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Discussion Topics

« PG&E/SEBIlignment
« L-114
« Extent of Conditions for TCI Inspections
 NDEProgram Enhancements
 NDEProgram Validation Protocols/Extent of Conditions (LLNL)

« Completed Activities To Date

* Next Steps
 Schedule

e |mmediate Needs

DRAFT For Discussion Purposes Only 2

SB GT&S 0257167



TCI Validation

See presentation dated 3/7/2014 for past items

Completedall 43 committed digs/re-inspections  (Appendix )
Leak Survey details

» Leak Survey beganon 600 miles of identified Gas Transmission pipeline (12/2/2013)
« February Leak Survey Finalized :

« Zero leaks found on weld (Girth or Long Seam)

+ PG&Eequesting authorization to suspend “monthly” leak surveys (Appendix II)
LLNLfinalized “Review of PG&HEProposed Dig Plan” (Appendix IlI)

- Established 3 alternatives

+ Re-inspection/Digs with 5%error
« Re-Inspection/Digs with 2%error

+ Comprehensiveanalysis of welthspections through existing film

PG&Bwvorking to secure LLNL’sservices for Comprehensiveanalysis

Contract routing for signature

TActivity progress/completion is discussed in the Completed Activiies  To Date section
2Dates are contingent on weather, permit, and/or construction schedules
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LLNL Recommendedlternative

« ComprehensiveAnalysis Alternative
« Analyze all film for 488 non-compliant welds

« [Establish conditional probability of weld flaws being present by utilizing  rejection
information from construction

« Utilize probability of weld flaws within population of 488
« Utilize non-compliant weld film and establish total %of area that can detect
* Determine population of welds requiring re-inspection
 Dig/Re-inspect welds requiring it
«  Speculation that manyof the required digit be of the 43 PG&Has already re-inspected
« Wil needto confirm once analysis is complete

LLNLissued summaryreport on 3/13/2014 (Appendix )

TActivity progress/completion is discussed in the Completed Activiies  To Date section
2Dates are contingent on weather, permit, and/or construction schedules
DRAFT For Discussion Purposes Only 6
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Completed Activities to Date

See 2/7/14 presentation for items prior to 2/1/14

Excavated/Tested/Passed 43 welds as of 3/11/14:
5 welds on L-132

12 welds at Vernalis Station

Redacted Pressure Limiting Station (PLS)

2 welds at
4 welds on L-108 (MLV38.1)

4 welds at GatewayGenerating Station
8 welds at L-108 (MLV38.17)

3 welds on DFM-1616

3 welds on L-331A (WV-7)

2 welds on L-302W(Appendix [)
Completed L-114 Final Report

Created Mapsof pipeline segmentsto be Leak Surveyed as a result

Completed 3 monthly Leak Surveys of 600 miles of pipeline

Zero leaks on welds have been found
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Next Steps

 High Level activities  within the next 6 Weeks

See 2/7/14 presentation for prior items:

* Finalize ComprehensiveAnalysis of TCIl Data Set
Establish required digs (3 months)
Finalize digs/re-inspections  (TBD)

» Establish LLNLcontract update for analysis associated with recommended
alternative  for TCI Validation

LLNLto perform analysis of all film &ldigs recommendationsfor re-inspection

PG&Ehas contract in progress currently

« lssue revised standards/Testing/Training for NDEProgram (4/15/2014)
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Technical Services, Inc. Redacted
P. O. Box 721139, Houston, Texas 77272-1139

Email: |Redacted
www.ndtiechnicalservices.com

SUMMARY AND ASSESSMENT OF EOC — RE-INSPECTION PERFORMED ON GIRTH WELDS

In accordance with the approved PG&E Inspection Test Plan (ITP), on March 11, 2014 a re-inspection
utilizing radiographic examination with AGFA D5 film was performed on two (2) girth welds at
verification dig site W\y-gaRedacted

radiographed they were “fingerprinted” (weld features compared against original images) to verify that

in Dunnigan, CA. Once each of the welds were

the original radiographic film images of the weld matched the images of the re-inspected girth weld.

The following weld numbers were re-inspected:

Original Weld id Number Re-inspection Weld Id Number
Location: 8A W-127 W-127-RI
Location: 8A W-128 W-128-RI

The following were the results of these-inspections:

Weld Number: W-127-RI  Comments: Weld matched fingerprint and weld was determined to be
acceptable to APl 1104, 20th edition.

Weld Number: W-128-RI  Comments: Weld matched fingerprint and weld was determined to be
acceptable to APl 1104, 20th edition.

