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Abstract |
I

- The Evaluation and improvement of NDE Reliability and evaluating reliabihty improvements that can be i

;(for Insenice inspection of Light Water Reactors (NDE achiesed with improved and advanced techtiology. A
Reli-bility) Program et the Pacific Northwes,t Laborato- final objective is to fortnulate recommended revisions to
ry was established by the Nuclear Regulatory Commis- the Regulatory and ASME Code requirements, based F

sion to determine the reliability of current insenice on material properties, senice conditions, and NDE
inspection (ISI) techniques and to develop recommen- uncertthlics. The program scope is limited to ISI of ,

dations that will ensure a suitably high inspection reli- the primary systems including the piping, vessel, and
ability. The objectives of this program include deter- other components inspected in accordance with Section i

mining the reliability of ISI performed on the primary XI of the AhME Code. This is a progress report cov- |

systems of commercial light-water reactors (LWRs); cring the programmatic work from October 1989 ,

using probabilistic fracture mechanics analysis to deter- through September 1990, i

mine the impact of NDE unreliability on system safety; ;
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Executive Sumniary' |
,

A multi year program entitled the Evaluation and im- llowever, t.ome work was performed under the Pres-

provement of NDE Reliability for luenice Impection sure Venel Task.
i

of Light Water Reactors (NDE Reliability) was estab-
lished at the Pacific Northwest Laboratory (PNL) to The major highlights during this reporting period were:
determine the reliability of current insenice impcction

* ASME Code Acthity(ISI) techniques and to develop recommendatiom that
would ensure a suitably high impection reliability if
fully implemented. participation in ASME Section XI acthities contin-

ued toward achieving Code acceptance of NRC.

The objectives of this Nondestructive Examination funded PNL research results to improve the reli-

(NDE) Reliability program for the Nuclear Regulatory ability of nondestructive evaluation /insenice in.

Commission (NRC) include: Spection (NDE/ISI). The final version of pro-
posed Code Case N-171 entitled ' Acoustic Einis-

o . Determine the reliability of ultrasonic ISI per- sion for Succcuive Inspections, Section XI, Div. l'

formed on the primary systems of commcreial received hiain Committee (bl.C.) approval follow-

light. water reactors (LWRs). ing revisions to accommodate previous M.C. com-
ments. This document was approved by the Board

Use probabilistic fracture mechanics analysis to on Nuclear Codes and Standards (flNCS) and was-0

determine the impact of NDE unreliability on published in the 1990 Addenda to ASME Section

system safety and determine the level of inspection XI. Draft Code rules / requirements for computer-

reliability required to ensure a suitably low failure ized UT imaging systems (i.e., SAFT, et al.) were

probability, developed and presented to the ASME Section V
Subgroup on Ultrasonic Testing (SGUT). Both

o Evaluate the degree of reliability improvement the SOUT and Section V responses were quite

that could be achieved using improved and ad- favorable, and task group assignrnents have been

vanced NDE techniques. made to accommodate comments and additional
input. Thc proposed rewrite of Appendix IV on

o Based on material properties, seniec conditions, multifrequency ET of steam generator tubes was
and NDE uncertaintics, formulate recommended also approved by both the M.C. and the 11NCS for

raisions to Sections XI and V of the ASME Code publication in the 1990 Addenda to Section XI (to
and the Regulatory requirements needed to ensure be inued in early 1991).

suitably low failure probabilities.
D.mpre Vesel inmectio,11*

The scope of the program is limited to the ISI of pri-
mary coolant systems, but the results and recommen- onalysis of PISC-Il Data. The objective of this

dations are also applicable to Class 2 pip:.;;;vstems, task is to determine the capability of U.S. ultra-
sonie insenice impection of reactor pressure ves-

The program consists of three basic tasks: a Piping sels. This objective is to be accomplished by uti-

task, a Pressure Vessel task, and a New Inspection lizing data from PISC !! round robin triais, model-
Criteria task. Because of the problems associated with ling and limited experimental work to supplement
the reliable detection, correct interpretation, and accu- areas n;t adequately addressed by modelling or

rate characterization of defects during ultrasonic test- round robin trials. Comments from the NRC
ing/insenice inspection (UT/ISI) of piping, the major were addressed and a revised document was re-

efforts during this reporting period were concentrated submitted to NRC in June 1990. Additional com-
.in the Piping task and the New Inspection Criteria task. ments have been received from the June draft, and

these comments are being addressed. A final

3RSR HN IMger No.112289; RSR Contact: 1 Murcara

sil NUREG/CR4469, Vol.12
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Executive Summary

version of this sepmt will then be submitted to the o C.cMult on Field Problems
NRC program manager.

The objective of this work is to provide a rapid
Quipment Interaction hiatri The objective of response to mgent and uncspected problems as
this work is to evaluate the effects of frequency they are identified by the Office of Nuclear Reac-
domain equipment interactions and determine for Regulation (NRR) and the Office of Nuclear
tolerance values fot improving ultrasonic inspec- Regulatory Research (RES). The major activity
tion reliability. An analysis is being performed to under this task during this period involved a re-
evaluate frequency domain effects using both com- quest to critique EPRI Report NP40A). This
puter model, to calculate the flaw transfer func- report resiewed the feasibility of using a special
tion, and experimental measurements, to vnify ultrasonic method to quantify the degree of corro-
calculated values and determine if other extrane- sion occurring in klark I containment vessel walls. i

ous effects are important. hiodel alculations lhe PNL review concluded that several problems I
were performed to determine the sensitiity of 45' should be addressed before this technique is used '

and 60* SV puhe-echo inspection results to chang- to perform a vcuct inspection.
es in equipment parameters when thick (6-12 in.)
steel sections are examined. The ash 1E Code e tidor Insnection Task
requirements for center frequency tolcrance were
found to be inadequate. This result is consistent This task is designed to address the NDT prob-
with our findings for thin section materials (< 6*). Icms associated with piping used in light water

recciors. The primary thrust of the work has been
e New In<nection Criteria on mought and cast stainless steel since these

materials are harder to inspect than carbon stect.
Work continued on assessments of the adequacy llowever, many of the subtasks' results also per-
of existing ash 1E Code requirements for ISI and tain to carbon steel. The current subtasks are:
on developing technical bases for ir proved 151 mini-round robin report, piping inspection round
requirements that will contribute to safe nuclear robin report, qualification document, cast stainless
power pla .t operation. Development of a compre- steel inspection, surface roughness, field pipe char-
hensive probabilistic approach for improved in- acterization, and PISC-lit methitics.
spection requirements moved forward. A major

,

i

focus of this effort has continued to be participa- hiRR Reood. The hiini Round Robin (h1RR)
tion in an ash 1E Research Task Force on Risk- subtask was conducted to provide an engineering
Based Inspection Guidelines. Calculations during data base for UT/ISI that would help: a) quantify |

this reporting period have applied probabilistic _ the effect of training and performance demonstra-
risk assessment (PRA) to establish inspection tion testing that resulted from IEB 83-02, b) quan-
priorities for pressure boundary systems and com- tify the differences in capability between detecting
ponents. Plant-specific PRA studies have been for long versum short cracks, and c) quantify the capa-
the Surry Unit 1 Nuclear Power Station. This bility of UT/ISI technicians to determine length

.
study has been performed with the cooperation of and depth of intergranular stress corrosion cracks

'

Virginia Electric Power Company, and has (IGSCC). NUREG/CR-4908 entitled U,'trasonic
involved plant visits for system walkdowns and Inspection Reliabilityfor Intergranular Strcss Corro-
detailed interviews with plant staff. Estimates of sion Cracks: A Round Robin Study of the Efects
fallute probabilities have been an important input of Personnel, Procedures, Equipment, and Crack

,

to the risk based calculations for Surry-1. An Characteristics was published in July 1990 to docu-
expert judgement clicitation was performed in hiay ment the work conducted under this subtask,
of 1990 to estimate rupture probabilities for com-
ponents in four critical systems (reactor preuure Oualification Criteria for UT/ISI Systems. The
vessel, reactor coolant system, low pressure injec- objective of this subtask was to improve the tell-
tion system and auxiliary feedwater system). ability of UT/ISI through the development of new

NUREG/CR-4469, Vol.12 siii
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Executive Summary

1

criteria and requirements for qualifying UT/ISl Dsid Pjoe Charocutiration. The oficctive of this

systems. NUREO/CR-4S82 entitled Quah/icaricw subtask is to prmide pipe wcld specimens that can |

Process for Ultrasonic Testing on Nuclear instnice be used for s,tudies to evaluate the effectiveness !

