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Abstract

The Evaluation and Improvement of NDE Reliabality
for loservice Inspection of Light Water Reactors (NDE
Reli-ility) Program o the Pacific Northwest Laborato
ry was established by the Nuclear Regulatory Commis-
sion to determine the reliability of current inservice
inspection (IS1) techniques and to develop recommen:
dations that will ensure a suitahly high inspection reli-
ability. The objectives of this program include deter-
mining the reliability of 181 performed on the primary
systems of commercial light-water reactors (LWRs),
using ic fracture mechanics analysis to deter-
mine the impact of NDE unrclighility on system safety,

and cvaluating reliabilay improvements that can be
achicved with improved and advanced technology. A
final objective is to formulate recommended revisions (o
the Regulatory and ASME Code requirements, based
on material propertics, service conditions, and NDFE
uncertc aties. The program scope is limited to IS] of
the primary systems including the piping, vessel, and
other components inspected in accordance with Section
X1 of the AsME Code. This is a progross repart cov-
ering the programmatic work from October 1989
through September 1990,
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Figure
41, Failure Probability Estimates for the Reactor Pressure Vessel Components

Table
41 Risk-lmportant Components for Selected Systems at Sueey-1
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Executive Summary’

A multi-year program entitled the Evaluation and Im-
provemeni of NDE Reliability for Inservice Inspection
of Light Water Reactors (NDE Rzliability) was estab-
lished at the Pacific Northwest Laboratory (PNL) to
determine the reliability of current inservice inspection
(IS1) technigues and to develop recommendations that
would cnsure a suitably high inspection reliability if
fully implemented.

The objectives of this Nondestructive Examination
(NDE) Relishility program for the Nuclear Regulatory
Commission (NRC) include:

&  Determine the reliability of ultrasonic 181 per-
formed on the primary systems of commercial
light -water reactors (LWRs).

®  Use probabilistic fracture mechanics analysis to
determine the impact of NDE unreliability on
system safety and determine the level of inspection
reliability required 10 ensure a suitably low failure
probability.

®  Evaluate the degree of reliability improvement
that could be achieved using improved and ad-
vanced NDE technigques.

®  Based on material properties, service conditions,
and NDE uncertaintics, formulate recommended
revisions to Sections X1 and V of the ASME Code
and the Regulatory requirements needed to ensure
suitably low failure probabilities.

The scope of the program is limited to the IS1 of pri-
mary coolant systems, but the results and recommen-
dations arc also applicable to Class 2 pini=g “vstems.

The program consists of three basic tasks: a Piping
task, 8 Pressure Vessel task, and a New Inspection
Criteria task. Because of the problems associated with
the reliable detection, correct interpretation, and accu-
rate characterization of defects during ultrasonic test-
ing/inservice inspection (UT/ISI) of piping, the major
efforts during this reporting period were concentrated
in the Piping task and the New Inspection Criteria task.

'RSR FIN Budget No. B2289. RSR Contact: ] Muscers

vil

However, some work was performed under the Pres:
sure Vessel Task,

The mujor highlights during this reporting penod were:
a ME Cod L)

Participation in ASME Section X1 activities contin
ued toward achieving Code acceptance of NRC-
funded PNL rescarch results to improve the reli-
ability of nondestructive evaluation/inservice in-
spection (NDE/IS1). The final version of pro-
posed Code Case N-471 cntitled “Acoustic Eiais-
sion for Successive Inspecuons, Section K1, Div. 17
received Main Tommittee (M.C) approval follow-
ing revisions to accommodate previous M.C. com-
ments. This document was approved by the Board
on Nuclear Codes and Standards (BNCS) and was
published in the 1990 Addenda to ASME Section
X1. Draft Code rules/requirements for computer-
ized UT imaging systems (i, SAFT, et al) were
developed and presented to the ASME Section V
Subgroup on Ultrasonic Testing (SGUT). Both
the SGUT and Section V responses were guite
favorable, and task group assignments have been
made to accommodate comments and additional
input. The proposed rewrite of Appendix IV on
mullifrequency ET of steam generator tubes was
also approved by both the M.C. and the BNCS for
publication in the 199 Addenda to Section XI (1o
be issued in carly 1991),

o  Pressvrs Vessel Inspection

i (- . The objective of this
task is to determine the capability of U S, ultra-
sonic inservice inspection of reactor pressure ves
sels. This objective is to be accomplished by utic
lizing data from PISC-II round robin trias, model-
ling and limited experimental work to supplement
arcas n.t adequately addressed by modelling or
round robin trials. Comments from the NRC
were addressed and a revised document was re-
submitted to NRC in June 1990. Additional com-
ments have been received from the June draft, and
these comments are being addressed. A final

NUREG /CR 4469, Vol. 12
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Executive Summary

version of this report will then be submitied to the
NRC program manager.