Location 8A contained two (2) 20 in. OD girth weld identified as Weld #127 & 128. A copy of WIX’s

Radiographic Testing Inspection report indicating the results of their evaluation of welds examined are

attached.

SB GT&S 0257173



This summary completes the evaluation and documentation of the re-inspections performed on the two
(2) identified girth welds on the WV-8A project in Dunnigan, CA.

Let me know should you require any additional information concerning these reviews and approvals.

Respectfully,

Redacted

DLC/Letter Concerning Results of PGE Reinspection & Findings at WV-8A — Dunnigan CA 3-11-2014
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FEEVéId Qal ity Gntrol
Lesk Suney Reoonadhtion

Bdgrard

In 2012, R been reviwig its Nn Destnctive Banriration NB Praran arinst best  indstry
prectices . As part of the R8s Qperat ions NE Proess hproaent Initiative, teGs Qal ity ad

hproevant ) Qop rmmested the NE Srvies Quoup of R¥EEs Applied Tedhwolagy  Servies
(AD) to perom jcb deenatios o NE waxbrs. Dirig the perbnaxe o age o these
uaroncd job deenatios at a project site an L-114 in Brentwood, CA, the R8E AISNIE inspector

dened  TC Imspectin (ICl) perfoming Radiagraphic  Testim (RT) in a moowpliant  narer  to both
the referencd ok (Awrien Retrolam  Institute) AP! etition 81 their amnnetrod

procedure .

Actios Taen

X took mediate action, vhich includd asesin gal | work withTCl ad acoducting an in-cepth
eanrtionof al | weld inspectias amrp leted by TCI fran2012-2013 . RIE is aurrent | y workingwith
Kiefrer ad Asscciates, esswel | as Lavaxe Livenore Natical Labs (LLNL), to dba thoragh reviavdf
records ad to cetemire the best approach to verify gality . Thiseffort wil | give RBe ectiaeble data
to idntify potential vweld irspection gaps ad deelop a plan to reolve tren.

Inatition to the statistical work an inspectiongal ity assessvnts beirg urkertaken by LLNL, R3E
fes aloevaluated treqal ity of inspection records for 3,755 velds irspected by this vatbr cating back
to year 210. RIEhes also evaluated tre radiographic fi Imgal ity ad inspection coverage, firdirg
potential irspecticnqal ity issesw ith4B of those, as aut | ined ke low

1) 137 velds - Irspectias permed with the 2 exposures irstead of 3
2) 27 velds - Irspectias perned were the exposure agle is in exaess of 120 degress
3) 24 velds - Imspectios performed withmissirg we ld coerae

Tre GAUC foud R3E to be in violation of 49CFR192 . 243 ad APl 1104 for the 24 welds ad R3Ewes
fired $8. 1mi | linas a resul t of the violation. REE hes sinte exawated ad evalwated the salety ad
treqal ity of inspection for 43 welds, begimirgwith trevorst qal ity rediagraps . Thesevelds net
criteria or APl 1104 ad reealed that tre loner gal ity of radiographs res rot missed any defects that
wauld be of asi z e that wauld case an increesed pipel ine safety risk or be cut of anp | iaewith AP
104 .

REhes al2o initiated anmnthly leak suney of pipe potential |y mpacted by a lack of adate
coamentation or gal ity antrol prectices for weld inspectios .  R3E cetemined the soope of tre leak
auney by arsicerirg tre fol lavirg fectors:

» Pipe InstallationYear : Caok repirevents for radiography of welds vere ot inp lenvented unti |
July 1962. Asarewult, pipe irstal led prior to 1962 is rot abject to the radiography qal ity
antrol issues beirg abressed by thiswork . Trerefore, only post -1962 pipewes arsicerad for
irclusion in the leak suney .
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+  ladMbeent: In disassirg  arstnctin-related threats  to pipeline  integrity, ABE B31&S
4, the arsasls industry stachrd for maraging systam integrity of ges pipelines ad
incorporated by referexe into49 OR192, states that  “the existane of these anstnuction
related threats alore coes mot pose an integrity isse.  The presane of these threats in
anjucticnwith the potential for cutsice foraees signifiently increeses the likelihood of en
eat.” Treprimary threat for autsice foraess asscciated with girthwelds is interactionwith
aress of potential ladnoveren . Therefore, anly pipewith a vulrerability to lad noverent
wes irclued  in the sope of the survey.

+ Class Loation : All Cless 3 ad 4 pipe meeting the prior criteria are includd in the sape of the
arvey de to ppulatin dasity rear the pipelire.

