10-year ISE.51 nly" case is insignificant.
This is due to the fact that the difference between the mean values is.:less thanhthe standard error for each
of the cases. However, to calculate a change in risk for comparisoin"it regulatory:guidelines, a bounding
change in failure frequency was calculated based on the difference beiween an "Upp•epr Bound" and a
"Lower Bound." The Lower Bound was determined by subtracting 2 times the stanjdffafderror as reported
by FAVPOST from the mean value of the "ISI Every 10,Years" case. :,.The Upper Bound.was determined
by adding 2 times the standard error as reported by FAVPOST.to the niman value of the "10Year ISI
Only" case.

Elimination of ISI after the first 10-year IS1 f6r4the OCI RPV results ina difference in failure (through-

wall flaw) frequency ofgF -4--01.26E-08. A suia64 eof the results of the :evaluation are included in
Table 3-4. The results reflect the maximum sta'istically crealculated value for the potential change in risk at
a number of reactor vessel simulations at which the Monte& at•16statistlcal analysis has reached a stable
solution. The difference betweenjthe Upper Bound andL:owerBound* represents the bounding difference
between the 10-year i currently applficable under-ASME criteria and elimination of allfuture isec tio-ya nsp foll~oigan• inte?~a withn.th

. .. fir ':' st 10 years of operation.future inspections follue.q& an iinspee€). i•n wthin the fit

This change in failure frequericYýis adccetahle..per the reglatory guidance discussed in Section 4.1.
Transient inputq.was'based on desaignbasis tranfentsitand the transients used in the NRC PTS Risk Study
[8, 9]. The infpu•t data included cons'deration of postulated life extension to 60 EFPY. The FAVPOST
outputs for the cases presenhtfla.In Table.3•4 are presented in Appendix M. As previously .. enio.ned in
SR I , D (Xd i asitm partI of Gd.4;R 1.1. Piing pl-aglran and are•
there "-ie -i t m- h L~i' n1nninterval

Table 3:4.., 00 Rictor Vessel Failure Frequency Results

10-Year I 1S Ofi"(1lean Value / Standard Error) 2.061E 09 2 2711 103.11 E-08/2.55E-
09

Upper Bound Value 0 ..... 1621..-08

IS1 Every 10 Years (Mean Value / Standard Error) 2.18•1 09 .i .847 1 02.621E-08/1.28E-
09

Lower Bound Value 4--98-1132.3613*'-08

Bounding Difference in Risk 1.26l-V-08N79613-i0
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The mean effects of fatigue crack growth and 1SI on the surface breaking flaw density for 1000
simulations are shown in Figures 3-10 and 3-11. These figures plot the flaw density as a function of the
flaw depth for the cases of I initial 10-year ISI, a 10-year SI interval, and a 20-year IS] interval. These

plots display the results for the 10-to-I and infinite aspect ratio sizes. The PROBSBFD outputs used to
generate these plots are included in Appendix K. The crack growth and density reduction due to IS1
would both be reduced for the flaw length-to-depth aspect ratios of 2-to-I and 6-to-I also considered in
the pilot plant study.
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4 RISK ASSESSMENT

The quantitative risk assessment discussed below shows that extending the inspection interval from 10 to
a maximum of 20 years has an acceptably small impact on risk (core damage frequency [CDF] and large
early release frequency [LERF]), i.e., that it is within the bounds of RG 1.174 [44]. A discussion on the
requirements of RG 1.174 is included.

4.1 RISK-INFORMED REGULATORY GUIDE 1.174 METHODOLOGY

The NRC has developed a risk-informed regulatory framework. The NRC:1efinitiOn of risk-informed

regulation is: "insights derived from probabilistic risk assessments ar ed'ini, combination with
deterministic system and engineering analysis to focus licensee and:-,regulatodi:attention on issues
commensurate with their importance to safety."

The NRC issued RG 1.174, An Approach for Using Probabilistic Risk Assessment in Rlsk Informed
Decisions on Plant-Specific Changes to the Current Licensing Basis [4]. In addition, thie NRC issued
application-specific RGs and Standard Review Plans (SRPs)

* RG-1.175 [-3940] and SRP Chapter .9.7, related to in-ser'v vicetesting (IST) programs
* RG- 1.176 [4140], related to Graded Qua"lity Assurance (GQA).:r 'programs
* RG- 1.177 [42444] and SRP Chapter 16:1JI relatedoto Technical Specifications
* RG-l.178 [444-2] and SRP-3.9.8, related to ISI"011.opiping programs:!"

These RG and SRP chapters..p.. 6Ji d.ep.guidance in theirnrespective appication-specific subject areas to
reactor licensees and the NRC staffregarding the submittal and review of risk-informed proposals that
would change the licensingi.basis for aýpower reactor faility,

Regulatory Guide 1.174 Basic :!Steps

The apprah descnbed dInRG 1.17~~ as used in each of the application-specific RGs/SRPs, and has

4 basic"st:eps as shown in Figu•re4- 1. Th jfoufrbasic steps are discussed below.

Step 1: Define' týhe Proposed Change

This element includesidentifying'i

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.
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(from NRC RG 1.174)

Step 2: Perform EngineenInlAnalysei

Thseeeticu es ngrrinee6auaion to show,,opse

Thi elmen inluds prfomig the evlaio oshwtat the fundamental safety principles on which
the plant design was based are nor~it compromfisei'tdý(,defense-in-depth attributes are maintained) and that

Cint e "•ntainering analysis includes both traditional deterministi

analysis. and probabiii rist'"C:ýSk assessmen~tt (PRA). The evaluation of risk impact should also assess the
expect c4ange in CDF AStp nLERFn incipiaE nga treatment of uncertainties. The results from the

alyis nd he M-,6,'istb hsidered in an inertdmanner when making a decision.

Step 3: Defineormgnlenentationa Monitoring Program

This element's goal is to assess SSC performance under the proposed change by establishing performance
monitoring strategies to co"nfirm assumptions and analyses that were conducted to justify the change.
This is to ensure that no unexpected adverse safety degradation occurs because of the changes. Decisions
concerning implementation of changes should be made in light of the uncertainty associated with the
results of the evaluation. A monitoring program: should have measurable parameters, objective criteria,
and parameters that provide an early indication of problems before becoming a safety concern. In
addition, the monitoring program should include a cause determination and corrective action plan.
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Step 4: Submit Proposed Change

This element includes:

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

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

3. Preparing and submitting the request in accordance with relevat-ptrocedural requirements.

Regulatory Guide 1.174 Fundamental Safety Principles

Five fundamental safety principles are described that each•fplication for a change miusimeet. These are
shown in Figure 4-2, and are discussed below.

Change is consistent •*.,
with defense-in-depth *~

Change meets current philosophy. Maintain sufficient
regulations unless it is Maintainsu
explicitly related to a ' sem i
requested exemption or
rule change. I- Integrated

Decisionmaking

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

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

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

The proposed change is evaluated against the current regulations (including the general design criteria) to
either identify where changes are proposed to the current regulations (e.g., Technical Specification,
license conditions, and FSAR), or where additional information may be required to meet the current
regulations.
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Principle 2: Change is consistent with defense-in-depth philosophy.

Defense-in-depth has traditionally been applied in reactor design and operation to provide a multiple
means to accomplish safety functions and prevent the release of radioactive material. As defined in
RG 1.174 [44], 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 weakni *ses in"plant design is
avoided.

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

Defenses against potential common cause faillu•,•re preserved and the potential f6t.r;mitroduction
of new common cause failure mechanisms is assessed,.- ..

Independence of barriers is not degraded (the barriers areldentified as the fuel cladding, reactor
coolant pressure boundary, and containment structure).

* Defenses against human errors are preserved.

Defense-in-depth philosophy sms6texpected to chanigeunless:

significant ieiFase in the existing challengesto the integrity of the barriers occurs.

* The probability of failtire ofeachiti erechanges significantly

o New or addit6fioalfailure d&epdencles are introduced that increase the likelihood of failure
co.:6mpared to the existing conditio.nsii..:'

* The6:o'6rall redundancy afnd diversity in the barriers changes.

Principle 3. Maintalinsufficient jsafety margins.

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

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

Safety analysis acceptance criteria in the licensing basis (e.g., FSARs, supporting analyses) are
met, or proposed revisions provide sufficient margin to account for analysis and data uncertainty.
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Principle 4. Proposed increases in CDF or risk are small and are consistent with the Commission'
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 change in CDF and LERF are evaluated to
address this principle. An assessment of the uncertainties associated with the evaluation is conducted.
Additional qualitative assessments are also performed.

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

The guidelines for CDF are:

* If the application can be clearly shown to result in a decrease in CDF, the.ch6ange will be
considered to have satisfied the relevant principle ofriskgl-'informed regulatio'n wyith respect to
CDF.

* When the calculated increase in CDF is very small` wýhich ist n as being less than 106 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 therange of 10 per reactor year to 10 per reactor
year, applications will be considered only if it can be reasonably sli'wn that the total CDF is less

t 04than l0 per reactor year.

* Applications thatresult in increases to CDF above 10- per reactor year would not normally be
considered.

The guidelines for LERF are ..... ....

* Ifdiei' applicationcan:.be clea•rlshown to result in a decrease in LERF, the change will be
:;considered to have"'satisfied the ieey,aant principle of risk-informed regulation with respect to

•: '? '4.;• :. :! : "

* When th'd:.caculated increase in LERF is very small, which is taken as being less than 10' per
reactor yearWhe changewiwill be considered regardless of whether there is a calculation of the total

L RF. ::::: .i...

* When the calcul ated 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.

I
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Principle 5: Use performance-measurement strategies to monitor the change.

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

Risk-Acceptance Criteria for Analysis

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

* Change in CDF < 1x10 6 per reactor year
Change in LERF < I x 10 per reactor year

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

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

Therefore, the simplified conservative/bounding4acceptian•e 'criterion becomes:

.I.n.--hcrease in frequency of
Chng iCF .Change. in;::::. LERFthroughiwall crack I x 10- perChange in CDF .... :7C:hange'i•:iiEEF ="::• <

%,growth due to increase in reactor year
"inspection interval

4.2 AILURE MO6.DES AND EF'TFECTS

Failure MWdes

The failure mo•de ofconcem wa•thermal fatigue crack growth due typical plant operation. The growth of
an existing undetected fabrication flaw in the RV base metal, cladding, or weld metal was assumed to
reach a critical size tha fw:ould•lead to reactor vessel through-wall fracture if a PTS-type transient would
occur.

Failure Effects

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

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

NRC RG 1. 174 [44] 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?

The following sections describe the likelihood and postulafited consequences. The likeliho:oand
consequences were then combined in the risk calculation and the resultsoif the evaluation..,te presented in
this report.

What is the Likelihood of the Event? -

The likelihood of the event was addressed by id htifyifi'g.tplant transients or operational events that
might lead to failure of the RV, and estimating thýý,freque•y"c'::of:itihse'sevents.

What are the Consequencies?

The consequences were defined in terms of the CDF an4 LEkF risk metrics.

For this evaluajtio'nt:-heý :'conditional :'c"ore dam'age-pr•'•ability given the failure of the RV was assumed to
be 1.0 (no;credit for saf system actuation to mitigate the consequences of the failure). Since this was

intended'as a boundig assessment, it was also conservatively assumed that the conditional probability of
a large earl release given core :damage for this scenario is 1.0 (i.e., no credit for consequence mitigation
via the continment and related systems). Note that this was a simplifying assumption, and a specific
mechanism forLEJEF was not implied or defined here.
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Risk Calculation

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

IV
T\7Ct = L ERF: = CDF = Z IEi * CPF•

i=1

where:

TWCF = Throueh vwall cracking frequency
CDF = Core damage frequency Fromn all vessel faiuici din.eto PTS evAents•ý ents per year)
LERF = Large early release frequency from all vessfl failures due to PTS evi.'ts (evects per year)
lEj = Initiatin event h-equencv (events per yea•-)A•r a gyiven ,PTS transient. 1

CP- 1i Conditional probability of reactor vesx , l'•ailutord a di-'en PTS tiansientT'i.ný*iid
N = The total iniumber o:" postulated PTS transients f -•t •a -plant CDI C •2i -te damai-ge
f,-equteny" "fftire (event:; per, .'eai,

L 4-13-R- - L-arve early, i-elefaef i ..... vli

4-Pi flnialill eve t I 1-(i11,it

The transient initiating frequency distributions were identified in the NRC PTS Risk Study [8, 9] and are
included in Appendices D ýOH ;,and L fQorthe pilot plants T.%he probability of failure was calculated by the
FAVPFS module of FAVORM.The FAVPOST module of FAVOR combined the transient initiating
frequency distributionwith the'reactor vessel condit.iofnal failure probability distribution to determine a
reactor vesselFffilufrfrqugency distribution for eachT transient. From these failure frequency distributions,
FAVPOSTdetermined afiiegan: -reactor ,vessel failure frequency. In addition to this mean failure frequency

stan t'derror was reported.,:To accoutmi f"vuncertainties, Upper and Lower Bounds are determined.
The Uppeif!1Bb.und was determined by adding 2 times the standard error from the "10-Year ISI-Only" case.
The Lower Boun.dwas determied, by subtracting 2 times the standard error from the "ISI Every 10
Years" case. Thechange in reactor vessel failure frequency was determined by subtracting the Lower
Bound from the Upper BoundT::The mean reactor vessel failure frequencies, Upper and Lower Bounds,
and change in failure frequency are given in Sections 3.2 and 3.3. As previously stated, reactor vessel
failure results in core damage which results in large early release. Therefore, the large early release
frequencies were equal to the reactor vessel failure frequencies. The large early release frequencies,
Upper and Lower Bounds, and change in large early release frequency are summarized in Table 4-1,
based on FAVOR 0-5t06. I evaluations.

Table 4-1 Large Early Release Frequencies

BV1 Palisades OC0
(per year) (per year) (per year)
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10-Year ISI Only 5.04E-09 7.62E-084-44")8 3. [1 I -08 .82-6 I

Upper Bound 6Q-45.55E-09 8.44F-O(S4-744'--4 - 3.62E-08

IS] Every 10 Years 5.21-4-40E-09 6L6f7148'7.39L-08 _-L-t-g262E- 08

Lower Bound 1., 610 -3 E-09 6.63 E-3-081-42-_1V40 -1k_ý -921.36E-08

Bounding Change in Large 9.4372AA4EE-W)10 4U -4IW9 I I-"- O 126E-L-087-.9 bO
Early Release Frequency

Risk Results and Conclusions

The analysis described above demonstrates that changes in CDF and'LERIF do not exceed the NRC's RG-
1.174 [44] acceptance guidelines for a small change in CDF and LEkF (<1 0-6" p''ear for CDF, <107 per
year for LERF). .,...,,,..,,:7>

As part of this evaluation, the key principles identified.infiRG- 1.174 were reviewed and the resp'-onses
based on the evaluation are provided in Table 4-2.

This evaluation concluded that extension of,,the RV in-service examination from 10 to 20 years would not
be expected to result in an unacceptable increiie&in risk. Given this o•u-t.ome, and the fact that other key
principles listed in RG- 1.174 continue to be mejit}he• P•r"oposed change ini•iiispe6tion interval from 10 to

20 years is acceptable.

Table 4-2 Evaluation with Resect to Regulato'ry Guide 1.1741441 Key Principles

Key Principles Evaluation Response

Change meets current regulations unlessit is Change to current RG 1.150 [242] requirements is proposed.
explicitly related to a requested exemptioni or,
rule change.

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

the discussion below for additional information on defense in
depth.

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

Proposed increases iin CDF or risk are small and Proposed increase in risk is estimated to be acceptably small.
are consistent with th&'•a inission's Safety
Goal Policy Statement.

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

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

While the results presented in this report demonstrate that the contribution of eliminating future
inspections after the initial 10 year 1S] meets prescribed regulatory criteria for assessing risk, the proposed
course of action is to extend the inspection interval requirements from 10 to 20 years while not
eliminating any portion of the current inspection requirements. This provides additional margin for
defense-in-depth and contributes directly toward maintaining plant safety.

Extending the RV ISI interval does not imply that generic degradation mechanisms will be ignored for
20 years. (With the number of PWR nuclear power plants in operation in the U.S. ind 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.

In addition, it must be recognized that all reactor coolant pressure boundary failures dcurring to date
have been identified as a result of leakage, and were disg&,ered by visual examination. The pfroposed RV

SI interval extension does not alter the visual examination:intral The:reactor vessel would undergo, as
a minimum, the Section XI Examination Category B-P pressure tests and visual examinations conducted
at the end of each refueling before plant start-up, as well as leak tests with visual examinations that
precede each start-up following maintenance o6r. repair activities.

Page 4-4 identi:fies friom Rec•, llatory ('inide 1 174 -, [ "it.

"Defense-in-depth philosopl•by$.p•tl:t, expected to ch:•aiUenless

o A significant ip'lase ia tim. extsting challen-ewt .o the integrity of the barriers occurs.
,, The probabil~ity o t"in •ik.• of'2;;! barrieu r chaiges signih~cantlv.

o New or additional fid:u!{i}•: d~endej LI Intl o•d•ed that increase the likelihood of failure

, Ille o.veralil -d.undncv andi:dversity in the barricrs chances."

The e -Zt " ns t~ in Inspection ota i xi `,o l 111 in -m of thie chance~s identified above. Also idenitified
oni pat-e 4 -4ýIn ~lýý,six elements locJIa:tai M 'LLIl- dcefense In de ptii. Duie to tilie fact that the in~terval extenision
will nlot.ielIntN of' tlie elanges idenifiii(ed Libo e. it is expctied thit the de'iense il depth elemrentis

lite on pe44xil o eiptetd. \ddijnotiil aSSeSS~laCnt ofifthe impact oni each of the det:en sc-in-

dei~ltl efel 01I 11pg44' rxId d aheloxx:

o A reasonable baml tcc amon" piesvcation of core damagie, prevettiolt ool Cotili iiti lure. and
consequence 1 i1110o1is pres5lervd:

1he proposed increase ii insT1CtIi xv0Ion xotan cause all incrteased relirce o.t any o1 tfhc
icntified eletiien. ta Ilher11 rc. thC inrter\lt increase w0ould not Tha, the 'allilo airance
ai1molgT preveltiolot1 of eorI dIlmw lc. prevent -iis of 12ltitilqCtt i . .

y Over-reliance on pr(oo trnmialic act ivlie-, k) conpl-[ .,11 d•: w(01a, r r.cs n "i flant design1 is
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The chane in inspection interval does not change the robustness of the vessel design in any way.
It is because of this robustness that the inspection interval can be doubled with no significant
change in l:lue frequency.

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

The proposed increase in inspection interval does not impact system redundancy, independence.
or diversity in any way since it is not changing the plant design or how;jt is operated.

o Defenses against potential common cause failures are preservedittd the potential for introduction

of new common cause failure mechanisms is assessed:

The proposed increase in inspection imerval does not I n deensfe :;ainlist aly Common
cause l:ailures and there is no reason to expect the tnttodoetiOi Of arny new! comnion cause failure
mechanisms. This requirement applies to niuiltipl]e'ctive components. TheiS only one reactor
vessel per planl and it is a passive component .,

Independence of barriers is not degraded (the banrieris*.tid:-tiled is the fuel claddino, reactor
coolant pressure boundary, and containment1 structute):

The increase in inspection interval (dOes ihange the relationshiifetwcen thie barriers in anyway,.. .. -.. ,.. +++:&: .. , ..-

and therefore does not degrade the ini.pee"c.of the barri i" sThe nl in inspection
interval does not change the robustnless nt the v'eYL•*':deston in ai. . ! ,in It is because of this

robustness that the inspection interval can'-,be doubl'iednilYfi. m Ficant chance in failure
frequenIcy

Defenses ainns e preserved.

The increase in tl'e i t`10i 0ispci u•tc al doesýnot itnpact any delenses against human errors in
any T5ayT:hlre mci ese in th: inspcctiornet;-N al reduces the frequency for wich the lower
111e'6 is rice dtbc•\ eoZiReducin, t(is fiequency reduces the possibility for human error
a:ndi damiging th
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5 CONCLUSIONS

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

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

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

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

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

5. The failure frequencies for PWR RVs due to the dominant PTS transiens•t.ae well below 107 per
year.

6. The change in risk meets the RG 1.174 [44] acce pnce guidelines for a small change i LERF.

7. The increase in the RV ISI interval from 10 to 20 years satis•:fies all the RG 1.174 criteria,
including other considerations, such),as defense- in-depth .

Based on the above conclusions, the ASME Sec LIn-.[] 10-year nspectio nterval for examination
categories B-A and B-D welds in PWR R :s 1 1-= can be extended to
20 years. In-service inspection intervals of 20 yes Bear Valley Unit 1, NMC's
Palisades, and Duke Energy,,6_: e Unit I are acceptable for implementation. The methodology in
WCAP-16168-NP Revisjioi:'l is applicable to plants oiher than the pilot plants by confirming the
applicability of the parameters in Appendix A on a plan`t specific basis. Since the 10 year inspection
interval is required by Sectio)Xl, IWB2412, as codified -ih 10 CFR 50.55a, an exemption request must
be submitted and approved bythie:tNRCeto6extendthe.rtinpection interval to 20 years, unless
10 CFR 50.55a'is -a"igm:fefinded to inco"rprate ASME`Code Case N-69 1.
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APPENDIX A
BOUNDING PkRAME-TER CHECKLISTPLANT SPECIFIC APPLICATION

WCAP-16168-NP Revision 4-2 describes the methodology used to demonstrate the feasibility of
extending the reactor vessel inspection interval required by the American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code Section XI, as supplemented by Nuclear Regulatory
Commission (NRC) Regulatory Guide 1.150. This methodology was usedto ,perform risk analysis for
pilot plants representing the Westinghouse and Combustion Engineering designs. It is an extension of
work done as part of the NRC PTS Risk Study. Table A- 1 identifies criticalparameters to be used to
determine if the pilot plant evaluations documented in this report bound a plantisp.,cific application. If
the plant-specific parameter is not bounded by the pilot plant anailysis additional .•evaluations or
sensitivity studies may be required to support the use of the ipiilot plant risk studies .Additional
information relative to plant specific reactor vessel inspe•tion is to be provided in Tablf.'2 .Iformation
required to calculate the plant specific through wall ch,"icklmgiii.•fi-equencyi :ts to be provided hj'ible A-3.
\dditional information and requirements are pro\ided lll\\ mieach table. Examples ofjlant specific

use of these tables for Wolf Creek and Waterford 3 are contained iin :iAppendices A-I and A-2 respectively.

Table A-I Critical Parameters for the Applic'tioinof the BoundingAinlysisý"

Additional
Evaluation

Pilot Plant Plant Specific Required?
Param('e:ter'...4:i,, Basis ;W' Basis (Y/N)

Dominant PTS Transients inIthe NRC PTS Risk Study

are applicable ...

Through Wall Cracking Frequency T F .....

Frequency and Severity of sign Bas ýs?:Transients

Claddi•'gLayers (Single/Muiil!e)

For each oftiou..,pa rametcrs:I'lable A- I. the licensee must identify the pilot plant basis and. the plant
specific basis. lfthc I lint pec bisis is not bounded Ithe piot plaut basis. additional evaluation is

required.

Dominanl PTS Tr rnstents ..n the NRC PTS Risk Study are applicable

The transients evaluiated iII the WCAP pilot plant analyses were the PTS transients fl'om the NRC PITS
Risk Re-evaluation (NLUR EG-1806 or NUREG- 1874). For this parameter, it is necessary to demonstrate
that the PTS transients used in the pilot plant analyses are applicable for a specific plant. As stated in the
last paragraph in Section 3.2.1 of'NUREG-!874, the "PTS Generalization Slidy demonstrates that risk-

sinificant PTS trmansients do not hmve any appire.ciable plant-specific differences within tie popti lat ion of
P\VRs currently o perat in 1 lhe UnIted Stales." 3ased on this statement, planti specific analyses are not
needed for this criterion. A licensee nay enter lihe "PTS Generalization Study' int Table A-I as lhe basis
tbr the apphicabilify ol the pilot pflan! PTS tranisients to their specific planm.

WCAP-16168-NP WCAP1616-NPRevision 1244e'v±,+on--2I



I A-2

Through \Vail Cracking Frequency (TWCF)

Each licensee shall calculate their plant specific "]"\VCl:05_T,,(.-j value usiug the correlations in NUREG-
1874. The calculated plant specific TWCFc5.--ro-r.. value must be lower than the applicable pilot plant
TWCF5 5 -To-r,1.x value calculated using the correlations in NUREG- 1874. The TWCF is essentially a

measure of the embrittlement of the reactor vessel components \veighted by their contribution to PTS
failure. B3y demonstrating that the pilot plant has a higher TWVCF.-)9 IA Value it follows that the pilot

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

The pilot plant TWCF95_..r) values calculated using the NUREG- 1874 cO clatolls depend upon the
applicable pilot plant design:

WestinEhouse: Beaver Vallev Unit I: 1.76E-08 Events pei\'a1*.vea:l .
Palisades: 3161-07 1 ventsp<r year

B&W: Oconee Unit 1: 4.42 E-07Eents per year

The applicable correlations from NUREG-1874 are as followS

+= a,7..7K f P-cs:',-..,,P. + or, 1") C' •, + 1( //ii/ i .. _ .+ j,- I ,fC, _

Where. o/, is determined as follows: X

I1f RT T.< 625 0R, then (a
I 625R <-- Ti 875 R then u. 2.:5 -- .5.. R..2 625)I 25 R T I b; C4{::•;:
IfRT-•if\ 7SR:: I I'no =1 ::

and TT(VCF,)5_],j viinea ii ".. calýulnated as follows'

.198 ln(s . (16)40,54}*l

.TI (- , xp 73.' 1n(RTl, -1 00) - 162.38)}/i3

"' PP CTIf = txp {,9 1363 ln(R-Te.'c 616)- 65.066}.*3.

• P C. l c, °-)00) -, I • 2..'.- ...i=U e,, cx 23. 7 .1,./,'r ,,, ..,:<, 300)..... 162. ~3 +.

-" {3x• 1 10 17*1 0 185'RTMAX"FO}*/?11. IS :::}}i::,to::"0 .a-I { .

q is equal to 0()'l~or ringi torged vessels fabricated coml)liant with Re, ulatory Guide 1.43 and

equal to "I" For rIing forged vessels not Ifabricated compliant with RCleulatory Guide 1.43.

/1 is delermined is follows irrespective of the set of TNCF fIrmulas used.

If 71 < ½• -i, then /1=1

If: 91,"1 1 T.AIJ. - I I !.V. -in. then /= 1-v8(.T .1 - 9'•_)
If" T >.... 11IA -in. then /'- 17

WCAP-16168-NP c\vis~ion 12.......s4ei4I
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A-3 I

Where T,11AU. is the thickness of tlhe RPV wall (inches), including the cladding.

RTI'MAx-XX values are calculated in degrees Rankin (°R) as follows:

R=MAN-AW 1vMAX MAXAwFL(i) (RT:{-:i + AT(R-pi)(•tFL))

~AiQ T {(RT pi)o + AT5' aqa-(i) (~L

W\here:
nl'\wVl-l is the number of axial weld Fusion lines in tihltet 'lilnegroion of the vessel.
i Iis a COlntler that ranges I'11 I to nWF., .

FL is the maximum fhlucUce occurring on thev.eIse'',l iIt-,,) along a particular axial

weld fusion line.

RTadJ..(i) is the unirradiated RTN,)-V of the xy &ld adjacent to the' l \\ld fusion line,

RT d.hP(i) is the unirradiated RIn> )i of the plate adjacent to the i"' a.'ial'.eld fusion line

ATo4Imi-•) is the shift in the Charpy V-tc..0-foot pound (It-lb) ener ig 0duced by

in-adiation to AfF,. of the weld adj tee t he ii 'axial weld fusion line, and

ATao4-Pl(i) is the shift in the; Charpy V-Notch 30- foo-t.ilpound- (1-]b) energy produced by

Irradiation due. to ~F of the plate idjacen- to the .axial weld fusion line.

R i MAX[RDTL() , ....MA

nj ,.j s the numerI of plates In thRe beltline reulon ofthe vessel,
is}:a counte:!thalt ianges tromnito np .

PL(i) ' the ma=,* um tl:e.. IW Cc.TI ,g over the vessel I1D) occupied by a paricutlar

.. RTND(l•)•?ithe unmrriidated RT,,m-of a particular plate. and

ATP•() ish:'S sh It ilnIIIhe Charpv V-Notch 30- foot-pound (fi-lb) energy produced by

i<T u lraii.ion to 01z a particular plate.
MA

Il') is the number o~f orginos in the belt line regzion ot 'the vessel..
Sis a cotinter that ran 'oes IinI to lfy()

-''X ISI) [isthemaimum fVl.nee OCCurrinu over the vessl ID occupied bA a particul ar

W h e re: t' .