Inspection. Applications was published in April and reliability of ultramnic insersice inspection |

(UT/ISI) performtd on BWR piping. It was I;nal- |
1990.

ly decided that the PISC 111 program was no lon-

Cast Stainless SteelImpection. The objective o' get interested in the safe-cods. Therefore, these i

this subtask is to evaluate the effecti eness and five safe ends will be buried. |

reliability of ultrasonic inspection of cast materials
,

within the primary picssure boundary of LWRs. DSC lli. This aethity involves participation in the |
a

Acti itles for this work period included macro- PISC-Ill program to ensure that the work address- i

structural classification of CCSS material within a es NDI! reliability problems for materials and ISI |
|

PISC block, use of the Rayleigh critical angle practices on U.S. LWRs. This includes support
for the co-leader of Action 4 on Austenitic Steci ;

technique to characterize CCSS macrostructures,
and phase mapping of ultrasor ic fields in CCSS. Tests (AST); providing five safe-ends from the*

Monticello plant; providing a sector of the llope :
I

Surface Rouchness. The oldective of this subtask
Creek reactor pressure vessel containing two recir.

is to establish specifications such that an effective culation system inlet nonjes, coordination of the

and reliable ultrasonic inspection is not precluded inspections to be conducted by U.S. team, on the

by the condition of the surface from which the various actions; input to the studies on ecliability |

inspection is conducted. Activities included contin. and specimens for use in the parametric, capabili- !

ued refinement of the model by the Center for ty, and reliability studies of the AST. During this |
- NDE (CNDU) at Ames Laboratory, and develop- reporting period, the efforts continued towards i

ment of better experimental procedures by PNL coming up with working solutions to the problem
'

for obtaining quantitative data for comparing to of specimens for the capability studies and working

the model prediction. to obtain participation of teams from the USA.

;
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1.0 Introdiscilon

The Evaluation and improvement of NDE Reliability The scope of this program is limited to ISI of primary
for Insenice Inspection of Light Water Reactors (NDE coolant systems, but the results and ncommendations

- Reliability) Program at Pacific Northwest Laboratory are also applicable to Class 2 piping systems.

(PNL) was established to determine the reliability of
current inservice inspection (ISI) techniques and to The program consists of three basic tasks: a Piping

develop recommendations that would ensure a suitably task, a Pressure Vessel task, and a New Inspection j

high inspection reliability if fully implemented. The Criteria task. Because of the problems associated with

objecthrs of this program for the Nuclear Regulatory the reliable detection and accurate characterization of

Commission (NRC) are: defects during ultrasonic testing /insenice inspection
(UT/ISI) of piping, the major efforts were concentrated

o Determine the reliability of ultrasonic 151 per. in the Piping task and the New Inspection Criteria task.
'

formed on commercial lightwater reactor (LWR) llowever, work was conducted on the Pressure Vessel

primary systems. Task and will be receiving greater emphasis in future
reporting periods.

o Use probabilistic fracture mechanics analysis to
determine the impact of NDE unreliability on This report is dhided into the following sections.

system safety and determine the level of inspection
* ASME Code Huated Acthitiesreliability required to insure a suitably low failure

probability.
Pressure Vessel inspection*

o ' Evaluate the degree of reliability improvement
that could be achieved using improved and * New Inspection Criteria
advanced NDE techniques.

* Consult on Ficld Problems
o Based on material properties, senice conditions,

Piping Task Acthitiesand NDE uncertainties, formulate recommended e

resisions to Section XI of the Regulatory and
ASME Code requirements needed to ensure suit-
ably low failure probabilities.

1 NUREG/CR4169, Vol.12
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2.0 ASME Cmle Itelated Actisities

2.1 Suminary able cflat we iequired (both by PNL and the Code
Committecs) during the next th ce years to achicsc
final ASME Code apprmal of these documchtt These

Participation in ASME Section XI acthities continued
two appendices are generally identified as a) Appenda

toward achieving Code acceptance of NRC-funded PNL VII on personnel training and quahfiution and b)
research results to improve the reliability of nondestruc.

Appendin Vill on UT system performance demonstretive evaluation /insenice inspection (NDE/ISI). The tbnt Additionally, administrative auistance was pro-
final version of proposed Code Case N 471 entitled

sided in support of related effoits to achicsc Code
" Acoustic Emission for Successive Inspections, Section
XI, Div.1* received Main Committee (M.C.) apprmal aneptance and publication of a proposed Code Case on

acoustic emission, a rewrite of Appenda lY to SC XI
following revisions to accommodate previous M C. to accommodate the multiftcquency cddy current (ET)
comments. This document was approved by the Board

equipinent that k used for ISI of steam generator tubes,
on Nuclear Codes and Standards (BNCS) and was and a Code Case to permit ET in lieu of visual esami-
published in the 1%0 Addenda to ASME Section XL nation for coated struttural components (containment
Draft Code rules / requirements for computerized UT

VC"COimaging systems (i.e., SAFT, et al.) were developed and
presented to the ASME Section V Subgroup on Ultia.
sonic Testing (SGUT). Both the SGUT and Section v 2.3 Status of Work Performed
responses were quite (avorable, and task group assign-
ments have bcen made to accommodate comments and Prontive participation of PNL personnel in ASME
additionalinput. The proposed rewrite of Appendix IV Code acthitics wntinued toward achieving Code accep-

on multiftequency ET of steam generator tubes was tante of NRC funded PNL research to improve the

also approved by both the M.C. and the BNCS for reliability of NDE/ISI. During this reporting period,
publication in the 1990 Addenda to Section XI (to be meetings of the ASME Section XI Subcommittee were

issued in early 1991). attended November 6-9, 1989 in Orlando, l'L, January
1518, IVM in Miami, PL, May 1418, lyM in Nashville,

2.2 Introduction TN, and August 2700, IWO in Mystic, CT, in addition,
meetings of the Section V Subcommittee en Nonde.
structive Examination, including the Subgroup on Ultra-

The objective of this task is to develop and/or evaluate wnic TcMing NUTb the Subgnmp on Acousdc Emb-
new criteria and requirements fer qualifying ultrasonic mn MAE), and the Subgroup on General Require-
testing /insenice inspection (UT/ISI) and other

ments/Suriace Esamination (SGGR/SE) were attendedNDE/ISI systems. The ultimate goalis for these crite,
February 5 6, IVM in New York City, NY, May 14-18,

ria and requirements to be incorporated into Sections V 19% in Nashville, TN, and September 1012,19W in
and XI (SC-V and SC-XI) of the ASME Boiler and
Pressure Vessel Code. If that goal cannot be met or if Pittsburgh, PA.

the requirements adopted by the ASME Code are
inadequate, PNL may also be requested to prepare Agenday and minutes of the SGNDE meetings held in

conjunction with Section XI Subcommittee meetings
draft input for a Regulatory Guide as a back-up ap_ were prepared and datnbuted. L C. Spanner senes as

,

proach. Secretary of the SC X1 SGNDE and as a mcmber of
the Working Gnmp on Surface Eumination and Per7

The document NUREG/CR 4882 entitled "Qualifica- wnnel Onufication. T. T. Taylor chairs a Special Task
tion Process for Ultrasonic Testing in Nuclear Insenice

Group to develop acoustic emission uiteria and
Inspection Applications" was used as the basis for a

requirentents, and senes as a member of the Working
* proposed . Appendix Vil" that was developed in 19% Gump m Volumetric Esamination and Procedure
1987 by an ASME Ad lloc Task Group. This proposed Qualification. A topical report (NUREG/CR-4882)
appendix to ASME Section XI was subsequently re.

wa pnpared and published te describe the criteria andstructured and revised by the SC-XI Subgroup on Non,
requinments that were developed. as well as to docu-

destructive Eumination (SGNDE). The Ad Hoc Task ment the background, rationale, and userall aethities
Group document was restructured as two companion

that hae been conducted under this task.
Mandatory Appendices by the SGNDE and consider.