Squipment Inicracton Matris  The objective o,
this work is to evaluate the effects of frequency

domain equipment interactions and determing
tolerance values for improving ultrasonic inspec-
tion reliability. An analysis is being performed o
evaluate frequency domain effects using both com-
puter model, to calculate the Maw transfer func-
tion, and experimental measurements, to verify
calculated values and determine if other cxtrane-
ous cffects are important. Model calculations
were performed Lo determine the sensitivity of 45°
and 60° SV pulsc-echo inspection results (o chang:
es in equipment parameters when thick (6-12 in)
steel sections are examined. The ASME Code
requirements for center frequency tolerance were
found to be inadequate. This result is consistent
with our findings for thin section materials (< 67).

New Inspection Crileria

Work continued on assessments of the adequacy
of existing ASME Code requirements for 151 and
on developing technical bases for irproved 151
requirements that will contribute to safe nuclear
power pla-t operation. Development of a compre-
hensive probabilistic approach for improved in-
spection requirements moved forward. A mayor
focus of this effort has continued to be participa-
tion in an ASME Roscarch Task Force on Risk-
Based Inspection Guidelines. Caleulations during
this reporting period have applied probabilistic
risk assessmont (PRA) to establish inspection
priovities for pressure boundary sysiems and com-
ponents. Plant-specific PRA studies have been for
the Surry Unit 1 Nuclear Power Station. This
study has been performed with the cooperation of
Virginia Electric Power Company, and has
involved plant visits for system walkdowns and
detailed interviews with plant staff. Estimates of
failure probabilitics have been an important input
' the risk-based calculations for Surry-1. An
expert judgement elicitation was performed in May
of 1990 1o estimate rupture probabilities for com-
ponents in four critical systems (reactor pressure
vessel, reactor coolant system, low pressure injee-
tion system and auxiliary feedwater system),

NUREG/CR-4469, Vol 12
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Consull on Figld Problems

The objective of this work is to provide  rapid
response 1o urgent and unexpected problems as
they are identified by the Office of Nuclear Reac-
tor Regulation (NRR) and the Office of Nuclear
Regulatory Rescarch (RES). The major activity
under this task during this period involved @ re-
quest Lo eritique EPRI Report NP609O. This
report reviewed the feasihilty of using o special
ultrasonic method to quantify the degree of corro-
ston occurring in Mark 1 containment vessel walls,
The PNL review concluded that several problems
should be addressed before this technigue is used
to perform a vessel inspection,

Piping Inspection Task

This task is designed (o address the NDT prob-
lems associated with piping used in light water
recctors. The primary thrust of the work has been
on wrought and cast stainless steel since these
materials are harder 1o inspect than carbon steel.
However, many of the subtasks' results also per-
tain to carbon steel. The current subtasks are:
mini-tound robin report, piping inspection round
robin report, qualification document, cast stainless
steel inspection, surface roughness, field pipe char-
acterization, and PISC-111 activities,

MRR Report. The Mini-Round Robin (MRR)
subtask was conducted to provide an engincering
data base for UT/ISI that would help: a) quantify
the effect of training and performance demonstra-
tion testing that resulted from 1EB 83402, b) quan-
tify the differences in capability between detecting
long versus short cracks, and ¢) quantify the capa-
bility of UT/ISI technicians 1o determine length
and depth of intergranular stress corrosion cracks
(IGSCC). NUREG/CR-4908 entitled Ulirasonic
Inspection Reliability for Intergranular Stress Comro-
sion Cracks: A Round Robin Study of the Effects
of Personnel, Procedures, Equipment, and Crack
Characteristics was published in July 19%0 to docu-
ment the work conducted under this subtask.