RTFOi,) is the unirradiated RTN-). of a particular forgi,,g. and

3lz0ti is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) enerlgy produced by
ATisrtead i fIn iolo c C"Aloi palcuar[igi

WCAP-16168-NP WCAP 16 68-N 1_R -2evi-suiow2



I A-4

R~adO-I(i) +AT30o () ]"

MAX m,+WLi i0Id 3 j H
i=, t (R T~~~~dd,_(fi U i) _- TadJ _ f o (i,(•F[ WFTi)j DT( 1) +A 30 (OFL

Where:
i(: wri, is the number of circumferential weld fusion lines in the beltline region ol'the

vessel.,
I .is a counter that ranges from I to ni(\v_...
OItFI is the maximIum1 fluence occurring on the vesse~týi)J al•ing a particular

circumiltrenlit l weld fusion line.

RTa.c,)is the uni-radiated RTNI•,I o lthe weld atacnt toethel circumLflerentlal weld

fuLsion line,

RTa4'I-ti) is the unirradiated RT DT of the i'ate adj icent to the ith •ciicufeiential weld

huskio line (if there is iio pidjti:e.t plate thils terim is ignored).

RI'ýfOti) is the unirradiated RTs-uI of tie •oigi, ad.'c.ant to the i' circumii'erentlal weld

fusion line (if there is no adiacent f"6okrgi this termi i menored).

AT3 jct'i) is the shift in 1hcCl mrpv,/ V-Notch 30,fb'gl. ound (ft-lb) energy produced bv

Irradiation duc to i' ot'-the wvcld adtacent.l t.lf h circumlereitial weld
Rilsion Hle. .:,. "%.i?{•p?; ''

AT 3o'_-'p' is the shiut in the Cha 13iY V-N'fNltc-h.30.Jo.%'Pot pound (fit-b) energ produced by

1iai fl oillto. to OtL ci th eplate adjacent, !`1. the i' axial weld fusion line (if there

is no adj• icnt plate this tetrn is titnored) and

zAxl 0 i. t.e shif`Mn the Charpy V' .otch 30 loot-pound (f1-lb) eneigv produced by

.... t.o. o tl' of t{mhe louiIni ad acent to the i1h axial weld lusiot lne (it

hierc•ý ,no adt cut fbi •ttn this terli is ignored).

..iii*N ,T) shifi shall b IIete Im'IIIid•i&ts iiig the latest approved methodology in Regulatory Guide
1 99 om other N mp-ioi ed mcthodologv (Equ ations in Section 3.5.2 of NUREG-i1874 were
uscd tose{:lrkculaoL plo p••ant vlutcs). All material properties used to delermine the TWCFo0_•--,
value Tha•`fTlla:Fbe docuLniedlC'I1 in 1Fable A-3.

The plant speciflic T\\:1 C 'f":, 1 aluc shall be re-evaluated any time tIuence is re-projectedl to increase
as a i Nillt ofcore c loaduwilt: corc coul ul ation, power upratimug. or when a sur-veillance capsule IS pulled
fr-om the reactor vcssel. "I:ii the case thai the calculated plant specific TWC -orYL value exceeds the
pilot plant value (at any time the evaluation is per:forined), additional evaluation shall be performed to
demnonstrate that the hedi13c-in-risk associated with tlhe exten5sion in the inservice inspectioti is acceptable.

Fret]L eIcV and SeV c tv of CI)esi Basis Transients

l.t is necessary to demonstrate that the amount o:f< ltigtue crack growth considered in the pilot plant
anakyses is boundiing lor a specific p1mit. Since tile amountl.1 Of "l:'atigte crack ul- cuth Lised in dhe pilot p''lt
analyses 0:1s calcutlal based on thc design basis transielits. a Collparison ol ldesign has:i traInsients slZall

I WCAP-16168-NP Revision 12Re.44,,*-24
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be performed to ensure that the assumed number of heatup-coodowii Transienls per year is also applicable
tfr the specific plant. The pilot plant basis depends on the applicable design:

W\est in ghouse:
CiE:
13&kV:

7 Cooldowns per year

I ( Cooldowns per year

12 Cooldowu ns per year (assunmed)

For CE and Wesiinghouse designs. il'the specific plani has operated within its design basis, the amount of
fatigue crack growth in the pilot plant \will be bounding. If a plant has operatede outside of its design
basis, an additional evaluation is required to demonstrate that the pilot pltit fatrm crack oxowth is still
boundifit. For B&W plants, an evaluration mLust be performed to shlo\x Irh the l'tintie crack .,rowth used

in the pilot phlant a'nlvsis is bounding of that which may occur at thlvegiecil: .lat. If tihe plant specific
fatigue crack growth is projected to be greater than pilot plant fhtaijjul-crack towib6Wi4 considered, additional
evaluation Is required to demonstrate that the change-in-risly: xssoc itd v, xoh the ixtensio n the inservice
inspection is acceptable.

Cladding LIavers

The pilot planlt analyses were perforimled assllnimi a sinile laver of clad hn because the probabtlity of
havino a surthce breaking flaw in tmri-lax .a :liddinu is much less hlt'rilhat of slinule-laver cladding.
!The licensee shall identilfs whether t•heir rcacRik:or cs{e1- w is fabricated x\ ithvsmYgc or miulti-layer cladding.

Since the pilot plant analyses were perfoir nu cI\\)tit sinxle-iay.i, all ,III1 tsiit:'ý bounded by this parameter.

Table A-2 Additional Infirmation Pertaining to:,lthe Reactor Ve.ssel Inspection

Inspection methodology: ':.

Number of past inspections:

Number of indf i: ai6i '"fo:und:

Proposedinspection schedule fýr6r
balancetfplant life: : : i

Table A-2 is to be1:% opleried w;iJ {pi" t specific reactor vessel inservice inspection data to meet the
requirements stated b, l(WasIvfox's.

hnsmpicction Mtl iodoo)ny

The. iccie is hali ~~ the metho0dolo, gy ulsed for the most r<ceipt lin r vice inspection pertorull-ed oil
the C .N\.i L' CS ,iNc irf B-, n and I-I) wv Ids thll riarc included in ti3 is t,- dti ýtIon. Typica Ily the mlethodoI(-It.o ,

Lse'd will be 'other Reg, a11 -tors (CidC 1.150 or ASN4F Section X I ,\pprmNdix IlII.

WCAP-16168-NP !i'•h•n it4'" i-: -•
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Number of Past inspections

The licensee shall identify the nmbiler ofl past inspections that that have been performed onl the ASME
Category 13-A and B-D welds that are included in this evaluation.

N umber of Indications Found

The licensee shall identify, the number of flaws of concern (as defined in port i,. of the r equirements above)
bLiound during the most recent inservice inspection.

Proposed Inswection Schedule f-or Balanee ofPlant Life

The licensee shall Identi\: the years in which future inservlcet:inions 'ill be pcifborumed. The dates
identified must be within plus or minuis one refuelmng c.clic°o- thie dates identified i• th•- iplem.entation
plan provided to the NRC in P\VR Owners Group letten O.i -06-356, ''Plan for Plant Spe 'cili,
Implementation ot Extended Inservice Inspection Inlter\"- (• v P! 1.668-NP Revision:: "Risk-
In formed Extension of the Reactor Vessol In-Se-x ice hfispectiofinIn.et al." i I IP) 5)•97/99, Task -05)."
dated October 3 1. 2006. i the licensee idcntfFies dates in Table A 1.that are not within plus or minus one
refuel ne cycle of the dates in the plan. the lidensee x will be ,cquirei d:to have additional discussion with the
NRC Stalff

After implementation of the extended inerval the fol .ioie.t.ieiun111lISt K( MCIet:

All data on el, nedcd7// inIli oýto•.,e;w ith u b r/iut gh-wiall extent (TfIY)/ greuter thon 0. / inch
shall he providito, \A(wi oie meat 0/ CoInpVeting the next vcssel be110ine inservice

il7s/)ec(tni • I S 'All !c X, on Ael lpptx I I 71Sui, /icue;M 4 F'r /)otefnt(ti/ VesYsetCtiihtre due to
PTS/. (ttc/ktdd /in, U/ cf.n••rn. ctrc 0 ,( tll o1t ented pluai flous ii the vessel he/ilne w nithin the

u ,,,,:J2 ;%.j• . ) of -v 'P " a .I - , -l iih"!x...

Ains ase.s smene olfi/ic mnseri'tecuts/ecton resCul,,ts relative to the /lw distributions used in the
d.t at"; utso be/ ]i tiec!. Th isse's;cu Ahul be ped.ur;!ed/ il accordance

u it h ti/it /tC;t~o S o c t h at it/sedllr~t o/thci vouiar/t~v'P.TSirule, /0

I WCAP-16168-NP
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Table X-3 lDutails of TWCF Calcuhition

Inputs

Reactor Coolant Sy'stem Temperature, 4Tm>[]: T,. [inches]:

Region/Component Mtei Cu Ni P l :.Un-Irradiated Nluence [u trn

Description [wtj [Iwt%l [wt%] I woJ W] .R,' INI)I:(:u• 1 e0Frn/er.,:::@.E> 1 MeV]

Outputs .. ".

Methodology Used to Calculate AT;3:

Regionejc [4.t.
(I om R'M \\ nx [R] Neuron em " 4) (fl[x) .
Above) I >lMe, .

L.imiting Axial WeMld- AW

Limitina Plate - PL

Forging - IFO

Circumferential \Veld C\- ,N

TWC~~~~~~~~~~~~~~~~~~~~~~ FWs:•!.• (•xT.{, sw+cx, @•, ,s, &w\~:•.w+oIWF`.,ý. :o):

The information used to calcdatei ,th:.tht ogh.wall crac-fi, ltrequetncv (TWCF) shall be inclided inl Table
A-3. The ln elds aitle:ened u thT:\ ( - cor tt~nefinmtion for Table A- 1. Additional rows should be
added to the.tnt•lpt sc;Wctiý..for eachb'tflne region/component where region/component is a particular
weld. plate or fortMI. R:efe':to Applenchces A I and A-2 foi examples of how Table A-3 are to be
C O li eted2- :u

).5:

WCAP- 16168-NP WCAP1 618-NPRevision I 24(e*4¾* -I
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APPENDIX A-1
WOLF CREEK PLANT IMPLEMENTATION EXAMPLE

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

Parameter Pilot Plant Basis "Plant Specific Basis (Y/N)

Dominant Pressurized Thermal Shock NRC PTS Risk Study .. :ý PTS Generalization Study No
(PTS) Transients in the NRC PTS Risk (Reference 88) ,2'6 )R:erence-2$ 2()
Study are applicable A

Through Wall Cracking Frequency 4-.674-,1 76-098 Eventsvper , • 2 l-i1 -42 Events No
year per year

Frequency and Severity of Design 1-4-4- \J1 P ReN on.., .1 .. Bounded by7:, .._ No
Basis Transients 4-44*u4ed 11eitip'U /Cooldo'sn-,pcr

heatopicooldowns+ pci ycar year

Cladding Layers (Single/Multiple) Single Single (assumed) No

Table 2 Additional Information Pertaifing itoReactor Vesselpinpection

Inspection methodology: Past inspectdins hav-e'ben•performd to Regulatory Guide 1.150.
... Inspections perfored durinRE13 and RF 14 were also performed

to ASME Section XI Appendix VIII.

Number of past inspection's - Category B-ANwelds (reactor vessel): 2 inspections, RF8 -
Spring 1996 afidRýF 14 - Spring 2005 with the exception of
S weld RV-101-- " 2I which was also inspected in RF2 - Spring

_1"987 anid RF0• - Spring 1999
Categor-yB-A welds (closure head): 2 inspections, Interval I
examinations in RF1 - Fall 1986, RF4 - Spring 1990, and RF6

" } "i.iSpring 1993. Interval 2 examinations were performed in
RF9 - Fall 1997, RFII - Fall 2000, and RF13 - Fall 2003. 2

welds were examined each outage.
Category B-D welds (outlet nozzles): 3 inspections RF3 - Fall
1988, RF8 - Spring 1996, RF14 - Spring 2005

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

Number of indications f0und: Zero reportable indications have been found to date. Any
recordable indications have been acceptable per ASME Section XI
IWB-3500. N,.o llavvs o" concern \\ er-4ofml detected.

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

fourth inservice inspection interval is proposed to be performed in
2045.

WCAP- 16168-NP R,
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Fable 3 Details of TWCF Calculation

InpuIIts

Reactor Coolant System Temperature. Tsrs[°F]: 550 "F,,,•t inches1: 8.62

R eg i n. ".•C o m p o nl fn t ( a e l N i J) M n U n - hr r a d i a te d F u o ri te 1 10 1
Maera Neut [rOnhitl'

Description [,vt"20] [wt%] [wtl%] [wt%] RT\m ) i >I] E>I tMeV]

1 Lower Shell Plate A 533B 0.070 0.62 0 0.008 I , 40.0 3.90

Lower Shell Plate A 533B 0.(90 0.67 0 0.009 T,! 0.0 3.90

3 Lower Shell Plate A 533B 0.060 0.640 0( 008 1 10.0 3.90

Intermediate Shell Plate A 533B 0.040 0.640 0.00 13, " N.: -20.0 3.90

5 Intermediate Shell Plate A 53313 0 050 0 63•0: 0.001 1 .350 0 3.90

6 Intermediate Shell Plate A 533B- 0.040 0 6 60 0M(I8.35 -0I)0..,. 3.90

7 Lower Shell A,'ial Weld Linde 0091 (0O40 006 0.00 3 5 -. 1 1 1.ý76

8 Lower Shell Axial Weld 1.inde (1091 0.040 0.080 00 .30 5 -5(00 3.42

L~ower ShellAxial V eld Linde 009'! 1-1 0.080 1 0 0 5 -50.0( 3.42

to I rrer. Shell Axial Weld Linde 0091- 0 0 .0 () 00 .0 000,.°,,,,0 1.76

I Iter. Shell Axial Weld Linde 0091 0040 00 00,-0 3.42

1 Inter. Shell Axial Weld Linde 0091 00 .00 1.35 -5i0.0 3.42

13 Inter. -- Lower (.rc WeI Lh' it{Lde 124 0.04-11) 0.080 0.'07 1.35 -5(.0 3.90

Methodologvs-I tý)o Clclate NUiRI 0 187 '4

.Rgtn .: FLuence [10 (1
.' .oM RlM.\X xx [R] Nentron/rc n (0JIR. .\F.

Abov6e)I L>1 mevi I

Limgitk Axi.'AlWeld - AI 561.96 3.42 1 r iL 2.7L- 18

Imnitnit"Plte PL 1 565.05 3.90 2.06E 1M 65.36 1.OOE- 13

I ýAo It. N iN A N A N/A

C ie u I , I ntia1 \Va e h I 565.05 3.90 2.061 !I1) : 5.6 5.521,)29

. , ./A. I\V t. I' T , 4 (1 ( %\ .1. 1 ,i 2.51lF-13

WCAP- 16168-NP



A-I1 I

APPENDIX A-2
WATERFORD 3 PLANT IMPLEMENTATION EXAMPLE

Table I Critical Parameters for Application of Bounding Analysis

Additional
Evaluation

Required?
Parameter Pilot Plant Basis Pla-nft, iSpecific Basis (YIN)

Dominant Pressurized Thermal Shock NRC PTS Risk Re- PTS Genieralization Study No
(PTS) Transients in the NRC PTS Risk Evaluation (Reference 9) ,(eference .2.26)
Study are applicable
Through Wall Cracking Frequency 3.16E-076412E--09 Evenit A- , .87' i•i W--14 Events No

per year -.. . per year'..
Frequency and Severity of Design WCAP 16168 N"11'.4"" Bounded' by•3 No
Basis Transients "..oul e43de4-4 •<13 heatup/coold'c~'ns/y:per

heatup/cooldow6stN i peri year

Cladding Layers (Single/Multiple) Single Single No

Table 2 Additional Information Pertajgining toReactor Vessel InSlection

Inspection methodology: Past inspectibrns hav i•beenperformnd to Regulatory Guide 1.150

Number of past inspectionsx:.k- Category'BWA welds (reaktor vessel): I inspection - 1995,
!.,, • with the exception of weld 01-020 which was also inspected in

1988.
Category B 'AIwelds (closure head): 4 inspections with 3

.ib'W:I, dsinspected 1986, 3 welds inspected 1989, 1 weld
.ispece1994 3 welds inspected 2000
Category B-D welds (outlet nozzles): 2 inspections - 1988 and
1-::.l9.5 with the exception of weld 01-021 which was also

...' .'" -pected in 1989.
:'Category B-D welds (inlet nozzles): I inspection - 1995

Number of indic-ations found: Zero reportable indications have been found to date. Any
recordable indications have been acceptable per ASME Section XI

•, , . IWB-3500. No flaws of concern have becnifound detected.
Proposed inspection 'schediule for Second inservice inspection currently scheduled for Spring 2008.
balance of plant life: The second inservice inspection is proposed to be perfonned in

2042 2015. The third inservice inspection is proposed to be
performed in g0-32U.)35.

WCAP- 16168-NP Revision 12ReV4s4-()i+-2 I
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Table 3 Details of TWCF Calculation

Inputs

Reactor Coulant System Temperatule. 1T<cs[ Fj: 553 T,, [inches]: 8.6
Reci . .. ... FlLuence [ 10''

RegionComponet Material N P Mn Un-Irradiated NeUtron/e ra.

Description [wt%] [wt%] [wt%] [wi%] RTNDTI)I [OF] E>.l Me\]

I Lower Shell Plate A 533B 0.030 0.580 0.005 1.3: : 22.0 4.49

2 Lower Shell Plate A 53313 0.03(0 0.(62 0.006 1:31 -15.0 4.49

3 l..o\er Shell Plate A 53313 0.030 0.620 0.00711 .ý I -10.0 4.49

4 Intermediate Shell Plate A 533B 0.020 0.700 0007 1. 35 -42.0 4.49
Intermediate Shell Plate A 533B 0.10 0.710 6.04 1 35 ::§o.. 4.49

6 hilermediate Shell Plate A 53313 0.0-10 440000 1.35 -"• 4.9

7 ~Lowver Shell Axial Weld Linde 0091 t.03(0 ,0O• 0.007 1.35 -80.0':, 4.49

8 Lower Sheld Axial Weld Linde 0091 0,030 0.200$: 5.t,00; L15 -80.0 4.49

9 Lower Shell Axial Weld Linde 009. (.0 0 0.200 0 1.35 -80.0 4.49

10 Inter. Shell Axial Weld E 8018 I'S 020 0.960 0010 0 5 -60.0 4.50

hler. Shell Axial Weld E 8018 (1 0.0,(0: 96 0010 "I 3o -60.0 4.50

12 Inter. Shell Axial Weld F 8018 0 00 0 ¶560 0 . 1. 35 -60.0 4.50

13 liter. -Lower Circ. \v . ,:.x. . de 0091 d 0 5 0.160 0. 1.35 -70.0 4.49, _ _.:..*..>',, '.

A. Gutpupts

Mctlhod61ooy Used toCalculate N, ,UREG-1874

Rewon:ii : Fluence [109

(..o..k rn RI MAN :[ Neutron/cmr. 4) (lX) I XC.... ;g'''"...":.'.:W''+"_Ab•••; > MeV]

L imn \ý: hg, l \\eld -I A- -54 1,91 4.49 2.37E1 0 57.93 2.47E- 18

I imi6•!in~ate- Pt}' I " 541.91 4.49 2.37E10 57.93 5.521-29

F oruinm ,... N' Ni N/A N, /A N /A N/A N/A

CircuMnferemial \\W.d ,N 1] 541.91 4.49 2.37E10 57.93 1. 15E-14

. , ; (c'O,jT\V'CF9)_.\ 4 UF, -tvCFg: ci4.oTCVVF _(:x + u. voTWCFg,- ): 2.87E-14

[

I WCAP-l6168-NP 
Revisicn I 244t~vP4{m 2
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APPENDIX B
INPUTS FOR THE BEAVER VALLEY UNIT 1 PILOT PLANT EVALUATION

4:

'4:4:.;.' 'V.4*CC.

4 'C'.:>

'4:~:~~

¾* 'C

44

~C .'V~

WCAP-1616X-NP 
1< ('Vi S Ofl I .1 ~ -~H~~

2
q
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A summary of the NDE inspection history based on Regulatory Guide 1.150 and pertinent input data for
BVI is as follows:

1. Number of ISIs performed (relative to initial pre-service and 10-year interval inspections) for full
penetration Category B-A and; B-D--a+nd P. reactor vessel welds assuming all of the candidate
welds were inspected: 2 (covering all welds of the specified categories).

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

coverage of 100%. 6 Category B-D items had coverage of 90% , an 6 had'coverage of 100%.

3. Number of indications found during the most recent inservi'e'Inspection 42
This number includes consideration of the following additio'nal informit on.

a. Indications found that were reportable: 0
b. Indications found that were within acceptae leJimits. 41,
c. Indications/anomalies currently being monitore 0 ,

4. Full penetration relief requests for the RV were submitted4and.accepted by the NRC for 15 items.

5. Fluence distribution at inside surface o'fRV'beltWne until end of l.ie(EOL): see Figure B-I taken
from the NRC PTS Risk Study [-7449], Fiure 42::.:..:.

: ... : +:: ' ... ..

WCAP-16168-NP 1Revisii 12l
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7-

ii
* *1

I-

~i? ~I~4

'NI 91,10 I

41ý

Figure B-I Rollout DQa"g"a'mfa'Beltline Materials and Representative Fluence Maps for BVI
6. Reactor vessel cladding detds, ,

a. Thickness: '.i"15 inche 1 ,

b. ;Materialproerties his is *-mipenJth' -t4f area identified in Table B-19
•,.I'b'T is is considtent w~ith •th ),NR C: P1S Risk Study [2+4 8. 9]:

WCAP-16168-NP
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Table B-I Cladding Material Properties

Specific YounIg's Tim rmal
Thermal Heat Modtilhis of' Expansion

Conductivity (Btu/LF3M- tlasticily Coeffilcient
(13tLL.-hr-ft-`F) 11) (KSI) (1 ) Density Poisson's

Te..perare (L[BM/fti) Ratio
0° F) "K".. .. E...•z;% :p.. ,

0 .... ... 489 .3
68 22t) 0-, 1 7 ":::::489 368 -0V ... . .§.<Z> 489

70 8.1 0 1..1 __'____'__ 489 -
100 8.4 0.1 185 ,,_:___ _ 8.5 l5 .& 489 .3
150 8.6 0.1196 -.::_::, _ 8 " 67E 0- :. 489 .3
200 8.8 0.1208 ..___ :::::: 8.79F-06 8 489 .3

250 9.1 0.1232 .9E-06 489 __ _

300 9.4 0. t256 : 9.0E-06 '8?: .3
302 - - . 0,0.2 48:V 3
350 9.6 0.1258 9.' E06 48' .3
400 9.9 0.1281 9.19E-06 489 .3
450 10.1 0;A)1 91 9.28 E-06 489
482 I1s41I 9. 489 .3
500 10.4 0. S .n "3'-06 489 ,3
550 10.6 0.1306 1 .: 94•L, 06 489 "_
600 10.9 0.1 2'ý, 7D3E::.... 953-06 489 .3
650 11.1-. 0. I 3 9.61 E-06 489 .3
700 1•0 48 :. 9.69E-06 489
750 11.6 6 01:6 9.76F-06 489 .3
800 j... 1.9 0. 1367 ... 821E-06 489

* ,:;, ,% : , .::

-, ~ ~ .:.\~ I

4,,
44Dens'~A4f L YRI I oo~

rA-1,a

c. Material inc'uding copper and nickel content: Material properties assigned to clad flaws are
that of the unihderlying material be it base metal or weld. These properties are identified in
Table B-43. This is consistent with the NRC PTS Risk Study [781, 927-,43].

d. Material property uncertainties:

I \ 0 1,.. .. 1 ... ;.'A l. I ".- I I ..... 1- - - -A,.;. • f"I.- .. I] 1)".-I ,,- I-.- MI)r" 1)*I'Cl [):-Iý
t% M t 1 i i it f1 !t t!d Ctt 1 1t 1 t: I -N

S+y a iloilin a! dima il l 1i i 1 1ie is s;aiated 1tar all anal yse", beanur I -P

ptlH--et~.tý t-e 'eaelol-44 N.ie1ti4--~*pr Jicadrant

f,,41pý:vej ýcfies,

I WCAP-16168-NP WCAP-16168NP I bvi <5 n I 2k-R.e-v-i-,d iI-2
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I) Bcad width: I inch - bead widths vary I-or all plants. Based on the NRC PTS Risk

Study 18. 98], a nominal dimension of 1 inch is selected for all analyses because
tlhis parameter is not expected to influence significantly the predicted reactor vessel

failure probabilities.

2) Truncation limit: Cladding thickness rounded to the next 1/100th of the total reactor
vessel thickness to be consistent with the NRC PTS Risk Study [78, 99].

3) Surface flaw depth: 0.161 inch

4) All cladding flaws are surface-breaking. Only fla,,nscladding that would
influence brittle fracture of the reactor vessel:are brittle'This is consistent with the
NRC PTS Risk Study [-78, 9,].

4K*.:%.. ...•;:: :

e. Additional cladding properties are identified in Table B-24.

7. Base metal:

a. Wall thickness: 7.875 inches." ::

b. Material properties asi!!led 4ttare identified in Table B-2
iconSiStent " hStud ? 97 ' 43and 13-3. This is cosstn th' ;'N21-1g

Table 13-2 I3askI itN aterial Propets -

Specific Younin's Thermal
.. :.1i:hei l x Ieat '1 Modulus of Expansion

ontis'ni . (13t LBM- iN."'" iElasticity Coelfficienlt
(t .tu:iu:: -4;. .~x. I ):.,-:KSI) .. .. Density Poisson's

,..u(13:/1.:(LBM i 3) Ratio

.: 0 .. ____ _~- : -... -489 .3
. '.70 ::4:8:, 1052 29200 489 .3

".i 100 0 0. 1072 7.061,-06 489 .3
" I),I•, 0.1101 7.16E-06 489 .3
10"v >,:•, 0.1135 28500 7.25E-06 489 .3

_-__'____._:_. _ 0 1,41-06 489 .30 1
300 *:: i):... I 0.1194 28000 7.43F-06 489 .3
350 0 )•,__ '" 25 (). 12 - 7.5F-06 489 .3
400 0758E-06 489 .3
450 _24.6 0.1277 - 71.631-06 489 .3
500 __ .._-, 0.1304 27000 7.7E-06 489 .3
550 1 0.1326 T7.77-06 489 .3
600 2)3 70O. 135 26400 7.83 F0'-06 489 .3
65(.0 24 0. 1375 7.9[,E-06 489 .3
700 23140.14o4 25 300 7.941"-06 489 .3
750 22. 0. 1435 - .00 48 .

0.147 35 8.0 E.-0 6 489 .3
F 0 •oo22.2 0.1474 23900( 8.051E-06 4S9 .3 d

WCAP-16168-NP Re~vision 12P:.,-e,>i4sio~w_2
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2.4~j~e-iA-e-La iLu/LM 0 1F).C-0. 120

¾T~n~i+~ie+(''ii*+4 ')rA L-I] -0 .00000777
{eionc ato.V=443

O+4e--+fateria flrooeri-t a'.ie ideintified in T-dhir B
BI6

''A V' .;.N.

I WCAP-16168-NP CiiI1II ý C V i S i ( ý TI I ' lkt-*j ýýifM -2
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Table B-3 B\'l-Specific Material Values Drawn fromn the RVID (see ReL 44, Table 4.1)

Major Material Region Description h Jadia-ed

TypRe H4al Location Cu Ni P "]II n 1

vwt /ul Iwvt% Iwtl lwtl L -1).

I Axial Weld 305414A Lower 0.337 0.609 n'z 012 1.440 -56

0Axial Weld 30541413 tower 0.337 060 0.012 1.440 - 56

3 Axial Weld 305424A Upper 0.273 0• 0 9-" .013 1440 56

4 Axial Weld 30542413 Upper 0 "3:0 629 0.0,3 1.440 - 56

5 Circ Weld 90136 lnternediate,." 0.269 0.070 0.01 -::;: *,0.96.4 - 56

6 Plate C63 17-1 L[owue .-0 0 -0 0.010 1 l0 27

7 Plate (6293-2 w 0. 140 0.570 0. 01 1.300 20

8 Plate C438 1-2 Uper 0.140 :: •20 0015 1.400 73

9 Plate C438 1-1 01ppe . :. .0.140 0 -20 0.01 .400 43

Table B 1 RVI14 the RX7ID (see Ref, 78, Table 441)

"ljor- Ni terial Region.eeu4*.