+  High Cressgene Aress (HDs) : HCAs in Class 1 ad 2 locations are also includd in the saye
of tre survey de to pqulatim  rmear the pipelire.

Ps a result of these criteria, gproxinetely 80 miles of pipewere included in the sage of the
survey. P8E s amcted a leek survey of these pipelirss  for 3 mnths, ad hes mt foud ay w
leaks during these surves.

Raynedation

Tre syplerental leak surveywes initiated to ensure the safety of the public near PG8E’s

pipel ires. While PGBE felt a leak survey wesriaie guamure to esure the safety of the public
in tre dort tem, leak survey is ot the nost effective method to uerstad the overal | risk asscciated
with PGSE' s veldirg qual ity antrol progess for the fol loving reesors:

*  Aleak survey only cetects an issewith aweld after it hes already failed, which does rot

aate the sope of the potential isse & effectively a a rathm sarple of welds wauld.
+ Sine the leak rate cmwvelds is very lav (less then Poof overall leaks), it is wnlikely that the leak

aurvey will prode  sigrifient results o the state of the welds assciated  with  this  pipe.
+ Sine the isse beirg adressad is a qual ity antrol ad an ingection isse ad ot a

arstrction isse, aoricting a leak survey does rot adbress howwvel | the qual ity antrol on

the veld wes aorcted or doamente, evanr if it idntifies a isse with te weld itself.

Boesed on the results of the leak survey aoducted o far, the axpimg efforts with Kiefrer ad LLNL, ad

the firdings 0 far fram the in-field evaluatians, PG8E believes it is gpropriate to sugpad these future

‘mmthly”  leak surveys pading  results  of the additiosl studies  utemay. If ay velds eqavatad
thragh the stuy idiate an immediate safety  isse, PGBEwill  re-initiate te leak survey process.
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Disclaimer @[]

#0On

This B [dNdocument® Nwas B ONprepared & (1 as Aolig diEZ TMHyEdunH B Qi ey ik E]
United Bl (1N States® CNgovernment. B 1N Neither & [ the B (0NUnited & 11N States B (1N govern
Livermore & [dNNational B [1NSecurity, B ONLLC, B ONnor & ONany B ONof & CNtheirE CNem
expressed B INor & ONimplied, # ONor#& ONassumes & N any 2 g BB IDility B C1Nor
accuracy, Bl[(dlNcompleteness, B Nor & ONusefulness CNof & CONany & CNinformation, & ONa
process B [Ndisclosed, B Nor& ONrepresents B (Nthat B ONits B O Nuse & CNwould & Nno
rights. B 1NReference B (1Nherein® ONto® ONany & N specificE N commercial B (N product
trade & (1N name, & ONtrademark, & O manufacturer, & ONor# ONotherwise® N does & nc
or’&@ONimply & ONitsE Nendorsement, & [Ilrecommendation, & (1Nor® ONfavoring & CNby?
government® Nor & N Lawrence B NLivermore & [IINational B 1NSecurity, B ONLLC.EOr
of B ONauthors B N expieFHed BHoBR 1N not® [N necessarily B M state B CNor# O Nreflect L
States Ell [(1Ngovernment® N or & [MNLawrence® 1M Livermore & 1IN National  [1NSecurity, B C
used E ONfor@ ONadvertising® CONor@ ONproduct B MRndorsement B (N purposes.
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BOn
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BOn
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B On
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Review & ONof & ONPG&EE! CINPgiddsedEl

Kristin B CINP. A CONLennox, B ONAlan B ONLamont, & N GraBEOINBoquet E (Nand B I Lee

Executive Bl C1NSuniBHH

AR ONvariety B ONof B O Nmeghodyj B en QediE b Id BHr Nassess Bl O Nand B ONbound B ONrisk B C
welds B ONthat B ONwere B OINsubjected B ONto B O Nincomplete B Ninspections B ONat® C1]in
assessed. A EHARrehensive B O Manalytical B [ Napproach B O T BN dxdifed B EH)ARand 1
mitigate B O Nrisk B O NmoreBHnfHéfBappebahebE (1N based B 1 solsby EliloH bR (i IR Nre
based & O meti@Ha (1N undentpieg B0 HE O Nhow E (1N to R §at B et TGRSR RS Tima 2 (1N
that3EIN N contractor’® [N inspe cted bl &0 B M AR 300 e letBE (1N

inspections HedéfiEddyered BERRE 1N propogddifiétiistical ® (N sampling B (Nbased B Ndig
partE BN BEIN B C1Nremediation® CMstrategy, B CNand B (Nrequested B (1Nthat B Nthe &
plan® ONand & ONpresent® ONpos MMl C1Nalternatives.