3 NUREG/CR-4469, Vol 12
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Cale Activities

Appendix VII on personnel training and qualification paragraph to Artide 4 of ash 1E Sretion V under the
- received final Code Committee approval in late 19M new heading 'T-435 Computerind Imaging Sptems.*
and was published in the 1990 Addenda to AShlE in addition, a series of Nonmandatory Appendices to
Section XI. Proposed Appendix Vill on UT/ISI per- Artide 4 were recommended to provide the technical
formance demonstrations received final AshtE Code detail neceuary to describe selected computerated UT
approval in late 1989 and was published in the 1990 imaging sptemt 13ased on SGUT diseunion of these
Addenda to AShtE Section XI. proposed new Code rules, the requirements sections

(T 435 and its subparagraphs) were significantly
Propned new Section XI criteria and sequirements for expanded induding the addition of spedal calibration
applying the acoustic emission method for Section XI blocks for performance evaluation purposet Concur-
applications have been developed. A proposed new rently, the appendix material describing the SAIT
Code Case on acoustic emission has been developed concept and equipmerit related details was reduced in
and approved by the SGNDE and SC XI for st bmittal volume by about one. half. This draft now proddes a

- to the bl.C. This Code Case, entitled 'Accustic Eraie model for use in the development of similar appendices
sion for Successive inspections Required by Section XI, describing other computerited imaging systems.
Div.1,' received hl.C. approval in January 1990 follows
ing revisions to accommodate comments accompanying A letter requesting technicalinput on computerized UT
three bl.C. negative votes. A finalized version of this imaging systems was distributed to the 11 known manu-
proposed Code Case, which incorpcrated the M.C. facturers/ vendors of such equipment. Good quality
comments and various other approved changes, was ' input was received f,om two of these organitations;
submitted for BNCS letter ballot in hlarch 1990. Noti- however, the information received from three others
fication of final BNCS approval of this document was was of limited value in the context of this activity, and
received in May 1990, and this document was published the other six manufacturers / vendors provided r.a input
in Suppicment No. 5 in mid 1990 with the designation at all in view of this d;sappointing response, the
Code Case N-471. SGUT determined that the draft T-435 requirements

..

paragraphs should be expanded and the concept of
A proposed rewrite of Appendix IV, entitled *Edd- _ including system descriptions in a Non-mandatory Ap-/

Current Examination of Nonferromagnetic Steam Gen- pendix was tentatively deferred. Cognizant SGUT task
crator/IIcat Exchanger Tubing,' was revised to accom, members accepted assignments to prepare / expand -

- modate comments submitted by four hl.C. members. specific paragraphs based on the PNL proposed T-435
This document, which represents an upgrading of re- requirements.
quirements for consistency with industry practiec re-
garding multifrequency eddy current testing, was ap- Information for use in value-impact assessments was
proved by the ht.C. during the Januar'/1990 Code developed for submittal to the CRGR. Value impact

- meatings, and submitted for BNCS letter ballot. By assessment information was developed for the new
mid year, this complete rewrite of Appendix IV had Apper dix Vil on training and qualification of UT per-
been approved by DNCS for publication in the 1990 sonnel; the new Appendix Vllt for performance demon-

. Addenda to Section XI (to be issued in early 1991). stration of UT/ISI systems; and the 19M Addenda
changes to Table IWB;2500-1, Examination Category B-

Proposed new Code requirements are being drafted to A, Reactor Pressure Vessel Shell Welds.
encourage broader utilization of the spthetic aperture
focusing technique (SAIT) technology that has been The EPRI NDE Center continues to assist the Industry .

,

developed under NRC-sponsored research programs at Ad lloc Committee on Implementation of Appendix ,

PNL and the University of Michigan. 'hese proposed Vill. This includes logistics support, technical advice, I

requirements were submitted to the' AShfE Section V sample design, and cost estimates for specimen fabrica- |

Subgroup on Ultrasonic Testing (SGUT) to address the tion and program administration. The Ad lioc Com-
need for Code rules to cover the computerited UT mittee on Appendix Vlli Implementation held an infor-
imaging systems that are being utilized by the NDE/ISI mation meeting September 18,1990 to update industry
industry for examining structurally important plant on the current status of Ad lloc Committee activities.

- components. This proposal involves adding a new At that meeting, utihties representing 87 nuclear units

NUREG/CR 4469, Vol.12 4
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Code Acthities

had indicated a willingness to participate in funding the 2,4 Ftittire Work i

Initial setup of the Appendix Vill program, eight had
declined to participate, and the remainder were unde- hiinutes for all ASME Section XI SGNDE meetings i

eided. are assembled for distribution to the approximately 65
recipients on the SGNDE mailing list, Work continues ,

The Section Y Subgroup on Acoustic Eminion (SGAE) on drafting generic siring requirements for Supplement !

has decided to preparc a new Section XI Article on in 12 of Appendix 1, and on new Supplements to Appendit
Situ Monitoring of Pressure Vessels. A proposed scope Vill to addreu cast stainhu stect components, dinimi-

!
has been drafted, and tb Chairman's stated intent is in tar metal welds, and pre examination surface condition-
base this new Article on the recently approved Section ing. Future Section XI meetings will be held December
XI Code Case (N-471). The SC-V SGAE is alv> at- 10-14,1WO in Anaheim, CA; February 4 7,1W1 in San
tempting to develop a new Code Case for Section Vill Diego, CA; May 20-24, IW1 in Orlando, I-L; August
epplications; however, Section Vlli has exhibited limit- y,29,1W1 in Pittsburgh, PA; and November 18-21,
ed interest in this activity to date. 1W1 in Anaheim, CA. '

r

The proposed new Section V requirements for comput- |
crited UT imaging systems will be revised te incorpo- t

rate SGUT comments. When approved by the SGUT,
this document will be submitted for Section V approval.

|
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3.0 Pressure Vessel Inspection

3.1 Analysis of PISC Il Data 3.1.3.1 PlsC 11 Reanalph

A summary oMe analpis was prmided in the last
3.1.1 Suturnary semi annual report (NUREG/CR-4469, Vol.11). Dur-

ing this time period, PNL has received comments from
The objecthc of this task is to determine the capability the NRC project manager and is incorporating the com-|' of U.S. ultras <mic insenice irupection of reactor pres- ments m the report. The comments made by the NRC
sure vessels This objecthc is to be accomplished by P'"N''"""*E''**'*;
utilizing data from PISC-Il round robin trials, modelling i

and limited crperimental work to supplement areas m>t * The limitations that exist with the PISC Il data
adequately addreued by modelhng or round sobm W W d@ ddied in h n.
trials. Comments from the NRC were addressed and a port %b would include, no fake call infor-
resised document was resubmitted to NRC in June anation and problems awociated with " cleaned
1990. Additional comments have been received from idm'*
the June draft, and these omments are being ;

addressed. A final version of this report will be submit' The sizing analysir,in the report uns categories*
ted to the NRC program manager' that do not clearly describe the siring techniques

used by teams in the trials. hlore clearly defined
3.1, Introduction string categories must be described in the report.

The pressure vessel inspection task is divided into three Tbc use of length as a major variable in Probabili-*

subtasks which are: ty of Detection (POD) analys's should be de-cm-
phasired and the analysis should concentrate on

0 FISC 11 Reanalysis The initial effort in this task POD vs Depth,
is an analysis of data gathered during the PISC-Il
round robin trials. Ultrasonie inspection data was * If the data allows, the report should include a
gathered on four heasy section stect components section that examines indhidual technique capabil-
which included two plates and two nor21es configu- giy, i

nations. A total of d5 teams from the Common
Aforket, Japan, and the United States participated Comments from the NRC were addressed and a revised
in the round robins. document was transmitted to the NRC in June of 19%

Additional comments have been received from the June
.

o RPV Research . The focus of this aethity is to draft, these comments are being addrerised and a final-
track the work being performed under the PISC iied version of the report will be submitted to the
Ill program. This sacans to ensure that the PISC NRC.

'

111 work of the Action 2 on Full Scale Vessel
Tests (FSV) and the Action 3 on Norzles and 3.1.3.2 RPY Research
Dissimilar bietal Welds provides useful informa-
tion for conditions and practices in the USA. To The objective of this work is to track the work that is
track the PISC 111 work and relay points of inter- currently being performed under the PISC JI program,
est and concern to the NRC that may arise from -Of particular interest is the work being conducted in
the analysis of the newly created and evohing data Actions 2 and 3. These actions will provide useful
base. information concerning the capability to inspect nonks

and dissimilar metal welds and begin to address some
3.1.3 Status of Work Performed aspects of the ability of advanced techniques to accu-

~

rately she flaws and some aspects of the reliability to
A summary of the work performed for each subtask is inspect actual vessels. The initial results from thesc
proaided below, studies will begin to be made available to the PISC 111

Af anagement Board in late 1991. At this time, there
.
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Pressure Vessel Inspection

cre no results available; but these studies should pro- The most significant results from equipment inter-*

side some very good and useful data bases and conclu- action studies on thin, flat steel sections were
sions in the near future. presented at The Review of Progress in Quantita-

tive Nondestructive evaluation Conference in July
Based en the results and data bases from the PISC 111 1990,

program, deficiencies will be identified and a program
to proside the necessary supplemental information will The model's performance was imprmed by modi-*

be developed and implemented. But at this time, the fying its computer software to run 10 times faster,
methity is focused on tracking the PISC 111 pmgram and and made it more useful by backing-up all related
the results being developed in this program software on disks and documented each element

of the program.
3.2 Equipment Interaction Matrix

Completed a draft version of the NUREG topical*

3.2.1 Summary '' P '' " 'h' * 'k performed to date.

* e wed mC W mWehg paper and madeThe objective of this work is to evaluate the effects of ,

'''"**#" " ' 'frequency domain equipment interactions and deter-
mine tolerance values for imprming ultrasonic inspec-
tion reliability. An analys,s is being performed to eval- A presentation was given to ASME Section XI*

i

uate frequency domam effects using computer models Code committees, and a paper was written for the
10th International Conference on NDE in Theto calculate the flaw transfer function, and experimental

measurements to verify calculated values and determine " "' "' I" "'''Y'
if various extraneous effects are important.