2- .- ej:d 400.4l 3-we 3-. 0.609~ 0402. -4 iefeefi-e 23.4ft

4~, 0.629We1 0..4-P 4pei 07 _39 0 ---- G~elej 2 i 7.8

4 L\ArieWe1 A± 40. (40-24 )4J4 -546 Cv4Hý 7.

6 Pk4-e G 6 31744 3J b~~ewe 0.200 0.510 0.041- 43 0MTl4__B5 2 29&6.

N 4ate- 44-28.2 - ot 4 0.54)- 44.2ýý -24) fb-2 27544

P44ate (433,q_2 IJippe 0. 1"40 04-&20(A1 -0-P-I- B3 A - 2 _

9 Maw e C&41-3-84 j Lpp,,z 0A40j 0,62-0 0,04-5 43- --44"=2--

8. Weld metal details: Details of information used in addressing weld-specific information are taken
directly from the NRC PTS Risk Study [244], Table 4.2. Summaries are reproduced as Table B-

WCAP-16168-NP Rev ision I+ -"
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2-4. Values for SAW Weld VohLme fraction and Repair Weld \'Olume fr'action in Table B-4 were
changed to 96.7% and 2.3% respectively per NUREG-1 874 19].

-. ' NW. N

VV

I WCAP-16168-NP RevisionI zR-e-v4.• " " •n=
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Table B-2-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution

Inner -adius (to ciadiang) linj bo.:o (O.0 tso o vessei specIfic inro
Base Metal Thickness [in] 8.438 7.875 8.5 8.675 Vessel specific info

Total Wall Thickness [in] 8.626 8.031 8.75 8.988 Vessel specific info

Thru-Wall Bead [in]
Thickness I 0.1875 0,1875

70

0.1875 0,1875

I'dt1o - .I-Vi/VV-/0 - rr-I-uIr7/o

All plants report plant specific
dimensions of 3/16-in.

SAW
Weld

Judgment. Approx. 2X the
Truncation Limit [in] 1size of the largest non-repair

flaw observed in PVRUF &
Shoreham.

Buried or Surface -- All flaws are buried Observation

Observation: Virtually all of
the weld flaws in PVRUF &

Orientation Circ flaws in circ welds, axial flaws in axial Shoreham were aligned with
welds, the welding direction because

they were lack of sidewall
fusion defects.

Density basis Shoreham density Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

WCAP- 16168-NP l.~ ('V]Si(~1I I 2A~~Q *~~+i2 I
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Table 8-224 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Volume fraction [%] 1%

Ukj t.I U UI OU " l l at ,vIaCl IIt

specific info provided by
Steve Byrne (Westinghouse -
Windsor)

SMAW
Weld

Oconee is generic value
based on average of all

Thru-Wall Bead plants specific values

Thickness [in] 0.21 0.20 0.22 0.25 (including Shoreham &
PVRUF data). Other values
are plant specific as reported
by Steve Byrne.
Judgment. Approx. 2X the
size of the largest non-repair

Truncation Limit (in] 1 flaw observed in PVRUF &
Shoreham.

Buried or Surface -- All flaws are buried Observation
Observation: Virtually all of
the weld flaws in PVRUF &

Circ flaws in circ welds, axial flaws in axial Shoreham were aligned with
Orientation welds, the welding direction because

they were lack of sidewall
fusion defects.

Density basis -- Shoreham density Highest of observations
Statistically similar
distributions from Shoreharn
and PVRUF were combined
to provide more robust

Aspect ratio Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

I

I WCAP-16168-NP Revisio'll 1."Ravi4on-2-
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Table B-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Repair
Weld

Volume fraction

Thru-Wall Bead
Thickness [in]

2%
integral percentage that
exceeds the repaired volume
observed for Shoreham and
for PVRUF, which was 1.5%.

0.14
Generic value: As observed
in PVRUF and Shoreham by
PNNL.

+

Truncation Limit 2

Judgment. Approx. 2X the
largest repair flaw found in
PVRUF & Shoreham. Also
based on maximum expected
width of repair cavity.

Buried or Surface -- All flaws are buried Observalion

Orientation

Density basis

Circ flaws in circ welds, axial flaws in axial
welds.

The repair flaws had complex
shapes and orientations that
were not aligned with either
the axial or circumferential
welds; for consistency with
the available treatments of
flaws by the FAVOR code, a
common treatment of
orientations was adopted for
flaws in SAW/SMAW and
repair welds,

-- IShoreham density Highest of observations

Aspect ratio
basis

Shoreham & PVRUF observations

Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust
estimates, when based on
judgment the amount data
were limited and/or
insufficient to identify different

trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

WCAP- 161 69-NP
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Table B-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)
Ii.

'.-Iduu111Y Actual I RICKneSS lin' V. I jo U. I I *U.L I U. 11 1 vessel specinc Into
# of Layers [# 22 2 Vessel specific info

Bead widths of I to 5-in.
characteristic of machine
deposited cladding. Bead
widths down to Y-in. can
occur over welds. Nominal
dimension of 1-in. selected

Bead Width [in] for all analyses because this
parameter is not expected to
influence significantly the
predicted vessel failure
probabilities. May need to
refine this estimate later,
particularly for Oconee who
reported a 5-in bead width.

Actual clad thickness rounded to the nearest
Truncation Limit [in] 1/100d of the total vessel wall thickness Judgment & computational

Surface flaw convenience
depth in FAVOR 50263 0.360

Buried or Surface All flaws are surface breaking

Judgment. Only flaws in
cladding that would influence
brittle fracture of the vessel
are brittle. Material properties
assigned to clad flaws are
that of the underlying
material, be it base or weld.

Orientation All circumferential.

Observation: All flaws
observed in PVRUF &
Shoreham were lack of inter-
run fusion defects, and
cladding is always deposited
circurnferentiallv

No surface flaws observed. Density is
1/1000 that of the observed buried flaws in

Density basis -- cladding of vessels examined by PNNL. If Judgment
there is more than one clad layer then there

are no clad flaws.
Aspect ratio - - __________ _____Asis -- Observations on buried flaws Judgmentbasis

Depth basis
Depth of all surface flaws is the actual clad
thickness rounded up to the nearest 1 /1 0 0 1h

of the total vessel wail thickness.
Judgment.

I WCAP-16168-NP ..............................,,.
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Table B-44 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Truncation Limit [in] 0.433
'JUU I 11 I Ig . W .I t|IC

of the largest flaw observed in
all PNNL olate inspections.

Plate

Buried or Surface -- All flaws are buried Observation
Observation & Physics: No
observed orientationHatf of the simulated flaws are preference, and no reason toOrientation circumferential, half are axial, suspect one (other than

laminations which are benign.

1/10 of small weld flaw density, 1/40 of large Judgment. Supported byweld flaw density of the PVRUF data limited data.

Aspect ratio -- Same as for PVRUF welds Judgment
basis ____________________

Depth basis Same as for PVRUF welds
Judgment. Supported by
limited data.

9. TWCFs_-,-,,( ,%t, valhe calculated at 60,EFPY using correliiattn•fromrNUR3G-1874 (Reference-2-
9): 467-•E-091 .76E-08 Events per year6.i&:::..

• . " -. -

A:.
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APPENDIX C
BEAVER VALLEY UNIT 1 PROBSBFD OUTPUT

4~4 .....

WCAP-1 6168-NP 
Revision ] _ 4e~4~4e~ I
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C-1: 10 Year ISI Only

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFDWESTINGHOUSE

1.0
VERS ION

INPUT VARIABLES FOR CASE 3: BVl HUCD 10 YR ISI ONLY

NCYCLE =
NOVARS =
NUMSSC =

VARIABLE

80
19

4

NFAILS
NUMSET
NUMTRC

1001
2
4

DEVI ATIDISTRIBUTION MEDIAN

.%.!:•T•I AL = 1000

NUMISI = 5

NUMFMD = 4

)N '.SHIFT U
R .ýý, MV/S D NO

:~2

1

SAGE
. SUB

SET
SET
ISI

NO. NAME TYPE LOG VALUE OR FACTO

1 FIFDepth - CONSTANT - 2 O0OOD .'0'2
2 IFlawDen - CONSTANT - 3 6589D-3. ý03

3 ICy-ISI - CONSTANT - 1 .000D0l'+RTý:-.
4 A-y-TS T CONJSTA-NT C 8 1 F,•u ~ ,!•:: ,:

1V-Det - CONKSTANT - 1 , ,

6 AD- s pth - CONSTANT o, "-1 10 ..

. A'spe- CO1,,NSTANT - . ::N

11 Aspeclt (-'O0NSTANT u.-00J;u -v

12 INoTr, - .J?<@NT + .
13;, F(- G', T:t 1 i , 0

14 17GR U Q(r,1ýý,.0 I Jo o(IbT 01 .. IC.= C . ..... *,\( .,..]•L v.. ...Ia.. 0 ......... FbO 1 O00000 ,

1.5 0" TNF ½ -iNT?0 1.OuC'+l. D ,I I •_ .... ...... .-•.4' STA[.T . - . @D-2, 01
16 percent 1 5.T i -' :

INF IATION GENERATE'D. :.FROM FAVL-O`2ý16ýADS. DAT FILE
AND SAVED IN DKINSAVE D.'IDAT FIISE:

WALL THICKNESS 8.0360 INCH

FLAW DEPTH MIN.IMUM K ýAND MAXIMUM K FOR

TYPE 1 WITH AN:, ,-ASPECT RATIO OF 2.

T I
3 ISI
" ISI

1 SSC

3 SSC
41 SSC

I TRC
2 TRC

3TRC-
T -,-C

1 FMD

2FD
4 FMD

0 0

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

2.41927D+00
3.22858D+00
1.29279D+01
1.41327D+01
1.49423D+01
1.45812D+01
1.02448D+01
2.35823D+00

1.03655D+01
1.40170D+01
1.75751D+01
2.09080D+01
2.33544D+01
2.72710D+01
2.63600D+01
2.78623D+01

I WCAP-16168-NP Ikevisioq 2•~d•
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C-I: 10 Year ISI Only (cont.)

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.03600D-02
1.47862D-01
4.01800D-01

6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

3.63673D+00
4.95557D+00
1.90999D+01
2.31650D+01
2.48064D+01
2.65025D+01
2.31198D+01
1.54934D+01

1. 56338D+01
2.15454D+01
2.63794D+01
3. 16223D+01
3 .60464D+01

4 .51155D+01
4. 76172D+01
5.27667D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

3.98451D+00
5.29827D+00
2.02922D+01
2.51750D+01
2.69393D+01
2.92755D+01
2.74642D+01
2.02195D+01

1.71374D+01
2.30393+0O1
2.819550+01

3.366840 +01D'ý
3.84779D+01

4.91684D+01
5..S.45509D+01

~:t8 8 140D+0 1

TYPE 4 WITH AN ASPECT RATIO OF 99.:ý!,'

8.03600D-02
1.60720D-01
2.41080D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2 410ANn-A.n:

6.51796D+00
1 . 01.7%56 D+ 01

:,-. ,Aýý69582D0+0

3 . 3'73 6p5n.+0 .
3 'ýi2;7,)n-jf

1.7;i5 5110+ 012.280590+01l

2.23553D+01

2. 943ý2"3D+01

3.661080+01

4 .177130+ý-01
,5.6 7 4 1,30) +01

Density with FCG and ISIAVERAGE CALCULATE0D&VALUES•F,.OR: Surface Flaw

NUMBER FýATLED = 0 NUMBER OF TRIALS 1000

DEPTH (WAL•L/400) AND'TFLAW DENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

8
9

10
11
12
13

4.42ý540 04

0. 000•0:,0+00 ...006o6 o o0ý,•

0. 0000D+00
0. 00000+00

1.4320D-04
8.8686D-05
4.4175D-06
2.2821D-07
2.2665D-07
0.0000D+00

1.4728D-05
1.4703D-05
9.2631D-07
5.9150D-08
2.9099D-08
2.8861D-08

4.7035D-05
2.7347D-05
7.2598D-07
7. 0131D-08
0.0000D+00
0.0000D+00

WCAP- I16168-NP Iv~~
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C-2: ISI Every 10 Years

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFDWESTINGHOUSE

1.0
VERS ION

INPUT VARIABLES FOR CASE 2: BVl HUCD 10 YR ISI INT

NCYCLE
NOVARS
NUMSSC

VARIABLE
NO. NAME

80
19

4

NFAILS
NUMSET
NUMTRC

1001
2
4

DISTRIBUTION
TYPE LOG

1

2
3

6

12

1

ic

I

1 9

FIFDepth - CONSTANT -
IFlawDen - CONSTANT -
ICy-ISI - CONSTANT -
FiCy7-TiST r - C<:T• ?:F]7)%[,T -

SSD-F ept ScT-,; IF

IT

Aspe c 2TST
A-;p-,ct:. 4 - 1, -1 S T N, T

ilo l r,iC v -/O ]'T< ' -

"-I CPerocentil -"''!Ii:•l;,, S' T AI'•;[

Pd: ;C N ~i:;•'-,*' 4,' I•'T'iT g;;7,

MEDIAN
VALUE

2. 0000D:02
3. 658 9D0,3
1 . 000 Db-+0•1

NTRIAL =
. NUMISI =

NUMFMD

DEVIATION,:: SHIFT
OR-FACTOR :MV/SD

1000
5
4

USAGE
NO. SUB

1
2
1

It .. . F >s1•i - •,:

1 .E ['.: 0

0  
F<::¢ ;¢:[' I"

: 5 • .. .. .. .C ,

1)

SET
SET
ISI
IST
ISI

ISI
IST

SC,
SSC

I !R, C'

TRC
TRC

FYI D
FMD
FIMO

1
2

.00

1]

INFORMATION GENERATýE:D>f`,FROM FAV.L'OADS. DAT FILE
AND s'AVED IN DKINSAVE'. DAT FILE:

WALL THICKNESS 8.036 INCH

FLAW DEPTH MNI:NiMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN07ASPECT RATIO OF 2.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

2.41927D+00
3. 22858D+00
1 .29279D+01
1. 41327D+01
1. 49423D+01
1.45812D+01
1 .02448D+01
2.35823D+00

1.03655D+01
1.40170D+01
1.75751D+01
2.09080D+01
2.33544D+01
2.72710D+01
2.63600D+01
2.78623D+01

WCAP-16168-NP
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C-2: ISI Every 10 Years (cont.)

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

3.63673D+00
4. 95557D+00
1.90999D+01
2.31650D+01
2.48064D+01
2.65025D+01
2.31198D+01
1.54934D+01

1.56338D+01
2.15454D+01
2.63794D+01
3.16223D+01
3.60464D+01
4.51155D+01
4.76172D+01
5.27667D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.03600D-02 3.98451D+00 1.71374D.01"i
1.47862D-01 5.29827D+00 2.30393
4.01800D-01 2.02922D+01 2.81955001.,.
6.02700D-01 2.Sl750D+01 3.366840D+011":

8.03600D-01 2.69393D+01 3.84779D+01
1.60720D+00 2.92755D+01 4. 91684D+01 :!,,
2.41080D+00 2.74642D+01 ý:, '51%:A45509 D+ 01
4.01800D+00 2.02195D+01 6 4 D + 0+1

TYPE 4 WITH AN ASPECT RATIO OF ':99. ""

8.03600D-02 6.5:17-7:9-6 D + 00 1 .755.']•i:D+ 01 D + 0 1
1.60720D-01 1'01756D+01 2 28059D+01
2.41080D-01 .:1 543980+1 2. 23553D+01

4. 01800D-01 .:'-.18696D+0:1 2. 943230D+01
6.02700D-01 2 89582D0+01 3.661080+01
8.03600D-01 2.88204D±01.1.,,,.iN,4..N17713D+01
1.60720:0. 3 373650+01 3D+01
2.41080I,5 0 D+ 0 ,35927 0+1 6.64759D+01

AVERAGE CALCULATED: VN,-ALUES FOR:- Surface Flaw Density w

NUMBER FAILED 0 NUMBER OF

DEPTH (WAINL/400) AND .F,-LAW DENSITY FOR ASPECT RATIOS OF

8 4 .34860:•B 08." 1. 2355D-08 1.2447D-09
9 0.0000D:•00 6.1902D-09 9.9626D-10

10 0.000Q+-00 1.8825D-10 3.7663D-11
11 0.0000D+00 4.7355D-12 1.6752D-12
12 0.0000D+00 3.5199D-12 4.3837D-13
13 0.0000D+00 0.0000D+00 3.0423D-13

,s~..

ith FCG and ISI

TRIALS 1000

2, 6, 10 AND 99

4.0471D-09
1.8380D-09
2.6218D-11
1.3302D-12
0.0000D+00
0.0000D+00

I

WCAP- 16 168-NP Rcvisioi~ I 24~ vP¾~*4-2
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APPENDIX D
BEAVER VALLEY UNIT 1 PTS TRANSIENTS

Table D-1 PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean lIE HZP Domi ant*
Case ,: equencN y

1 002 3.59 cm [1.414 in] surge line None. 1.23E-04 No No
break

2 003 None. E7l--05 No No
5.08 cm [2 in] surge line break

3 007 None. ~ fl~O~ No Yes at 2,
60, 100,

2.54 cm [8 in] surge line break 200 EFPY
4 009 None . .. .'..•" 6.99E-06 No Yes at ý2,

60, 100,
2.54 cm [16 in] hot leg break .. 200 EFPY

5 014 Reactor/turbine trip w/one stuck&.ý. None. "-2 04 NoENo
open pressurizer SRV' .

6 031 Reactor/turbine trip w/feed and 1None-. . .E-07 No No
bleed (Operator open all
pressurizer PORVs and use all
charging/HHSI. L prnh.,s) .::.. ".'

034 Reactor/turbiiy trip w/twdstuck None . 4.95 1-07 No No

open pressurizer SRV s
8 056 .... . ... ..:• None. ' .23E-04 Yes Yes at 32,8 056 "N:s: .. .'•?*&";" '-...

10. 16cm [4.0 in] s•u- lnebre 60, 100,
200 EFPY

059 .---Reactor/turbine-trip w/one stuck None. 3.46E-04 No No
. open pressurizer :SRV whcl.:?:ic::-

Srpecloses at 3,000 '.(.......,
10 060 tor/turbine triop:' wone stuck" None 2.15 E-05 No Yes at 2,

openýpessurizer SR.V::.which 60, 100
recloset.s a6,000 s. EFPY

11 061 Reactor/tu:ine trip"w/two stuck None. 1.79E-06 No No
open pressurize&rSRV which
recloses at 3,000 s.

12 062 Reactor/turbine trip w/two stuck None. 1.081H-07 No No I
open pressurizer SRV which
recloses at 6,000 s.

13 064 Reactor/turbine trip w/two stuck None. 8.671E-08 Yes No
open pressurizer SRV's

14 065 Reactor/turbine trip w/two stuck Operator opens all ASDVs 1.04.E-09 No No
open pressurizer SRV's and HHSl 5 minutes after HHSI
failure would have come on.

WCAP-16168-NP Revision 12 I 24 4ien.4i I
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Table D-1 PTS Transient Descriptions for BVI

Cou t TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

15 066 Reactor/turbine trip w/two stuck None. I.1 8E-06 No No
open pressurizer SRV's. One
valve recloses at 3000 seconds
while the other valve remains
open. _ _________

16 I 067 Reactor/turbine trip w/two stuck None. I . 1E-06 No No
open pressurizer SRV's. One
valve recloses at 6000 seconds
while the other valve remains
open.

17 068 Reactor/turbine trip w/two stuck Operator ope'`n:s all-ASDVs I .Ej,.b,8 No N o
open pressurizer SRV's that 5 minute§]fter HHSI
reclose at 6000 s with HHS1 would, ,i come on"
failure. :

18 069 Reactor/turbine trip w/two stuck None . 2.09'E-08 Yes No
open pressurizer SRVs which
reclose at 3,000 s.

19 I 070 Reactor/turbine trip w/two stuck None, . 09E-08 Yes No
open pressurizer SRVs which .

reclose at 6,000 s.

20 [ 071 Reactor/turbine trip w/one stuck None .. 3.. -6:es Ye a 3
open pressurizere SIZRV whih c' h EFPY
recloses at.6(4O'00 s.

21 072 Reactor/tiurbin.ii'..tp'°-•'tý'n'" w/one stuck Operatoiop'ioens all ASDVs 5.14E-07 No No
open pressurizer:SRV with'HHSl 5 minut6 after HHSI
failure-. would have come on.

22 073 e-Rý tfiiAi trip w/o:n:-eý stuck Operator open all ASDVs 5 6.56F-08 Yes No
open pressuri j•f-S;.RV withI:1jIiS1 minutes after HHSI would

.-- : ~:failure - .::.' have come on.

23 074 -<'Main steam line brk- with AFFW None. 1.46E-06 No No
con'inbuing to feed affeted
generator .... ________'

24 I 076 Reactor/tur}bine trip* w.,/full MFW Operator trips reactor 1.06E1-04 Yes No
to all 3 SG•s (MFW maintains SG coolant pumps.
level near top)_ _ _ _ __ _

25 I 078 Reactor/turbi~ne trip with failure Operator opens all ASDVs 3.251"a`--08 No No
of MFW and AFW. to let condensate fill SGs.

26 I 081 Main Steam Line Break with Operator opens ADVs (on 2.65E-06 No No
AFW continuing to feed affected intact generators). HHSI is
generator and with HHSI failure restored after CFTs
initially. discharge 50%.

27 I 082 Reactor/turbine trip w/one stuck Operator opens all ASDVs 1.5 1E-06 No No
open pressurizer SRV (recloses at 5 minutes after HHSI
6000 s) and with HHSI failure. would have started.

I WCAP-16168-NP ICiifRevision 2 e' -o+-_



D-3 I

Table D-1 PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean IE HZP Domi ant*
Case Frequency

28 083 2.54 cm [1.0 in] surge line break Operator trips RCPs. 3.5 1F-06 No No
with HHSI failure and motor Operator opens all ASDVs
driven AFW failure. MFW is 5 minutes after HHSI
tripped. Level control failure would have come on.
causes all steam generators to be
overfed with turbine AFW, with .J
the level maintained at top of
SGs.

29 092 Reactor/turbine trip w/two stuck None. 13, E: ••,.,- 07 Yes No
open pressurizer SRV's, one
recloses at 3000 s.

30 093 Reactor/turbine trip w/two stuck None. 2.1 1-07 Yes No
open pressurizer SRV's. One
valve recloses at 6000 seconds
while the other valve remains
open.

31 094 Reactor/turbine trip w/one stuck") ý -':.N.o ,ne, 4. 10 '-05 Yes No
open pressurizer SRV.

32 097 Reactor/turbine trip w/one stuck 0None ..... (.6 Yes Yes.at2,
open pressurizer SRV which .. , . 60 EFPY

recloses at 3,000 sA:,. .. __'__......_ _"_"

33 102., OpIor controls 1HHSI 30 1.02t-,04 No Yes at 100,33 02 • .. .minuf~s after allowed. 200 EFPY

Break is :assumed to occur
,., ,4:.: inside containment so that

Mae.steam line brik.;výthFW' theoperator trips the RCPs
.c~iitiifido d o adverse containment

..: " generator f'..3,.minutesO,*. conditions.
34 103.: :-.. V Operator controls HHSI 30 1.07E-05 Yes Yes at ý0,

" ' minutes after allowed. 100, 200
Break is assumed to occur EFPY

X ,inside containment so that
Main""'9tam line breik with AFW the operator trips the RCPs
continuing t•o feediýiqffected due to adverse containment
generator for ,30 riinutes. conditions.

35 104 Operator controls HHSI 60 1.091:1-04 No Yes at 00,
minutes after allowed. 200 EFPY
Break is assumed to occur
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.

WCAP-16168-NP



D-4

Table D-1 PTS Transient Descriptions for BVI

Cou t TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

36 105 Operator controls HHSI 60 1.0713-05 Yes No
minutes after allowed.
Break is assumed to occur
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containmentf....:
generator for 30 minutes. conditions.

37 106 Operator controls HHSI3 )' . I -5 No No

minutes after allowed
Break is assumedtto'occur
inside containmeInt So Ithat

Main steam line break with AFW the operatbr trips the RCPs
continuing to feed affected due towaVrse containment
generator. conditions•. . .

38 107 Operator cont6rolsHHSI 30 4,31 13-07 Yes No
minutes after allwed..

',Break is assumed fociccur
":!is•ide containment so fthat

Main steam line break with AFW tle operator.trips the RCPs!.
continuing to feed affected due to adveiri:containme'nt
generator. conditio'ns. ,,,.<:>:...

39 108 Small steam lne ii: :.. Operator controls HHSI 30 6.46EL-04 Yes No
(simulated bhy Niii:'ckingiij"i'i'iall minui:es after allowed.
SG-A SRVyjý'ith AFW
continuing to fedvaffected*.
generator for 30 minutes:.*-

40 I 109 Operator controls HHSI 30 6.81 E-05 Yes No
.. ,.. ~. minutes after allowed.

Small steam lhne.•ýbreak . Break is assumed to occur
-:(simulated by sticking open all inside containment so that

SGA SRVs) with ,FW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 mines. conditions.

41 110 Small steam line break Operator controls HHSI 60 6.91 E-04 No Yes at 200

(simulated by `,sticking open all minutes after allowed. EFPY
SG-A SRVs)"with AFW
continuing to feed affected
generator for 30 minutes

42 I 111 Operator controls HHSI 60 6.821-,-05 Yes No
minutes after allowed.

Small steam line break Break is assumed to occur
(simulated by sticking open all inside containment so that
SG-A SRVs) with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.

I WCAP-16168-NP WC eviion Ri 2eIv44()•i-i-42
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Table D-1 PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mecan IE HZP Domi ant*
Case Freq uency

43 112 Operator controls HHSI 30 1.41 E-05 No No
minutes after allowed.

Small steam line break Break is assumed to occur
(simulated by sticking open all inside containment so that
SG-A SRVs) with AFW the operator trips the RCPs .• .
continuing to feed affected due to adverse containmenft'ý-

generator. conditions.
44 113 Operator controls HHSI 3J0.: ?.741 ;-06 Yes No

minutes after allowxe'. .
Small steam line break Break is assumdo Oiccur -:,
(simulated by sticking open all inside contai..Tnent"so that
SG-A SRVs) with AFW the operator trips the RCPs
continuing to feed affected due to,:*d" rse contaihment
generator. conditions...

45 114 7.18 cm [2.828 in] surge line None. 9.76E-05 No No
break, summer conditions (HHSI,
LHSI temp = 55TF, Accumulator'-..:
Temp = 105TF), heat transfer "
coefficient increased 30%
(modeled by increasing heat
transfer surface area by 30% in
passive heat struc i 1:, ..... __ _ _ __ _ __.__.

46 115 7.:<18oncm 9.76E-05 No No
7.18 cm [2..&2,Jn] cold l;;break

47 116 14.366 cmi[5 7 5-in] cold,':-eg None... 1.811E-05 No No
break with break area inr eased

30/o: :;$:;;:.:: '

in flg Nn.2.11 lI-05 No N
48 117 ý1-4366 Cm.•6,7 in] cNodjeg None.

break, summer qonditions (HHSI
.:'.,: LHSI temp = 55F Accumulator"

Tmp = 105'F)
49 118 Small steam line break None. 9.330E-06 No No

(simu.lated by sticking:open all
SG-A SRVys) with AFW
continuingP:,fee ¢ffected
generator

50 119 Reactor/turbhne trip w/two stuck Operator controls HHSI (1 6.8413-07 No No
open pressurizer SRV which minute delay): Updated
recloses at 6,000 s control logic.

51 120 Reactor/turbine trip w/two stuck Operator controls HHSI (10 9.98E-07 No No
open pressurizer SRV which minute delay). Updated
recloses at 6,000 s control logic.

52 121 Reactor/turbine trip w/two stuck Operator controls HHSI (1 1.33E-07 Yes No
open pressurizer SRV which minute delay). Updated
recloses at 3,000 s control logic.

WCAP-16168-NP
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Table D-1 PTS Transient Descriptions for BVI

Cou t TH System Failure Operator Action Mean lIE HZP Dominant*
Case Frequency

53 122 Reactor/turbine trip w/two stuck Operator controls HHSI (1 1.331E-07 Yes No
open pressurizer SRVs which minute delay). Updated
reclose at 6,000 s control logic.

54 123 Reactor/turbine trip w/two stuck Operator controls HHSI (10 1.651-07 Yes Yes at 32
open pressurizer SRVs which minute delay). Updated EFPY
reclose at 3,000 s control logic....___ ____:______

55 124 Reactor/turbine trip w/two stuck Operator controls HHSJI (,i'l0 I65E-07 Yes No
open pressurizer SRVs which minute delay). Updat'ed "
reclose at 6,000 s control logic. • _____________

56 125 Reactor/turbine trip w/one stuck Operator contro 1ýHHS1l Sl( I 3,.E04 No No
open pressurizer SRV which minute delay.) Upýdated
recloses at 6,000 s control logic.

