
December 21, 2001

MEMORANDUM TO: Jack R. Strosnider, Jr., Director
Division of Engineering
Office of Nuclear Reactor Regulation

FROM: William H. Bateman, Chief /ra/
Materials and Chemical Engineering Branch
Division of Engineering

SUBJECT: AUTHORIZATION FOR PRESENTATION OF TECHNICAL PAPER

Syed Ali and Ted Sullivan have authored a paper titled, "Regulatory Perspectives on Risk-
Informed Inservice Inspection of Nuclear Piping," which will be presented at the 2001 ASME
Pressure Vessel and Piping Conference. Syed Ali will attend the meeting July 22-26, 2001, in
Atlanta, GA, and will make the presentation. This memorandum is to request your concurrence
for presentation of the subject paper which is attached together with a copy of NRC Form 390.

We believe this paper is covered by Paragraph 033a of NRC Chapter 3205, "Technical
Speeches, Papers, and Technical Articles," and NRR Office Letter No. 700, Revision 1. This
paper does not involve new or unresolved policy issues. We believe that the NRC staff
participation in the subject meeting will be extremely useful in promoting the exchange of
information among the participants concerning the use of ASME code cases.

Attached is the memorandum approving the abstract. Expenses for the trip are estimated to be
approximately $1300.00

Approval: R. H. Wessman for: 1/18/01
Jack R. Strosnider, Jr.

Attachments: As stated
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A
bstract

The Code of Federal Regulations Title 10

Part 50 “Industry Codes and Standards” wasamended on September 22, 1999. Applying thean NRC licensee may implement an alternate toAmerican Society of Mechanical Engineers (ASME),Boiler and Pressure Vessel Code, Section XI,Appendix VIII, ‘95 Edition with ‘96 addenda. Therule does not mandate the alternate. The rule doesrequire an expedited implementation of ASMESection XI, Appendix VIII as written or as exceptedby the rule. The rule was structured along fourgeneral guidelines. The rule was written to takeexception to the use of notches in performancedemonstrations, to allow the PerformanceDemonstration Initiative implementation to continuewith a minimum impact to individuals previouslyqualified, to include flaws produced at up to 45° offaxis due to undocumented repairs and to establishdates when the supplements to Appendix VIII wouldbe required. The NRC agreed to address thereactor vessel’s reduced sensitivity to notches andimbedded flaws in the outer portion of the vesselwall. For that reason a more relaxed requirement inthe outer 85% of the vessel wall was traded for amore vigorous inspection of the inner 15%. Thispaper will discuss regulatory perspectives on thisrule including NRC stipulated limitations on the useof single-sided examinations and clarifications onNRC’s intent with respect to single sidedexaminations.Introduction

In 1996 a sampling of individuals

tested in the different piping examinations under thePDI program revealed that 22% of them did notsatisfy the screening criteria for detection of flaws;41% did not satisfy the screening criteria for length-

sizing; 67% did not satisfy the screening cridepth measurement; and 49% did not satisfy tscreening criteria for intergranular stress corrosiocracking (IGSCC).During the application of an improved ultrasonictechnique at Millstone Unit 1 in 1995, 35 of 264welds examined contained cracks. 14 of the crackshad been previously dispositioned asnonmetallurgical or geometric indications. In 1993Browns Ferry discovered 15 flaws in their reactorvessel during an improved augmented examination.Only 3 of the indications would have beenrecordable using conventional testing under ASME.These examples indicated that improvements wereneeded in ultrasonic inspections. Although the needfor improvement was evident the problems did notjustify a backfit of Appendix VIII. The staff reachedthis conclusion based on consideration of defense-in-depth, Code margins, and the presence of leakdetection systems. In the absence of Appendix VIII,performance demonstrations were already in placefor IGSCC.As a consequence of the above a proposed rule waspublished in the Federal Register on December 3,1997. After considerable discussion with theindustry, the public, and other stakeholders, the finalrule was issued on September 22, 1999. The NRCshowed, in back fit analysis (10 CFR 50.109(a)(4)),as part of the rule making, that “personnel qualifiedto Appendix VIII are significantly better at detectingflaws.” Because licensee’s would not normallyimplement the Appendix VIII requirements until their10 year update, the agency required an accelerated
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The rule describes