3.2.2 Introduction
The primary purpose of this work was to apply an
analysis met!.od developed for thin steel sections to The goal of this work is to define operating tolerance
thicker flat sections and to analyze experimental studies, requirements for UT/ISI equipment that minimize the

Also emphasized, were Torts devoted to presenting effects of frequency domain interactions, thus, improv-

"alts obtained in the previous reporting period. Re. ing 151 reliability. This work will determine the accept-

aned activities included: ability of equipment specifications in ASME Code Case
N 4091. The current specifications are based on engi-

* Model calculations Mre performed to determine r.cering judgement, rather than an analytical foundation.

the sensiti ity of 45' ud 60' SV pulse-echo inspec. The Interaction Matrix Study will prmide this technical

tion results to changes m equipment parameters f undation.13oth thin (piping) and thick steel sections

when thick (6 to 12 inch) steel sections are exam. (pressure vessels) are bemg evaluated.

ined. The results were esseatially the same as
those found for the thin section inspection model The following work was completed during previous

study. The ASME Code requirements for equip- ''PO''*E PC'80d5
ment center frequency were again found inade-

* Mathematical models were developed for UT/ISI| quate,just as was found for thin sections.
equipment. This work was presented for peer!

Results from an experiment performed,in the review (Mart and Doctor 1986),*

previous reporting period, to measure the ultra-
sonic equipment parameter sensitivity and to test A mathematical model was developed to calculate*

l model predictions as they effect ASME code re, the transfer functic is (frequency responses) of *

quirements were analyzed. These results were specular reflection from smooth planar defects,!

I consistent with the model, but were not as sensi. and the model was used to identify worst-case
'

tive to center frequency changes as p;cdicted by defects for frequency domain equipment interac-

tl e model.

I

|
!
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Pressure Venel !rupcetion

tions. A paper on the mmlel was prcsented at the ment (cnter frequency were again found inade-

19S8 conference (Green and Mart 1989). quote, just as found for thin scctiont

Equipment bandwidth and center frequency sensi- * Results from au experiment pe formed,in the*

thity 1tudies were performed for 45' SV inspection previous reporting period, to rucasure the ultra-
of thin sections (piping) using calculated worst- sonic cquipment parameter semithity and to test
case flaw transfer functions. The rnodelindicated mmlel predictions a they affect ASME code re-
that the ASME Code Case bandwidth tolerance of quirements were analyzed. These results are con-
!10% is sufficient to ensure r(liable mspection, shtent with the modct, but are not as sensitive to
but the center frequency tolerance is not adequate center frequency changes as predicicd by the mod-
to ensure reliable inspection of certaio calculated cl.
worst-case flaws with narrow band UT/IS1 sys-
tems. * Presented the most significant facts resuhing from

equipment interaction studies on thin, flat steel
* The first draft of the milestone NUREG report sections at The Redew of Progreu in Quantitative

entitled The Interaction Afatric Study: AfoJcts and Nondestructive Evaluation Conference in July
Equipment Sensitidty Studies for the Ultrasonic 1 % 0.

Inspection of Thin it'all Stect hping was redewed
by the PNL program manager. A suggett;cn was Results from an experiment periorined,in the previous
made that the interaction matrix study be extended repoiting period, to measure the ultrasonic equipment
to include (& SV puhe-echo inspection. pararacter sensithity and to test model predictions as

they affect ASME Code requirements were analyzed.
* (& SV model calculations were made to deter- These results are conAtent with the model, but tre not

mine the difference in scruthaty between 45' and as sensitive to center frequency changes as predicted by
(& SV puhe-echo inspcction equipment parame- the model. This is due to necessary simplifications that
ters. The 45' SV inspecton was found to be are built into the model to obtain reasonable run-times,
slightly more sensitive to changes in equipment on presently available computer systems. Derefore,
parameters. Ilowever, the model indicated (in the laboratory measurements show the model capable
either case) that the ASME Code requirements of pinpointing worst' ease flaws that can then be exam-
for equipment center frequency arc inadequaM. ined using the same equipment found in ficld applica-

tions, for inspecting a nuclear power plant.
An experiment was performed to measure the*

ultrasonic equipment parameter sensithity and to Model calculations were performed to determine the
test model predictions for worst-case defects per semithity of 45' and (& SV puhe-echo inspection re-
the model, suits to changes in equipment parameters when thick (6

to !? inch), flat stect sections are examined. The re-
3.2.3 Status of Work Performed sults were cuentially the same as those found for the

thin scetion inspection model study. The model ac-

The following wrk was completed during this reporting counted for the greater attenuation a signal must expe-

period: rience when pauing through a thicker material. The
ASME code requirements for equipment center fre-

* Model calculations were performed to determine quency were again found inadequate, just as was found

the sensithity of 45' and (& SV puhe-echo inspec. for thin sections.

tion results to changes in equipment parameters

when thick (6 to 12 inch) steel sections are exam. The most significant facts resulting from equipment

ined. The results were essentially the same as interaction studies on thin, flat steel sections were pre.

those found for thin section inspection model sented at The Review of Progress in Quantitative Non-

study. The ASME Code requirements fer equip _ destructive Evaluation Conference in July 1990. This
work was entitled "The Effect of Equipment Ilandwidth
and Center l'requency changes on Ultrasonic inspection

.
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Pressure Vessel Inspection

Reliability: Are Model Results Too Conservative?*, A
summnry will appent in Reskw c'Pvgress in Quantita-
tive Nondestmetist Evaluation, Vol.108.

3.2.4 Future Work

The following work remains to be completed:

* Expand the flaw model to include curved sections
(nonles) and perform equipment parameter sensi-
tivity studies for thick scetions (reactor pressure
vessels),

Verify curved surface model calculations experi-o
!

mentally.
.!-

.

Report findings from curved section study to*

ASME Codc.

Ihtrapolate results from curved surface study to*

all important surface geometries.

.
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4.0 New Inspection Criteria Task

4.1 Summary sample of eight representative nuclear power plants
(Surry 1, Zion 1, Sequoyah 1, Oconee 3, Crystal River-
3, Cahert Cliffs 1, Peach llottom 2 and Grand Gulbt).

Work continued on auessments of the adequacy of
The results of this study can be found in Vo ct. al.

exiuing ash 1E Code requirements for ISI and on de- 19% in su mary, the results prmide generic insights
veloping technical bases for improved ISI requirements that could be extrapolated from the eight plants to
that will contribute to safe nuclear power plant opera,

specJic claues of lig,ht water reactors. While a few
tion. Development of a comprehensive probabilistic

exceptions are noted, the PRA-based priorities for
approach for improved inspection requirements has inspecdon of syuems were generally correlated whh
moved forward. A major focus of this effort has con- current Ahh1E Section XI requirements for Class 1,2,
tinued to be participation in an AShill Research Task

and 3 systems.
Force on Risk Based Inspection Guidelines.

Work during this reporting period addressed inspection
Calculations during this reporting period have applied

priorities at the more detailed comp (ment level, and
probabilistic risk asscssment (PRA) to establish inspec, foceed on plant-specific calculations for the Surry Unit
tion priorities for pressure boundary systems and com.

1 Nuclear Power Station. Results of this work are
ponents. Plant-specific PRA i.tudies have t<en per-

described below.
formed for the Surry Unit 1 Nuclear Power Station.
This study has been performed with the cooperation of
Virginia Electric Power Company, and has involved 4.3 Status of Work I'erformed
plant nsits for system walldowns and detailed inter-
views with plant staff. Estimates of failure probab!!ities 4.3.1 ASME Task I'orce on Risk llased
have beer an important input to the risk based calcula- Inspecilon Guidelines
tions for Surry 1. An expert judgement clicitation was
performed in hia) of 1900 to estimate rupture probabil. During this reporting period we have continued to
ities for components in four critical systems (reactor devchip approaches for risk based inspection require-
pressure vessel, reactor coolant system, low pressure ments. Acthities in tMs area have involved Pacific
injection system and auxiliary feedwater system). Northwest laboratory (PNL) participation on a special

ash 1E Research Task Force on Risk Based Inspection

4.2 Introduction Guidelines, with Dr. F. A. Simonen and Dr. IL F. Gore
sei ..ng as members of the Task Force and htr. T. V.