57 126 Reactor/turbine trip w/one stuck Operatbi&6.ntrols HH'S. (10 1 04' 0 ::N Yes at 32,
open pressurizer SRV which minute delay) Updated. 60, 100
recloses at 6,000 s control logic'EFPY

58 127 Reactor/turbine trip w/one stuck,. Operator controls HHSl (1 .' 5913-05 Yes No
open pressurizer SRV which %minute delay). Update
recloses at 6,000 s ý':contr•ollogic. ____________

59 128 Reactor/turbine trip w/one stuck O 1peratorntrols HHSI (lA,2 591i-05 Yes No
open pressurizer SRV which minute delay)`.Updated.:?'
recloses at 3,000 s control.logic. ""_________

60 129 Reactor/turbie:iijpw/6ne stuck Operator controlsHHSI (10 3.091.`-05 Yes Yes at 32,
open pressuri.r SRV klich minuitedelay). Updated 60 EFPY
recloses art:6,: s control ,lo1gic.

61 130 Reactor/turbiniýiý-pjiw/one stuck Operator controls HHSI (10 3.0913-05 Yes Yes at 32,
open pressurizer SRV which minute delay). Updated 60, 100
reclosesfat.3 000 s "C Control logic. EFPY

Notes:
I1. TH T'.-,fhermal hydrauli'csl*.
2. LOCAV •<Loss-of-coolant accident ,,
3. SBLOCA: :Small-break loss of-coolant accident
4. MBLOCA' ::Mediuim-break loss-of-coolant accident
5. LBLOCA - Lat&-'ebreak loss of-coolant accident
6. HZP- Hot-zero ppwer
7. SRV - Safety and ief valve
8. MSLB - Main steamine break
9. AFW - Auxiliary feedwater

10. HPI - High-pressure injection
11. RCPs - Reactor coolant pumps

* The arbitrary definition of a dominant transient is a transient that contributes 1% or more of the total

Through-Wall Cracking Failure (TWCF).

I WCAP-16168-NP ('ii1iI
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APPENDIX E
BEAVER VALLEY UNIT 1 FAVPOST OUTPUT
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E-1: lO'car IS] Only

* WELCOME TO FAVOR

-- FRACTUR.E ANALYSIS OF VESSELS: 024< PTf2E
VERS ION 06.J 1.

* AVPOST MODULE: POSTPRCCESSOw MO E

*COMBINES TRJANSIENT INITIAITING FJOWESICIE S
* W~vITHl RESULTS OF 55A4JN~AI3L-

PR OBDLEMS OR QUESTION, PF R9F FVOR',,
S SHOULD BE 01F, TOD

TERRY I~f 2(5SOL4

OAK RIDGE NATIO~kN?&A DRTORA.

e-mail: dicksont1 n~a oov

This computer program WA prprdA ani a),,,ount_ of
work sponsored by vhro Uni~t~e(' t v r , joe e n~ L
Ne ither* thW IK QarniWW~c thet~ 0 A nrd States
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R e1g I nri in-v 05 tr jr emolovees 4
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ivi y~ *-2 0 0 TIME: 16:02:21
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-PROLTORE ANALYSIS OF VESES OA: R:IDGEE

ULDE MULýE: P - 0 ST 'EE R MO,, O ,-ýDUE
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WITH RESULTS Gý wpF ..

PRCELEME4 ER QULETIGN11-S ~
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E-1: 10 Year ISI Only (cont.)

ý ý A 4 - - A A ,A A k A A.

NUIMBIER OF SIMULATI
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E-1: 10 Year ISI Only (cont.)
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E-2: ISI Every 10 Years (cont.)
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E-2: ISI Every 10 Years (cont.)
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E-2: ISI Every 10 Years (cont.)
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Ei-2: IS) Every If 'Vears (cont.)
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E-2: ISI Every 10 Years (cont.)
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E-2: ISI Ev'ery 10 Xcars (cont.)
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E-2: ISI Every 10 Years (cont.)
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E-2: ISI Every 10 Years (cont.)
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APPENDIX F
INPUTS FOR THE PALISADES PILOT PLANT EVALUATION

7....

,~A.

A" 'IX t.

A:ii .. .'...
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A summary of the NDE inspection history based on Regulatory Guide 1.150 and pertinent input data for
Palisades is as follows:

1. Number of ISIs performed (relative to initial pre-service and 10-year interval inspections) for full
penetration Category B-A- and B-D-and -4 reactor vessel welds assuming all of the candidate
welds were inspected: 2 (covering all welds of the specified categories).

2. The inspections performed covered: 100% for 13 Category B-A welds, >90% but <100% for 6
Category B-A welds, <90% for 8 Category B-A welds, and 100% of allIV ',Category B-D mid-4-1-
welds.

................... . ..... +- .':?,;¢:
3. Number of indications found during most recent inservice.nspectlon 1:1

This number includes consideration of the following additional infornti•fi•n:

a. Indications found that were reportable: 0 : .... ,

b. Indications found that were within accepilb. limits: 1
c. Indications/anomalies currently being monitfbred" 0 -

4. Full penetration relief requests for the RV submitted and 'accepted by the NRC: 2 relief requests
for limited converage for 12 welds

5. Fluence distribution at inside surface of RV beltlxne until end oflife (EOL): see Figure F-I taken
from the NRC PTS Risk Study [-79g], Figue 4 3. .'

I WCAP-16168-NP Re-,,-jsK)n 1244-,4s.i+H+Q-
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h

F;
e 2'i

N".JIl fwI 4

Mi!, MO.,

bfl

Figure F-I Rollout Diagram of Beltline Mater'ials and Representative Fluence Maps for Palisades
6. Reactor vessel claddngdetails:

a. Thicknessý:' 0O.25 inchelsii::::

b. Material proproes---be-4x4ep 4 - 4uempe :-e4 are idehtified in Table F- 1: I
------- --- ------- --------

Tabic-, haddijfýý-,'ýýIqterkil T`4

•:. +:.. Specific Younlgs Thermal

khenrian aI"Modnis of Expansion
"Conl iihvity %AII/LI3M- Elasticitv Coefficien

X;in h t, ; ) .. ) (KSI ) (v'F.-, Density Poisson's
I" 1 ieat (1213 M,/fi ) Ratio

:. K "C. "3c.

0 " - -'489 .3
68- 22045. 7 489 .3

7 8.1 0.1158 - 489 .3
i 00 8.4 0.1 185 8.55E.-06 489 .3

>5 8.6 0.1196 8.6711-0(; 489
200 8.. 0,1208 8.79E-06 489 .3
250 9.1 0. 1232 8.9 F-06 489 .3
300 9.4 0. 125 '6 - 9A)11-06 489 .3
o) 20160.2 - 489 ..

9.6 0.1258 9.1E-06 489 .3
400 9.9 0.1281 9.1 911-06 489 .3
A50.0 ( 1291 -9 7 1-06 489 .3

482) - 18419. - 489 .3

WCAP- 161 68-NP 
<evis i ii 1 244
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Table F-I Cladding Material Properties

Specific Yotnu.'s, Thermal
Thermnail I leat NModulIs Of' Ex1papnshon

C011du]Ctiv 1:V {B3tl..lJ3M- Flasticity Coefficienli

Temperature (3tu."hr---t F) OF) (KSI) I) Density Poisson<s

(01F) "K" "CU I" ."

500 10.4 0.1305 9.37E-06 489 .3
550 10.6 0.1306 9.45E.-016 489 .3

600 10.9 0.1327 9.531!06.' 489 .3
650 11.1 0.1335 9%1J6-0() 489 .3
700 11.4 0.1348 x 6iý9O-06 489 .3
750 11.6 0.1356 9.76r,•.06., 489 .3
800 11.9 0. 1367 -" l 1-' ,. 489 .3

3)Therm al ...... 2F) (B.,,,•,,,,-,.. --4o,4-K--'4.." '

e~feifie heat (3Iiu4-N. I BI IIC= 220 1

5)Den;IN, (LBN4"1f4 7l41,O489t}•,

6)Voting.s Nlodikcisa ojf LýIa tit.Jt 80

7)-IThe I e .ni ffi " JigtA I D I A -- 000)-. I,

c. Material includiri......er and nickel'content: MaterMi properties assigned to clad flaws
are that o ftli' underlyi)g material be itibase metal or weld. These properties are identified
in Table. :J'4 This is cnsistent with tlhe .NRC PTS Risk Study [-78. 9--7,-43_?].

d. Material property.unceftainties:

l[•i)'Bead width }I inch bead widths vary for all plants. Based on the NRC PTS Risk

........ ~ 9•] ~a nominal dimension of I inch is selected for all analyses because
this parameter is not expected to influence significantly the predicted vessel failure
probab es :':

Truncationlimint: Cladding thickness rounded to the next 1/100th of the total reactor

N vessel thickness to be consistent with the NRC PTS Risk Study [78. 9,].

3) Sufrface flaw depth: 0.263 inch

4) All f1laws are surface-breaking. Only flaws in cladding that would influence brittle
firaicture of the reactor vessel are brittle. This is consistent with the NRC PTS Risk

Study [8 9g-].

e. Additional cladding properties are identified in Table F-2-4. This is consistent with the

NRC PTS Risk• Study [8. 927,-431.

7. Base metal:

a. Wall thickness: 8.5 inches

I WCAP-16168-NP e1i&LIRevJision 124-evi,,"(-4--2
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b. Material properties are identified in Tables F-2 and F-3(Pstimed t ý4 -:ý "PIPA"Pt of

Table 1r-2 Base Metal Material Properties

Specific Youngs ' l Thelrnla
Themlal Heat Modulus of Expansion

Con• ctivity (BIu/,L3F',M- Elasticity Coefificient
(Ltuihr- f't-F) QF) (KS]) (.1) LDensitN Poissons

Temperature (LBifiv .) Ratio
(OF) "K "C 1 p

0 - - 489 .4
70 24.8 0.1052 29 00 489
100 2 0. 1072 7 - OG 06 489 .3.
150 25.1 0.1101 7.1 489 .3

200 25.2 0.1135 7.255. 7 EE0:6 489 .3
250 "_____ 0.1166 7.34E-06 489 •3.

300 25.1 0.1194 : 28000 7.43E-06 `:i-89 .3
350 25 -,1223 . 7.5E-06 4'39" .3
400 .I 1267 hiTl.0 , 58E-06 @)" .3
450 24.6 O0 1277 .... 76-06 489,.3:.
500 24. 0. 13 04 27000 7.7E-06 489 .3
550 24 0 1(. .3 2.6 7.77E-06 489 .3
600 2______1__5__:_ 26400 731 :,t6 489 .3-
650 .. 4 0 Tl?, gf-06 489 .3
700 23 0. 1404 4 "E -06 489....
750 22.6 0. 141'5...... 8.OE-06 489 .3
00. 1474. o 900 8.05E-06 489 .3

"A" X, ~

WCAP- I16168-NP WCAP- 16168-N PRoC\'l~otn I 4iioi
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< 11 1ia-MaI elj 11uelv ( , -t H31i '!IF " I I -_J Q

(V~r"itN7 ii~i ti I' >( f

7)Dpeiir< heat3 'C43tAB4 OF)=4G9A412

'-''Ti-'
P.: "', eoeQ C-leni t

1010Is I\'"..., Ratio V-0.3

ntipied in Table F 1

Table F43 Palisades-Specific Material Values.Drawn from the RVID (see.'.&f.7--448 Table 4.1)

Major Material Region Description

•... .%••:T a4ed

RZI Un-
Irradiated

a"" Cu : Ni P M I h F IRT4-lP

Type ,,i . Locatioii wt% [o tt %] Iwt%] d (if 0 E

•!:"AxialWeld 3 11i)J2A "::,•lo~wer 0.213 1.010 0.019 1.315- - 562-7g=

2 Axial Weld 3-112A lower 0.213 1.010 0.019 1.3 15- - 56276Ge-neiP

3 Axial Weld 3.112C lower 0.213 1.010 0.019 1.315- _50285.3

Gene-ri

C

4 Axial Wel 2412A upper 0.213 1.010 0.019 13 15- 5 - 84
4

6

e

'A

I WCAP-16168-NP Iýevision 124ý,,4s-k4n-2
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5 Axial Weld 2-112B upper 0.213 1.010 0.019 1.315- - 562-76-.

6 Axial Weld 2-112C upper 0.213 1.010 0.019 1.315- - 56285.

,' Gener4

C-

7 Circ Weld 9-1 12 intermediate 0.203 1.01.8k•:•i; 0.013 1.147- , 64270-3

Plate D3804-1 lower 0190 0:480 0.016 :112.', 026441

N44-

9 Plate D3804-2 lower 0.190 0.500-'.: 0.015 1 235- -3024.5

\44i44

10 lae ,: 38043', lwe 0.120 0.550 0.010 1.270- -254-4)0

":'-Plate 3"":;•} •D8 0 32•••i upper 0.240 0.510 0.009 1 .293- -5-26-1.5
24

'*") ' 5-2"@3

12 Plate D3803-2 upper 0.240 0.520 0.010 1.235- -3022-424

99.,

13 Plate D3803-3 upper 0.240 0.500 0.011 1.293- -52-"-

NIB-

4.5

WCAP- 161 68-1"JP Revi~i~ui '~44eA4sien-4 I
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I. Weld metal details: Details of information used in addressing weld-specific information are taken
directly from the NRC PTS Risk Study [44-1], Table 4.2. Summaries are reproduced as Table F-
2-4. Values for SAW Weld Volumne fraction and Repair Weld V\olIune fraction in Table F-4 were
changed to 96.7% and 2.3% respectively per NUREG-1 874 191.

A

"p.-...'

.2k"

>c- .. <

.2a2.

I WCAP-16168-NP Rvso R~4R~evision 12R44Asqým
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Table F-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution

Inner Radius (to cladding) [in] 85.5 78.5 86 86 Vessel specific info

Base Metal Thickness Fin] 8.438 7.875 8.5 8.675 Vessel specific info

Total Wall Thickness [in] 8.626 8.031 8.75 8.988 Vessel specific info

7'1r

Volume fraction

Thru-Wall Bead
Thickness

1%] 97% 100% - SMAW% - REPAIR%

[in] 0.1875 1 0.1875 0.1875
0.1875

All plants report plant specific
dimensions of 3116-in.

SAW
Weld

Judgment. Approx. 2X the

Truncation Limit in] 1 size of the largest non-repair
flaw observed in PVRUF &
Shoreham.

Buried or Surface -- All flaws are buried Observation
Observation: Virtually all of
the weld flaws in PVRUF &

Circ flaws in circ welds, axial flaws in axial Shoreham were'aligned with
welds. the welding direction because

they were lack of sidewall
fusion defects.

Density basis -- Shoreham density Highest of observations

Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels,

Depth basis Shoreharn & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

WCAP- 1616R-NP
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Table F-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Volume fraction 1%] 1%

upper Douna to aii piani
specific info provided by
Steve Byrne (Westinghouse -

Windsor).

SMAW
Weld

Oconee is generic value
based on average of all

Thru-Wall Bead plants specific values

Thickness [in] 0.21 0.20 0.22 0.25 (including Shoreham &
PVRUF data). Other values
are plant specific as reported
by Steve Byrne.
Judgment. Approx. 2X the
size of the largest non-repair
flaw observed in PVRUF &
Shoreham.

Buried or Surface -- All flaws are buried Observation
Observation: Virtually all of
the weld flaws in PVRUF &

Orientation Circ flaws in circ welds, axial flaws.in axial Shoreham were aligned with
welds, the welding direction because

they were lack of sidewall
fusion defects.

Density basis -- Shoreham density Highest of observations

Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited andlor
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
P.stim~it P

_____ ___ .t.............L____ _____estimates__

I

I WCAP-l6168-NP 
.17
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Table F-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

I I :IinE~:JinE.j~
Repair
Weld

Volume fraction [%] 2%

Judgment. A rounded
integral percentage that
exceeds the repaired volume
observed for Shoreham and
for PVRUF. which was 1.5%.

Generic value: As observed

Thickness [in) 0.14 in PVRUF and Shoreham by
Thickness_ PNNL.

Judgment. Approx. 2X the
largest repair flaw found in

Truncation Limit [in] 2 PVRUF & Shoreham. Also
based on maximum expected
width of repair cavity.

Buried or Surface All flaws are buried Observation

Orientation
Circ flaws in circ welds, axial flaws in axial

welds.

The repair flaws had complex
shapes and orientations that
were not aligned with either
the axial or circumferential
welds; for consistency with
the available treatments of
flaws by the FAVOR code, a
common treatment of
orientations was adopted for
flaws in SAW/SMAW and
repair welds.

Density basis -- Shoreham density Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio -_ Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

4;-'.

WCAP-l 6168-NP 
I<e\ision I

WCAP-1I6168-NP Revision 124&4týoil--2 I



F-12

Table F-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

i, laooing Actual I hlIckness lil O.Ilt V1b I U.2t) U1. fl vessel specific inTo

#of Layers [#] 1 2 2 2 Vessel specific info
Bead widths of 1 to 5-in.
characteristic of machine
deposited cladding. Bead
widths down to Y½-in. can
occur over welds.. Nominal
dimension of 1-in. selected

Bead Width [in] for all analyses because this
parameter is not expected to
influence significantly the
predicted vessel failure
probabilities. May need to
refine this estimate later,
particularly for Oconee who
reported a 5-in bead width.

Truncation Limit [in] Actual clad thickness rounded to the nearest
111 0 0d of the total vessel wall thickness Judgment & computational

Surface flaw 0.2256 0.360 convenience
depth in FAVOR [in] 9 0,161

Buried or Surface All flaws are surface breaking

Judgment. Only flaws in
cladding that would influence
brittle fracture of the vessel
are brittle. Material properties
assigned to clad flaws are
that of the underlying
material, be it base or weld.

Orientation All circumferential.

Observation: All flaws
observed in PVRUF &
Shoreham were lack of inter-
run fusion defects, and
cladding is always deposited
circumferentially

No surface flaws observed. Density is
1/1000 that of the observed buried flaws in

Density basis -- cladding of vessels examined by PNNL. If Judgment
there is more than one clad layer then there

are no clad flaws.
Aspect ratio -- Observations on buried flaws Judgment
basis

Depth basis
Depth of all surface flaws is the actual clad
thickness rounded up to the nearest 1/100"

of the total vessel wall thickness.
Judgment.

I WCAP-16168-NP Iýevkiojl 124&4s'i(ým-2
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Table F-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Judgment. Twice the depth
Truncation Limit [in] 0.433 of the largest flaw observed in

all PNNL plate inspections.
Buried or Surface *- All flaws are buried Observation

Observation & Physics: No
observed orientation

Half of the simulated flaws are preference, and no reason to
Orientation circumferential, half are axial, suspect one (other than

Platesupcon(ohrta
laminations which are benign.

D y 1/10 of small weld flaw density, 1/40 of large Judgment. Supported byweld flaw density of the PVRUF data limited data.

Aspect ratio _ Same as for PVRUF welds Judgment
basis

Depth basis -- Same as for PVRUF welds Judgment. Supported by
1_ 1_ 1'_ 1limited data.

9. TWCFý-,o- -• value calculated at 60 EFPY using correlations 1 NUREG-1874
(Reference 92-7): (-6i-4•--3). 1 6E-7 Events per year

.;°' °, +' .

' =< =============":::I, .:
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APPENDIX G
PALISADES PROBSBFD OUTPUT

... s .<*~

'~

v',. '.
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G-1: 10 Year ISI Only

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0

INPUT VARIABLES FOR CASE 2: PAL 10 YEAR ISI ONLY

NCYCLE = 80 NFAILS = 1001 NTRIAL = 1000
NOVARS = 19 NUMSET = 2 .•{NUMISI = 5
NUMSSC = 4 NUMTRC = 4 ':.'•[:::'NUMFMD 4

VARIABLE DISTRIBUTION MEDIAN DEV.IATIO qN SHIFT USAGE
NO. NAME TYPE LOG VALUE OR FACTOR MV/SD NO. SUB

1 FIFDepth - CONSTANT - 3.OOOOD-02 , 1 SET
2 IFlawDen - CONSTANT - 3.6589D-0-3. ..*:' 2 SET

3 ICy-ISI - CONSTANT - 1 .0000D 0 1+,,b:. 1 ISI
DCy-ISI - CONSTANJT - 80COCi:.. 0 -.. ' ? I2SI

-MV-Dep rh - CONSTANT - 1. 5C Dj U.00. 3 ISI
6S T - DtIO e LTANT 1 8 5 () 0 a I" I

.... -.-7 C IF i1 I -S T
8 Aspectl - i CC STNT - 0 1( LLPI:::'. ' SicA cL :ON-S T AN T - -$,• p0 c D ý -00 "3}x•C.

10 s-pe ct: CoSTANT .. i"'-• '' SSC

11 A-pcL4 -,. . ,:.
I 1N1oTr/C . CON TANT -1 t ,1, } TRC

F PGTh 1A T .1., 0 <Lul I , TRC
I C' FCGR-UC I NO u09.••00C ::1.000D+00 .00 3 TRC

15 'i•,I~l Ni F ~ <it2 I .OrQY~C +00 / RC

I p6 0 P et I'. F:CNSTý'FJ: - .8 87 1 -01 7 M, JD

(S TANMP 4 'o3 15 FM9" 8 Pie r c e: t1 Z" :i)b~ •A~•I 4. 3 8f Q'i,-.< 0 0 FMD
1.9 P e rc e nL4 C.- T.L1'ý1.';;.'i(!:i:[:-.b, 0 2 ý,S:D; 0 00,- FHj D

INFORMA;TI"ON GENERATED FROM-<FAVLOADS.DAT FILE

AND SAVED IN DKINSAVE. DAT ILE:

WALL TH•',IToCKNESS 58 7'-V:-5 00 INCHiý

FLAW DEPTH ,MINIMUM K"*AND MAXIMUM K FOR

TYPE 1 WITH AN ASPE.CT RATIO OF 2.

8.75000D-02 "2.=69285D±00 1.08492D+01
1.61000D-01 .:13.60064D+00 1.46562D+01

4.37500D-01 1.26609D+01 2.00367D+01
6.56250D-01 1.49279D+01 2.39231D+01
8.75000D-01 1.53491D+01 2.67406D+01

1.75000D+00 1.37876D+01 3.14212D+01
2.62500D+00 8.13906D+00 3.01520D+01
4.37500D+00 -2.32655D+00 2.91175D+01

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.75000D-02 4.04516D+00 1.64003D+01

WCAP-16168-NP Revisioii 1 24-ie•4i--2l
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G-1: 10 Year ISI Only (cont.)

1.61000D-01
4.37500D-01
6.56250D-01
8.75000D-01
1.75000D+00
2.62500D+00
4.37500D+00

5.52109D+00
1.80126D+01
2.31235D+01
2.65795D+01
2.62424D+01
2.10650D+01
9.61580D+00

2.25832D+01
3.03772D+01
3.61026D+01
4.11957D+01
5.18633D+01
5.45640D+01
5.85179D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.75000D-02
1.61000D-01
4.37500D-01
6.56250D-01
8.75000D-01
1.75000D+00
2.62500D+00
4.37500D+00

4.43154D+00
5. 90218D+00
1.90406D+01
2.45354D+01
2.87821D+01
2.91774D+01
2.54877D+01
1.38132D+01

1.79837D+01
2.41564D+01
3.24750D+01

3.85918D+01
4. 40958D+±0V :
5. 64674D+0
6. 2564 0+ 01
7. 039'T7 D ":"

99.TYPE 4 WITH AN ASPECT RATIO OF

8.75000D-02 7.10780D+00 1 85180D+01 1
1.75000D-01 1.00487D+01 25414 D+ 01
2.62500D-01 1.38195D+01 2; 866:6;'1M.+.01
4.37500D-01 2.16458D+01 3 :4,55380+01
6.56250D-01 2.85157D+01 4.23747D0i±01
8.75000D-01 3.0;83-9I.1D+01 4 .83133+01

1.75000D+00 3'n',36 2'8:9 U01 6.5704&30±01
2.62500D+00 3-160320+01 . 6 7 6832 00D+01

AVERAGE CALCULATE DVALUES FOR: Surface .ýFlaw

-:.•x,::NUMBER FAILED 0

DEPTH (WALL/ 400 AND FLAWýDENSITY FOR ASPECT

12 . 2.54020 04...... 4 4. 5'317D-06 1.34
13 "'.5 8986D-0 6 . 1 9521D-05 7.3
14 . OOO.D+0 *, 7 0234D-06 3.214 0000POOD+00 ... '

15 0',0O0D+00 1 9775D-06 1.14
16 0. 00D+ 00 5.80370-07 4.0
17 0.0 D+, 0D+00 3 4736D-07 1.54
18 0.00000D8,0 1.5414D-07 8.8
19 0.0000 , 00 9.1024D-08 6.1
20 0.0000D+00 0.0000±D+00 36
21 0.0000D+00 0.0000D+00 0.0
23 0.0000D+00 2.7971D-08 0.0
25 0.0000D+00 0.0000D+00 1.1
26 0.0000D+00 2.6821D-08 0.0
27 0.0000D+00 0.0000D+00 0.0
29 0.0000D+00 0.0000D+00 1.0
31 0.0000D+00 0.0000D+00 0.0

Density with FCG and ISI

NUMBER OF TRIALS = 1000

RATIOS OF 2, 6, 10 AND 99

89D-06
/92D-06
977D-06
450D-06
809D-07
441D-07
627D-08
738D-08
375D-08
000m+00
000D+00
041D-08
000D+00
000D+00
518D-08
000D+00

2.1739D-06
9.7312D-06
4.3086D-06
1.7029D-06
6.4975D-07
2.2919D-07
1.7208D-07
5.0696D-08
8.2449D-08
3.2256D-08
0.0000D+00
0.0000D+00
0.0000D+00
1.4338D-08
0.0000D+00
1.3440D-08

WCAP- 161 6X-NP Revision I 214e~P+ian-~ I

WCAP-1616R-NP Rcvision I



G-4

G-2: ISI Every 10 Years

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0WESTINGHOUSE

INPUT VARIABLES FOR CASE 2: PAL 10 YEAR INT

NCYCLE =
NOVARS =

NUMSSC =

VARIABLE
NO. NAME

80
19

4

NFA
NUM
NUM

ILS = 1001
ISET = 2
4TRC = 4

MEDIAN
VALUE

DISTRIBUTION
TYPE LOG

1 FIFDepth - CONSTANT - 3.OOOOD-02
2 IFlawDen - CONSTANT - 3. 6589D-03;ý"
3 ICy-ISI - CONSTANT - 1.0000D+01Iol
- DCy-ISI - CONSTANT - i 0.00V{f o
5 MV- Dep th - CONSTANT - 1 0. 0 •oD u ,

6 SD-Depth - CO1ST TI' - I . 85 0 •l ::,I : :

7 CEff-lfI - CONSTANT - 1. Oc1rF- 00
8 A sp E, ct• C TA 1,TT - 2 % 0u ::-

9 Aspect2 - CONSTANT - o. o (v-i a

10 Aspeci3 - CJ' 110 ,TT N .Y~8.r 0.1
11 AspecL4 '3 J , ST I T

12 NcT r/Cv !T' I -C , n- :::
I.3 FC rG Th ( 1 C, NT '\1 T
14 FCGR-UC Zx L "10N•7 •. O . P. + oQo
15 DKINFi1llNe~ ~ T I 0tQ

1 P"'cer12: C ::') STAN -- I.. C, - 1.

.1.9 P er e r t - 2 N 1',•f,. I 2 f 0 0

INFORMATI1ON-GENERA-TED FROMW FAVLOADS. DAT FILE
AND SAVED IN DKINSAVE. DAT"FILE:

WALL'ýT.H.CKNESS = 8 7500 INCH"

FLAW DEPTH:'- MINIMUM K '•AND MAXIMUM K FOR

TYPE 1 WITHI A'N ASPECT RATIO OF 2.

8.75000D-02 629285D+ 00 1.08492D+01
1.61000D-01 ,:i"3.60064D+00 1.46562D+01
4.37500D-01 1.26609D+01 2.00367D+01
6.56250D-01 1.49279D+01 2.39231D+01
8.75000D-01 1.53491D+01 2.67406D+01
1.75000D+00 1.37876D+01 3.14212D+01
2.62500D+00 8.13906D+00 3.01520D+01
4.37500D+00 -2.32655D+00 2.91175D+01

NTRIAL = 10
.,::NUMISI =
NUMFMD =

D E VIAII..ON SHIFT
O, ].VFA CT OR. MV/SD

..... .':':.'"::N.
"e-% ,• .'-:N-,

USAGE
NO. SUB

1 SET
2 SET
1 ISI
2 ISI
3 ISI
4 ISI
5 IST
1 SSc
2 SSC

3 SSC
A SSC

I TRC
2. TRC

3 TRC
TRC

1 FMD

2 FM D

3 FMD
4 FMD

00
5
4

I )0 D +D0 0 .00

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.75000D-02 4.04516D+00 1.64003D+01

I WCAP-16168-NP Revision !2)R +>
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G-2: ISI Every 10 Years (cont.)