Qualification Criteria for UT/ISI Systems. The
objective of this subtask was to improve the reli-
ability of UT/ISI through the development of new
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eriteria 1nd requirements for qualifying UT/ISI
systems. NUREG/CR-4882 entitled Qualification
Frocess for Ultrasonic Testing on Nuclear Inservice

WW"”W“W

Cast Stainless Steol lnspection. The objective of
this subtask is 1o evaluate the effectivencss and
reliability of wlrasonic inspection of cast materials
within the primary pressure boundary of LWRs.
Activities for this work period included macro-
structural classification of CCSS material within a
PISC block, use of the Rayleigh critical angle
technigue to characterize CCSS macrostructures,
and phasc mapping of ultrasonic fields in CCSS.

The objective of this subtask
is 10 establish such that an cffective
and rehiable ultrasonic inspection is aot precluded
by the condition of the surface from which the
inspection is conducted. Activities included contin-
ued refinement of the model by the Center for
NDE (CNDL:) st Ames Laboratory, and develop:
ment of betler experimental procedures by PNL
for obtaining quantitative data for comparing (0
the model prediction.

Figld Pipe Cha
sublask is 1o provide pipe weld specimens that can
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Executive Summary

i st tization. The objective of ths

be used for stodies to evaluate the effectivencss
and reliability of ultrasonic inservice inspection
(UT/ISM) performed on BWR piping. 1t was fiaal-
Iy decided that the PISC 11 program was no lon-
ger interested in the safe-ends, Therefore, these
five safc-ends will be buried.

PISC AL This activity involves participation in the
PISC-111 program to cnsure that the work address:
¢s NDE reliahility problems for matorials and 181
practices on U.S. LWRs, This includes support
for the co-leader of Action 4 on Ausienitic Steel
Tests (AST); providing five safe-ends from the
Manticello plant, providing a sector of the Hope
Creek reactor pressure vessel containing two recir:
culation system inlet nozzles, coordination of the
inspeciions 1o be conducied by US. team. on the
vanious actions; input to the studies on reliability
and specimens for use in the parametric, capabili-
ty, and reliability studics of the AST. During this
reporting period, the efforts continued towards
coming up with working solutions 1o the problem
of specimens for the capability studies and working
to obtain participation of teams from the USA,

NUREG/CR-4469, Vol, 12
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1.0 Introduction

The Evaluation and Improvement of NDE Reliability
for Inservice Inspection of Light Water Reactors (NDE
Reliahility) Program at Pacific Northwest Laboratory
(PNL) was established to determine the reliability of
currenl inservice inspection (IS1) techniques and to
develop recommendations that would ensure a suitably
high inspection reliability if fully implemented. The
objectives of this program for the Nuclear Regulatory
Commission (NRC) are:

®  Determine the reliability of ultrasonic 181 per-
formed on commercial lightwater reactor (LWR)
primary systems.

®  Use probabilistic fracture mechanics analysis (o
determine the impact of NDE unrcliability on
system safety and determine the level of inspection
reliability required to insure a suitably low failure
probability.

®  Evaluate the degree of reliability improvement
that could be achieved using improved and
advanced NDF technigues.

®  Based on material propertics, service conditions,
and NDE uncertainties, formulate recommended
revisions to Section X1 of the Regulatory and
ASME Code requirements necded to ensure suil-

The scope of this program is limited to IS] of primary
coolant systems, but the results and - commendations
are also applicable to Class 2 piping sysicms,

The program consists of three basic tasks: a Piping
task, # Pressure Vessel task, and a New Inspection
Criteria task. Because of the problems associated with
the reliable detection and accurate characterization of
defects during ultrasonic testing/inscrvice inspection
(UT/I81) of piping, the major efforts were concentrated
in the Piping task and the New Inspection Criteria task.
However, work was conducted on the Pressure Vessel
Task and will be receiving greater emphasis in future

reporting periods.

This report is divided into the following sections.
®  ASME Code R.sated Activities

®  Pressure Vessel Inspection

®  New Inspection Criteria

e Consult on Ficld Problems

®  Piping Task Activities

NUREG/CR-4469, Vol 12






Code Activitics

Appendix VII on personne! traiang and qualification

received final Code Committee approval in late 1988

and was published in the 1990 Addenda to ASME

Section X1 Proposed Appendix VII on UT/ISI per-

formance demonstrations received final ASME Code
in late 1989 and was published in the 1990
to ASME Section X1.