#0On

From# CONa® ONpurely® CONtechnical B 1N s progyos i F Ty SRR RO 3

due Bl O mpEINN3size B (1N considerations, B (Nand B (ONthere & Nare & O Hllmlts"’“ ONon#
thatB ONcan B ONbe® ONmade® ONdue® ONto® ONthe® ONlack B ONofE ONrandom &
addressed® Nby& NN changing B (INthe® ONsample B [N size B Ncalculation® ONand O
fixing BheTH (1N statficils B (I may & CNbe® Nless & O critical B CNthan B O Ntwo B CNmor
First, Bhe B E1Nconfidence B [1Nbound B G s FHEHAE a1 (95% B (ONconfidence ]
that® ONthere® ONare ® Dﬂﬁ@w'ﬂﬂﬂm&ﬁﬂmnﬂﬂﬁfﬂﬂ NinE ONthe® ONpopulation) |
weak, B (INparticularly B O N R TR B for B (1Nwelds B O Nwith EHTMRbEMins pe:
industry®# CIstand@idiidered B (I Nunusually & O Nhigh. ZHERY Edbpd S0IE BRI Nanalysis B 1N
largely BHeN ! (1N not N mb&EH TN Rneed E N lobhation & Habout""" O Y}the’*‘” Onset® Ol
the B (1N form EoipFEHE) hofpartiad B Ry 381N This 2 338 el b RerEHT THEm

unnecessarily B CNpessimisticE ONview 2 1N of EfMighe B O Nrisk & HSItuatlon BN

b =1 n

This B ONdocument® M contains 1 three B (11N proposeel B B fEkntiieod4 F N3 2T I the
calculation ONmeThe®E N Arst CINalternative B (1N does 2 (11 not3 {; Fiktea AT Nmore &
aBlONcomprehensive Nassessment® CNof & CONweld B (N defect B (THEEBADbility B 1N for”
suggested. Bl (11 This Bl O wistiddZ T T Tasediighiphic B (I Ninformation & (Nas & ONwell # CONas’
about® MNreplacement® (Nrates & 1 for B (11 defe ctiE RN INassksTEI RSB sla) R N
This B ONmethod# N canB ONbe B Ncarried B ONout® O Nin B O Nparallel B ONwith B Nt
rapidly B Nprovide B Nan B ONimproved  [(Nassessment® CNof & CNthe B N state & 1)c
assessment® NisB ONcomplete, B CNthe B Hdeasmn""" O Hcan’”’ Onbe#EONmade® Nast
weld BéE3pection B (1Nis B (ONnecessary. BRI SRl B i rely 2 1N
statistical E 1Nin® ONnature ¥ O Han@ﬂmﬁﬂ@ mﬁmghad?ﬁ;lﬂmﬂﬁﬁlﬂ]emsw CNregarding
the B (ONoriginal & (1N sampling &l (1 Narsad BEEINNjam# F BpikkE ad {oi? B (1N consistent & ]
with B CatipaidiE pling 2 (1N strategy, B O Nthey B CONwould B O Nnot® [1Nleverage B [(Nany?
information® Nand B ONthe® ONdefault® ONsample 1 sizes ONwould B B QHjovide B L
flaw B ONrates B ONwitAihR O Nthe E N set.
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1 Introduction BN

n&N2013, A ONPG&E& Ndiscovered B Nthat B CONTCL & N one Eng BHrAhbits B ONND
Comphant""“ O Hradiographic’é’ CINinSpdciEhs Bl idld$. B (NP G& E B IMRakZ T pursued
approaches® CNNto O N rghs@iatiRgroblem, B (11N in gudieg vd Bldaipe ction 2 CHfOR
Line#[1N114, 2 O hisshef@E B NiNeBigha 11y 2 O NEdRedathed akime 2 (1N of E OIN
radiographs Bom B C1Nall B O N TCI B AR P B0 (1N as iR (AHas2 (102010
201 1.3 OnorAIIMBFEions, Bl (1N 641 CNwere [N feand fliahin e 2 i fdimgr i efEdn n
inspections. 2 11N 0O (1N these, 2 (I} 6 T THHAR e FH (hdfomIPHARdSE C1Nleaving B LN
48878 (INwelds B Hépari T RpBction B (1N inform o)
24 A n