1.61000D-01
4.37500D-01
6.56250D-01
8.75000D-01
1.75000D+00
2.62500D+00
4.37500D+00

5. 52109D+00
1.80126D+01
2. 31235D+01
2. 65795D+01
2.62424D+01
2. 10650D+01
9. 61580D+00

2.25832D+01
3.03772D+01
3.61026D+01
4.11957D+01
5.18633D+01
5.45640D+01
5.85179D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.75000D-02
1.61000D-01
4.37500D-01
6.56250D-01
8.75000D-01
1.75000D+00
2.62500D+00
4.37500D+00

4.43154D+00
5.90218D+00
1.90406D+01
2.45354D+01
2.87821D+01
2.91774D+01
2.54877D+01
1.38132D+01

37D+01
64D0 01
50D+01
180+01 .
58D+01:,
74D+01
460D+01l
170+0

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.75000D-02 7.10780D+00 i 85180D+01
1.75000D-01 1.00487D+01 2 59414D1+01
2.62500D-01 1.38195D+01 286'661b0 01
4.37500D-01 2.16458D+01 3 45538+T0;1T'zý-:,,-,
6.56250D-01 2.85157D+01 4. 2-3747 70+0
8.75000D-01 3.03,.9I•1-D + 01 4. 83133 3+ 01
1.75000D+00 3:-3628,9.D:+01 6. 57043D+ 01 1
2.62500D+00 ,3.16032 D0+0.I 7. 68320D+01

AVERAGE CALCULATE-0'VALUES.,FOR: SurfaceU$ Flaw Density with FCG and ISI
"' A ?.' ~ A... tVi~!i!% :,' V. .V... .•?"

...--:N WMBER FAIPL-ED "V : NUMBER OF TRIALS = 1000

DEPTH (WALL/400')AND FLAW*D..ENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

1 2465 D- 10 1:8;;9-. 0D-12 5.5678D-13 9.1111D-13
13 1 9983D -12 5 .:5048D-12 2.0459D-12 2.7226D-12
14 0,,0000D+00 965700-13 4.5289D-13 5.8811D-13
15 is.0000D+00 . 1.2835D-13 7.5032D14 1.0930D-13
16 0 0:00•0+00, 1.8170D-14 1.2594D-14 1.8759D-14
17 0 006,bo:D+.08;-:, 5.2179D-15 2.1701D-15 2.9926D-15
18 0 000o0D: o 9.4118D-16 6.6938D-16 9.6145D-16
19 0.000DilOO 2.9809D-16 1.7580D-16 1.4879D-16
20 0.0000D+00 0.0000D+00 4.8987D-17 9.2976D-17
21 0.0000D+00 0.0000D+00 0.0000D+00 1.4658D-17
23 0.0000D+00 2.2110D-18 0.0000D+00 0.0000D+00
25 0.0000D+00 0.0000D+00 1.5152D-19 0.0000D+00
26 0.0000D+00 2.1470D-19 0.0000D+00 0.0000D+00
27 0.0000D+00 0.OOOOD+00 0.0000D+00 2.4461D-20
29 0.0000D+00 0.0000D+00 7.9308D-21 0.0000D+00
31 0.0000D+00 0.0000D+00 0.0000D+00 5.2922D-22

I WCAP-16168-NP Rvs~iI2~~e-Revision 12-I•:•-,,4,4{:m4
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APPENDIX H
PALISADES PTS TRANSIENTS

Table H-I PTS Transient Descriptions for Palisades

Count TH System Failure Operator Action Nican IE HZP HiK Domina t*

Case Frequency |

1 2 3.59 cm (1.414 in) surge line None 2.661 -04 No Yes No
break. Containment sump
recirculation included in the
analysis.

2 16 Turbine/reactor trip with 2 Operator starts second AFWA. . 'Z- E04 No No N
stuck-open ADVs on SG-A pump. Operator isolates A'F'"W'
combined with controller to affected SG at 30 rinutes
failure resulting in the flow after initiation. Qpeator
from two AFW pumps into assumed to throtite HPI if
affected steam generator. auxiliary feedwatei.[s runningý,'ý:.

with SG wide ranxf&vel>
84% and RCS subcoo6ling>` i:"25
F. HPI is throttled to ma'intai,'in
pressurizer, level between 40.: ,.

___________and W.%-,

3 18 Turbine/reactor trip with 1 Operato.iý does"Iti isolate AFW I7 E-03 No No No
stuck-open ADV on SG-A. on affected S Nomal AFW
Failure of both MSIVs,(SG- flow assumed:;(,20 gp)
A and SG-B) to c16 e Operator assumed to throttle

HPI if auxiliary feedwater is
."i;'running with G wide range

l:;:,level > -84% andiRCS
.s.. i.. ng'.g 2-5 F HPI is
throttlef"f'td6maintain pressurizer

,__: _ __ ....... _::.___________ -_._ _ :level between 40 and 60 %.
4 19 IReactor trip with- I stuck- No '46ne:: Operator does not 2.29LE-03 Yes No Yes at

n ADV on SG-A. tl iittle HPI. 200, 500
EFPY

5 22 Turbi-ieactor trip with loss Operator depressurizes through 6.67E-0•5 No No No
of MFWKand AFW. . ADVs and feeds SG's using

condensate booster pumps.
Operators maintain a cooldown
rate within technical
specification limits and throttle
condensate flow at 84 % level
in the steam generator.

6 24 Main steam line break with None 2.431-06 No No No
the break assumed to be
inside containment causing
containment spray actuation.

WCAP- 16168-NP Revision 12Revis4o4on-2 I
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Table H-1 PTS Transient Descriptions for Palisades

Coi nt TH System Failure Operator Action Mean IE HZP HiK Dominant
Case Frequency

7 26 Main steam line break with Operator isolates AFW to 5.69E-04 No No No
the break assumed to be affected SG at 30 minutes after
inside containment causing initiation.
containment spray actuation.

8 27 Main steam line break with Operator starts second AFW 3.651'.-05 No No No
controller failure resulting in pump.
the flow from two AFW
pumps into affected steam
generator. Break assumed to
be inside containment
causing containment spray '.

actuation. __.______________

9 29 Main steam line break with None. Operatorý,des not 4'4.20E-08 YesýN• No
break assumed to be inside throttle HPI.. = ,
containment causing
containment spray actuation.

10I 31 Turbine/reactor trip with Opeatgor maintains core c6'•[lhg 1.29E-05 No No No
failure of MFW and AFW. by feed;and bleed using HPI
Containment spray actuation to feedandtf toP.ORVs to
assumed due to PORV bleed.
discharge.

11 32 Turbine/reactor trip:Witft :.. Operator miiinitins core co"oiing I,08E-06 No No No
failure of MFWa.nd AFW by "feed andibleed" using"HPI
Containmentspray, actuation. :to feed and two PORV to bleed.
assumed due to RORY , AFW is recovered.l'5 minutes
discharge. ,. ,.. .-.?.: after.initiation of "feed and

... bleQdcoo•lin. Operator closes
PORVs When SG level reaches

-... = 60 percent.

12 1 1341,::¢i` :Main steam line bre-ak,",
co n.urrent with a single tube
failijie in SG A due todMSLB
vibration

Operator isolates AFW to
a•fected SG at 15 minutes after
initiation. Operator trips RCPs
assuming that they do not trip
as a result of the event.
Operator assumed to throttle
HPI if auxiliary feedwater is
running with SG wide range
level > -84% and RCS
subcooling > 25 F. HPI is
throttled to maintain pressurizer
level between 40 and 60 %.

1.48U.-Os INo No No

40.64 cm (16 in) hot leg None. Operator does not 3.22,?)-5 No Yes Yes at 32,
break. Containment sump throttle HPI. 60, 200,
recirculation included in the 500 EFPY
analysis.

I WCAP-16168-NP lRevision IRev{.ok44
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Table H-I PTS Transient Descriptions for Palisades

Count TH System Failure Operator Action Mean IE HZP HiK Domina t*
Case Frequency

14 42 Turbine/reactor trip with two Operator assumed to throttle 7.671A-!7 No No No
stuck open pressurizer SRVs. HPI if auxiliary feedwater is
Containment spray is running with SG wide range
assumed not to actuate. level > -84% and RCS

subcooling > 25 F. HPI is
throttled to maintain pressurizer
level between 40 and 60 %.

15 48 Two stuck-open pressurizer None. Operator does not 7 6 7 ' Yes No Yes at 3
SRVs that reclose at 6000 sec throttle HPI. EFPY
after initiation. Containment
spray is assumed not to "
actuate.

16 49 Main steam line break with Operator isolat':ýAFW to I 00e-05 Ye-si: No No
the break assumed to be affected SG at 30W hutes after
inside containment causing initiation. Operator deles not
containment spray actuation. throttle HPI.

17 50 Main steam line break with Operator starts second AFW 5.811`-07 Yes No No
controller failure resulting in pumjd'k&erator does not
the flow from two AFW throttleIr 1PI ,,,,

pumps into affected steam
generator. Break assumed to
be inside containment:,
causing containment spray.:ý',.
actuation.

18 51 Main steam: ine":b'ak with Operator does no6t isolate AFW 7.511-08 Yes No No
failure of both MSIVs to on affected SG Operator does
close. Break- assumed to be. not throttle HIPl.
inside contaiin'ient causing

____cotainment slpayv'actuation .

19 52. -Reactor trip with i:`Sýuck- 0rator does not isolate AFW 6.371.'--04 Yes No Yes at 5i0
open ADV on SG-AN Failure 6if affected SG. Normal AFW EFPY
oifbhMSIVs (SG-A a"n:d flow assumed (200 gpm).
SG-B)•totItcose. Operator does not throttle HPI. Yes

20 53 Turbine/reactor trip with two None. Operator does not 1.091-03 No No Yes at 500
stuck-open presIsuriz& SRVs throttle HPI. EFPY
that reclose at 6000 sec after
initiation. Containment
spray is assumed not to
actuate.

21 54 Main steam line break with Operator does not isolate AFW 4.2h1--06 No No Yes at 30,
failure of both MSIVs to on affected SG. Operator does 60, 200,
close. Break assumed to be not throttle HPI. 500 EFPY
inside containment causing
containment spray actuation.

WCAP-16168-NP
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Table H-1 PTS Transient Descriptions for Palisades

Co nt TH System Failure Operator Action Mean IE HZP HiK Dominant*
Case Frequency

22 1 55 Turbine/reactor trip with 2 Operator starts second AFW 2.74 -03 No No Yes at 32,
stuck-open ADVs on SG-A pump. 60, 200,
combined with controller 500 EFPY
failure resulting in the flow
from two AFW pumps into
affected steam generator.

23 58 10.16 cm (4 in) cold leg None. Operator does not E066-04 No Yes Yes at 32,
break. Winter conditions throttle HPI. 60, 200,
assumed (HPI and LPI 500 EFPY
injection temp = 40 F,
Accumulator temp = 60 F) ____.__.............. __.._____

24 59 10.16 cm (4 in) cold leg None. Operator do es not 2.091-04"ý No Yes Yes at 500
break. Summer conditions throttle HPI. ,i , • EFPY
assumed (HPI and LPI,
injection temp = 100 F,
Accumulator temp = 90 F)

25 I 60 5.08 cm (2 in) surge line Nojie, OQperator does not >•$, 2.09F-04 No Yes Yes at 60,

break. Winter conditions throiteH.ý40I 200,:500
assumed (HPI and LPI ~.EFPY
injection temp = 40 F,
Accumulator temp = 60 F) __..__...

26 61 7.18 cm (2.8 in) cold 16g-., None. Operiati" does not - 09E-04 No Yes No
break. Summer,, 'fiditions . throttle HPI.
assumed (HPI. aid, LPI
injection teriip -_-;1',00-F
Accumulator temp 900F)_:____.._

27T.62 20.32.cm(8,in) cold leg None0 Opeator does not 7.071->06 No Yes Yes at 32,
brea•.• • Wiler conditions throttle HPI. 60, 200,
-'ssumed (HPI and d L P I1 500 EFPY
:injection temp = 40- F,
Accumulator temp 60 F)

28 63 14:37JTm (5.656 in) cold6leg None. Operator does not 6.06E3-06 No Yes Yes at 60,
break. Wij'nter conditions throttle HPI. 200, 500
assumed"(HPI and LPJI EFPY
injection tem-p = 40.,:F,
Accumulator temp- 60 F)

29 64 10.16 cm (4 in)&:surge line None. Operator does not 707 L-06 No Yes Yes at 32,
break. Summer conditions throttle HPI. 60, 200,
assumed (HPI and LPI 500 EFPY
injection temp = 100 F,
Accumulator temp = 90 F)

30 65 One stuck-open pressurizer None. Operator does not 1,24E-04 Yes No Yes at 32,
SRV that recloses at 6000 sec throttle HPI. 60, 200,
after initiation. Containment 500 EFPY
spray is assumed not to
actuate.

I WCAP-16168-NP WCAP 1668N , , "ov',ri



H-5

Notes:
1. TH ### - Thermal hydraulics run number ###
2. LOCA - Loss-of-coolant accident
3. SBLOCA- Small-break loss-of-coolant accident
4. MBLOCA- Medium-break loss-of-coolant accident
5. LBLOCA - Large-break loss-of-coolant accident
6. HZP - Hot-zero power
7. ADV - Atmospheric dump valve
8. SRV - Safety and relief valve
9. MSLB - Main steam line break
10. AFW -Auxiliary feedwater
11. HPI - High-pressure injection
12. RCP - Reactor coolant pump
13. SG - Steam generator
* The arbitrary definition of a dominant transient is a transient tha 'contribes 1% or more of the total

Through-Wall Cracking Failure (TWCF).

WCAP-16168-NP iS I o I14 '2l•÷iI 2
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APPENDIX I
PALISADES FAVPOST OUTPUT
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I-1:10 Year ISI only

WELCOM1'E TO FAVO

FRACTUJRE ANALYS.~IS OF VESSELS: OAK~- RIDGE

VERSION 06.1

FAVPOST M ODULE: FOSTPROCSO MOD';O ý%'z'
COMBINES TRANSIlENT INITIAlITING FU~qjPTES

ýýITII RES@ULTS OF PF:' ANALYS >21"AfT

PROBILEMSZ OR QUESTIONS BE -ARfT~ Fql

SHOUILD BF flIRiCT, ný

N TERRY DIr•CPQI,

OERIDGE NATIONA-R',jI- C TOR

e-mial: dickIcont.IIx.@

TPhiS COMPu~i r prý-ca v-a;ý tju 11 Nrt of
work sponsored by He {Ui td

Dr partmenti 'c:f' rg, northbo"Wit'c Nul~l'"ear

nor anmi~ r thl-V~qrI ractor 0.j uir-xco ,a' ors, or their
* r-p1~o7e~S marrantgt exrse r-r imp]lied, or

asumes, .1c ibiL~o'' * ch-spnsbility for- the
accuracy' upootpIs ofII* arnyio"""

A* awati*L Div9 1 > rracesidOI 'V"'"is discrlosedi,

3 ~5~S,' i i ti useoui u ir. ri roe

D'A 2TE: z-1 0 0 TIME: 10:25:13

Begin ech'oufF FAVos input dat~a decki 1.0:2.5:13 27-
Ed -cho o f Aos ipu data deck 10: 25:1.3 27-n

;f

ion-2007

FAPOTINU hi E AM

FAVP''N OUPU 1FILE CONT.7!ENING1r-F;b .99 "'J,,RAY
FAVPt- OUPU F~IrIL COVITA.INIIKG PFMF RRA

FAVF0.'T O T'"ii ýT '.7T, I'IME.

posoip I.in
INI~lAI'1 CATP20
FATiQLUREFIT
p1l o 10 oyriny out.

I WCAP-1668ANP ei IOl 9ev*Revisi<m ! 2 l•evi•io•.•-4
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1-1: I 0 Year 1ST Only (cont..)