two ways of implementing50.55a (b) (2) (xv) it states “may be used.” A licensee is frAppendix VIII as written in the edthe NRC or may use Appendix VIIIprovisions in the rule. If a licensee usof Appendix VIII contained in the rule theall the revision as-a-whole. The rule clearly“Licensees choosing to apply the provisions shapply all of the provisions except for those in §50.55a (2) (xv) (F) which are optional.” This isreinforced by the part of the rule that allowsproposed alternatives, § 50.55a (a) (3), because itdoes not allow alternatives to the revision ofAppendix VIII contained in the rule. § 50.55a (a) (3)states that “Proposed alternatives to therequirements of paragraphs (c), (d), (e), (f), ....” Asyou can see (b) is missing from this statement andtherefore no alternatives to (b) can be considered.(b) is the part of the rule that discusses AppendixVIII alternatives.To-date the ASME edition incorporated by referencein the regulations is the 1995 Edition with the 1996Addenda. This incorporation includes three NRClimitations. Thus the licensee must use eitherAppendix VIII as codified in ASME up to the 1996Addenda or the whole revision of Appendix VIII asframed in § 50.55a (b) (2) (xv).Under normal circumstances the editions of ASMEcontaining Appendix VIII wouldn’t be implementedby a licensee until they updated at their regular 10year interval. Because, in part, of the evidence ofless then optimal performance by the industry inultrasonic examinations the NRC decided to requirea uniform implementation of the Appendix VIIIoutside the normal 10 year interval update process.This schedule is contained in § 50.55a (g) (6) (ii) (c).Supplements 1, 2, 3, and 8 are to be implementedby May 22, 2000, Supplements 4 and 6 byNovember 22, 2000, Supplement 11 by November22, 2001, and the remaining Supplements 5, 7,10,12, 13 by November 22 of 2002. The industryand stakeholders agreed this was a schedule thatcould be met before it was codified in the federalregulations.
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It is well known

not return ultrasoniccracks very well. Notcspecular information andpreferential directions. Becopen flaws, cracks being tight,acoustic mismatches that make tlocate. The exclusive use of notchequalification of a procedure or persontherefore not adequately demonstrate theor person is reliable in the field. Recent expat the Electric Power Research Institute (EPRCenter with hot isostatic pressing of notches shopromise in reducing the need for implanted flaws.The NRC takes selective exception to notchesthrough-out the rule in an attempt to balance a needfor accuracy in qualification against the high cost ofproducing artificial flaws. In some cases theAppendix VIII supplement itself limits the use ofnotches and the NRC does not take exception as inSupplement 2, 1.1 (d) for the qualificationrequirements for wrought austenitic piping welds.Or the NRC chooses not to stipulate the use ofimplanted or artificially produced flaws. In thequalification for the nozzle inside radius inSupplement 5, when performed from the outside,the rule accepts Code Case N-552 with only oneexception; the number of false calls allowed must beD/10, with a maximum of 3, where D is the diameterof the nozzle. In this case the requirement to usenotches has not been stipulated.However when describing the alternaterequirements for qualification to Supplement 4 forthe Clad/Metal interface of a reactor vessel the ruleis prescriptive. This is a relatively critical andfracture sensitive area of the vessel. Because of thissensitivity the rule limits notches to cases where theexamination is performed from the clad surface,requires the notches be semielliptical with a tip widthof less that or equal to 0.010 inches to betterapproximate a real flal, and the notches must beperpendicular to the surface within ± 2 degrees.R
equalification

When proposing the rule the NRC

was sensitive to the fact that a large number ofindividuals had already been qualified, in a good-faith effort, by the Performance Demonstration