Proposed new Scction X1 criteria and 1equirements for
applving the acoustic emission method for Section X1
applications have been developed. A proposed new
Code Case on acoustic emission has been developed
and approved by the SGNDE and SC-XI for submittal
to the M.C. This Code Case, entitled "Accustic Eris-
sion for Successive Inspections Required by Section X1,
Div. 1" received M.C. approval in Junuary 1990 follow-
ing revisions to accommodate comments accompanying
three M.C. negative votes. A finalized version of this
proposed Code Case, which incorporated the M.C.
comments and variovs other approved changes, was
submitted for BNCS letter ballot in March 1¥90. No'i
fication of final BNCS approval of this documen: was
received in May 1990, and this document was published
in Supplement No. § in mid-1990 with the designation
Code Case N-471.

A proposed ruwrite of Appendix 1V, entitled "Edd,
Current Examination of Nonferromagnetic Steam Gen-
erator/Heat Exchanger Tubing,” was revised 1o accom-
modate comments submitted by four M.C. members
This document, which represents an upgrading of re-
quirements for consistency with industry practice re-
garding multifrequency cddy current testing, was ap-
proved by the M.C. during the January 1990 Coae
me=tings, and submitied for BNCS letter ballot. By
mid-year, this complete rewrite of Appendix 1V had
been approved by BNCS for publication in the 1990
Addenda to Section X1 (to be issued in carly 1991).

Proposed new Code requirements are being drafted 1o
enconrage broader utilization of the synthetic aperture
focusing technique (SAFT) technology that has been
developed under NRC-sponsored research programs at
PNL and the University of Michigan.  hese proposed
ents were submitted 1o the ASME Section V
Subgroup on Ultrasonic Testing (SGUT) to address the
need for Code rules to cover the computerized UT
imaging systems that are being wtilized by the NDIE/IS)
industry for examining structurally important plant
components. This proposal involves adding a new

NURFG/CR-4469, Vol. 12

paragraph 10 Article 4 of ASME Section V under the
new heading “T-435 Computerized Imaging ©ystems.”
In addition, a series of Nonmandatory Appendices to
Article 4 were recommended to provide the technical
detail necessary to describe selected computerized UT
imaging systems. Based on SGUT discussion of these
proposed new Code rules, the requirements sections
(T-43S5 and s subparagraphs) were significantly
expanded including the addition of special calibration
blocks for performance evaluation purposes. Concur-
rently, the appendix material describing the SAFT
voncept and equiproent-related details was reduced in
volume by about one-hall. This draft now provides a
maode! for use in the development of similar appendices
describing other computerized imaging systems,

A letter requesting technical input on computerized UT
imaging systems was distributed to the 11 known manu
facturers/vendors of such equipment. Good quality
input was received {com two of these organizations,
however, the information received from three others
wis of limited value in the context of this activity, und
the other six manufecturers/vendors provided ©.o input
at all. In view of this disappoiniing response, the
SGUT determined that the draft T-438 requirements
paragraphs should be expanded and the concept of
including system descriptions in 8 Non mandatory Ap-
pendix was tentatively deferred. Cognizant SGUT task
members accepted assignments (o prepare /expand
speaific paragraphs based on the PNL-proposed T-435
reguirements,

Information for use in valuc-impact sssessments was
developed for submitial to the CRGR. Value-impact
assessment information was developed for the new
Apperdix VII on training and qualification of UT per-
sonnel; the new Appendix VIIL for performance demon-
stration of UT/IS] systems; and the 198% Addenda
changes to Table TWB-2500-1, Examination Category B-
A, Reactor Pressure Vessel Shell Welds

The EPRI NDE Ceuter continues (o assist the Industry
Ad Hoc Committee on Implementation of Appendix
VIIL This includes logistics support, technical advice,
sample design. and cost estimates for specimen fabrica:
tion and program administration. The Ad Hoc Com-
mittee on Appendix VI Implementation held an infor-
mation meeting September 18, 1990 to update industry
on the current status of Ad Hoe Committee activities.
Al that meeting, utilities representing 87 nuclear units
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bad indicated # willingness (o0 participate in funding the
initial setup of the Appendix VIIT program, cight had
declined (o participate, and the remainder were unde-
cided

The Section V Subgroup on Acoustic Emussion (SGAE)
has decided to prepare & new Section X1 Article on In
Situ Monitoring of Pressure Vessels, A proposed scope
has been drafted, and the Chairman's stated intent i (0
base this new Article on *he recently approved Section
X1 Code Case (N471), The SC-V SGAE is als) at-
tompting to develop a new Code Case for Section VI

ions; however, Section VI has exhibited limit-
ed interest in this activity 1o date.