N SIvULATIONS = 7000

V- :!? "f :.•%:. ~
CON PROBABBILITY .NiY A L -P,'ABILiTY

J> ATTON DT , ( I ) (T: U;RE C*:2.FIE)

~~~VK9~'l OP 'P ~ . i Tun1m

----- --- - -.. .. . . . . . . . . . .--------.---------- --------------------

G" 0. ,c 0 .000 00. 00 .0. 0 0 0 E .,0 0 0 0
4 0 . 0 2. 59 0 2 6 •. , ,C 0_,4 00,. 0 .. 0 000EC -00 0 1.2 6

18 4 1 E11 n.0000,0+0 0.00007 00 2.0525-E- 11 0 0000E+00 0 0000E+00 .0.8A99
....107 0 .000E+0.0-- 3 I107 ":-i O,000E+O 0.0000E00 0. 6628

1. o . o-07 .009 , 0 0 9 0 ::.. . 9. -E 0 .00F 0 . 000..
24 2 0 9 0. 000-!'s )0 0 9 0 9 0• , " ;• _ -- 00 0 . 00010 9+0 . 181

S . r - 7 0. 00 0 00 9 0. 000.+•,- 2 0.97_8... .. ~ ~ ~ ~ ~ ~ ~ ~ ------ W-0 .... E• +; 00 '0E 0 0 0 'E•0 • . ":{:.••0 0 b0 +0 0 .0 00 0 SE+ 0 0 t 29 4

2) 1 4EL %.. 3 2--0/1 2.01 -04 ', C29.932 . 1 I..195E-04 6. 0880E-05 290 7
29 5. 8282E-(7 0.00007+00 .0. 0 00)F 0 0 '4.'&-2`441 0. 000F+0, 0 . 00000E+00 0. 6772

. " 0E-('5 2. 9665E-04 - - 0 5,-04 E-0:87 E- '.2535E-05 5.'7966E-05 0. 2274
.02 4 551E-07 0.C000b00.0. 0. -OU - , 0.0000E+00 0.0000E+00 0 .691

34 3.445 97-06 0 . 000 .+ 8 0 ,..•5 .. E. u . -40)7 0. 000F+0( 1.6486E-0 , .868
A0 ,02 1-03 1 .238 E-02: 6..6. '3 - .1 C>224--4 8 02162-04 5.,101> "0 " 0"4

. 000 . ")-,+ 0 .000 -- 00- A 0- ,• 0 . 0. 009 + 00" 0. 0000E+00 0 .0000E+00 0 000
7 2 -03 L 0 A 2:,..i 9 -.. - 42 E - 0 7 . 2226E-" 0. 9835

A20 10O,8Y 0 00 " 00 - 00001)00 0.2 1 '722
.. 6 98 b U, 6.4 1 l807E-(E 2.7591E-04 2.2267 -04 0. 3313

1 Z I >.,;. .  182. . 8. Ell I1- 0.4 8. 5 384E-04 1.6646 E -091
52 1F. 15E:': 0000E+00 "'i;1 000()umJ 3 9569E-07 0 0000E+00 O.O000E+00 0.6578

22 67 08-E-07 :K0 0o 00 0 +00 185240- 0000 02+0CO0E+0 0.0000E+00 0.6936
4 4-7 ½ 714 6E 0 /? 9E-03 4-Eo0 -0 2. 1455 0 1 .1565E-03 3.1205E-03 0 4551.

-- ',0 0.0 G±o+00 T'ý,:0 ,00E+1-0 9 9 5266-07 0000E+00 0.0000E+00 0.7306
. , 2-.r9 . ..:1-.-. . 7 55 27 --Q203-4 8 .2070E-04 0 1(J 96

I• :t. 6 991E-05 . .2"... 5.. 1 9. 0 1 9 3.11036E-05 9.8600E-06 0.9 '723
*0 /1 ]2 14'E E.4348E2 0z.'4?_ 5 9014E-04 5 38897-06 8.61105 '7.5170E-05 0.1283

61 9 9 . 0 7 0 .000E+0E+ z 2.2070-1-0 3 9814E-08 0.0000E+00 1.5568E-12 0.0439
62 4.8426E-03 1.0080E-0`2 5.6235E-02 5.1473E-04 1.0533E-03 6.6194E-03 0.1063
63 1.7 ,-03 3.32252-03 2.34082-02 2.40111.E-04 8.3884E-04 3.01-40E-03 0.1407
4 1 -03 446E-03 2.5502E-0 28279-04 7833-04 .9028-03 0.11453

WA-1168-NP RevisionE 122A279 S.'7833
1
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1-1: 11) Ycar NSI Only (cont.)

605 1 7674E1-Ql05

T. 3015
C IS, T O5

E-03 2.8655E-0

NA i_, PROBABI B ITY

L3NAL PROBABILITY

U- V - WlE :

o 3 T~TTQ`J 61

2.7897E-03 0.6555

DPOBAR A5T1 Si' ~T R T U TTI0NC\ uN TIO 10 N' 1,
F iP 7 -P - uENN CY 0 F C~'R _K I NIIT IATT j ...-

F SF U NC ii r'TýT,'?:W U 5/iL0 T

-4 H IIAID IN ) T7 N,: T 
0 ~'TI/~

(-PER REAC'TOR-i 'ER i-N YEAR))

0.0000E+00 1P .~~Ž ~.

1..8255-E-06 9' 5.- 98 91 7

-5 ./7' 4 ~ Hi" 9 0 9 8 . ~9 71.

2 . 1 3' E -'' 0 )"'`:'99

.1 2~ 99'l

003

3i 13 /3;6 ,

6,2 -nE 05"

S ~5'' 0 3 u1~i -v -31

I.

WCAP- 16 168-NP 
Revision I 2Re4~ion-2-

WCAP- I16168-NP Revision12lev i:--



1-1

1-1: 10 Y'ear ISI only' (cont.)

7 11 1 4 7

9 9 .iCIF

9. 6I 9F - 0

1 ~0 U5F -04
1 11)`'i QýE C'

2 . %.'

C, P ~
3 . 2E-

0029
D 014
0 403
10 C 0029,
C0 002 90 1

0 001!
.0 00-1.4
0 0021)9

0 0014
0 .001.4

0.0029
GI G0141

0 ( 0014

0 .0014

0 0014
0 0014

0. 0014
0. 0014

99. 9657
99.9700
99. 9729

99.9757
D9 ,7 "771
99.9786
99.9800
99.9829
99.9842
99. 985-7

99.9886
99.9900
9 9. 991.4
99. 9929
99. 9943
99. 9957
59.99"71

99.9986
100.0000

-- - - -- - -- - - -- - - -- - --1V v
Stat L Ct I Cs

Ma1x nim: Iil
0. 0000o+o0
3. 6144E-04
3.61-44E-04

NuM- Ci- S irrula 1 Lion9 70000

50 ti- -- "'r ce nt ie

S','1 7-~ - _.] P -

S4-n a.- H"\'1 at ion

Slan Ur, Error ..

'M Cm- Co f f(. S I e f'n Ss s es

1 0576E-11

3.1968E08

0.943-05

12S.484' 06 1 1

Z 1.219ý1401
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FREQUENCY OF
TWC FAILURES

--ERP RE-,T3R-OPEF .T N,

RELATIVE
DENSITY

YEAR) (7)

CUMULATIVE
DISTRIBUTION

0.0000E+00
9. 9132E-07
2, 9740E-06
1.9566E-06
6.9392E-06
B:. 9219E-06
1 .0904E-05
1. 288'TE-05

1.4670E-05
1. 6652E-05
1.6835E-05
2,.081IE-05
2.2800E-05
2 .4783E-05
2,804S E-05

3. 2113E-05

3.0696E-05
3. 6679E-05
4 .2620E-05
4.0,}09F-05
4. 6592E-05
1.0409E-04
I. .9727E-04

S u.. ... S mma r!

2.7414
96.4714
o.327]
0.0971
0.0557
0.0286
0.0186

0.0100

0.0100

0.0071
0.0071
0.0029
0.0057
0.0029
0.0014
0 .0014
0.0014

0.0014
0 .0010.00 14

0.0029

0.0014
0 .0014

2 7414
994 129
99 74 00
9D. 8371
99 8929
99 9214
9• 9.. 940Or,
99. 9500
99 9600

q9.• : 9671
99. 9743
99. 9771.
"9 9829

99. 9857
99. 9871
99. 9886
99. 9900
99. 9914
99. 9929
j#9. 9943
99. 9971
99. 9986

i.00. 0000

DCC scr i. p it v C Stal ;fics

Minimum!
Maximumn
Ranw-e

0.COOOE+00
I 9628E-04
1.9628E-04

Number of Simulations

5nh .Percentile
M•edian
95.0rh Percentile
9•9. Oth Percentile
99. 9th p'ercent ilc

70000

1.2334E-13
2.0809E-09
9.9i32E-07i

1.1299E-06
7.4349E-06

7 6237E-08
1.0800E-06
4 .082E-09

I. 1664E-12.
1 .!664E-12
1. 0725W02
I. '17E-01
] 7%8RE+04

Suanlard we:v ia Lorin
Snan)dard Error
Vq•: iante (unbiase:j)
Vari-ance (biased)

N:,omenz: Cceff. of Skewness
Fcqn'son'n TnJ Coeff. of Se n
Hlur (os,')

I WCAP-16168-NP Revision .2R-4 etR4•+*-t2 4
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1-1: 10 Year IS! only (cont.)

,:R..KPGN~ i~IT ON O FREQUENCY OF CRACK MITT T.TICN

* Al TH -A C RACKINIG LFRECL Y (AT1URE) -

* WEIG:ATED 1Y TRA<N2IENT INITTATINGC. FREQUEN.CIESL

of total % o ol
requency of frequeniy of

crack in:i. t.iation o-f TW falure
S0.0

16 0 00
n. 0018 r0.00 C.''

:19 0.28

00 c

2 C0. 1.6 0

0. 00
1 0. 07

0. 00 C0
0.: O01 '- 1

0 . 00
4:1-: ~0.090.,

51 0.0]. 01
01.01

0.06 0,"" 2.6
0.57 1

r 1.02 4 1
58 24.02 27 .5

590.79 0

1 0.0611 ~ ~ O. 050.C

2 8.97
63 ~2..59 23

2 .42
65 4.84 .9 .44

TOTA S .. 0. 0 00

WCAP-1 6168-NP Revision I 2-vf- 2 -idl*-4tdn-t
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1-1: 10 Year ISI only (cont.)

* ** * * * + * ký1 - , ý ; ýý ~ - ,k-,k k ,; k*, - *k- k -

FRACTIONiALIZATION OF FREQUENCY OF CRACK INITIATION *
•" AND T U (-]FAILURE) -

R'7V B-ELT3TINE MAJOR REGION

BY PA-RENT SUBREGION

WEIGHTED BY CONTRIBUTTON 0FACH TRANSIENT

TO FREQUENCY OF CRAK INITIATTON AND
T11OUH- WALL CRACKw ING FREQUENCY (FAILU

,oftotal

of f total. 1 1hr -wal-l1 coack
MAJOR RTndt total fIruencv of f -cy
REGION (MAY) flaws c.rack initLation cleavage ducie t ot al

1 237.44 2.0 74 S
246.9 2 0 i1 5 6 8. 11.2
246.96 2, . 34 14.89 12 . 0

S 247.43 .6 19 46 29.92

237.77 1 6 33 1 16
6 247 4 3 ...3' 3 C 1. 5 10 23192

.231. 49 !9.12 0 01

3 195 .141 55 0 04 0 00 00 L0
9 166.15 a.5 0. 0 0.00 0 .0.V00 0 00

10 130. 00 8.55 0. 0 0.00 0 00

11 206. 88 13.21 0 18 0 00 .C0 0 00
12 136 36 133.21 0003 00 U
13 208. 62 13.21 0. 26 0 .00 0.0 0 j0

TOTALS 100.00 100.00 62.56 144 100.00

FRACTIONaLIZATION OF FREQUENCY OF CRACK INITIATION
AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) -

-RV BELTLINE MAJOR REGION1l

WETGHTED BY CONIt R 1UTI, OFAC TRPAHSTI-ENI

T FREQUENCY OF CRACK IITTATION AND

*T1ROG-rWA1 CRCI-' NG FREQUENCY (FAITLURFE)

WCAP-16168-NP Revision 12t{e*-wion4R.- eoI
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I-i: 10 Year ISI only (cont.)

M.v1AJOR
REG IOCN

RTndt total
(MAX) flaw's

- f tot:a]
frequency of

crack initi ation

W of total
throrugh-wall cr ack

frequencv
cleavace ductile total

1 237.44
2 246. 96
S --"46. 96

4 247.43
5 23'7.77
6 247. 42

7 231.49
8 ]95.],0

9 66. 15
10 130 .00
11 206. 88
12 186. 36
13 208.62

2 O4

2 .04
3.16

.16
2.16

8 55

8.55
13.21
13 21
1 3 21]

7 75
1.50
11 34
23 77

1.6 33
22 .11
7.32

0 . 00

0.0060 .00
0 .18

0. 61

100.00

3. 95
6.84
7 .15

19.46
10 62
14 .52
0.01
0. 00
0 .00
0 .00
0 00
0.00
0 .00

2 55
4 A 0
4 A88

10 46
5 A75
940
0 00
0 00

0 .00
0. 00
0.00
0 00

I.51
11 .24

0 .000 00

.000 .00

000

0,00o

TOTALS 100.00 62.56 3. 44 100.00

FRACTIONAL1IZA ATION OF FREQUENCY OF CRACK INITIATICN
AND THR (UGH. -WAILL CRACKING FREQUENCY (FAILURE) -

SMATERIAL, FLAW CATEGORY, AND FLAW DEPTH

WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT
TO FREQUENCY OF CRACK INITIATION AND

TH-IROUGH-WALL, CRACKING FREQUENCY (FAILUIRE)

W WELD MATERIAL

ofi total frequency
f crack init iat ion

of total through-wall

crack (requcacy

DEPTH'_

0 . 088
0.17 5:
0.263
V. 350

0.521

C(AT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
.! ,s, vS f. w,; flaws ff laws LAW L laws

0O000 00
0 O0

0 0 0
CO0

0 O0

3.48
:36,00
1 3. 2v"

?. 'i9
6.3"7

0 . 00
0 . 00
0.00
0.00
0.01
0 .0,1.

0 . 00
0 . 00
0.00
0.00
0.00
01.C00

1. .59

1.9. 98

9'. 0

9.3

1. 00

0.03
i. 0 C

WCAP-1 6168-NP R cv s on 1 24 j.4 44
WCAP-16168-NP R e,'i qi on I ,4-44i4,u-&e,~s.'e • s -,a•--
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1-1: 10 Year ISI only (cont.)

0. 613
0.700

0.963
1. 050
1 . 131
1.225

1 .400
1I. 188

1. 663
1 . 150
1 .831
1 . 925
2'. 013
2 .100
2 .18 8
2. 275
2.363

(1d5 0
2 .53"7

2 .7 Q1

0.00
0.00

0.00
0.00

0 . 00.00
0.02
0,09

0.00
0. 00
0. 00
0.o0
0. 00
0.03
0.00
0.00
0.00
0 . 10
0. 00
0.00
0. 00
0. 00
0.00
0.00

14 Al 1

3.48

2.88
2.33
1.55
2.27,

1 .38

0.76
0.35
0.19
0 . 2
0.03
0.26

0.28
0.00

0.00
0 00
00

0.00
o. 00

0.01
0. 01
0.02
0.01
0.03
0 . 04
0.02
0.01
0.00
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0. 19

0.00
o.00

0o 00

0
0)0

0.00

J.00
0.00
0.00
0.00
0). 00

0.00

0 A 00

0.00
Uj . 00

000

o.oo
o o 00
0.o0

5 6.0

636

23 2

1 53
0 . 63

0 , 49
010

0O 10
0' 72

0. 68
0 . Go

Joc

Go
0O0

0.00

0 00:
A " P

0.05
0.08

o. 05

0.18
0.20
0.13
0.09
0 . 02
0.03
0.02
0 .(iJ0

0 . 01
0 .05
0 .00
0. 02
0 .OH
0 .00
0. o00
0.00
0.00

o . COo

0 .00

1 .13TOTALS 1 .20 98.08 0.03 9 . '-.

PLATE MATERIAL *

FLAW

DEPTH
(in)

C. 088
0. 175
0.263
0. 350

0.438
0. 525

0.6130 7 O

0. 815
0 C63

] 050

1 .137

% of total frequency I of total through-wall
of crack initiation crack frequency

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws fl.awv.s flaws f law.!s flaws

0.00
0.00

0 '00
0.00
0.00
0.00
0.00

0.00

0.00

0.28

0.00

0.000. 00

0.00
0. 00
0.00
0. 00
0. 000. 00
0. 00

0.000. 00O.OCC

0.00
0.00
0 . 00

0 O0
0.0

0 . 00
0.00~
0.000 O)

0. 00

0.00

0.0

0 . 00

0 .00

0.00
(1.000. 00
oOO

J 00
o00C0
A Aoo

0 00

00(1

0 0

C; 2 0

0, ", 0,

0 010

o 0
0 00"'

,: 00
3.00

.00

i. oo
o . o'

I WCAP-16168-I'.4P R.cci.iSiil I 2Rif4ew4I4~~+s4ew-244e~-+~ee+4I
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1-1: 10 X'ear ISI only (cont.)

1 4

201.

'2 2'

2 / -

*2 5

0 10
0.0

0 0 Z9

0.00

0.0

0 69.

r) cpi

0.00

()0 0
0. 00

0.00
0 00
0 . 00
0.00
0 . ()0(

0 00

0 .0'

0 r>O
6 ) (16

0 . 0
0 . 1

0.0
0 . 00
0 .0.c

0. 00

0l . 00cl

0 o o

0.00

0.00

0.00

0'A

0 C)'

0

0

0 .0
0.000 O ,0
0.00

0.00
00

0.00
0 .00
0. 00
0.00
0. 0
0 .00
0 . 00
0 . 00
0.00

0.00
0 . 00
j. 0 o

0. 00
0 60
0 00

0. coo

0
0.0

0.00
0-11.00
0.001
0 .00

0.0,0.00
00

U 00
1C00

S0o0
0 00

.00
D.00
.00

.00
0.000.00

0 . 00
0.00

0.00
0.00

0.000 0

o0 0

0,5 C 0.00 0.00
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. inforwmaion, apparatus, p-oduwt, o±-proecess d
or reprccsnts that its use would net infringe

DA~TE: ... Ac 2005: mTI,,O: 1:2.6.:7,6

FAVP.ST 1H.UT F.. . NAME postpl in

FAVPF 171 UTPUT EIVE G79NW4T71-.INN TPFME iRAR F;;," - RiUE . P-AT-
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I
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I 1! 10 \ear. ISl oly (eont-.)

NOTES G l S P I T 1- GNP.:UA T O rIUTY G F 47 Nil T : C-TATIT, P • m• T rh
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11:! 10 Nfear Sl o lii I (cont.)
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1-2: ISI Every 10 Years

WJELCOME TO FAVOR
I 1-1

FACURE ANAYSI 012(F V7ESSELS: OAK RIDGE
VE~RSION 06.1

FAVPOST MODULE: r POSTPROCESSOR. MO1DURI

] -BIN TRAI NSIENT INITIAITING FRhEyU$N CIE
WIT FRESULTS OF PEIN AFL

PROBLEM ORu QUESTIONS REGANDIN UJO
SHOUJLD BE DIRECTE TO

TERRY D1CK'40'I\1

057< RIDGE NATION~ 5MABORATOR

-mail: dcikson'T l~G'Ž~1

*'This comute prorf m.s pý da a ~r 'unt of
*workI sposoredU by t Un' ted.S9 G Co ve .rrrnl- t*

* Neither [the. Un ived StarterflAT3h n'001h0i 04sae
DepartmUnn ed ~nera ha* Nucleair

* Fkug imAMR"UM s ion, a.r 4' py o t hlr employees,
no"dn~af 1' 4 . -"' at-s' subcontractors, or their*

empl.oA J~, maejny warrant3,;,eýpressd.a or implied, or
ass ";. "Ieqwi al ilit ' o~w~esponsibility for the
a acc ur a(, c ).wr An' o -uATfui Imoes s o f a ny

pI.cm, *•itppnra. US- process disclosed,

APo 't-cae.00hi its- use would. not infrinoc 4

2>`c',4' -- U07 TIMEF: 10:23:32

Bei rhffFAos input data deck 10:23:32 27-Jun-200'7

-NP? -04 5 -ITG Gf

TRAG2yps 25.7.si GFVSE !GN92

-1. . T,0' mt 11c- R1,T.S rT..n1-4--14.Gr,,orr.

WCAP- I16168-NP WCAP-HA 166-PI xsc RA~iiRiw2(44n
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PP.OFl.ZMS ORT QUEOOT.LIGN REGARORING FAeRO'~

TIERRY DIGNSGN00
PAX ?TQQ 441W 7TPN7..T.7077.T

4

w r ep ns ve BY4 4 . .... 4 th United St te urL,:.ýý,ý,ý.!ý-

the Uited States UniL the WW:

yepartnsnt ev Lb- Y no- th 'X,4 tee Ngqm.

Regalavely~'j Gemssepn -- ls

Qyefla im ap aat . 4 4  Iccoc..

its a..,,

4 'V'-top,

pit~.4 Fli4N-M

Tý,'r Rhp o FAVYst inut daa dec

FA IS OUTPU' T1U FILE TI NAME0

10:23: 32 27-Jun--2007

= postpli .n
RAY = .IITI]TATE,.DAT
PAY -F..IURE. DAT

-p].posici~ycx~nn.ocut
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1-2: 1ST Every 10 Years (cont.)

)OCB F S T) 1IMU TA T Cii, NI 0 0Q

"'00077T10N2J PC)BEABILITY CON9DIT'V'MAL PRF "-~T"
F 111,7T]IAZTIQNC. SrP (1 1 E) OF-' 11 U RF CF

TRAN'TIENT 9,2' <5 h 99r4 PA T' T1~ 0~<% A
NU MB R '<'i CPI CI c p'~'<< F c Fn /r n:P

- - - - -- - - - - - - - - - - - -- ----

4 1. C';- 1G 0 0 C) G 0 0 0O QQ Q 4 0ljv5:ý:, 1 9 C <'-72 1 ~ t*'OOE J-0 Q.QQQQ<'IQQ 0. 152,

I 72" E > C) 0(8 0 0 0 -E +C)Q 0. '1000 -U, U-' 9 E' 0~ E14 %o) 0 0 . 01003E+00< <'06 867 5
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1-2: IS[ Every 10 Years (cont.)
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1-2: ISI ]Every 10 Years (cont.)

PROBABILITY DISTRIBUTION FUNCTION W ISTOGRAJA)
*'RT.HE F',ER, 11E VN CY C CRACH 11 NI' Ti 10N

FREQUENCY OF RE~LATIVE CUMULATIVE

CRACK INITIATION DENS ITY Dl l'PIEUTITON
(PER REACTOR-OPERJATING YEAR.) M 1W')

0.OOOOE-tO 1.85 1.865
1 .3669E-06 95,1129-
4.100SE-06 1.64 E. 2

68346E060.40) 41.9
9.5685E06 0. Zol [ OD4

1,7770E-0r5 9 1 1A9 .~1

2.0504E 0 '9') 0. 0 C''ll 01

23. 149-00 0905 9•-; 9.0? . 8 E V

3,4 E ' n 5- 9Uo0 1 57

3.9641E -05 0A 99.911

N4.2375E 05 36 0KAW 599 9200

0 5 9 9 9% 9 -' 00

o5 -3 0-o 0 021 59 '

3 A~y~X0A02(9A 99I

how.....~2iA'-Q' 0.0029 99,.97/71
I 00C .00i 009.918

431SE 05 0,'01'9 99.988-1

5,7052E-05 0.Q0029~ 99.994

9.986 -0 0H00"11 99 92

1.1072-'04 0. 1 99.9943

1 -'1HE (4 0.0 1 99.995'_,

.1 0?E 04 0.0011- 9 .9971.

2. S-04 0.01 100.000(A 0rr

I WCAP-16168-NP 
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1-2: ISI Every 10 Years (cont.)

Sunj'm-,a -1, Des criptive St'at ist ics
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1-2: ISI EveIry 10 Years (cont.)
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1-2: ISI Every 10 Years (cont.)
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1-2: 1SI Every 10 Yeat-s (cont)

5 23j.77 3.16 15.63 8.90 5.70 14.60

6 247.43 3.16 23.36 17 70 10.23 27.93
7 231.49 19.12 7.26 0.00 0.00 0.00
8 195.14 8.55 0.00 0.00 0.00 0.00
9 166.15 8055 0.00 0.00 0'.010 0.00

10 130.00 8.55 0.00 0 00 0.00
11 206.88 1 321 0. 0 0 .0 (C C0 0.00
12 186. 36 133 21 0.00 0 -C 00 0.00
13 208. 62 13.1. 0. 00 0.0 3") 0.00

TOTALS 100.00 100.00 6,1 . 8 •i 9 55 100 .00

FRACTIONALIZATION OF FREQ Q. OF CRK ,I-ITI.O,, "a'

* ~AND THROUGH-WALL CRACKIr(G "]'•UENCY• .'ji•A )

RPV BELTLINE MAJOR RE• !2:,
BY QjILD SUBREGIONVAS*

WEIGHTED BY .COIi-i.Rqs TJ[f.OIN OF EACH '.@ANSINT
s ~~TO FREQUENCY %,•C}%5Mfffj-:NITIATIONA "0{'I

* 'TN - i CT'TRACKJiG FRI 0('J',yY (FA' >,•URE)

, . ' . c, total
,: of to a .tnr<' h-wal.1 crack

\J4>O R U1ru W''1 . ..... f.equncv "•o ,. frequency

REGION (MAX• \ 4law )"back initia, 6n cleavacro ductile tcotal

6, /' ~ 8 6.271 3.00 9*. 27
-2 8 1 ' .50 35.03 13.53
016:ý 22 '~' 4' 11 9 0 7.14 C.59 11.73

24 6 1& .' 1 6 12 A 94 30. 00 22.94"

S •7. 7 7 ', .. 0 , , !1 8 .90 5.970 14 .60
247 t13 "2'336 *,2 70 10 27 .93

- k.. a7... 497 19PI 6. 96 0.0 0 . 00 0.00

8 8131 s 0 0 0 0 , 0. 0 .00
.I 20l6.j 195 0 00 00 00 0 .00

10 13:ý',, 8.5 0 0 0.0 0 0.0 0.00
11 82 6.7; 1-.2i(1, 0 O0 f .0 O0 c. cc 0 O 0

12 186 - 13.,1 0 .0 0 0 0 0.0
Is 208 . 13.O1 00 C.0. 051 8 '.00

ITOTAL 1w,: H 100 K 00 6 1 >U8 5 10. 00
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1-2: ISI Every 10 Years (cont.)

FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
AND THROUGH-WALL CRACKING FREQUENCY (FAILURE)

MATERIAL, FLAW CATEGORY, AND FLAW DEPTH

WEIGHTED BY I CONTRIBUTICN OF EACH- TRANSIENT
TO FREQUENCY OF CRACK INITIATION AND

* THROUGH-WALL CRACKING FREQUENCY (FAI.URE)

WELD MAT "AD"

% of total freauer.h,- c.Q f total thro ll
of crack ltiato0 .. ack 'requen'

FLAW

DEPTH CAT I CAT 2 CAT AT CAT 2 C T 3
(in) flaws fi , aws flaws S flaws flaws

0. 088 0.00 .NW .IM 0.00 , ,,.1 . 68 . 00
0. . 75 0.00 0. ,. D, 0 00 :-:.. 20 .H

0.26 0.00 1 a.a9
0.350 0.00 10 03

40 .4387 9,

H .525 6.65~
0 .6131 000" 5.-3

70' )' 00Q

0 87: 0b 0Q* •. 2 ;

0 0.9

1 . 137 0 00 1 1
":'':+:' t 2 2 5 00:: '<:@'.'•k'78

1 .2 2 5 0 "
1.4100 0.5

1 488 9M.J 0 0.40
, 0, 0.05

Sto o 0.84
<.1 .V9 ,P~,ýý, C) D 0 .,

"'•83 "" 0. 00 0.17
925" 0.00 0.06

u

H. 1 0. 00 Dtic 01 0, 0.

":@. . o ] 0. 000 0 0 . 0

0.0 0. 0 030.0;••2 0 . oo

0.01 000
V 0. 1 o0. oH0.02 0.00
0. 00 0 .00)f-

0.00 0.00

00~
0.00 000

0.00 r0.00
0 A( 0.0 0

O.0 0 .00('

9.2

1. 0

I .

1. 42

04<'

.0 1

H. 13
C0 . 0, 6

0. 62
0.14
0.13

01.0

7. 01

0.00
0.303
0.01

01.0
010
0.J!

0,04

o.02

ALS 0.0m0 9 C. p

WCAP- 161 6~-NP 
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1-2: ISI Every 10Years (cont)

PLATE MATERIAL

total frequencv
ýrack initiation

of total through-wall
crack frequencv

DETH

0.in)
0.088
( ] P 5

10 F

035

0 525
0 6 13

0 7 0
0 787
U . . ..i

1 .0 b00
1.1OTA

T CTZ,7 E~S
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t CI s fIaws flaw 1 a s IL .. 2•i-i! w s
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Ii

U

0

0.0, 0.00 0 "0 00
''U 0.1 0 0 u 3. t

DO 0.0 00o '0 .. 00 l.00
CIO 0 .00 o o 0..It %.0 o 0o0

C.0IO 0 00
0.0.. " . 00 c . 00
c..0.0.0' " 0- 00 .00

010 0 0 00 0 . 00

009. 0 0.000 0 - . 0 00 0•0

U 0.00 0U .2'-0.00

00 ' 0 . 0 0 . 00 0.00

S,-..- . '" 07 T -IM*E 10 24 06

CAT 3
Flaws

0 .00
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0.00
0.00

0 . 0 0

0 . 00
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0,.00
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- I
.. 4Ž~4±A1I C E~~LTY OF T21.CC FZAILURE, rVIL
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T- T T T Z. 11 CR~'.UIITII
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- '1 -1 11 95
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1 2: ISI bEvei-; It) Vear-s (cont.)
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1 2: ISI Eve'v YeWars (cont.)
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12: IS! ]Every 10 Vear'i (Conti,
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APPENDIX J
INPUTS FOR THE OCONEE UNIT 1 PILOT PLANT EVALUATION

V..0
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A summary of the NDE inspection history based on Regulatory Guide 1.150 and pertinent input data for
OCI is as follows:

I. Number of inservice inspections performed (relative to initial pre-service and 10 year interval
inspections) for full penetration category B-A and- B-D, a---an B vessel welds assuming all of the
candidate welds were inspected: 3 (covering all welds of the specified categories).

2. The inspections performed covered: 62 total examinations. 23 items with 100% coverage, 22
items with < 90% coverage and 17 items with coverage >90% but less'..than 100%.

3. Number of indications found during most recent inservice inspectilbn: 44
This number includes consideration of the following additionaii]'] fmation.

a. Indications found that were reportable: 0
b. Indications found that were within acceptable: limits" 44
c. Indications/anomalies currently being moiitored: 0

4. Full Penetration Relief requests for the reactor vessel :submitted and accepted by the NRC: 2
relief requests for limited coverage for 22 items, as n4o6&inlin' iti'em 2'

5. Fluence distribution at inside surfacedxfRV Belthne until en'do ife,, is shown in: see Figure J-1
taken from the NRC PTS Risk Study V[ýl$-1 Figure 4. 1.

. .X.o

X'..

WCAP- 16168-NP 
Rcvisi~i I

I WCAP-16168-NP
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IP

V-1
__ ZIt2?E9I

Figure i-I Rolot Digram of Beitline Materials and Representative Fluence Maps for OCI

6. RedOo le..adding dtails (Tabl 4 .- R - ..n.c 78):
a. NumberiUfa-ers: I

.';::".N: Thickness: 0.188
cMaterial properis he :.i " ndnt el at) are identiled in Tabh

--. .. ; ,,. 1 1 NiDIr DTC I) (Z,,A,, D -7 .4'1

e J-

i S S COR, iýrfi I A M 1 tie 9 i tH ý I

WCAP-16 168-NP Revision I 2RevPAen-2
WCAP-16168-NP
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Table J-1 Cladding Material Properties

Specific Young's Thermal
Thernmal H eat NM oduIIhis of EI Npausioll

ConductivitV (Buil.l-. 1M - fasticitV Co(efficient
.... Y) .,--Density Poisson's

Temperature (LBB'rf') Ratio
(°F) "K' ... " ... E...'L~: p ...

0 . :. . 489 .3
68 -- O' 489 .3
70 8.1 0.1 158 489
I00 8.4 0.1 185 8.55%ýl 06 489 .3
150 8.6 0.1 196 S-. E -06 Q-* 489 .3
200 8.8 0.1208 , " 9E-06 iz:k,.:4I9 .3
250 9.1 ().12-) 32 .. 4591-, -06 ' 9 .3
300 9.4 0.1256 .9:: 9...0..
302 4..:Ql.0 n * -":•

350 9.6 0.1258 "-6.... ,.*. 911F-0 48 .3
400 9.9 0281 01...06 489 .3

450 10.1 0291 - 9.2 06 489 .3
482 184 19"5 489 .3
500 104 0o. 5:13 9 06 489 .3
550 10.6 0 I . . 9,. 0F-(6 489 .3
600 10.9 0. 132 , o [ 06 489 .3
650 1.I 0. I3, .": _ 9.61F-06 489 .3
700 0I. .1348 9:69, -O- 489 .3
750 !16 -, 0.6 :9. -06 489 .3
800 .. ::, 11.9 0 1367 9 82E-06 489 .3

v 1 fli (I

...3••• , rftp1x'r.i

fn 1-1 0D D.. P.. I... .. 0 O

d. Mat.erial including copper and nickel content: Material properties assigned to clad flaws
are *i "iof the underlying material be it base metal or weld. Thesc properties are
identifr'it•n JI- . This is consistent with the PTS evaluation (-H-e4a-nee7s--8, 9-2q

e. Material property uncertainties:
+ (Bead width: 1 inch - bead widths vary for all plants. Based on Referetne dthe

N(RC P TS Risk Study IN, 91-7 a nominal dimension of 1 inch is selected for all

analyses because this parameter is not expected to significantly influence the
predicted vessel failure probabilities.

2) Truncation Limit: ( laddinm thickness rounded up to the next 1/100"' of the total
vessel thickness to be consistent with the NRC PTS R.isk Study f8: 9].

3) Surface flaw depth: 0.03 x 8.626 = 0.259 in

WCAP-16168-NP Revision 1244<.•4do•-t4
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4) All flaws are surface-breaking. Only' flaws in cladding that would influence
brittle fracture of the reactor vessel are brittle. This is consistent with the NRC
PTS Risk Study [8. 9].

f. Additional cladding properties are identified in Table .
-itSk-W4o+11 -•-p-o-e-ne1vh4+-l.etf4 4e4A a-e44 t hl4e4e-tt--be ,amt-witl

jiiSuirface Plaw denth! (0.03 x 8.626 - 0.259-4-P

7. Base metal (e1:+erien-7e48):

a. Wall thickness: 8.438 inches
b. Material properties are identified in Tables J.- 3ni band p.- s •et Of