Initiative (PDI) pframing the rule theimpact the rule wouldhad already been qualifiewere cases where the qualisufficient and 4 individuals wesupplementary examinations.The 1984 agreement, known as the “ICoordination Plan”, was folded into the Prefinement of Appendix VIII is reflected inSupplement 2, 1.1, (d) (1) where the use of IGis stipulated in the flaw selection for qualificationAustenitic piping welds. It meant that as theindustry implemented the accelerated Appendix VIIIthey would not have to duplicate their efforts andalso maintain a separate IGSCC program. Thisalso meant that individuals originally qualified underthe IGSCC program could requalify in an orderlymanner.45
D
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The qualification specimens for

reactor vessel weld ultrasonic test demonstrations,administered by EPRI, were limited to ± 10 degreesoff-axis. This was a concern to the NRC because ofthe results of NRC funded research performed byPacific Northwest Laboratories. Ultrasonicinterrogation of the Pressure Vessel ResearchUsers’ Facility (PVRUF) vessel at Oak RidgeNational Laboratory, using advanced ultrasonictechniques, revealed weld repair flaws that were off-axis up to 45 degrees. This was especiallyimportant because the NRC was trading a verythorough examination of the inner 15% of the wallfor one that offered licensees some relief in the lesssensitive outer 85% of the vessel wall thickness.As a consequence language was included in §50.55a (b) (2) (xv) (G) (2) that required a one-timeexamination by a technique qualified up to 45degrees.This requirement is coupled with an examination inthe outer 85%. The language is intended to requirea one time examination in 4 directions in the inner15%, up to 45 degrees, and then one parallel andone perpendicular scan, qualified for single-sidedaccess, in the remainder of the wall thickness of thevessel. After the 45 degree scan of the inner 15%is completed the subsequent vessel examinationscan be implemented with the ± 10 degree scan

without trying to cThe rule requires onprocedure be demonstcapture flaws off-axis updoes not stipulate how demoff-axis capability is to be perfodiscussions with industry and staindicated the application of nonmanM, Computer Modeling, would be an amethod to prove the ± 10 degree procedcapable of capturing flaws at up to 45 degreaxis. The remainder of the wall thickness is tointerrogated using a procedure qualified for onesided exams; but not necessarily for up to 45degrees. This, again, reflects the fact the outer 85%of the vessel wall thickness is sensitive to flaws.S
ingle-S

ided
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Studies have shown that

defect characteristics such as shape, size, depth, tiltangle, skew angle, roughness, and crack tip affectthe probability of detecting a flaw. For example, itwas demonstrated in one study that a particular flawwas over three times more reflective in onedirection, thus easier to detect, that in the oppositedirection. Specimens designed for two-sidedexamination may not have defects which areappropriate for single-sided performancedemonstration. It is for this reason the rulestipulates limits on single sided examinations.In § 50.55a (b) (2) (xvi) (A) and (B) the rule requiresthat examinations that take credit for single-sidedexaminations must separately demonstrate thatcapability. This simple approach can be confusedby the language used in § 50.55a (b) (2) (xv) (G) todescribe the various tests that should be applied tothe reactor vessel.§ 50.55a (b) (2) (xv) (G) (1) introduces the idea ofdividing the vessel wall into two zones of ultrasonicinterrogation, the flaw sensitive inner 15%, and theless sensitive outer 85%. This section of the rulerequires the inner 15% be ultrasonically interrogatedfrom four orthogonal directions. It is intended thezone be ultrasonically swept from four directions thatare opposed to each other by approximately rightangles. The motivation in using this preciselanguage is to assure that every possible orientationof every fracture and flaw face is given anopportunity to return an ultrasonic reflection.



§ 50.55a (b) (2) (differences in the twneed to perform an insoff-axis. As explained prparagraph that requires thetime, of the inner 15% followedexams in the parallel and perpenthe remaining 85% of the vessel wa§ 50.55a (b) (2) (xv) (G) (3) is, essentiallyredundant language. It restates the previourequirement without the context.§ 50.55a (b) (2) (xv) (G) (4) is intended to beclarification of the previous position, without theregulatory language interfering. Regrettably theparagraph does not reference the previousparagraphs. Thus it can be read as a separaterequirement. This was never the intention.Because it is number 4 in a sequence of 4 it mustbe read in the context of the precedingrequirements. A licensee may not, under anycircumstances, apply this paragraph separately toavoid any of the orthogonal directions required inthe inner 15%.The staff NRC staff is currently working on rewritingthis part of the rule to make the requirement clearer.C
onclusion

This rule took over 8 years to

promulgate. It covered a very complex area ofinspection. Although there is confusion about someof the requirements over all the application of therule, PDI, and Appendix VIII have been a success.The state of ultrasonic testing in the nuclear industryhas been greatly advanced by these efforts.