This task is directed to the development of improved Vo participating as an honorary member. The ash 1E
inser ice inspection (151) criteria using risk-based meth- group has been identified by PNL as an effective route
ods, with the long-range goal to propose changes for to achieve long-range goals for improved inspection

consideration by ash 1E Section XI. These improved criteria. He initial focus of the ash 1E Task Force has
criteria will help to establish priorities for selecting been on nuclear power applications, and on the devel-

systems, components and structural elements for inspec- opment of practical recommendations for use of risk-
tion, and will help to determine the extent, frequency, based methods that can be recommended for consider-
and method of examination. The objective is to ensure ation by ash 1E Section XI.

that ISI programs ensure a suitably low failure probabib
ity, and thus contribute in an effective manner to safe There were three meetings of the AShtE Research

nuclear power plant operation. Task Force during this reporting period as follows:

* Decembci 12 13, 1989 at San Francisco, CaliforniaIn past work, we have reviewed and evaluated various
e biay 16-17,1990 at Nashville, Tennesseeconcepts for probabilistic inspection criteria, and have
e August 29-30, 1990 at htystic, Connecticut.interacted with other industry efforts, notably through a

newly organized ash 1E Research Task Force on Risk-
Based Inspection Guidelines. During 1%9 we com- The Phase I work of the Task Force has produced a

pleted pilot applications of PRA methods to the inspec- general document that recommends and desenbcs

tion of piping, vessels, and related components for a appropriate methods for establishing inspection guide-

)
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New Inspection Criteria

lines using risk-based approaches for any facility or component. Rupture probability estimates for the
structural system. A final draft of this document was Surry 1 cornponents were obtained from an espert
distributed for pees review in August of 1990, and was judgement clicitation.
published by ASME during the first quarter of 1991.

Staff from the Virginia Electric Power Company
Preparation of a second document on the special topic (VEPCO) have been actively participating in the pilot
of nuclear power applications was ?.arted during this study, it was important to assure that the plant models
reporting period (Volume 2 + Part 1). This document were as scalistic as possible and reflected plant opera-
will recommend and describe specific methods to be tional practices. Visits were made to the Surry 1 plant
used in developing risk-based inspection plans for nu. for system walkdowns and discussions with plant opera-
clear power facilities. Publication is scheduled for the tional technical staff.
later part of 1991.

Table 4.1 rhows a preliminary list of the relative risk-
Future efforts of the ASME Research Task Force will importance of components within the selected Surry 1
apply the recommended risk based methodologies to systems (stated as categories of liigh. Medium, and
develop improved inspection programs for nuclear lxw sisk importance). On the basis of core damage
power plant components (Volume 2 Part 2). This frequency, the most risk important cornponents are
work will be summarized in a document that is sched- those located within the beltline region of the reactor
uled for publication la the later part of 1993. This pressure vessel. Relatively Iligh* rankings were esti-
document will make recommendations for consideration mated for pipe segments of the ADV system, and also
by ASME Section XI. for specific segments within the LPI system. A large

_ _ _ number of components associated with redundant flow
'4.3.2 Plant Specific PRA Application to paths fell into the lowest ranking category (e g. cross

_

Surry 1 connected lines in the ARV and LPI systems).

Work continued on a major effort that involves the in futme work the results of Table 4.1 will be fu ther
application of existing probabilistic risk assessments quantified with refined inputs to the PMEA calcula-

(PRA) to er,tablish inspection priorities for pressure tions. Indirect effects of component ruptures will incor-
boundary systems and components. A pilot application p rated into the evaluation. Additional systems will
of PRA methods to the Surry-1 plant was begun during also be evaluated to give a comprehensive rankmg of all

this reporting period. the most important components within the Surry 1 plant
systems that should be addressed when assigning the

The Surry 1 work applied a methodology (Vo et al. prjmjties fm insenice inspection. These risk-based
1989) that uses the results of PRA's in combination pnmities can then be compared w,th current msemcei

with the techniques of failure modes and effects analysis inspection requirements as specified by Section XI o.'

(FMEA) to identify and pricuitize the most risk impor, the American Society of Mechanical Engineers Code.

lant systemt W s.mponcuw st nuclear power plants. The objective is to identify needed improvements to

The spe _ wo , selec4J for initial analysis weie current ISI plans. These results will be made available

C:: % vesses (RPV), the reactor coolant to the ASME Research Task Force as recommenda-. 4

'(RCS), c _ asure injection (LPI) (including the ti ns fm consideration by ASME Section XI.

accumuuto4 ;d the auxiliary feedwater (ARV).
4.3.3 Expert Judgement Elicitation for

Core damage frequency (Level I PRA) was used in this Rupture Probabilities
study as the bottom line risk measure. FMEA results
were used to calculate the relathe importance of each The risk based studies of the Surry-1 plant have
component within the es addressed. The calcolat- required estimates of rupture probabilities on a detailed
ed importance inM th (the exi,ent e .sequene- component by-component level. Because neither suffi-
es of failure of the t& / (from the Surry 1 PRA) cient data from operating experience nor detailed fiac-~

and the expected prse ;f hilure (rupture) of the

NUREG/CR 4469, Vol.12 12
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New Inspection Criteria

4Table s! Risk.Important Components for Selected $ptems at Surry 1 ''

M
Ranking Component SplemN

RPVliigh 13citline Region

Reactor IIcad Areas including CRDMs and Instrument Uncs RPV

Steam Generators to Containment Isolation Vahes AITV

| LPI Discharge l{caders to llot Leg and Cold Leg injection Lines LPI

Pressuriier Spray Lines RCS

Medium -ARY Suction Lines ARV

LPI Suction Lines LPI

Pressuriar Surge Line RCS
>

Pressurizer Relief Lines RCS
'

Other RPV Components (e.g., studs, flanges, etc. RPV I

Accumulator Sample / Drain Lines LPI .|

Pipe Segments within the RCS Loops (e.g., loop welds, inst. lines, etc. RCS

ARV Pump Discharge Lines ARV

LPI Pump Discharge Lines LPI

Low Other ARV Components (e.g., cross-connected lines, etc.) ARV

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

#

(a) Based on prehminary estimates using estimated median salues.
(b) liigh compunent ranking corresponds to tore damage frequency of about 1 DE06 to 1.0046 per plant year. .

'

Medium component ranking corresponds to core damage frequency of less than 10E46 to t.0610 per plant year.
tm component ranking corresponds to core damage frequency of less than 10&l0 per plant )rar.

(c) RPV = Reactor Pressure Vessel; ATW = Aumhary feedwater;1.Pt = tow Preuurc injectum; RCS = Reactor Coolant Sptem
,

(

.
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ture mechanics analpes were available, an expert judg- 1he discuuion of rupture probabilities for each sptem
ment clicitation was conducted to cStimate the needed involved the experts, the observers, and project team

. ruptune probabilities. Ilistorically there have been very analysts. All experts were encouraged to participate in
few structural failures of the preuure boundary compo- the distuulons. Knowledge from experts regarding
nents of intesest, thus ghing a high level of uncertainty plant design and operation, failure history, material
to statistical estimata of fadure probabilitics. Probabil- degradation mechanisms, recomposition and aggrega-
istic frac'ure mechanics models have addressed a few tion of the data, etc. were brought into the distuulons.
components of interest, but these calculations also have Since the process was designed to take advantage of the
a high degree of uncertainty. diversity of the knowledge, experts were encouraged to

seek their own estimations and no effort was made to
To overcome the data deficiency, PNL conducted an scck a consensus among the experts on estimated rup-
expert judgment clicitation meeting on May 810,1990 ture probabilities.
at Rockville, Maryland to address the issue of failure
probabilitics. The goal was to obtain numerical esti. For most components, the pancI members all consid-

- mates for probabilities of catastrophic or disruptive cred the fact that no ruptures have occurred, but infor-
failurcs in pressure boundary sptems and components mation from the literature and discussion senions did
in pressurized water reactors (PWRs). The fptems suggest to them that certain failure modes were possi-
addressed by the clicitation were the reactor pressure bic. Data exist regarding the structural degradation due
vessel, reactor coolant, low pressure injection (including to crosion/ corrosion, fatigue, etc., but several experts
the accumulators), and auxiliary feedwater. also expressed the siew that other mechanisms could

contribute to future failures. Each expert then complet-
The expert clicitation_was performed using a sptematic ed questionnaire forms that addressed location-specific
procedure, which closely followed the approach used for rupture probabilities for the spicms of interest. These
the NUREG 1150 PRAs (NRC 1990 and Wheeler et al. data covered best estimates of probabilitics, uncertainty
1989). Obtaining the experts' estimates of rupture estimates and the rationale for these estimates. Mem. !