nE ONaddition® ONto® O Nreviewing B (ONthe B CNexisting B (INradiography B CNfor & Nt
Chose""“ CINto N plinsivadiyZH ElHE b 51 N ot BB e prelimmtaling B A I N
described B O NNt on B O Nand B O N Inspe@ipifE B g ed 2 O Nto B 0N
considering Bhe3gE (111488 BT eTHgnorpliant® (1N inspection EEIM B BRI TOdoes E O Nnot &
consider, B C1Nfor# CHie Rl BEHE hefH 11N rREH ARG CINoriginally N
radiographed® CNby & CONa3 N dif EEARE (11 contractor.
#0On
This® ONdocument® [N contains B (1 Na R (1 G AR Ay #iEning @by (11
as B O Nwetvaial BiteRibiyes BhRIRI Hmhgiw“ﬂ]ll'llmproved""" OnNp&fEiveifé 1Nto B 0N
various® CNmetrics B O NREETT ifte veest T8 Fdiof & H BER BEEAE (1Nis B (ONcontained B N
Section® [1N2. A ONSection® [1N3 3 (1 1deap i HIRERE T fjdteysoigfEEMiHe 7 0N
potential & CINto B ONprovide & Nlower & N bounds® ONon B ONrisk B ONby B O Nusing B[
information [1Nabout & [ fhd B IH NedIldH) Se ction B TR R &I talifp nis BT fjvo
sampling® [1Nbased & N ahpr @RS mre B (O Nrigorops@iMifthyBHRRIEMhEE (11
Section BEIMN Ncontains N conclusiomyBEisa @B o A NiRe B O Nrequirements B CNand B[
anticipated B CNresults  ONof & O Nth&d T proposed E CNplans.

2 Preliminary B{RRE Chilpection B 1 F#PEMN

2.1 Plan8 OINDescrifidi)

PG&E’s B [NQuality® Nand B ONImprovement® N group E Nused B Na® ONGaussian &
proportions & O IEihfEfiaRe B C1Nsample O correction B CNto B C1Ndetermine N the B
used B ONfor@ ONthe B ONTCIR CNInspection CNValidation B (Nproject. B N The® N for
example, B 1N Cot BRI M

2 p(l=p)
n= @ BN
"o _ 0/ =
1++ Z—Pa—lﬂ_l.
N d’ &

= A B B A Ry ey R R B A O B B Ry B
UEdditan, ’f—ﬂl O HWWHBCM&WW ONjohnBEONWiley B Nand  EIMSHns. B ON(1977) & Onp. AON7
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BOn
where BIETE QINthe 3 N sahEER Nt Rs B, Ao 2 O i EiEton B CINsivs @B Onof & Ontt
eventEl (INprobabiMEHNthe B (1N desired & N precision® 11N (half & O Nthe & ONwidth) B Or
for# N the B CONproportion B [ & fihtite T CNaod EUERY O N distribuy@ET T ghera BEN 1N fo
1-EHEE O Nthe® ONdesired & ON&hiidence & N level. BN
AOn
The B ONPG&ER [(INanalysis & Nused & [ 1Na &HODS,BUTE) Ridn figee cdsi B NG 1N (
and B Ninitial & 1 pstich 2 EMMRGTETAT Nwere® [N described B (Nas B ONstandard B 1)
company B Nfor# Nassessing® [N construat i E ik p i {ebip Enl A2 (1) size B CNof B L
compliant® [1Ninspe kB 8), Bcliiding & (1N those B O N f@EEIN=B{diRg B4 1 Nthe B N
answer, BT (1Nformula® CNgives B [1Na® 1 sample EEAEIR 2 C1Nrequirement® CNof &L
A0n
The® ON43E ONwelds B Csptatiod B (1N foeid B Qg chosen® (Nacdoasdd BN Nto B CONa L
approach, B (1Nand B Nincluded B Nall® ONwelds B ONwith B ONinadequate & 1inspectio
welds B ONwith B O the B O Nlargest [N gaps Bk R BRI ihwaHis 7 CoDev i S T ifeay B ok
exceeding Bl CITpOXFHEIAR (I Nrequire®édt)