Code Activitics

24 Future Work

Minutes for all ASME Section X1 SGNDE meetings
are assembled for distribution to the approximately 65
recipients on the SGNDE mailing list. Work continues
on drafting generic sising requizements for Supplement
12 of Appendix |, and on new Supplements to Appendix
VI to address cast stainleas steel components, dissimi-
lat metal welds, and pre-examination surface condition:
ing. Future Section X1 mectings will be held December
10-14, 1990 in Anaheim, CA; February 4.7, 1991 in San
Diego, CA; May 20-24, 1991 in Orlando, FL, August
26-29, 1991 in Pitsburgh, PA; and November 18-21,
1991 in Anasheim, CA.

The proposed new Section V requirements for comput-
erized UT imaging systems will be revised te incorpo-
rate SGUT comments. When approved by the SGUT,
this document will be submitted for Section V approval.

NUREG/CR 4469, Vol, 12
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3.0 Pressure Vessel Inspection

3.1 Analysis of PISC-II Data

ALl Summary

The objective of this task is to determine the capability
of US. ultrasonic inservice inspection of reactor pres-
sure vessels. This objective is to be accomplished by
utilizing data from PISC-11 round robin trials, modelling
and limited experimental work 1o supplement arcas not
adequately addressed by modelling or round robin
trisls. Comments from the NRC were addressed and o
revised document was resubmitted 1o NRC 1a June
1990, Additional comments have been received from
the June draft, and these ~omments are being
addressed. A final version of this report will be submit-
ted to the NRC program manager.

312 Introduction

The pressure vessel inspection task is divided into three
subtasks which are:

®  PISC 1 Re-analysis - The initial effort in this task
is an analysis of data gathered during the PISC-11
round robin trials. Ultrasonic inspection dale was
gathered on four heavy section steel components
which included two plates and two nozzles configu-
1ations. A total of 45 teams from the Common
Maurket, Japan, and the United States participated
in the round robins,

®  RPV Reseurch - The focus of this activity is to
track the work being performed under the PISC
HI program. This acans to ensure that the PISC
11 work of the Action 2 on Full Scale Vessel
Tests (FSV) and the Action 3 on Nuzzles and
Dissimilar Metal Welds provides useful informa-
tion for conditions and practices in the USA. To
track the PISC 11 work and relay points of inter-
est and concern 1o the NRC that may arise from
the analysis of the newly created and evolving data
base.

3.1.3 Status of Work Performed

A summary of the work performed for cach subtask is
provided below.

AL PISC 1 Recannlysis

A summary of (he analysis was provided in the last
semi-annual report (NUREG/CR 4469, Vali1). Dur-
ing this time period, PNL has received comments from
the NRC project manager and is incorporating the com-
ments in the report. The comments made by the NRC
projoct manager were:

®  The limitations that cxist with the PISC-I data
bese vanst be more clearly delineated in the re-
port. Examples would include, no false call infor-
wation and problems associated with “cleaned
data”

®  The sizing snalysis in the report uses categories
that do not clearly describe the sizing techniques
used by teams in the trials. More clearly defined
sizing categories must be described in the report.

®  The vse of length as & major variable in Probabili-
ty of Detection (POD) analys.s should be de-cm-
phasized and the analysis should concentrate on
POD vs Depth.

® If the data allows, the report should include a
section that examines individual technique capabil-
iy.

Comments from the NRC were addressed and a revised
document was transmitted to the NRC i June of 1990,
Additional comments have been received from the June
draft, these comments are being addressed and a final-
wzed version of the report will be submiticd 1o the
NRC,

L1322 RPY Research

The objective of this work is (o track the work that is
currently being performed under the PISC il program.
Of particular interest is the work being conducted in
Actions 2 and 3. These actions will provide uscful
information concerning the capability (o inspect nozids
and dissimilar metal welds and begin to address some
aspects of the ability of advanced techniques to accu-
rately size flaws and some aspects of the reliability o
inspect actual vessels. The initial results from these
studies will begin to be made available to tae PISC 111
Management Board in late 1991, At this time, there

NUREG/CR-4469, Vol 12
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are no results available, but these studies should pro-
vide some very good and uscful data bases and conclu-
sions in the ncar future,

Based ru the results and daia bases from the PISC 111
program, deficiencics will be identified and a program
to provide the necessary supplemental information will
be developed and implemented. But & this time, the
activity is focused on tracking the PISC 11 piogram and
the results heing developed in this program

3.2 Equipment Interaction Marrix
321 Summary

The objective of this work is to evaluate the effects of
frequency domain equipment interactions and deter-
mine tolerance values for improving ultrasonic inspec-
tion reliability An analysis is being performed to eval-
uate frequency domain effects using computer models
to calculate the flaw transfer function, and experimental
measurements to verify calculated values and determine
if various extrancous effects are important.