probabilities was the primary objective for the clicita- bets of the VEPCO s.aff also participated in the clicita- ,

tion. The selected experts were selected to have knowl- tion through a special meeting, and pro ided additional
cdy ithe subject matter as well as an understanding Surry-1 plant specific data for consideration by the
of rules governing the form in which they were to re- expert panel,
spond. Thus, the experts had demonstrated expertise
by publications, hands-on experience, and managing or Following a review of the data provided, the results

~performing research in the areas related to the issues. were compiled into distributions by PNL staff. The
Experts were selected to bc versatile enough to be able distributions determined a *best' estimate for every
to address severalissues and have sufficient PRA cxpe- component present in the data set,
rience to consider how these issues would be used in a
risk analysis. Finally, experts were selected to represent Figure 4a shows the failure probability estimates for
as wide a perspective of the issues as possible, and components within the reactor pressure vessel. The
willing to be clicited under the methodology used. plots present distributions associated with the expert

population._ Similar plots were produced for all the
The expert clicitation meeting began by outlining objec- other selected systems, e.g., reactor coolant, low pres-
tives, and by describing the types of information that r,ure injection, and auxiliary feedwater sptems (not

~ PNL was seeking from the meeting dhcussions, fol- r,hown). The complete set of pk>ts for al sptems indi-i

lowed by a summary of the overall NDE Reliability cate estimates of component rupture probabilitics that
Program being conducted at PNL, For each system vary between L0E-09 and 1.0E 03 failures / year, de-
addressed, a formal presentation was pro ided. The pending on the sptems, components within sptcms,
presentations covered technical descriptions, hidorical and component k> cations. For a given component
component failure mechanisms, clicitation statements, within a particult system, the quartile range generally
suggested approaches, questionnaire forms, and other represents variations between a factor of 10 to 100,
material that supported the evaluation of rupture prob- indicatirg the variation between the experts' estimates.
abilities.

NUREG/CR-M9, Vol.12 14
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New inspcetion Criteria

for the reactor pressure vessel (rigure 4.1), the results 44 Ftittire Work
indicate that the highest failure probability estimates
are for those components located within the vessel Future acrisities on the New Irapection Critoria Task
heads [e.g., instrument lines and contial rod drive will include:
mechanism- (CRDNis)[ The high estimates for the
CRDhts were primarily due to the high vulnerability t e Continuing support of the AShtB Research Task
leakage belicved by the expert panel. The high failure Force on Risk Ilased Inspection Guidclines.
probability estimates for the instrument lines were due
to occurrences of thimble tube cracking and leakage Expert clicitation for rupture probabihtics on the,

which have been reported in these components at Surry rcmaining four systems at Surry 1.
and at other operating PWRs,

o Complete the ISI prioritiration for components at
in summary, the expert clicitation produced a set of Surry-1.
omponent rupture probabilities for various components
within selected systems at Surry-1 as a function of loca- The long range objective will be to develop improved
tion, and failure mechanisms such as stiess, thermal criteria for insenice inspections (v sat, where, when,
stratification, etc. Accomplishments from the expert and by what method) using risk bawd methods. The
judgment cli,itation greatly enhanced the realism and pilot calculations serve to demonstrate the feasibility of
credibility of the Surry plant analyses. Access to utility the proposed approach, and will focus on the compo-
staff was found to be a ve-- %portant factor for clicita- nent level to establish inspection prioritics. Other
tion rnectings. It is absoh._ / vital that detailed plant- calculations will be med in the development of risk-
specilie design, configuration, operating experience, etc., based inspection programs for the high priority compo-
be provided and brought into discussion at the meetmgs ocnts. These ILvpctior. piogra:vs will make use of
to help exyts better assess the desired component information on the probabilities and consequences of
failure prcabilitics. Other notable accomplishments component failurcs to assign target values of probabili-
gained from the expert judgment meeting included an ties that are to be maintained by inservice inspection.
enhancement of PNL's risk-based methodology in mod- Probabilistic fracture mechanics and decision analysis
cling parameter estimates for specific fault events.,and methods will identify impcction strategies that meet
gmdance for mcorporatmg mnovative recosery actions criteria for both safety and cost effectiveness. Output
in support of the improved inspection priorities of from the New Criteria Task will be made a$ailable to
nuclear power plant compcments- the AShtE Research Task Force on Risk Based Inspec-

tion Guidelines for their use in preparing a document
that will recommend risk-based inspection programs for
codes and standards wnsideration.
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| 5.0 Consult on Field Problems

5.1 Introduction and Summary pulse-uho and through-transmission Inhniques wue
used on a large Oat plate containing two linmm long
"otches with a 45G through wall depth. One notch had

The objective of this work is to provide a rapid planar sides while the mid region of the o ber wasr

response to urgent and unexpected problems as they estended to make a semi-circular surface.
are identified by the Of0cc of Nuclear Regulatory Re-
scarch (RES). The major actiity under this task in- The PNL review concluded that although inhnique
volved a request to critique EPRI Report NP4&M feanbihty was showw various puiblems need to be
This report reviewed the feasibility of using a spuial addressed before the technique is used to perform an
uhrasonic method to quantify the degree of corrosion

inspeaion. These include the following:
occurring in Mark I containment vessel walls. The PNL
review concluded that several problems should be ad- L An accurate description of corrosion as it is ex-
dressed before this technique is used to perform a petted in the field is needed so that representathe
vessel inspection. fLws can be made in various standerds.

5.2 Status of Work Performed 1 ria d&dion should be demonstrated for all
shapes, sizes, and types of expected corrosion.

A critique of EPRI Report NP-6090 was performed it' Ahhough the 1 to 3-m rone under the concrete
response to a request from the RES program manager Ooor was listed as an area ,f suspect witosion, a
of the PNL NDE Reliability Program. The inspection mmuvative argument w' - Daws hasing a low
problem defined in the report was to quantify the de* acoustic response are i * :e throughout the
gree of corrosion occurring in Mark I containment entire range of 17 m si. 1so be demonstrated.
vessel walls. The vessel wall was reported to be a
ferritic steel structure approximately 25-mm thick. 3. Adequate discriminating ability must be demon-
Standard techniques were stated as not being applicable strated between corrosion defects and geometrical
due to the physical restrictions imposed by 1) a bed of reDeetort Synthetic aperture processing was rec-
gravel that surrounds the outer surface and 2) a con' ommended by the EPRI report; however, the use
crete floor within the structure. The purpose of the of this technique to improve the ability to discrimi-
EPRI report was to determine the feasibility of the nate should be demonmtated to be effective and
proposed technique. Therefore, apparent weaknesses r eliable,
of the technique's reported status should not be viewed
as inherent limitations, but more as the limitations as 4. Scattering and attenuation from objects such as
they existed at the end of Phase I development. The the cement Door were reported by the EPRI re-
critique was performed by M. S. Good of PNL and was port as being small, however, more data are need-
provided to the RES program manager in tsctober ed to conGrm this.
19S9

5. The EMATs used in the EPRI study generate
The proposed technique as described in the report used forward and backward propagating waves with the
electromagnetic acoustic transducers (EMATs) to tran" latter being a possible noise source with geometric
mit and receive hori7ontally polarized shear waves at 50 renedors. Adequate signal-to-noise ratios, means
kllz. This wave mode was selected since these waves of discriminating these spurious signals from possi-
were expceted to have low scattering and less attenua- ble Gaw sienals, or a means of propagating only a
tion from a bonded concrete floor, surface loading of forward pr'opagating wave need to be addressed.
the gravel, weld crowm, and weld roots. The frequency The EPRI report recommended a phased EMAT
was selected such that a symmetric wave mode would which is a state of-the art design that generates
be generated;i.e., all particle motion throughout the only a forward propagating wase as a possible
wall thickness would move in phase. The reported solution.
eriteria for this was that the wave length be greater
than 1.6 X the plate thickness. To test the technique,

17 NUREG/CR-4469, Vol.12
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Piping Inspection

5.3 Future Work

Since this task is consciously designed as a mechanism
for responding to unexpected needs and requests from

- RES, it is not possible to plan or describe the specific
work activities that might occur during the next report-
ing period.
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6.0 Piping Inspection Task

This task is designed to address the NDT problems technique to characterire CCSS macrostructures,
associated with the piping used in light water reactors. and phase mapping of ultrasonic fields in CCSS.