2.2 Evaluation® [Pt Halg Bl adiE (1N

There® [MNare ! HiffisentealFEHR (1N applyinR GHEFEMhE T Fd BneeH 3 blepy B (1N in Bl CNthe E O
current® Nsituation. ONThe ¥ ONfirst® ONis® ONthat® ONthe ® CONconfidence ® [ :_sﬁmw
approximation; B Nt ONisE ONnot & Nexpected B Nto B CNhold B ONin B CONcases & [
numbers & O1Nin# ONthe O sin 3 B BtR SR EH K TENeTH [ BEM Atk r 2 (N class B N consists B [
welds, B (ONand & ONitA ONis B ONanticipated B O Nthat B O Nnone B ONwill & CONbe & Nobs
approximation htEEIM commeHilel)

#On

The & N choice B N of B &dtpre difian BT [SFEldd B (11 i il EHMMNNSE hdf ndted B CNthat BC
chosen BHIUFR [1Nindicates & N that & N the B [1N95% & CNupper® ONbound & ONfor @ D)
the’# 1Nsample B Nis B O expcE 03 D3 Mg B IMhe ST ethodology. B 1N This B O Nnumt
high & CNrelar B ha B AR (1N of B CNunacceptable B (O Nwelds B CNthat & CONwould B N
completely® C1Nuninsp@td [piascBI N

#0On

This B [(ONanalysis B [Ndoes & ONnot & Naccount N for B Nthe B Nexisting B (I inform:
incomplete B (1Ninspection® [1Ndata, B O Nfor ONthe B 1N488E Nwelds. B ONIn& CONmos’
radiographs Ncan® ONconvey & ONat® MNleast® I some® ONinformation® [(1Nabout [
potentially B C1Nbe® ONused ONduring & CNthe B ONrisk B CNassessment® CNprocess B O
required & FfH3pections. B[N

I

Finally, B (INthe® N strict® M interpretation CNof & O sgm o D :omﬁﬁ_ CINconfidence® ]
sampling, B C1Nwhich & ONis# ONnot CNbeing Bhe 7H eijd o AT s B (1N case. &
exchanging® CNthe B ONcurrent® ONriskE N based & Dmmgvrsmﬁ_ _H_ Nscheme® ONwith ¥
but® ONthe E ONfact® ONthat® O Nthe® ONconfidence ¥ Nstatement® CFdd8s  C1Nnot & |
#0On

The® ONremainder® ONof B CNthisE ONdocumentE Npresents B (g4 (1N alternative’
mitigation (1 Memo® (11N The B N first® ONwould B Nrequire® Nadditional B [(INanalysis
radiographicB [dNdata, & CONbut® ONmight® ONresultE ONin B ONboth B CNa ONsmaller

Ihrr

Official® O nuUsedhinonly

SB GT&S 0257184



BOn B0On LLNL-TR-649349%1n

Hln

Official Bl O nuseMITMOonly

BN
inspections # [1Nand & ONa® ONlower® ONbound B ONon& N risk. B ONThe B ONlatter# O
assumptions CNof & ONthe B OO FCH [aidgsiidence, B C115% & CNbound B CNon &L
and B ONare® ONpurely® N statistical B O Nin B O Nnature. B N That B CNis, B O Nthey B N
quality Bl (dNbased B ONon& Nincomplete B O Nradi#gtiphic N information.

3 Alternative® C0NComprehensive® CONRiskE CH{Biged Bl CDNMethod
There & (I areBfiditeo BTN g RUTrHY B (1 statistical B CH3EEIBdcaddress B CNthis BN