temnperature). T'hi,; i:; .......;i:t with....... J,,, C I, • '•r•:t ;,i . S,,,,J, [r 13J.•!::{ ..

13,:i: ... .

I able .1-2 Base MetCal Nialerial Properties "

xScific Yi o u nt. ' ITherm-ial
Therminal f :::B.eat Modulus of Fxpansion

C(onduciivitv (1tit-U BNV.' . Elasticity C" f ien[i tTem eraure (Btihrfi-F)3g) ....:.•! i{:.: (K I) !•{i•.p--•; Denlsiti Poissonl's

l. ..e r.-" (l.BM.ifV) Ratio(oF (luhif )"< "L .V~~' ..k~l . Dniy t~So

0 ' .......... 489 .3
70 . .. . )152 .9200 489 .3
100 0.1072 7.06E-06 489 .3
150 5",:.2 . 1 0 1,101, 7.161-06 489 .3
210 ' O. 1 13 -•' 5(0 7.25E-06 489 .3
2 :0 -..... 2: • '. .l66. 7.34E-06 489 .3

... _____._.. _______.•:_., 2 _ t. 1"94 28000 7.4 E- 06 489 .3
"5(: (. t _ _ _ 7.5 -06 489 .3

,, 400 12.0.l=67 )71400 7.581--(,16 489 .3

450,'.46 0..':. 1277 - 7.63L-06 489 .3
P. 3 0.1304 27000 7.7E-06 489 .3

0.1326 - 7.77E-t)6 489 .3
63ý. 0.135 26400 7.8317-06 489 .3

650 1 4 0. t375 - 7.9E-06 489 .3
700 '. 0. 1404 25300 7.94L-06 489 .3
750 Y. 6 O.1435 -8.0 o-06 489 -(I _,_

800 22.2O. 1474 23900 8.05E-06 489 .3

WCAP- 16168-NP 
1< cci sian I 2R.e'4 4~a-2
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i~bermlal C-Onduetiv.ity (14TL 1 l JIR PT F-). K - 241.0

ii.Speei Ae H eat (BTlJ!,LB:MN F), G - 04 20

iii.Density (1=3N4.-4) F p 4--.8.9.00)

I I . . 11 - ý ý I I ý 1 :1 0 1 tt 1 L! It! %Z

NI~icn~ Ratic.l v 0.3i 1 m..t f, z

JA=ft ei c n We J 1.

Table J43 OCI-Specific Material Values Drawn from the RYID (see Ref. -448 Table 4.1)

Major Material Region Description M 11
•<:::x:. wt [

4i~ad~a Un-

# Type Heat Location IwtI1'ý Iwt%1 Iwt%1 Metk4Ah E14-PY

I Axial Weld SA- 1430 Lvi0.190 0ý5 70 0.017 1. 4 8 0-- -

2:Axial Weld SA-1493 Intermediate 0.190P 0 0.017 1.480- -5

3 Axial Wed ý~A- 1 073-.ý,ý Upper ~ '10 0.640 0.025 1.380-1 ~ -

:= " ,:,.,,: l/Ta"

4 Circ Weld&',,, ~.A158511:-~Lwe 0.220 0.540 0.016 1.436-4 -

",-:'...,

5 Typ eld SA 29 Intennediate 0.230 0.590 0.021 1.4884-h t10

6 Cira Weld SA- 1135 Upper 0.230 0.520 0.011 1.4t0--5 -5

(4ta-nefe

7 Plate C-2800 Lower 0.110 0.630 0.012 1.304-

3 Axial

ClrcWel-z,:,::,SA-158:•::> !.Lowr 0220 .54 0.06 1436-5 -

I WCAP-16168-NP WCAP- 6 168-P levi s ion 42*-'.-4io~i+ 2
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8 Plate C3265-1 Intermediate 0.100 0.500 0.015 1.420-- 1

9 Plate C3278-1 Intermediate 0.120 0.600 0.010 1,2604- 1

10 Plate C2197-2 Upper 0.150 0.500 0.008 .28041

11 Forging ZV2861 Upper 0.160 0650 ",':. ,::0.006 0.800. 3

4.&.

S. Weld metal details: Details of information used in adidressingiweld-specific information are taken
directly from the NRC PTS Risk Study [441], Table 4.2:!Summaries are reproduced as Table J-
2.4. Valucs for SAW Weld Volume friaction and Rpep ir VelddVolume fi-action in Table J-4 were

chanued to 96.7X, and 2.30/ respecuvelI'•ý NUI EG- 1874 19i]

. . ,,4

-*:,%.; ,° ,•

WCAP-16168-NP



J-8

Table JJ-42 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution

Base Metal Thickness [in] 8.438 7.875 8.5 8.675 Vessel specific info

Total Wall Thickness [in] 8.626 8.031 8.75 8.988 Vessel specific info

Volume fraction LI0 U 1_0 IUU-/o - DM/AW7o -

Thru-Wall Bead [in] 0.1875 0.1875 0.1875 0.1875 All plants report plant specific
Thickness dimensions of 3/16-in.

Judgment. Approx. 2X the

Truncation Limit [in] size of the largest non-repair
flaw observed in PVRUF &
Shoreham.

Buried or Surface All flaws are buried Observation

Observation: Virtually all of
the weld flaws in PVRUF &

Circ flaws in circ welds, axial flaws in axial Shoreham were aligned with
Orientation welds, the welding direction because

they were lack of sidewall
fusion defects.

Density basis Shoreham density Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

SAW
Weld

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

X.

I

I WCAP-16168-NP 
KC\2~iO1I I 21

I WCAP-16168-NP Iýevi,,ýioii 124eyjs4ý*i-2
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Table J-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Volume fraction [%] 1%

Upper bound to all plant
specific info provided by
Steve Byrne (Westinghouse -
Windsor).

SMAW
Weld

Oconee is generic value
based on average of all

Thru-Wall Bead plants specific values

Thickness [in] 0.21 0.20 0.22 0.25 (including Shoreham &
PVRUF data). Other values
are plant specific as reported
by Steve Byrne.
Judgment. Approx. 2X the
size of the largest non-repair

Truncation Limit [in] 1 flaw observed in PVRUF &

Shoreham.
Buried or Surface -- All flaws are buried Observation

Observation: Virtually all of
the weld flaws in PVRUF &

Circ flaws in circ welds, axial flaws in axial Shoreham were aligned with
Orientation welds, the welding direction because

they were lack of sidewall
fusion defects.

Density basis -- Shoreham density Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio Shoreharn & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

WCAP-1 6168-NP 
'\1~iOI~ I 'l~e*~i~±f~++-2

WCAP- 16168-NP 1ýevisioll I
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II Table J-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Repair
Weld

Volume fraction 1%] 2%

Juagment. ,A rounaea
integral percentage that
exceeds the repaired volume
observed for Shoreham and
for PVRUF, which was 1.5%.

Thru-Wall Bead 0Generic value: As observed
Thickness [in] 0.14 in PVRUF and Shoreham by

PNNL.

Truncation Limit [in] 2

Judgment. Approx. 2X the
largest repair flaw found in
PVRUF & Shoreham. Also
based on maximum expected
width of repair cavity.

Buried or Surface --- All flaws are buried Observation

Orientation Circ flaws in circ welds, axial flaws in axial
welds.

The repair flaws had complex
shapes and orientations that
were not aligned with either
the axial or circumferential
welds; for consistency with
the available treatments of
flaws by the FAVOR code, a
common treatment of
orientations was adopted for
flaws in SAW/SMAW and
repair welds.

Density basis Shoreham density Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Aspect ratio - Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

IWCAP-16168-N~P RvsoRevisi(,l 124•-e•4•a•
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Table J-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.) I

wr
Cladding Actual Thickness fin 1 0.1881 0.1561 0.25 1 0.313 1 Vessel specific info

# of Layers [#] 1 2 2 2 Vessel specific info
Bead widths of 1 to 5-in.
characteristic of machine
deposited cladding. Bead
widths down to ½A-in. can
occur over welds. Nominal
dimension of 1-in. selected

Bead Width [in] for all analyses because this
parameter is not expected to
influence significantly the
predicted vessel failure
probabilities. May need to
refine this estimate later,
particularly for Oconee who
reported a 5-in bead width.

Actual clad thickness rounded to the nearest
Truncation Limit [in] 1 / 1 0 0 h of the total vessel wall thickness Judgment & computational

SuracIfawconvenience
Surface flaw [in] 0.259 0.161 0.263 0.360
depth in FAVORI II

Buried or Surface All flaws are surface breaking

Judgment. Only flaws in
cladding that would influence
brittle fracture of the vessel
are brittle. Material properties
assigned to clad flaws are
that of the underlying
material, be it base or weld.

Orientation All circumferential.

Observation: All flaws
observed in PVRUF &
Shoreham were lack of inter-
run fusion defects, and
cladding is always deposited
circumferentially

No surface flaws observed. Density is
1/1000 that of the observed buried flaws in

Density basis -- cladding of vessels examined by PNNL. If Judgment
there is more than one clad layer then there

are no clad flaws.
Aspect ratio .. Observations on buried flaws Judgment
basis

Depth basis
Depth of all surface flaws is the actual clad
thickness rounded up to the nearest 1/100'

of the total vessel wall thickness.
Judgment.

-xX

I

WCAP-16168-NP Revision I
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Table J-24 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Judgment. Twice the depth
Truncation Limit [in) 0.433 of the largest flaw observed in

all PNNL plate inspections.

Buried or Surface -- All flaws are buried Observation
Observation & Physics: No

Half of the simulated flaws are observed orientation

Orientation circumferential, halflaws arexial preference, and no reason to

Plate suspect one (other than
laminations which are benign.

Density basis 1/10 of small weld flaw density, 1/40 of large Judgment. Supported by
weld flaw density of the PVRUF data limited data.

Aspect ratio -- Same as for PVRUF welds Judgment
basis

Depth basis -- Same as for PVRUF welds Judgment. Supported by
I I_ I limited data.

9. TWCF 9 -.orj1. Valfle calculated at 500 EFPY using ceorp1at.ins from N URREG-l 874 (Reference
2-79) -T4-9 16 E-0 7 Events perýyear

4A, X:V: :

I WCAP-16168-NP Revision ! wi2
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APPENDIX K
OCONEE UNIT 1 PROBSBFD OUTPUT

N.~'NNM

Zk"'

WCAP-1616X-NP 
Revision I2i~ i-~¾~n±4 I
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K-I: 10 Year ISI only

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0

INPUT VARIABLES FOR CASE 3: OCI 10 YEAR ISI ONLY

NCYCLE = 80 NFAILS = 1001 NTRIAL = 1000
NOVARS = 19 NUMSET = 2 .,,NUMISI = 5
NUMSSC = 4 NUMTRC = 4 ý-`'NUMFMD = 4

VARIABLE DISTRIBUTION MEDIAN DEVIAT:ON SHIFT USAGE

NO. NAME TYPE LOG VALUE OR"FACTOR_ MV/SD NO. SUB

1 FIFDepth - CONSTANT - 3. OOOOD-02 1 SET
2 IFlawDen - CONSTANT - 3. 6589D_03, ::ýý- 2 SET

ICy-ISI - CONSTANT - 1.0000D 0'I 1..S.
, D I Jy- 1: - : T ANI T - . 000. 2 I 1

MV LV-Dep th - CONSTANT - 1. S: I11SI

SF-L)-t-h -1I"uSTANT - 500-01 C r IS
SCff-ISI - CONSTANT - 1. 0000D+00 "5 1 -S I

S Aspect]. - C'ONSTANT - .._ 2. 0000D+00 'x:;<,.1 SSC
A ' ~ •' r1T]AO(A0~As pc;- L2. -. CUTSTANT "- •: •0000 (]Di 00 -m:x.2 SSC

1I0 A s t .. 3 - COl• S TA:T - .>'>:.•::9.b, 0ý F. 4

r No-'T -0: 200 IF ., 1 TRC
1 .3 F C G T " 1_(1 _ 0 ,-, 1. L . .. o. •- • . , '2,, -TF C

13 T.',C T,- I d 0ýIN S TAI. O T 0 . . TRC
I / FICu t- U C ' ., . 0 p, +- P• 0 0 (J D 0 0 T R._

[ I,1 , .. \.'IA$1. 'lO " 954•'- 0."7 R.
15 DK-EN!FJl~e T 0. N-,£o,, D. ý ci -ci 4 TRC

Perc-ent- 6." 7 . 5( DSF1 00.

I Petrcent2 8:,•.:: 1Tb::: 6.&. 9+ 0 0 Ri .r

INFORMATION GENERAý'TED F'5ROMFAVLOAOS.DAT FILE
AND SA',VED IN DKINS•VE.DAT'FILE

WALL THICKNESS 8 6260 INCH

FLAW DEPTH:-',MINIMUM KA'ND MAXIMUM K FOR

TYPE 1 WITHl:' ýAN ASPECT RATIO OF 2.

8.62600D-02 62'26895 D+ 00 1.06757D+01
1.58718D-01 .,'ý3.02106D+00 1.44232D+01
4.31300D-01 1.30893D+01 2.08943D+01
6.46950D-01 1.39096D+01 2.49826D+01
8.62600D-01 1.44263D+01 2.80058D+01
1.72520D+00 1.30110D+01 3.31903D+01
2.58780D+00 7.51977D+00 3.23837D+01
4.31300D+00 -2.67288D+00 3.20852D+01

TYPE 2 WITH AN ASPECT RATIO OF 6.

{

WCAP- 16168-NP Rc ~',>i~n I 24( '~-i/4--eh--2
1 WCAP-16168-NP
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K-I: 10 Year ISI only (cont.)

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.6260OD-01
1.72520D+00
2.58780D+00
4.31300D+00

3. 40901D+00
4. 63620D+00
1.99455D+01
2.33230D+01
2. 45197D+01
2. 46021D+01
1.95704D+01
8.31986D+00

1.61172D+01
2.21942D+01
3.13897D+01
3.76625D+01
4.30412D+01
5.46183D+01
5.81373D+01
6.38027D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00
4.31300D+00

3.73472D+00
4.95671D+00
2.11257D+01
2 .53490D+01

2.66367D+01
2.73025D+01
2.36720D+01
1.21426D+01

1.76698D+01
2.37364D+01
3.35265D+01 .
4.01563 D+ 01::l',':,*:
4.5 9 818 D.+01
5. 94651'ý0+01
6.65435D+0"q
7. 6 4 37 6 D+ 01ý"*i*:

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.62600D-02 6.-74437D+00 1 • 54 D+ 01
1.7252oD-01 9.55233D+00 2".' 55 .4'80ýb0•+o 1
2.58780D-01 1.62039D+01 2 7427 0+.1 .
4.31300D-01 2.37153D+01 3. 586241i+0 1
6.46950D-01 2.7. Q36:0D+ 01 4 .44 2 7+01
8.62600D-01 28 6•,D.+0 1 5. 072,81D+01
1. 72520D+00 3 192930+01 6.96665D+01
2 .58780D+00 2 978150D+.0 8. 2204 13+01

AVERAGE CALCULATED :;VALUE'S FOR:::FR-. S urface Flaw Densi

-NUMBER- FAILED::=. 0 NUMBE

DE• •,,(WALL/400) AND•-..FLAW DENS:I-TY FOR ASPECT RATIO

12 2 . 2380 D- 04 10 10377D-05 1.4547D-0
13 8 ,5980D0 6 4.0083D-05 7.1947D-0
14 0 0000+00 1.2906D-05 2.8652D-0

15 000000D+00 ;_ý 3. 4523D-06 1.0131D-0
16 0 00"0D0,0;0 " 1.1683D-06 2.9704D-0
17 0 00000+00 5.0981D-07 1.5720D-0
18 0.0000D-+00 3.1177D-07 3.5675D-0
19 0.0000D+00 1.2295D-07 5.8386D-0
20 0.0000D+00 0.0000D+00 2.2976D-0
22 0.0000D+00 5.7099D-08 0.0000D+0
24 0.0000D+00 0.0000D+00 0.0000D+0
25 0.0000D+00 5.4884D-08 1.0551D-0
28 0.0000D+00 0.0000D+00 1.0078D-0

ty with FCG and ISI

R OF TRIALS 1000

S OF 2, 6, 10 AND 99

6
6
6
6
7
7
8
8
8
0
0
8
8

1.1205D-05
1 1813D-05
2 3081D-06
4. 5211D-07
2 .7150D-07
1.2084D-07
7 .1479D-08
0.0000D+00
0.0000D+00
0.0000D+00
2.2058D-08
0.0000D+00
2 .1150D-08

WCAP-1 616X-NP RCVsiQn 2Rewi~i~4i+-~ I
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K-2: ISI Every 10 Years

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0WESTINGHOUSE

INPUT VARIABLES FOR CASE 2: OCI 10 YEAR INTERVAL

NCYCLE =
NOVARS =
NUMSSC =

VARIABLE
NO. NAME

80
19

4

N
N
N

FAILS = 1001
UMSET = 2
UMTRC = 4

MEDIAN
VALUE

DISTRIBUTION
TYPE LOG

1 FIFDepth - CONSTANT - 3.n000D-02.:.-;

2 IFlawDen - CONSTANT - 3. 6589D _)03
3 ICy-ISI - CONSTANT - 1.000' OOoD0.l
4 DCy-ISI - CONSTANT - i. OO{00 !.1
5 MV-Depth - CONSTANT.... - 1 0 0 V0 ,

6 SD-Depth - CONSTANT - 1.8500ED1
7 CEfff-SI - CONSTANT - 1, 0 .0C0, D-I-00

A - , T . -T - 0 0,00 0 f

9 p c t - CNST'fA A T D f a Ci
11,~~~L.t Z' S -1C0N,

S10 N A pc t T- CO)NSTANT] - 1,,.0 ',(,,,.fd

1/ NoTri'Cy' - C NS~TA T - I ";.2'7 . 00B4, 1;.'

1. 3~ FCG ~1 d IN T T - IIG84<
S"4 FCGR-UC [PM®YMA ':NC 0.0 00..•00 I c0
15 DKIN',Fi e ;{}• '.OTT•[• ,- 1 . 0oO D-O

]6 Percent] x:'1 : iC N T•,i:- 6 4.• + .
I p 1t<_' "" 'I e"n t I ZOt, IF

1S Pe rcet n3 -oNlT v 6.,'. 2i ,0
_4Zi . I' -'~ Th .g -61"010)1"• 1 -. (•{::• Pt ,, -.. -'Th Ti•'f ..~ '•T . "'•.c::i;..4;:•: •g0'1c-l 00

INFORMATION GENERATE'D FROM' FALOADS.DAT FILE
AND:SA•VED IN DKINSA-VE '.DAT FILER

WALL THICKNESS = 8. 62.0 INCH

FLAW DEPTH`ý:'! MINIMUM K ,!!'AND MAXIMUM K FOR

;NTRIAL -

-;!i:::N ]M I S I =

: NUMFMD

DEVIATIO:N... SHIFT
OR FACTOR:$.`::, MV/SD

,P..O .. 0

'•1.00..0..,:.0

1000
5
4

USAGE
NO. SUB

Xi

1
2
1
2
3

47

ci

1
2

SET
SET
ISI

151
ISI
IS!Iis

Si

SSC-
$5C

TRC
TRC

TR.C

FMD
Fi' Ml11

TYPE 1 WITH

8.62600D-02
1.58718D-01
4 .31300D-01
6. 46950D-01
8. 62600D-01
1. 72520D+00
2. 58780D+00
4. 31300D+00

AN'A.SPECT RATIO OF 2.

.. 2.26895D+00 1.067

3.02106D+00 1.442
1.30893D+01 2.089
1.39096D+01 2.498
1.44263D+01 2.800
1.30110D+01 3.319
7.51977D+00 3.238

-2.67288D+00 3.208

57D+01
32D+01
43D+01
26D+01
58D+01
03D+01
37D+01
52D+01

TYPE 2 WITH AN ASPECT RATIO OF 6.

I WCAP-16168-NP iRevi ion 14,•w h••



K-5

K-2: ISI Every 10 Years (cont.)

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00
4.31300D+00

3.40901D+00
4. 63620D+00
1. 99455D+01
2. 33230D+01
2. 45197D+01
2. 46021D+01
1. 95704D+01
8 .31986D+00

1.61172D+01
2.21942D+01
3.13897D+01
3.76625D+01
4.30412D+01
5.46183D+01
5.81373D+01
6.38027D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00
4.31300D+00

3.73472D+00
4. 95671D+00
2 .11257D+01

2 .53490D+01

2. 66367D+01
2 .73025D+01
2. 36720D+01
1.21426D+01

1.76698D+01
2. 37364D+01
3.35265D+01
4.01563D+01
4 5 98180D±,061•
5. 94 65 1 01
6.654850b+01
7. 64376D+0'E>K

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.62600D-02 6.74437D+00 4:812,35ý4 D+ 01
1.72520D-01 9.55233D+00 2 I55450001
2.5878oD-01 1.62039D+01 2 7427l1 D 1t
4.31300D-01 2.37153D+01 3. 5,".6244,D 0I 1
6.46950D-01 2 . 7-0380D)•D.+ 01 4.442. 8D+01
8.62600D-01 2 ý,8*4'5366D±! 01 5.07281D+01
1.72520D+00 3 19293 D+,01l 6.9666:5D+01
2.58780D+00 72'8'2197815 D :: 8 2204101

AVERAGE CALCULATED VALUES -FER': Surface Flaw Densi

-NUMBER-, FAILEb E-=,• 0 NUMBE

DE-PTH. (WALL/400) AND\FLAW DENSJTY FOR ASPECT RATIO

12 'Z:..i 3580D-10 '$': 5 .4482D-12 7.5613D-1
13 ':.2 8117D -12 ' 1. 4377D-11 2.5387D-1
14 0" 0D00D++00 2. 2869D-12 5.0820D-1
15 0 .00 0:,0D+00 2. 9908D-13 8. 6948D-1
16 0 0090."S0••' 4.7816D-14 1.1866D-1
17 0 0000 D,0.0 1.0793D-14 2.7598D-1
18 0.00q0'+ 00 2.8658D-15 3.3064D-1
19 0.0000D+00 6.3484D-16 2.5927D-1
20 0.0000D+00 0.0000D+00 5.0956D-1
22 0.0000D+00 1.1431D-17 0.0000D+0
24 0.0000D+00 0.0000D+00 0.0000D+0
25 0.0000D+00 1.4911D-18 3.6983D-1
28 0.0000D+00 0.0000D+00 2.2911D-2

ty with FCG and ISI

R OF TRIALS 1000

S OF 2, 6, 10 AND 99

3
2
3
4
4
5
6
6
7
0
0
9
0

6.1767D-12
4.4630D-12
4.3208D-13
4.2493D-14
1.3716D-14
2.7273D-15
8.9749D-16
0.0000D+00
0.0000D+00
0.0000D+00
5.0464D-18
0.0000D+00
2.7483D-19

I WCAP-16168-NP 1RCeviSicn 124(<41,k:4i-2
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APPENDIX L
OCONEE UNIT 1 PTS TRANSIENTS

Table L-1 PTS Transient Descriptions for OCI

TH
Case Mlean I E [

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
1 8 2.54 cm [1 in] surge line None 9.68E:,() 8 No No No

break with I stuck open
safety valve in SG-A. ,___,"___

2 12 2.54 cm [1 in] surge line HPI throttled to maintain 27.8i :-'4L ::1-07 No No No
break with I stuck open K [50' F] subcooling margin....":
safety valve in SG-A.

3 15 2.54 cm [1 in] surge line At 15 minutes after trafsien :• .3 91-08.-: Np No No
break with HPI Failure initiation, operatoro6pens all

TBVs to lower,pfimary systeim:
pressure and allow 0CFG-T and
LPI injection.

4 27 MSLB without trip of turbine Operator throttles HPI t2)'':• 9.131E-06 No No No
driven emergency feedwater. maintain,27.8 K [500 F]

subcoohnig m..argin.
5 28 Reactor/turbine trip with 1 None -08 .... No No No

stuck open safety valve in
SG-A

6 29 Reactor/turbine trip •itli!1il None 3.09E-07 No No No
stuck open safety val.vei...
SG-A and a second stuck
open safety valveinG .,..B

7 30 Reactor/turtine trip with . •<Noe .: .1.46E-07 Yes No No
stuck open safety valve in
SG .:••. "-

31 Re'actor/turbine 1rip'wh I None. 8.366E-09 Yes No No
-sif:: open safety valVe in
SG-'XA`and a second stucýk':,
opena' .ty valve in SG%. B

9 36 Reactorýii/f6i6ine trip withliý`f-. Operator throttles HPI to 1.40E-05 No No No
stuck open-'*ifty valve ini maintain 27.8 K [50' F]
SG-A and a second stuck subcooling and 304.8 cm [120
open safety valv&ýinýSG-B in] pressurizer level.

10 37 Reactor/turbine trip with I Operator throttles HPI to 1.4 1.-06 Yes No No
stuck open safety valve in maintain 27.8 K [50' F]
SG-A subcooling and 304.8 cm [120

in] pressurizer level.

11 38 Reactor/turbine trip with I Operator throttles HPI to 2.65F117:-06 Yes No No
stuck open safety valve in maintain 27.8 K [50' F]
SG-A and a second stuck subcooling and 304.8 cm [120
open safety valve in SG-B in] pressurizer level.

WCAP- 16168-NP Revision I
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Table L-1 PTS Transient Descriptions for OC0

TH
Case IMeaan I E

Coun # System Failure Operator Action Frcquency HZP Hi K Dominant*
12 44 2.54 cm [1 in] surge line At 15 minutes after initiation, 2.691-07 No No No

break with HPI Failure operators open all TBVs to
depressurize the system to the
CFT setpoint. When the CFTs
are 50 percent discharged, HPI
is assumed to be recovered.
The TBVs are assumed remain
open for the duration of the .' .

transient.
13 89 Reactor/turbine trip with Operator opens all TBVs• 5.38E :iS i( f No No No

Loss of MFW and EFW. depressurize the secondary
side to below the Ocnfidensate
booster pump sfi"t6ff head so",
that these pumps fe6d:ithe
steam generators. Boosterf.
pumps are assumed to be
initiaily 'uncontrolled so that
the steam generators are
overfilled (609.cm.[240 in]
startup le'vel). Operator%ýý .
controls booster "pump 0flo t

maintain SG level at 76 c [p30
*in] due to continued RCP
o.• peration. Operator also
throttles HPI to ma'iitain 55 K
[1•jEF•.subcool.Mg and a
. .,pressriz leel of 254 cm

[j100 in]. The TBVs are kept
fully opened due to operator

14 90 Reacitr/turbine trip wit2. Opel'rator throttles HPI 20 6.291'-07 No No No
stuckopensafety.. valves in minutes after 2.7 K [5°F]
SG -A .. :. subcooling and 254 cm [100"]

-: , pressurizer level is reached
[throttling criteria is 27.8 K

.__ _..__ _ .- _ [50'F] subcooling].

I WCAP-16168-NP <~~~1
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Table L-A PTS Transient Descriptions for OCI

TH
Case IMean IE

Count # System Failure Operator Action FIrequency HZP Hi K Dominant*
15 98 Reactor/turbine trip with loss Operator opens all TBVs to 9,967-08 Yes No No

of MFW and EFW depressurize the secondary
side to below the condensate
booster pump shutoff head so
that these pumps feed the
steam generators. Booster
pumps are assumed to be
initially uncontrolled so that
the steam generators are
overfilled (610 cm [240 ihOJ :t
startup level). Operator.
controls booster pump flow to
maintain SG leyv6 at 76 cm [3"0
in] due to continued RCP
operation. Operator als 'o
throttles HPI to maintain , 55 K
[100E•:jsubcooling and a
pressuizizle'vel of 254 cm
[100 in].' The:TBV&s are kept
fully opened due to operator
error.

16 99 MSLB with trip of tuerbine;, HP1 is throttled 20 minutes. 2.44--07 No No No I
driven EFW by MSLB aafter 2.7 K 15 F] subcooling
Circuitry :n " d 254 cm [100"1 pressurizer

level is reached (throttling
,, citeria -is 27.8 K,4501F]

SuLb1C o 6 iing).ý
17 100 MSLB with"ripý'••uiUrbine Operator throttles HPI 20 5.11E-08 Yes No No

driven EFW by MSLB m inutes after 2.7 K [5'F]
Circuitry "! sUbc6ffMing and 254 cm [100"]

pre6ssurizer level is reached
(throttling criteria is 27.8 K

MSLB ii)• •:: !:: [50 0F] subcooling).

18 101 MSLB withio'Ptrip of turbine Operator throttles HPI to 3.86E-07 Yes No No
driven EFW by MSLB- maintain 27.8 K [500 F]
Circuitry subcooling margin (throttling

criteria is 27.8 K [50'F]
subcooling).

19 102 Reactor/turbine trip with 2 Operator throttles HPI 20 2?0.3.-07 Yes No No
stuck open safety valves in minutes after 2.77 K [5'F]
SG-A subcooling and 254 cm [100

in] pressurizer level is reached
(throttling criteria is 27 K
[50'F] subcooling).

WCAP-16 168-NP 
Revision A t
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Table L-1 PTS Transient Descriptions for OCI

TH
Case Mlean IE

Coun # System Failure Operator Action lFrequency HZP Hi K Dominant*
20 109 Stuck open pressurizer safety None Q,58tF-06 No Yes No

valve. Valve recloses at 6000
secs [RCS low pressure
point].

21 110 5.08 cm [2 inch] surge line At 15 minutes after transient 3.4 h2 0F•6 No Yes Yes at 1000
break with HPI failure initiation, operator opens both EFPY

TBV to lower primary system
pressure and allow CFT and
LPI injection. ________ ______

22 111 2.54 cm [1 in] surge line At 15 minutes after initia6in,"' 4. 161 0 No Yes No
break with HPI failure operator opens all TBVs to

lower primary pressure and
allow CFT andMJ3IPJiijection.
When the CFTs are 50%. .
discharged, HPI is recovered .
At 3000 seconds after
initiation,,.operator starts
throttling HPPlHto 55 K [100°F]"I
subcooling and• -54 cm [100"]
pressurizer level.

23 112 Stuck open pressurizer safety After valve recloses' opeifra'tri!'ý 1.25E04 No Yes No
valve. Valve recloses `at.M6000 throttles HPI l m:minute after.;2.7
secs. , K [5°F] subcooling and 254

cm [100"] pressurizer level is
leached (throttlinig criteria is
27 K7.[0,. F] subcooling)

24 113 Stuckopenp pressurizer safetiy,ý., Afteir 'ai'"e recoises, operator 5.07T1-05 No Yes No
valve' Valve 'ecl6es at 6000' :throttles HPI 10 minutes after
ss.s.. 2`7 K [5F] subcooling and

254&:cm [ 100"] pressurizer
level is reached (throttling
criteria is 27.8 K [50 0F]
:subcooling)

25 114 Stuck open pressurizer safety After valve recloses, operator 1.25E-04 No Yes No