The primag thrust of the work has been on wrought
and cast stainless steel since these materials are harder * Surface Pgychness conditions - The objective of

to iespect than carbon steel, llowever, many of the this subtssk is to establish specifications such that

subtasks' results also pertain to carbon steel. The an effective and reliable ultrasonic inspection is
current subtasks are: mini-round robin report, qualifi- m,t precluded by the condition of the surface from
cation criteria for TIT /ISI sptems, piping inspection which the inspection is conducted. Activities in-
round rsm rcport . ast stainless steelinspection, sur- cluded continued refmement of the model by the

face roughness, field pipe characteriraCon, and PISC-Ill Center for NDE (CNDE) at Ames Laboratory,
activities. and devchpment of better experimental proce-

dures by . NL for obtaining quantitative data for
The work accomplished during this repcrting period is comparing to the model prediction.
summarized in the following paragraphs:

Field Pipe Characterization - The objective of thiso

e MRR Report The Mini-Round Robin (MRR) subtask is to provide pipe weld specimens that can
subtask was conducted to proside an engineering be used for studies to evaluate the effectiveness
data base for UT/ISI that would help: a) quantify and reliability of ultrasonic inservice inspection
the effect of training and performance demonstra- (UT/ISI) performed on BWR piping. The safe-
tion testing that resulted from lEB 8%2, b) quan- cads that were saved to be given to the PISC-Ill

tify the differences in capAllity between detecting program have been rejected because of priority
long versus short cracks, and c) quamify the cap- and PISC Ill funding constraints.
bility of UT/ISI technicians to determine length

* EISC-111 Actintiesand depth of intergranular stress corrosion cracks

(IGSCC). NUREG/CR-4908 entitled Ultrasonic
Insnection Reliability for Intercranular Stress This activity involves participation in the 1%C-Ill
Corrosion Cracks: A Round Robin Study of ths program to ensure that the work addresses NDE
Effectr, of Personnel. Procedures. Equipment. and reliability problems for materials and ISI practices
Qa;k Characteristics w= published in July 1990 on U.S. LWRs. This includes support for the co-
to document the work eJucted under this sub- leader of Action 4 on Austenitic Steel Tests (AS-
task. T); providing five safe-ends from the Monticello

plant; providing a sector of the llope Creek reac-
e Oualification Criteria for UTE ,.m - The tor pressure vessel containing two recirculation

objective of this subtask was t: %.ove tir roli- system inlet rmzzles; coordination of the inspec-
ability of UT/ISI through the development of rew tions to be conducted by U.S. teams on the vari-
criteria and requirements for qualifying UT/ISI ous actions;inpe: to the studies on reliability and
systems. NUREG/CR-4SS2 entitled Oualification specimens for use in the parametric, capability,
Process for Ultrasonic Testine on Nuclear Inser- and reliability studies of the AST. During this
sice Inspection Applications was published in April reporting period, tracking and coordination oc-
1990. curred for three assemblics of Action 3, which

were inspected by two teams in the U.S. During
* Cast Stainless SteelInsocction The objective of this reporting period, the efforts continued towards

this subtask is to evaluate the effectiveness and coming up with working solutions to the problem
reliability of ultrasonic inspection of cast materials of specimens for the capability studies and working
within the primary pressure boundary of LWRs. to obtain participation of teams from the USA.
Activities for this work period included macro-
structural classification of CCSS material within a
PISC block, u.m of the Rayleigh critical angle
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Piping Inspection

6.1 Mini-Round Robin Report 6.3 Cast Stainless Steel Inspection

6.1.1 Introduction 6.3.1 Summary

The hiini-Round Robin (htRR) subtask was conducted The objective of this task is to evaluate the effectiveness
to provide a engineering data base for UT/ISI that and reliability of ultrasonic inspcetion of cast materials
would help: used within the primary pressure imundary of LWRs.

Due to the coarse microstructure of this material, many
quantify the effect of trainirg and performance inspection problems exist and are common to structures*

.

demonr. ration testing that resulted from IED 83- such as cladded pipe, it.ner-surface cladding of pressure
02, vessels, statically cast elbows, statically cast pump bowls,

centrifugally cast stainless steel (CCSS) piping, dis >1mi-
g'.antify the differences in cal Ality between de- lar metal welds, and weld overlay-repaired pipe joints.* -

.ccting long (greater than 3-in.) cracks versus short Far-side weld inspection is an inspection technique
(less than 2-in.) cracks, and included in the work scope since the ultrasonic field is

paues through wcld material.
quantify the capability of UT/ISI technicians too

s

determine length and depth of intergranular stress CCSS piping is used in the primary reactor coolant kmp
corrosion cracks (IGSCC). piping of 27 pressurized water reactors (PWRs) manu-

~

factured by the Westinghouse Electric Corporation.
t ' '. Status of Work Performed liowever, CCsS inspection procedures continue to

perform unsatisfactorily due to the coarse inacrostruc-
'i/CR was prepared to document the wurk ture that characterizes this material. The major macro-'

F wi under thb. subtask, and this report was pub- structural classifications are a columnar, and equiaxed,
dy 1990. T ais tas.k is completed and will be and a mixed columnar-equiaxed macrostructure ofm-

; rom future reports. which the majority of field material is believed to beo

the latter.

6.2 Qualification Criteria for UT/ISI 6.3.2 Status of Work Performed

SySten1S
Activities for this work period included macrostructural
classification of CCSS material within a PISC (PISC6.2.1 Objective denotes the international Programme for Inspection of
Steel Components) block, use of the Rayleigh critical

The objective of this subtask is to improve the reliabili- angle technique to characterize CCSS macrostructure,
ty of ultrasonic testing /insernce inspection (UT/ISI) and phase mapping of ultrasonic fields in CCSS.
through the development of new criteria and require-
ments f .t qualifying UT/ISI sys* ms. An opportunity became available to classify CCSS mac-

rostructure contained within the PISC-Ill Action 3
6.2.2 Status of Work Performed concerning Nonles and Dissimilar hietal Welds

(NDW) Assembly 25. The block was in route from
Development of criteria ^and requirements for qualifying Southwest Research Institute (SwRI) in San Antonio,
UT/ISI systems continued with additional editing of the Texas to France and a time stat of several days existed
qualification document (NUREG/CR-4882), which is when testing could be performed. Personnel and in-
entitled Qualification Process for Ultrasonic Testing on strumentation were transported to SwRI since it was
Nuclear Insmice Inspection Applications, This report more economical and timely than shipping the block to
was published in April 1990. PNL in preparation for the trip, personnel at PNL

attempted the techniques defined by Kupperman, et. al
(1987) for ultrasonically characterizing cast st,inless

NUREG CR-4469, Vol.12 20/
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steel. A letter report of the resuhs wa; drafted and Work began December 1989 on the two-dirnensional
sent to the NRC program monitor. The preliminary mapping of phase. The mapping of amplitude has been
concinion was that the CCSS material was a columnar performed on different macrostructures of cast materi-
macrostructure. Details will be reported after the re- al, and it was also of interest to extend this capability to

port has been fmalized. include phase. This dita was thought to be useful in
validating models that are being refined to predict

Work hegan knuary 1990 to evaluate the Rayleigh uhrasonic fields in solids, compensating for phase dis-
critical angle technique as a means of classifying the tortion when imaging reflectors, and detccting Daws by
macrostructure of cast stainless steel. An existing ultra- detecting phase shifts or interference between the pri-
sonic scanning system was modified to permit amplitude mary wave front and a flaw. A modified llokisonics
and phase measurement. A pitch-catch configuration system was used to collect data on CCSS material of
was employed with the transmitter and receiver inclined pure equiaxed and pure co'umnar macrostructure. A
at the same angle, the focal spots overlapping at the paper was drafted and submitted to the NRC for ap-
material surface being insonined and the recchcr posi- proval prior to submission to the proceedings of the
tioned to receiw the wave reflected by the front sur- annual conference " Review of Progress in Quantitathe
face. The selected angle was the critical angle typical Nondestructive Evaluation?
of the material being investigated. The premise was
that each different grouping of anisotropic grains wrre The preliminary conclusion of phase mapping in CCSS
characterized by wave velocity and that either amplitude was that the fringe pattern for longitudinal waves at 1
or phase images would correlate with material property and 2 MHz displayed significantly less distortion than
changes, was expected and also less than in the amplitude map-