situation: B[N
1) They & ONmay& ONnot® N provide® ONa® ONlowE ONenough® ONbound& 1N
theE ONsetE ONofEN488. EONInA O Hpartlcular B ONthe® ONcurrent® N star
the  ONflaw 3 (I Nrate B5%) 5 N RatFi INsHieEEN 0 Aunen 2 C1Nthe BN
replacement® Nrate B ONof & ONwelds & r}at’”' ONinstall ® ONtime. # 1N Since #
believe B 1Nthat® ONimproper® ONwelding® (Nwas & ONlinked E O Nto & ONimp:
is Bl Carfl o7 Eegtin 2 C1Nto & CiNbelieve B CNthat B ONthe B ONflaw E ONrate B N
prior’# Nto# O Namy/BAT MMpespeEEdfdeing B (1Na® O Nlower® ONbound # [N coul
require B [1Na® CMsubstantially ® C0Nhigher B (N sample® 1 size BAMghan & (Nt
2) Statistical’ B (dNbounds® ONrely E ONon®& ONkey# CNassumptions CNabout T
out. B NSpecifically, ® ONany & CONmember# ONofE ONa ONpopulation® [Msho
probability B (11 of B (1N being B (1Nselected, B (Nor# ONthat B O Nall & O Nitems L
equal N probability B (1Nof & (ONexhibiting & [(1Na ONflaw. B ONSince B Nweld:
digB ONplan® ONaccording B O ol i iR E Pk g phgd B QUi r 2 0N
of E Nthese B ONassumptions EdalhBdd FillbwiSHédi are B C1Nmore & CINlikely & [
inE ONwelds & ONwhere® ONthe B Noriginal & (N radiography B Nwas & Npoo
with® ONflaws B ONthat B ONwere ONnot® CNrepaired B I Nare B Nthose B T
due B ONto# ONpoor@ ONradiography. B [NTherefore, B N sampling® 1Nbased &
flawed B (dNradiography® [Nis B O Nlikely B O Nto BloWgverdiite/EiihHgb e CiNre
results Z/[Nwill Z/[Jprobably 2/ JNGE BN B aea B Nand B O Ntheir & ONr
satisfied B (1Nwith & Nthe & [115% & CONbounding B (Ncriteria® CNand B ONthe
assumptions, B [N then# 1N the EirHiagaso MBI doEEINAa B (1N completely# 1N
random B (Nsample® ONfor & ONthe B O EHsKE CNbased B CNprocedure.
#0On
If, B OO Nhowever, A ONPG&EE CONor B ONtheir® ONregulators B CNdesire ® CNa® ONlower
there® Nare® Nalternative B (1Nmethods B Nto & ONa® ONpurely B (N statistical B [Nayg
to Ehollige B (N stronger & 11 cOuckl yiA B CHITE (1 Napproaches, B (Nas & ONnoted B (N previ
do B ONnotBNaccount® ONfor# ONthe B N partial B (Ninformation B I Nabout® Nweld:
inspection® 11 datagih ot (1Ninspections C1Ndo B ONnot® [Nnecessarily B Nhave B[
probability B 11 of BringfRlletiiflaws; B (I they B (INhave B (Na® ONreduced & 1N (or & O pos
finding® CNflaws & CONfor B ONsome® CNportion CNof B CNthe & I circumference B (1N ot
determined B (Nthat EahpdiE TR htRinspection B (Nhad ONaB OnNvery B ONhigh B N chan
significant™ C1Nweld B (1N defects, AHyEREWECH [ tHe B PlacB TN A ek d B TMeocF R TN In B L
case, B Nonly & ONwelds & ONwhere B ONthe® Ninspection B Nis & CNlikely B ONto B 1
is Bl CINpresent, & CNshould  C1Nbe BHshipotimid@ied Bl CINforE ONre
#0On
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This B [(ONanalysis & ONwould ® CNrequire B (Nadditional O indey B Atin iz Ddiad B 08 Nt
the B (ONpercentage® ONof Ndefective E (Nwelds & [N detected B (INat® Ninstallation &
and & ONa® ONdetailed® ONanalysis B CNof B O tefEfeBEH R rhpgs 7 B 7 LA ad b
certified B ONin & ONspite ® ONof & O Nimperfect® [ radiography. 2 (AR SBh HRe B (]
approach® ONwould B ONbe Nable ® ONto [Ngenerate & [11a® N substantially B ONlo
itA ONcan® ONbe B ONpursued B ONin B ONparallel & CONwith B CNexisting B CNdig & N ple
benefitE Nmay® ONbe® ONassessed BdllINelatively B (1N quickly.
I
Such® [ARaly 3T 1N wouldi#EBcARthe B (1N conditional E CINprobability B CINof B CINa® Ny
the B ONunderlying® ONrate & ONof & ONflaws B ONat® ONinstallation B O Ntime B Nand &
radiographicB INinformation® 1Nis& [Navailable. B (1N The & Nprobability B ONof A ONa¥
particular B CNpipe N can® CNbe 1) cdlectered BHeFE S Eh T4 OINT
=M D
=
Pr(no flaw detected | flaw present) Pr(flaw present) .,
ELn
Pr(no flaw detected)

Pr(flaw present | no flaw detected) =

#0On
where® CNPr(A|B) B ONis B ONthe CNprobability B O Nof B ONAR CNbeing B O Ntrue ® N
is Bl O ITirei@ (1N probability B 1N of & :B_mm_smﬁ_ Ona®Onflawd Onthat® ONis®# ONpresen
present)) O Ncan® ONbe? CNbongBHIAEH BB rapys, 2 C1Nand B O Ndetermining B 01
how3 Nmuch® CONof 3 Nthe B ONweld B [Nlacks B pdaia e e WiEHviipge BRI I BHR
canB[ONbe B Nestimated  Nby& CNconsidering® CNthe B (Nreplacement & Nrate B T
similar’® Nlines, & (1Nand & (11 the B CRGEDEHE R AN dBtdeteB BN ST the B O N combine
probability B (1N that B N the B O Nweld B CNis B O Nnot Ftd Bdlaitied T MMand B (11 the B N
#0On