The primary purpose of this work was to apply an
analysis meti.od developed for thin steel sections to
thicker flat se~tions and to analyze experimental studies.
Also emphasized, were  Torts devoted Lo presenting

“ults obtained in the previous reporting period. Re-
wned activities included:

®  Model calculations ere performed (o determine
the sensitivity of 45 ad 6° SV pulse-ccho inspec-
tion results to changes in oquipment parameters
when thick (6 10 12 inch) steel sections are exam-
ined. The results were esseatially the same as
those found for the thin section inspection mode!
study. The ASME Code requirements for equip-
ment center frequency were again found inade-
quate, just as was found for thin sections.

®  Results from an experiment performed, in the
previous reporting period, to measure the ultra-
sonic equipment parameter sensitivity and to test
model predictions as they effect ASME code re-
quirements were analyzed. These results were
consistent with the model, but were not as sensi-
tive to center frequency changes as picdicted by
the model.

NUREG/CR-4469, Vol. 12

®  The most significant results from equipment inter-
action studies on thin, flat steel sections were
presented al The Review of Progress in Quantita:
tive Nondestructive evalustion Conference in July
1990,

®  The model's performance was improved by modi-
fying its computer software 1o run 10 times faster,
and made it more useful by backing-up all related
software on disks and documented each element
of the program.

¢  Completed a draft version of the NUREG topical
report on the work performed to date,

®  Reviewed PISC 111 modeling paper and made
recommendations.

® A presentation was given to ASME Section X1
Code committecs, and a paper was written for the
1oth International Conference on NDE in The
Nuclear Industry,

322 Introduction

The goal of this work is to define operating tolerance
requirements for UT/ISI equipment that minimize the
effects of frequency domain interactions, thus, improv-
ing 151 reliability. This work will determine the accept-
ability of equipment specifications in ASME Code Case
N-49-1. The current specifications are bascd on engi-
ueering judgement, rather than an analytical foundation.
The Interaction Matrix Study will provide this technical
foundation. Both thin (piping) and thick stee) sections
(pressure vessels) are being evaluated,

The following work was completed during previous
reporting periods:

®  Mathematical models were developed for UT/ISI
cquipment. This work was presented for peer
review (Mart and Doctor 1986).

® A mathematical model was developed (o calculate
the transfer functions (frequency responses) of  *
specular reflection from smooth planar defects,
and the model was used to identify worst-case
defects for frequency domain equipment interac-







Pressure Vessel Inspection

Reliability: Are Model Results Too Conservative”™ A
summary will appear in Review ¢ * Progress in Quaniiia
tive Nondestructive £vaiuation, Vol 108

3.2.4 Future Work

The following work remaing 1o be completed:

Expand the law model to include curved sections

(nozzles) and perform equipment parameter sensi-

tivity studies for thick scctions (reactor pressure
vessels).

Verify curved surface model caloulations experi-
mentally.

Report findings from curved section study to
ASME Code.

Extrapolate results from curved surface study 1o
all important surface geomotries.

NUREG/CR 4469, Vol. 12
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New Inspection Criteria

Table «  Risk-Important Components fur Selected Systems at Surey-1'*

Component h

Beltline Region RPY 4

Reactor Head Areas including CRDMs and Instrument Lines RPV

Steam Generators to Containment Isolation Valves AFW J

LPI Discharge Headers to Hot Leg and Cold Leg Injection Lines LPI l

Pressurizer Spray Lines RCS l
Medium AFW Suction Lines AFW _‘

LP1 Suction Lines 7 LP

Pressunacr Surge Line RCS

Pressurizer Relie! Lines RCS

Other RPV Components (¢ g, studs, flanges, cte. RPV

Accumulator Sample/Drain Lines LFI

Pipe Segments within the RCS Loops (¢ g, loop welds, inst lines, ete RCS

AFW Pump Discharge Lines AFW

LPI Pump Discharge Lines LFI

Other AFW Components (¢.g., cross-connected lines, ety )

Other LPI Components (e.g., cross-connected lines, ete.)