valve. Valve recloses ::at 3000 throttles HPI 1 minute after 2.7
secs. K [5°F] subcooling and 254

cm [100"] pressurizer level is
reached (throttling criteria is
50'F subcooling)

26 115 Stuck open pressurizer Safety After valve recloses, operator 5.071'-05 No Yes No
Valve. Valve recloses at 3000 throttles HPI 10 minutes after
secs. 2.7 K [5°F] subcooling and

254 cm [100"] pressurizer
level is reached (throttling
-criteria is 50'F subcooling)

I WCAP-16168-NP Potriision 12;4viý-`
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Table L-1 PTS Transient Descriptions for OCI

TH
Case MNiean IE

Count # System Failure Operator Action Frequency: HZP Hi K Dominant*
27 116 Stuck open pressurizer safety At 15 minutes after initiation, 2.60t--07 No Yes No

valve and HPI failure operator opens all TBVs to
lower primary pressure and
allow CFT and LPI injection.
When the CFTs are 50%
discharged, HPI is recovered.
The HPI is throttled 20
minutes after 2.7 K [5°F]
subcooling and 254 cm [100' ] :,
pressurizer level is reach"ed
(throttling criteria is 50•F
subcooling).

28 117 Stuck open pressurizer safety At 15 minutes aft initiation, : ' >., 58E-07 No '*:•:):. -,Yes No
valve and HPI failure operator opens all T'BI;to

lower primary pressure-iid"
allow CFT and LPI injection:ý..
When:the.CFTs are 50%
discharge&,HMP is recovered.
The SRV is"''icos'dý se5, minutes
after HPI recovered-6 iHPI-,is
throttled at.,l nilnute afterf2e 7
K [5'F] subcooling and 254:
c.m [100"] pressurizer level is
e Y 0ached (throttling crteria is

.. .:__ _____. 2'2 7.8 K [50°F1 subcooling).
29 119 2.54cm [1 in] surge linei N. At-T15 mmutes after transient 4.41 E-07 Yes Yes No

break with• HPI:Failure initiatioin"o' the.':Op""erator opens
.all turbine bypass valves to
lower primary system pressure

and.allbw core flood tank and
. : LPI injection.

30 120 2.54c6m[1ý in] surge line6:ii} At 15 minutes after sequence 4.)E-()8 Yes Yes No
break with KI-IPI Failure ; initiation, operators open all

TBVs to depressurize the
system to the CFT setpoint.
When the CFTs are 50 percent
discharged, HPI is assumed to
be recovered. The TBVs are
assumed remain opened for the
duration of the transient.

31 121 Stuck open pressurizer safety Operator throttles HPI at 1 2-2 8E-5O Yes Yes No
valve. Valve recloses at 6000 minute after 2.7 K [5°F]
secs . subcooling and 254 cm [100"]

pressurizer level is reached
[throttling criteria is 27.8 K
[50'F] subcooling].

WCAP-16168-NP Revision I
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Table L-I PTS Transient Descriptions for OCI

TH
Case Mean IE

Coun # System Failure Operator Action Frequency HZP Hi K Dominant*
32 122 Stuck open pressurizer safety Operator throttles HPI at 10 7.57E-06 Yes Yes Yes at 32,

valve. Valve recloses at 6000 minutes after 2.7 K [5°F] 60, 500,
secs. subcooling and 254 cm [100"] 1000 EFPY

pressurizer level is reached
(throttling criteria is 27.8 K
[50'F] subcooling). _________ _.__.

33 123 Stuck open pressurizer safety Operator throttles HPI at I 2:,it8E-05 Yes Yes No
valve. Valve recloses at 3000 minute after 2.7 K [5°F]
secs. subcooling and 254 cm [100"',]

pressurizer level is reache d
(throttling criteria is,.278'8 K
[50'F] subcooling•)." .____ ___....

34 124 Stuck open pressurizer safety Operator throtteAl&.4PJ at 10 7.571-06 Yes BYes Yes at 60,
valve. Valve recloses at 3000 minutes after 2.7 K ['5'] ' ".• 500, 1000
secs. subcooling and 254 cm -[1,00' 1t EFPY

pressurizer level is reached.,'
(throi•lipg criteria is 27.8 K
[500 F]'i bcoo ing) ___ ______

35 125 Stuck open pressurizer safety At 15 minutes iafterinitiation, "4 11 '::(!41-08 Yes Yes No
valve and HPI Failure operator opens all'TBVs to

lower primary pressure ad, nd,
:o. allow CFT ad'dLPI injection

_. .When the CFTs are 50%
. :1ischarged, HPI is recovered.

.HPI is throttled 2Y imnutes
•~ afer:- 27-K o [5';F]ibcooling

and,2.54 6i.'p.•. . ,0"] pressurizer
-level is reached (throttling
cf'iteria..is 27.8 K [50-F]
subcooling).____

36 126 Stuck'open pressurizer safety At 5 minutes after initiation, 8.41 E-08 Yes Yes No
valve'and4HPI Failure operator opens all TBVs to

lower primary pressure and

-% .. allow CFT and LPI injection.
When the CFTs are 50%
discharged, HPI is recovered.
SRV is closed at 5 minutes
after HPI is recovered. HPI is
throttled at 1 minute after 2.7
K [5°F] subcooling and 254
cm [100"] pressurizer level is
reached (throttling criteria is
27.8 K [50TF] subcooling).

I WCAP-16168-NP Rvs~Re6ýi,,Wn 1 24•Ro\is4o4i-
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Table L-1 PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
37 127 SGTR with a stuck open SRV Operator trips RCP's 1 minute 1.25E-07 Yes Yes No

in SG-B. A reactor trip is after initiation. Operator also
assumed to occur at the time throttles HPI 10 minutes after
of the tube rupture. Stuck 2.77 K [50 F] subcooling and
safety relief valve is assumed 254 cm [100 in] pressurizer
to reclose 10 minutes after level is reached (assumed
initiation, throttling criteria is 27 K

[50'F] subcooling). ______"______

38 141 8.19 cm [3.22 in] surge line None : 06P.04 No Yes Yes ai 500,
break [Break flow area 1000 EFPY
increased by 30% from 7.18
cm [2.828 in] break]. ..,__-":.__:._

39 142 6.01 cm [2.37 in] surge line None 1 06E-04 No Yes No
break [Break flow area
decreased by 30% from 7.18
cm [2.828 in] break]. _______

40 145 4.34 cm [1.71 in] surge line None I 34E-04 No Yes No
break [Break flow area -
increased by 30% from 3.81
cm [1 .5 in] break]. Winter
conditions assumed [HPI, LPI
temp = 277 K [400 E.]•anidiii::':,
CFT temp = 294 .K(70 F]].: ______________

41 146 TT/RT with stuckýipen pzr None 4,23F-05 No Yes No
SRV [valve flow arear ..d-uced,.
by 30 percent]. Summerx ..
conditionsl ýa'sismed [HPtI ::=PI
temp ý302 K [4:]ý an3d M
CFT temp = 310 KffOO F]]

'. ,Vent.valves do not function
42 147 TTRTwith stuck open'-pzr None 3.6313-05 No Yes No

SRV. Summer conditio'ns.
assumed, HPI, LPI temp.:
302 K [85 F] and CCT':mnp

=310 K [100 Fl]
43 148 TT/RT with partia. Illy'stuck None 4.23 B-O5 No Yes No

open pzr SRV [flow area
equivalent to 1.5 in diameter
opening]. HTC coefficients
increased by 1.3.

44 149 TT/RT with stuck open pzr None 9.5817-06 No Yes No
SRV. SRV assumed to
reclose at 3000 secs.
Operator does not throttle
HPI.

WCAP-16168-NP 
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Table L-I PTS Transient Descriptions for OCI

TH
Case Mean IE

Coun # System Failure Operator Action Frequency HZP Hi K Dominant*
45 154 8.53 cm [3.36 in] surge line None 34.14E-04 No Yes No

break [Break flow area
reduced by 30% from 10.16
cm [4 in] break]. Vent valves
do not function. ECC suction
switch to the containment
sump included in the analysis. __.__... _

46 156 40.64 cm [1 6 in] hot leg None ! 0." 7 -06 No Yes Yes at 500,
break. ECC suction switch ,. ... 1000 EFPY
to the containment sump
included in the analysis. ____.. ... ___._:._

47 160 14.37 cm [5.656 in] surge line None 1.82[-05 No . Yes Yes at 500,
break. ECC suction switch to ............. 1000 EFPY
the containment sump .... ..

included in the analysis. "::_:...--._:'"'

48 164 20.32 cm [8 inch] surge line None 2.12F,05 No Yes Yes at 60,
break. ECC suction switch to 500, 1000
the containment sump .. :.........EFPY
included in the analysis. " X':'_____ "___' __...._ " .......... ___

49 165 Stuck open pressurizer safety None 1"6..-06 Yes Yes Yes at 32,
valve. Valve recloses at 6000 60,500,
secs [RCS low press&ure.&,-:.:.: 1000 EFPY
point]. ._ _ _ __ _ _ __ _ _ __ _ ___,_ _ _ _

50 168 TT/RT with stuck"opern pzr None 1.76E-06 Yes Yes Yes at 500,
SRV. SRV assumed~itO.. 1000 EFPY
reclose at 3000 secs.
Operato• ptio r throttl e

51 I 169 iT%:IRT with stuckpe"n':pzr :.Nohne 7.33E1-06 Yes Yes No
• l SRV:[valve flow area'reduced

by3'0,ercent]. Summer."
conditionis :assumed [HPILPI
temp = 302.',K. [85' F] and'
CFT temp "-":30K[l F]]
Vent valves do' •notfunction.

52 170 TT/RT with stuck o`ppen pzr None 6.28T.-06 Yes Yes No
SRV. Summer dJ6nditions
assumed [HP1, LPI temp =
302 K [850 F] and CFT temp
= 310 K [1000 F]].

53 I 171 TT/RT with partially stuck None 7.33E-06 Yes Yes No
open pzr SRV [flow area
equivalent to 1.5 in diameter
opening]. I-ITC coefficients
increased by 1.3.

I

I WCAP-16168-NP 
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Table L-1 PTS Transient Descriptions for OCI

TH
Case Mlean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
54 172 10.16 cm [4 in] cold leg None 1.06E-04 No Yes Yes at 1000

break. ECC suction switch EFPY
to the containment sump
included in the analysis.

55 178 8.53 cm [3.36 in] surge line None 2.12TE•0S No Yes No
break [Break flow area
reduced by 30% from 10.16
cm [4 in] break]. Vent valves
do not function. ECC suction
switch to the containment
sump included in the analysis., .. .. "__ _ : _ ___ _

Notes: .,..

1. TH - Thermal hydraulics ..- ,..
2. LOCA - Loss-of-coolant accident
3. SBLOCA - Small-break loss-of-coolant accident
4. MBLOCA - Medium-break loss-of-coolant accident
5. LBLOCA - Large-break loss-of-coolant'accdent
6. HZP - Hot-zero power
7. SRV - Safety and relief valve
8. MSLB - Main steam line break
9. AFW - Auxiliary feedwater... .
10. HPI - High-pressure iniectio'n•::,.
11. RCPs - Reactor coolant pumps

* The arbitrary definition ofadominanqtq.transient is a transient that contributes 1% or more of the total

Through-Wall Cracking Failure)(•TW. ''

. ,. -.+.. • -.

I WCAP-16168-NP 
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APPENDIX M
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M-1: 10 Year ISI only (cont.)
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MI-1: 10 Year 1S! only (con(.)
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M-1: 10 Year ISI only (cont.)

* PR3BABILITY DISTRIBUT.ION FUNCTION (UJSTOGRAM) 4-
4- ~FO,•, THE FRQE CE• ¢CR .,ACS<__ INITIATION •

FREQUEC OF RELATIVE UMULATIVE

CRAC. INTTITA.TION DENSITY TISTRIBUTION
(ERB. RATOR-OFERAT111 YEAR (%) (I

0.00007100 2.9119 2.9119

....... u 8 , z4 9 97 6
6. 5, - 06 2.- . , 04 9d40
I 0724E-05 . 8714 f8 81119
1 501E05 0 45'1 99 2c6u

].~ ~~ ~~~C . 2•1s•gc 11 5 .. ,..

2 3593E- 0 U 1524 9. 6619
2 ... - - .,0 0.0905 99.7524

3 213E-0 0) 0619 9 814:

-5 c 0357 99 8. .....
. 07'2 -0. u .0214 CA 8714

S5042-0 5 0 021-1 -99 89 29
L931' E-05 C 021,A 99 91 al

5 3. 1 7--0.5 K0 167 9 9310

5. 7911;-- 00095 j 40
6 .220 0 n0 0048 9 9945,

26:,'- 907-05 00.. 0071 99 9524
S 0 05 00095 9961

7. 5069E-05 00,71 99 9690

. ... )1.0,y'F.- () 5 C ,048 09'9.9' 738
8 79 3"E- 0 5 0,n,4C9 9762

Q .0048 99 086.0
1 r008E-04 0 0024 A999833

1 0510 - 0 0 48 J99 9188
I] 1.36 u- 0C)4 0.002A 4 99 °C•O-1,: ,v
1 3512E-04O 002 9 99"'
I .352E- 0 0.0024 99. 9952
] 69. 94 E-04 0.0024 9 9. 979

2 037E-' 0.0024 100.0000

= S Summa.rv Descriptive Statistics cs

J]0•.iTCuC 0 F.OO 10 0

,!" • a u x 2 .0,4 j0:-T - C, !4
R .3 -,• c" 2 .04 49DK,ý- 0,4

1= h .. .. . ..' '-i'- i xIT ~ C ifS I 81 8 ., ..

CJ : 1[. b0 7 c 'S F-/

5. ". J, L " 2 1 8.48 -- 2

WCAP-16168-NP 1ý,vi s ion 12-wb
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M-1: 10 Year ISI only (cont.)

99.0t P(,rcentlJje-
99.9ln Per cen tiIe

Standar-d Deyvi.iat:ion
St-andýard Error

Va.uriance (unbiased)
V-•a iance (biased)
Moment: Coff. of Skewness

Pearson's 2nd Coeff. of Skewness
Kurorsis

93- 1 1 6o~

9 92E01-0

84 4671--L
9 302j: 102

* K K N ?

*

N * * N

PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM)

FOR THPOUGH-WALL CRACKING FREQUENCY (FAILURE)

FR"EQUENCY OF
TWC FAILURES

(PER EA.T-.. A -2'0P T I

RELATIVE
DENSITY

N1G YEAR) (1)

CUU1AT LIVE

DISTR DUT ION

0 . ,,,OED00 D

I LC, 64 E-F c

I1 '1,"-' 3 C 4E -0

1'ý 8 - U 6

5. -3,03E-06
6.'96E-06

6.1739E-06

8.1577E-06.

1.099E-051

7 
1

, SE--C)

21 C' -0

582 E 1- 0

23 .0000
76.3452
0.333

0 1357
0 04 29
0 0405

0 0119
0 0143
0 0119
0.0095
0 .0143
0 .0071

0.0048
0 . 0048
0 .0046
0 0024
0 00

0 0211
0 024/'

0 0024'

0 00>'4

23... GCOG99. . 2

9.j ,1• 3 -
99. 8'N

9- 2

99 7
9711-

99. 8o

99. 8

99.8S :

99. C , 5•:
99. 9238
99. 9 57290 o 01-

9)
91 71

70 .- •7 '2

990 8].

---- -- -- - - - -- - -- - - ---- - -- - -

r- ' 1 -tur 00010

I WCAP-16168-NP RvsoiI2-vRevision I12.R-•-v-



1-1: 10 Year.ISi only (cont.)

M'ax xinae
Ra nqe-

7 . 02 2TE7

7 .0227E-05

Numb Simulations 42000

5,wn Percentile
Medi an
95.0th PE
99. Oth Pe

99.9th Fe

rcentile
rcentile

rcentile

Meann
Standard Deviation

Standard Error
Variance (unbiased)

Variance (biased)

Moment Cceff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtos i ,

0.0000E+00
9. 3 729E-lI1

3.54GE - 07
4 .105EL07

3.3340-O6

3.il E08-
5.306E-07

2.5523E-09
2 35E1

2 S .7 E 13
9. 0717E+01

-4 674E 0

1,0 97 +0

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
AND THROUG1-WAIL CRACKING FREQUENCY (FAILURE) -

IWEIGHTED FY TRANS'ENT INITIATING FREQUENCIES
A...........&.A.A........................................., k.

8
12

15
27
2n
2 9
30
31
39
3-,/
38

890
9OS

99
1001

10 J.
102
10(
1.. :10
.1. 1.1
1 12

:rack init'iation
0.0u
0. 00

O0.0
0 Go

Cd0
Co0

C. 00
0. 03
0.00

0 .0
0 00

0. 00

00

11.0

0. 00

% of tofta
('1-e7queTrcy of

of TW~C faillure.

0. 00
0 00

0 0C

0 C0

C 00
0.001

0."P00

0.00
0 .0,,

0.-0

0 .0

WCAP- 161 OR-NP iRýnijon 124ý,,iý
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NM-1: 10 Year ISI only (cont.)

113.
1 1
10

115
117

1il
120
121
122

123
120
125.

126
127
141

1 6

14 7

1546

56

160

1

1 S1690
1 71

172
1170S

0 co r

n 00

0000. 00

1.38
0 .40I I0

0.00

0.0010.

I3. 5Q80.00

0

2.36

31 .29

3757

0.17
b.58

0 ,n

0.93
0.3

0. 02
0.00

0.00
0 . 00
0. 00
0.00

0. 00

0. 00
10.2'7

0.00
0.00
0.00

0 . 01
0.00
0.00

0.00

0.00
4.34

2 .62
12.3 7

7.0
9. 70

21

0.000.00

0 .1.2
0.05

lu 0.00TOTALS 1.00.00

'* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
AND THROUGC-WALL CRACKING FREQUENCY (FAIUTRE) -

1B Y

' •:•.Y P"AE RE N S U l•. (F'kI ITE , -.1R E;OO

WEIGHTED PY C C1NTPRIFUTION OF EACil TRAN,]SiENT *

TO FREQUENCY. OF 'CRACK INITIATION AND
THOUC39-..L- CRAC'ING FREQUENCY (FAl.LU;.T,)

I WCAP-16168-NP 1 c v isio n I !R-ot-i



MN,-1 : 10 Year IS[ only (cont.)

MAJOR RTn1t

REGION (MAX)

1 223.80
2 2207 4
3 213.. 04
4 236.56
5 277 07
6 1681 6
7 15 807

8 132. 82
9 154 58

10 155 89
11 I11 1

% of

f 1aw s

3.03

3 54
1 43

13.81
13.81
18. 93
11.05
11.05
8. 92
0 .2

% of total
frequency of

crack initiati.on

Sof total
-hrough-.1-wall crack

frequency
cleavace duct-ile toml

2. 10
4 .01
3. 54

14 .70
75 50
0.09
0 .02

0 .01.

0 .02

0 .01

0.00

100.00

18 32
36. 95
26.25

0 06
0 14
0.00
0 0!
0.01t

0 00
0 .00

2.7?
5 25

10 23
0 O.
0 .00

0. 00
0. 00
0 010
0 ccJ

0.00

42.21

0 01

0.00
0.01

0.00
0 02)

02. 11"0 00
0 .00

TOTALS 100.00 81.74 18.26 100.00

FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
AND THROUGH-WALL CRACKING FREQANCY (FAIRE)-

* B B
RPV BELTLINE MAJCORn RE G ION

A BY C0TLD SUBREGION

WEIGHTED BY % CONTRIBUTION OF EACE TRANSIENT
TO FREQUENCY OF CRACK INITIATION AND *

* T.THROUGH -WALL CRACKING FPEQUFQENCY (FAILURE)

1 of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5

9
10
11

223. 80
220.74

230. 56
27 . 07
1 68 .76
158.07
152.82

1154.58
155.89
101.31

3.03
3.54
1.43

13 .81
13.,BI
13.8]
18. 93
I1105

11. 05
8. A
0. 62

A of totaJ
frequency of

crack initiatoion

2.10
4.01
3.54

75.50

0.09
0.02
0.01
0. 02

0. 0.1
0 .00

A of total
through-wall crac!k

frequency

Ole le OducLtile total

18 . .32
36. 95
26. 25

0.14

0.00

0.0
j1

0.0' 1
0,00

5.25
10.23

0 00

0 . G0

21 .09
42. 2 L
3 6. Q,

0.1

I.0
0.02

0 .003

ALS i 0C0 . 00

WCAP-16168-NP Rý,vkision 2i •



M- 12

.-M-1: 10 Year ISI only (cont.)

FRACTIONALIZATION O FREQUENCY O'F CRACK INITIATION
2AND THROUGH-WALL CRACfKING FREQUENCY (FAILURE)

PIATERIAL, FLAW CATEGORY, AND FLAW DEPTHI

WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT
TO FREQUENCY OF CRACK INITIATION AND

Tý IROUG -WALTL CRACFIIING FRCUEANCY (FAILURE)

TAWELD MATERIALT

of total frequency
E cra-ck initiation

Sof total througi
crack frequen-

FLA'v
DEP•TH

(in)

0 .086
0.173
0.259
D. 345
0.431

0 .604
0.690
C 776

949
1 035

1.121
1. 208
1.294
1 380

1.466
1. 553
1 639
1 7325
1 811

1 898
1 984

2 0'7 0
1. Lb?

2.243
2 .329
2.4 15

T51 ALS

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0 . C0
0.00
0.000 .00

0.00
0.00
0.00
0.00
0 00
0 .00

0. 00
0.00
0.03
0 .040 .O4

0 .01

0. 00
0.00
0. 00
0 .00

0 oo
0. 00
0.00
0.00

0(10
0 . 00

0'. 00

3.46
43.13
15. 98

9 47
S.02

4 .91
3 69
2 24
1 85
1 . 97
0 .88

1 .03

0. 70
0. 61
0. 66
0. 86
0.20
0.25
0.24
0 12
0.38
0. 05
0.04
0.00
0 .00

0. 00
0. 00
0. 00

0.00
0 . 00
0.0

0.00
0.01
0.01
0.02
0.02
0.01

02

0.01
0 .00

0 .01
0 0

0.01
0. 01
0 00
0. 0]

0.000.00

0.00

0. 00
0.00

0 00000

0. 00
0 .00

0 .00

0 .00

0 .00

0 .00

0.00
0.00
0 00

00
0 . 00
0.00
0.00
0.00
0. 00
0. 00
0.00
0.00

Co. o

0.00

0.00
0 .00

0C.0
C .00
0.00
0.00
0. 00

0.89
12 . 86

6.44

5. 39
6.88
71.0
4 99
5 04
4 .00

5 08
4.28
4 .67"
2 .85

2 .08

3. 92
3.34
3.29

2 . 812
1.45

5 . 8.1.
I .62
f.25

.00
200O

0.00
0 . 00
0.00

0 . 00
0.00
0.00
0.05
0.17
0.31
0.50
0.48
0.45
0 . L-,2

0.65
0.20
0.10
0 .21

0 .23

0.30
0 .19

0.13
0 .2 0
0 . 03
0 . 0
0.02
0 o.02
0 .00

0 .o
0 .0
0 (0
0 .00

4 .5I . 89. 72 1 5 C. 00 75. 1.3

I WCAP-16168-NP Revision• 124e"



'1-1: 10 Year ISI only (cont.)

A: k" " A" -3 A" -A" -A" *$ Ak -A "k "k "k ý -' ,•"

* PLATE HATERIAL

4 4-44, #* 4***-k . ,*

cof total e requency

cf c rac k in it iation

o toctal through-walI
crack. Frequency

F'LAW,,
DEPTH

(in)

o 086
01

0 .21
0 3,115

0 518
06104

0 6.

0. . 4 6S

0 813
2 . '4

I 2081 "94

1 553

i 1

1 898
1 9842

. 07

CAT I CAT 2 CAT 3 CAT I CAT 2 CAT 3
flaws flasI flaws flaws flaws flaws

0 oo0
0.00
0.00

0.00
0.00
0). 00
0.00
0.00
3.00
0. 00
0 o0
0.02

0 oo)

0.00

0 oo0

0.00
0.00
0.00
0.00
0. 00
0. 00
0.00

0 oo0

0.00
0.00

00

0.00
0 o 00

0 . 05

0 . r
0. 00
0 (9Q,9

0 00
0 00
0

0 . 0

r ()
0 0

0 .0
0 Cl

0 00

0.00-)

0.00

0 . 00
0 .0
0. 00
0. 00
0 o ou

0. 00
0. 000 . 0(

0. U0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 . 010

0.00
0.00

0.00

0.00
0 . 0(C1
0.00

0.00
0.00
0.00
0.00
0.00
0 .00
0.00

0.00

o oo0

0.00

0.00
0.00

00
0.00
0.00
0.00
0.00
0.00
0.00
0 00

0.00
0.00

0.00o 00

0.00

O 00

0 00

0 00
0 .00j

0 00
0 00

0.00

0 . 00

0.00

0.00
0 oi
0. 0
0. 0
0 r. 0
0.0'
0. 00

0.00
C.uC
0 .00
0.00

O Cu0.00
0.00

0.00

(IU
0.00
0. 00

0. 00
0.00
0.00
0.00
0 . 00

0.0

0.30
0.03
0 . 00
0 .00

0.00

0.00
0.00
0. 00
0.00

0.00
0' 0 0
a QQ

0 . 0 0
0.00
0.00

0.00
0.00
0.00
0.0 0

'0

0o. 0 0

0.00
0.00

o00
) oo1
o o

I o o

DATE: 2.7-<Oun--2007 TIN: 1,0 :38:00

-123 0. 9 6-FEMlg--4MRIiMR)0OE+O0 2.462311 15 0.000f04,4U00N44--W~14 -4hJ4440

-1--14--2.0)9E09-, 1.3429 1-493- -.342-0-E-0 1 2.l,-269E 4-4--4ý3- -2A)4-44 -- 4-7344704-"-4)4-0.9981

125 6.2610"L 06 2.51583 04 2.53555E 05 1.9360E ! 08,, .00&- - -4=00-.O )O{-E4+0- 4 .,)413!

126 -.72331 08 1.040•4•4+,00 0.00004,-7-+(A) 8.28371E 12 0,.A4OE641 , A,0-41,Ooo 0+00. 0,0(4
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M-14

-147

442

442-

-148-

-146-

448

449-

456-

440-

4-64-

4k&-

i (Inx

0.00040E+00

-04)004--440-

0.0000E4+0

-04004)40-

6.89-41- 07~

12A637E,-03

I *2 "2 ir "•I ti

().( 0,qgE+=00

2.5369E 44+)
0.000014+00

-- 4004(*4+-+

0.0000E+00

•00)E4=00

6.1751•• 0-

3.1267E 03

71 111 014

-474441] 03-

1 1 '~77A F11 Ak

-4).000+00(j.1J0K+44-4h1J0 [+10 .0000 [+00 0.0404(

7.5651E 0-5 2.2P79V 07 0.O0000E-00 0.0000tz±00 0.0204

0.0,,,OE+90) 0.00,,0F0 09oE+00 0.0000E+00 0.0000

(LOOOOE+00 1.2582V- 08 O.O0OOP=00 0.0000E4=00 0.107

0.0000E*O00 0.0000E-04 0.0000E+00 0.0000E+00 0.0000

- ; OFE+004--0- 41Or0--4k,04 4-.OE-+0--.-OOE--00 0.0000
0. 040F000+ 0.-- 0WOOOW4--.O-O00 "........ 0..0.....

... 0 3•7947E----{4O 090.--0--00 4 -44 0---0 0.0000 E+0...-0496

3.1558E 02 1.2301.E 05 9.7298E 05 4.7165E 04, 0.0013

4.-r4,444*.4ý2-1-7-6l144-45~----h92ý7-5E044-- 266.fA4A~

1.5518SE 02 8.100-16 1.956E. 04 1.4,128E 04 (1.0071

5.4086E 04 -5.2-5,19E 0-r--7. 111I4)-0-414-4.4(86E 4 0.-449999

-._ 9]4l:-04--24459-1-44--L4-71E 03 1.8976E 04 0.9981

0l 1 Kti@f1 i il I 1 IrI l A17 ti l i•fhIFIf l.-.Alt (0 2IQ1 rI 11 it (AAQ

170 4.6746E 10 0.0000E+00 0.0000E+00 0.0(O + .00--O00OE+00 0.000oE+00 0.0000

1-7k 6.8954F W7 0.0110,0,!+,, 0.000,1Z4+4), A79047F 09 0LOOOOF+00 0,0000F+00 ,.,0,5

NOTES: CPI i CS-O-ItION A-L PROBAB-I-TY•-F CRAC-IK. -NITIATION. P()

GICRF 4-4 R44N4RR4II44L4WA4H{,P+)

I WCAP-16168-NP Ro-'isiona 1 2)44,e-,4
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M- 16

AM--4- 4Na-4Shiidy-WoiW.)
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- -------- _

IU4III k' 4 1LI

-- -. ------

- - -------------- 9 8 9 0 tS
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o 1

..............
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,' 1> G, . "1

r; ,! I I

t .21 ,

-41-0-1'0E 0 e
ý (22222222 GE2

22 '2 j
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Ti -1
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M 1! 10 Year Is! onyI (,ont.)

",33 - - 0 iý
,ý. -1 1- 1

2 62PCC

0. 0011
~42..

0 0 0 0 0

HJ - i I H _ 4

0.022 99.99000

-L 444F7 .- -4. ,-]-:-,:A•=•b-- ...... • .@-:r,.•aJ4:;-

!:4.irULTJTmn. - 8.CCC 9 E. 00
9 9 h ir -20

M 2- 0641 E-.9

8 , Sr T-;,st G '

ee i" . 59b8E isCe" - ,2eC6:11E-e9__-- __- -_-]:- 0 2. "' r1 2E-10

.... 2. CC-ilL Er
V -i~c ( ;nb Cfd - •..595 E....1

arae(b~iased) - .59C58E-15
. . .. ...... ... . . . . .. . .. .. ;• ••* • - _ ,_ -.. : -• . - --._0 812-1

___4__4, A1-2 1 *l *ýý4 ý

:122 ~ ~ ~ ~ ~ ~ ~ ~ ~ ,4 T1L-U~ ;L-C ijOCI P, F-~J CiPCLR)
___-ffi V ; t , 1 , 1 " Y ý'!'t/",[',': i '1":'! 1 I I "'1 1 P",- 1 1! ,; 1- , 1 -',

- CCC-~ 10CC' Cf

" 00 i!
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'v4 1: ; 10 War NIS only (cont.)
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M-2: ISI Every 10 Years

WEZLCOME,~ 'TO FcA

FRACTURE ANALYU1S OF. V.S

VERSION 06.

LS: OAK RIDGE

*

*

*

FAVPOST MODULE: FOSTPRCCESS.R' MODUUT01
COMBIN4ES TRANSIENT INITIAITI114 FiE' QU91MIES

i1;1TH- RESULTS 0F PFi" ANALYSS2Z..~

A*

A-

PROBLEMS OR QUESTION REG~AR61.G FAVOR IN

SHOULD.F BE DIRETiC.T

T 'YE DIQQU!SON

C:A.K RI DGE. III ~.II BO RT0-TDY

This comprjuter pogr-am q fryonypa asa lowunt. of
work sponsored by m Un-t r '"rw I

* N e ith e ,r , th e U nit ed S ttCý" n4L ' .I~ 7 r o -, fl m
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M-2: ISI Every 10 Years (cont.)
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.N-1-2: IS] Every 1f) Years (cotit.)
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M-2: ISI Every 10 Years (cont.)
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-M-2: ISI Every 10 Years (cont.)

PROBABILITY DIS3RTBUTION FUNCTION (HI.T -RAM)
+ FOR THE FREQI1UENY OF CRACIK IITT ION 1> T
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M-2: ISI Every 10 Years (cont.)

99.00 Pter
99.90h Per< .a t li]e
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Standard Deviation
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Variance (biased)
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7.8082E-01
3. 6493E+02

PROBABI LITY DISTRIISUTIN FUNCTION (HISTOGRAM)
FOR THROUGH-WAIL CRACKING FREQUENCY (FAILURE)

FREQUENCY OF
TWC FAILIURES

(PER REACTOR-OPERATIN1 Er

RELATIVE
DEN, S I TY

Y EAR) ("-)

CUMULATIVE
DISTRIBUTION
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MI-2: ISI EverN, 10 Ye~ars (cont.)
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M-2: ISI Every 10 Years (cont.)
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