ping. This reduced sensithity to material macrostruc-
Preliminary critical angle work regarding the character- ture may facihtate the use of phase data for flaw detec-
ization of CCSS was completed. Multi frequencies tion and enhance imaging by compensating for phase
were used to analyze anterior layers of different thick- disurtion.
nesses. Test results were encouraging in that images
displaying texture were acquired from samples having 6.3.3 Future Work
unique macrostructures. C-scan images we:c mG at
1.0,0.5, and 0.25 Mllz for each of the three samples. CCSS work will focus on collecting the pertinent infor-
The lower frequency was set by existing equipment mation concerning CCSS and presenting this at a work-
limitations but was considered adequate to assess the shop for NRC personnel. This will include the
technique. The wave velocity of the near-surface mate- CCSSRRT, selective frequency Gltering of ultrasonic
rial modulated the araplitude of the received signal signals for CCSS macrostructures, uhrasonic field dis-
Since penetration is inversely proportional to frequency, tortion, and ultrasonic attenuation. Additional critical
changes in wave velocity and, hence, macrostructure angle work will be performed to determine how this
were detected for layer thicknesses of 3,6, and 13 mm. technique might be implemented in the field. Specifi-
The three samples were a pure equiaxed, a pure colum' cally this would consist of implementing much lower
nar, and a layered columnar-equiaxed macrostructure- frequencies (e.g.,30 to 250 kH/) and classifying each
The mixed mode sample had a columnar outer surface layer as penetration is increased. The low frequency is
that transformed into an equiaxed layer at a depth of required so that penetration to the inner diametrical
about 10 mm. Detection of this transformation was surface is accomplished. Prior to performing experi-
considered to be a primary goal since it would demon- mental work, an analysis will be performed to assure
strate that the technique is capable of detecting changes that successive layers in depth can be classified. CCSS
in macrostructure as a function of depth. The prelin+ work will also continue to document macrostructures,
nary conclusion was that encouraging results have been acquire uhrasonic attenuation measurements from the
obtained; however, insufficient data exists to state that respective macrostructures. and acquise uhrasonic field
macrostructural classincation of the entire pipe wall is maps from complex material macrostructures. Howev-
possible, er these later efforts will be done at a lower priority as

funds are asailable.

21 NURr2G/CR-4469, Vol.12
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Far side inspection and dissimilar metal welds work will 6.4.3 Future Work
include sample acquisition and metallography, and the
acquisition of ultrasonic field maps to document field The schedule of model refinement, delivery of the
distortion. model to PNL, model validation by PNI, and use of the

model to determine code recommendations for surface
condition is being redefined. if a reasonable schedule

6.4 Surface Roughness Conditions cannot be estabashed, then a simpler two-dimensional
model already at PNL might be used instead of the

6.4.1 Summary three dimensional model that would have been received
from CNDE.

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- 6.5 Field Pipe Characterization,

tion surface, Past efforts included an attempt to quanti-
fy the effect produced by an outer surface irregularity. 6.5.1 Introduction
This approach was then redefined to cooperate with
EPRI in establishing a mathematical model to be used The objective of this subtask is to proside pipe weld
as an engineering tool for deriving guidelines for sur- specimens that can be used to help determine the effec-
face specifications. Under the auspices of the coop- tiveness and reliability of ultrasonic insenice inspection
erative agreement, the Center for NDE (CNDE) at (UT/ISI) that is performed on BWR piping. This goal
Ames Laboratory with EPRI funding was assigned that will be accomplished by supporting PNL laboratory
task of refining an existing, isotropic model; and PNL studies and providing specimens that will be used in
with NRC funding was assigned the task of acquiring other work such as PISC 111.
experimental data to support model refirement and
validating the model. 6.5.2 Status of Work Performed

6.4.2 Status of Work Performed The focus of the work this year has been in the prepa-
ration of the documentation for the shipment of the 5

Activities for the past work. period included continued safe-ends that had been removed from the hionticello
- refinement of the model by CNDE, and development of Nuclear Power Station. After a long and drawn out
better experimental procedures by PNL for obtaining resiew of data and'the unpackaging of the specimen for
quantitative data for comparison with the model predic-

1- tions. Delays occurred in model refinement due to~
making detailed drawings, taking of photographs and
the radiation survey of one of the safe-ends, the com-

| funding constants. PNL also received a normal inci- plete package was submitted to PISC III program.
dent, shear-wave, electromagnetic-acoustic transducer After a review process by PISC 111 represcutatives, it

'

(EMAT) for measuring shear-wave directivity of micro- was decided that the priorities and the funding for the
probes. evaluation of removed-from-senice components would

no longer be supported by the PISC III program. As a
| The EMAT was designed for use on the curved .urf.Ne result, these specimen will have to be buried The new
I of a cylinder. Directivity was measured by placing a rules and regulations from the Emironmental Protec-

= microprobe on the planar surface of a half-cylinder of tion Agency make this process more difficult and con-
-steel and receiving the shear wave transmitted by the fusing because the rules are not clearly stated and f m
- EMAT. Thus, directivity was determined by the ampli- seems to be a wide range of interpretations of ho< a|

tude response of the microprobe as the EMAT was meet the requirements.
moved from -90' to 90*. The amplitude, however, was
dependent on the rotational direction of the EMAT. A A mnplete package of information on the specimen
possible explanation was that the magnets of the that will be used in the wrought aainless steel reliability

. EMAT leave a residual field in the steel and that this test was assembled and provided to the staff at the
ahected the succeeding measurement. Joint Research Centre in Ispra, Italy. The stands to be

NUREG/CR-4469, Vol.12 22
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used for supporting the specimen during inspection As was noted in the CCSS work, PNL performed some
were fabricated and tested to insure that they would inspections on the Action 3 Assembly number 25 to see
work properly, if it is possible to determine the macrostructure of the

material through use of acoustic measurements in a

6.5.3 Future Work blind tcst. This work was performed and reportea to
the NRC and to the PISC 111 program. This work will

Proceed with determining what must be done to meet be reported in the next semi annual report.

requirements in order to bu y the five safe-ends.
This task supported 2 stsif from PNL to attend Man-

Prepare the specimen for the wrought stainless steel agement Board meetings during the course of the year,

reliability test for shipment to the Joint Research in addition, this task supported the technical exchange

Centre in Ispra, Italy. needed to aid in guiding the implementation of the
AST program. The key here was the acceptability of
the design for the cast-to-cast specimen set. The final

6.6 PISC-III Activities design is a f dl pipe that will be made from welded
segments that will permit inexpensive flaws to be intro-
duced into the segments. The materials that were

6.6.1 Introduction obtained from the European source prosided a good
range of macrostructures for use in this study. It is

The objective of this subtask ,s to contribute to the planned that the assembly for this study will be readyt

in'ernational Programme for the Inspection of Steel for circulation by the middle of the fiscal year of 1992
Components 111 (PISC 111) to facilitate current stud.ies and also for the assembly for the cast-to-wrought study.
on the reliabibty, capability, and parametric analysts of
NDE techniques, procedures, and applications. This 643 Future Wod
meludes full-scale vessel testing; piping inspections; and
human reliability, real components, nonles and dissimi-

us w e. .my hc support.ing and cmrdinating teams
.

lar metal welds, and modeling studies on ultrasonic
from the USA to participate in tne AST studies, sup-

interactions. These data will be used in quantifying the
Porting data analysts, in the report writing, and atten-

inspection reliability of ultrasonic procedures and the
dance at action and manageiaent board meetings.

souws and extent of errors impacting reliability.

6,6.2 Status of Work Performed

The primary areas in which PNL participated include
Action No.1 on Real Contaminated Structures Tests
(RCS), Action No. 2 on Full-Scale Vessel Te.a (FSV),
Action No. 3 on Nonles and Cissimilar Metals Welds
(NDM), Action No. 4 on Round-Robin Tests on Aus-
tenitic Steels (AST), Acticn No. 6 on Ultrasonic Testing
Modeling (MOD), and Action No. 7 on lluman Reli-
ability Exercises (REL). These actions are being fol-
lowed to ensure that conditions, materials, and practices
in the U.S. are being included in the work so that the
results are transferable to the U.S.

23 NUREG/CR-4469, Vol.12
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10. $UPPLEMENT AR Y NOTES

11. ABSTHACT mr woen v am!

The Evaluation and Improvement of NDE Reliability for Inservice Inspection of Light Water
Reactors (NDE Reliability) Program at the Pacific Northwest Laboratory was established by
the Nuclear Regulatory Commission to determine the reliability of current inservice
inspection (ISI) techniques and to develop recommendations that will ensure a suitably
high inspection reliability. The objectives of this program include determining the
reliability of ISI performed on the primary systems of commercial light-water reactors
(LWRs); using probabilistic fracture mechanics analysis to determine the impact of NDE
unreliability on system safety; and evaluating reliability improvements that can be
achieved with improved and advanced technology. A final objective is to formulate
recommended revisions to ASME Code and Regulatory requirements, based on material proper-
ties, service conditions, and NDE uncertainties. The program scope is limited to ISI of
the primary systems including the piping, vessel, and other components inspected in
accordance with Section XI of the ASME Code. This is a progress report covering the pro-
grammatic work from October 1989 through September 1990.
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