(a) Based on preliminary astimates using estimated median values
(v)  High component ranking corresponds 1o core damage frequency of about | OE-06 10 1 OF-0f per plant year
Medium component ranking corresponds to core damage frequency of less than 1 OFR 1o 10E-10 per plant year
Low component ranking corresponds 1o core damage frequency of less than 1L OE-10 per plant year
() RPV = Resctor Pressure Vessel; AFW = Auxilary Feedwater, LF1 = Low Pressure Injection, RCS = Reactor Cootant System
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New Inspection Criteris
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Figwre 41, Fallure Probability Estimates for the Resctor Pressure Vessel Components
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£.3 Future Work

Since this task is consciously designed as & mechanism
for responding 1o unexpected needs and requests from
RES, it is not possible to plan or describe the specific
work activities that might occur during the nest report-
ing period.
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Piping Inspection

Far-side inspection and dissimilar metal welds work will
include sample acquisition and metallography, and the
acquisition of ultrasonic field maps to document ficld
distortion,

6.4 Surface Roughness Conditions
6.4.1 Summary

The objective for this work was to establish specifica-
tions such that an effective and reliable ultrasonic in-
spection is not prevented by the condition of the inspec-
tion surface. Past zforts included an attempt to quanti-
fy the effect produced by an outer surface irregularity.
This approach was then redefined to cooperate with
EPRI in establishing a mathematical mode! to be used
as an cngineering too! for deriving guidelines for sur-
face specifications. Under the auspices of the coop-
erative agreement, the Center for NDE (CNDE) at
Ames Laboratory with EPRI funding was assigned that
task of refining an existing, isotropic model; and PNL
with NRC funding was assigned the task of acquiring
experimental data to support model refinement and
validating the model.

6.4.2 Status of Work Performed

Activitics for the past work period included continued
refinement of the model by CNDE, and development of
better experimental procedures by PNL for obtaining
quantitative data for comparison with the model predic-
tions. Delays occurred in model refinement due to
funding consti .ats. PNL also received a normal inci-
dent, shear-wave, clectromagnetic-acoustic transducer
(EMAT) for measuring shear-wave directivity of micro-
probes,

Tne EMAT was designed for use on the curved Lurf>ce
of a cylinder. Directivity was measured by placing a
microprobe on the planar surface of a half-cylinder of
steel and recciving the shear wave transmitted by the
EMAT. Thus, directivity was determined by the ampli-
tude response of the microprobe as the EMAT was
moved frow -90° o %0°, The amplitude, however, was
dependent on the rotational direction of the EMAT. A
possible explanation was that the magnets of the
EMAT leave a residual field in the steel and that this
afiected the succeeding measurement.

NUREG/CR-4469, Vol. 12
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6.4.13 Future Work

The schedule of model refinement, delivery of the
model to PNL, model validation by PNL, and use of the
maodel to determine code recommendations for surface
condition is being redefined. If a reasonable schedule
cannot be estai ashed, then a simpler two-dimensional
model already at PNL might be used instead of the
three dimensional model that would have been received
from CNDE.

6.5 Field Pipe Characterization
6.5.1 Introduction

The objective of this subtask is ty provide pipe weld
specimens that can be used to help determine the effec-
tiveness and reliability of ultrasonic inservice inspection
(UT/ISI) that is performed on BWR piping. This goal
will be accomplished by supporting PNL laboratory
studies and providing specimens that will be used in
other work such as PISC 11

6.5.2 Status of Work Performed

The focus of the work this year has been in the preps-
ration of the documentation for the shipment of the §
safe-ends that had been removed from the Monticello
Nuclear Power Station. After a long and drawn out
review of data and the unpackaging of the specimen for
making detailed drawings, taking of photographs and
the radiation survey of one of the safe-ends, the com-
plete package was submitted to PISC 11 program.
After a review process by PISC I represcutatives, it
was decided that the priorities and the funding for the
evaluation of removed-from-service components would
no longer be supported by the PISC I program. As a
result, these specimen will have to be buried. The new
rules and regulations from the Eavironmental Protec-
tion Agency make this process more difficult and con-
fusing because the rules are not clearly stated and * =
scems to be a wide range of interpretations of ho
meet the requirements.

A > mplete package of information on the specimen
that will be used in the wrought .tainless steel reliability
test was assembled and provided to the staff at the
Joint Rescarch Centre in Ispra, Italy. The stands (o be



e

-
> \
6.6 PISC-111 Activities
6.6.1 Introduction
L3
663} re W\ K
L 6.6.2 Status of Work Performed
M ¥ r '
» ’A A




.
O e el [t bl = L Iy ."
et | DT
{ H__ L T - e e = o
?I'. n - 2 3 ¥ : _' ) . -
! y .
2 "
J 3 L ) of : F = - .
o ' g [ N . -
1 1 B - |---= K " o
= - ‘ " ) ) I . ul
N oy r : I
Ty I, - - o
'y L 1 I
0 ’
{ il N -u
.
A ' -
1
! 1

_J-I'- } i

- TR IR,
":I-"'rl P s o . = i 2 i !
- - Y - ) Y o = . -
:
T il - 1 y -
‘
.
|
: .
:
I, . ] '
i L
¥ m " -
- - . ]
1] e II ]
= " 1
!
L) I II-
o N - - 2
fo- =" 5 "Rug s b .
i I L
I— -: -I lllI o
B - : : s
: N - . II:
: " u m 7'
E X
: . 45
7 £ . A - } i ¥
R s R . & I
(RS ee T LI : . .
L rhrp g " :
: R . e )
1 F [
.r - I ] . ' L ] ) = - "
- 1 1 i il .
= i TN - = ST " ~ £ ] S|
al 5 - : 1} v = 1 [l
1 II ™ ¥ ! I 1} : " H” II = " : 1
X 2y I I B i § = IL' i = i d
B ne ] L I
T ) : | o L& o
L 1 - III " I” ¥ | 5 » II N 1 I} .
I: B ' - ‘- = -
" a \ '_- ¥ : v . ‘ Ty
o L ™ ' 4
L " [ ¥ II L ", . - B ) l
e e L - . =L
. h. L} 3 " L T :
" ™ b i i | - - b
I\I | = 1 1 v
1 r r 1 1 \i i
WAL 1=
- |‘
A ) Lt - - - : '
[l = = - 1 g ¥
8 .
E
.
.
.
= I-
.
.
- 1 -
= it J
s i
‘

h L =
= e ‘ ‘ ==
SN Ny e = i ! | i A

AT £ eyt W - : ’ T L
N TR SR SR b, s . By i ‘ o - et 0 Y
e D e e e o T - akan 5 X .ok Oy b



-~
-
-~

e







sauuARSEsvoLJAc
- PR L P T s

m mmgwmmsw
F

'l‘ T Taylor
T.V. Vo
Publishing Coordination

Technical Report Files (5)

NUREG/CR-4469, Vol. 12

28



o -.-.—.....;T
|
- - I TST——————————————E——-
N 4 ‘ $ ‘ E v ar 4 N i f
’ 4 . [ ¢ L $
¥ § §
'
b - -
L i
L
= .
¢ A ! '
' Y ~
- 4 ' w
F 4 £ A
v‘ * s 4
w ¢
P e s e e - wore - ——
t N o v b in ! ’ \ Wi {
th A ) ' . b ¢ b b P ¢
N Y §
3 v + y $ ’ ang 1 ¢ ¢ ' i ~
v 9 N y » v 4 . $ " y
: ¢ § y th 4 4
Y ¢
. )
Wi [ v ¢
¥ Y 10y .
ACM r ;
# . ) "
+) y r ’ "
g Y
v + 4 v ,
d 3 » A
i - » P t e £ ¢ J
i vy
N
B
Rcmrssan s ——— e a——c——. w———

- R AT R L ST YRS A T AL AR VAN T €7 AN e B 0 L B S

L e o S

Do st m————



4 ~‘:4%.'.
I

TP 1

SO T
- B

l\hm




NUREG/CR-446%, Vol. 12 NONDESTRUCTIVE EXAMINATION (NDE) RELIABILITY FOR INSERVICE MAY 1992
INSPECTION OF LIGHT WATER REACTORS

UNITED STATES FIRST CLASS MAIL
NUCLEAR REGULATORY COMMISSION POSTAGE AMD FEES PARID
WASHINGTON, D.C. 205585 USHRC
FERMIT NO. G657

GFFICIAL BUSINESS
ENALTY FOR PRIVATE USE. $300

Y Ty
e O
e e s g Aaneae b i b Bt 4o i o B