For#@Ona®Onsimplified & N example, B ONimagine® ONaB ONweld B ONwith B N90% &
from™ Na ONline ONwith B CONa 3 01N 2% 3 el ddéloend B 0aRFE E M N b ol [y ki)
the Bl ONweld & ONbeinB NN flawed B CINis:
#0On

(1-0.9)(0.02)

~0.002 [N
0.98+(1-0.09)(0.02)

Pr(flaw present | no flaw detected) =

#0On

That B Nis, B ONwe B ONwould B ONexpect® CNonly B 1N0.2% 3 O Nof & ONsuch ONweld
collection® (1N of B [N completely B (Nuninspected B (1Nwelds. B ONNote B CNthat B CONthe &
notional, BHATHH 11 that®l [(11Na E oI HfEp o e B B Aidtmation B CNabout B CNthe B Npos
onBEONa® ONgirth# ONweld# ONwhere# O Nweld 2 A fjos B L Na & MR ot h Gk
that® Ninfluenced B ONeither® CNthe B ONflaw 3 N e O NorE CONdetection (1Nproba
#0On

AN comprehensive B [Nanalysis & g @duldtH# [déteomditional B (1N flaw & CNprobability §
every Bl (Nweld & ONin& ONthe E ONdata® N set, Bl OONand B ONthen B ONan® Nexpected
entire B (INcollection. B C1N I A AR T I Tmomgle B THnd B OO Nthere B ONis B ONa® O pos
would B [1Nbe B ONless B CNthan® C1None, B [ he ARG I BRI 1N ihef&dton

A A o A e e e T T A ) Ry By e B R

2%Hel B OINe.g., B ON DRrodwey G B oyl Z N Sy atistics Z/Nfor B/NEnginedriBYmRmni B/ nNthe Z/JNSciences ;
Brooks/Cole. B 01 (2004 YBICINp. A CN82
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expected & ONflaw e EEOHbégher B C1Nthan B ONPG&EE (Nand & ONtheir® ONregulators®
with, Bl (ONthen & ONthe B O Nwelds B O Nwith# CNthe B CNhighest & TN conditional B Nprot
prioritized & O Nfmsgd e Bhid Bl (11N to R (11 the FA TR R N0 pRdR 190 eheed B CINfor B CNre
inspection® N were B [Nchosen® Nbased B 1Non®& OMNthe B ONpoor® Nquality & INofE
it Onis B Onexpected B CNthat® (N the B (I Nagiedd B NiRetasdib sh B opd @ N also ™

4 Alternative BtaiRtical BieitRods ZHITM

While® ONa® ONpurely & O statisti AN ppaked B QIRdEE 1N of B [(INall B (Navailable
of B ONwelds, A ONitA ONmay O Nbe® O pre B EER N O B RRERGRSENORE (1 Nregulat
two Bl (dNpurely B Nsampling® 1Nbased & ONapproaches® Nproviding B (1N confidence & [
with C1Nthe B CONoriginal B (1Nanalysis B (1 NaticHE BN phdteefd 03 [hijin BHn AR EHFHEIsH) the:
methods® ONin# ONterms ONof B ONsampling B O 1Edsiimptions CNare B Nalso B CNne

4.1 Finite @ Onsample @ @AMARalysis

The® CNtotal B Npopulation® (N size B Nis ON4887E CNwelds A EINIFALIR i O Nis B
than 2/ 2R Bl (1Nwelds) & Nis B O Nacceptable, B 1 thead BT A B LA AR h BN hed@etfie $4dH)
determine’® ONhow & ONmany® ONwelds O Nmust B CONbe® O checked. B ONThe® ONfirs
probability B (1 RthE#/ETARwed Eefvélisbserved B [1Ngiven HEEHEHINR frop EEIMA S EINq t-
populationE IN¥ 8B ITN N where B (1Nthe® ONmaximum® Nacceptable B (N number® Nof%
(x=25) B Onis & ONassumed  ONto B Nexist. B N This B G ptbbability B CNcan B ONbe BL
37|
= 1| o

gt

Pr(no observed failures| x failures total)—#,,—n% BN
#n &
JEIIDH |
where%ﬁg’é! ONEONEONEONE DN OnR O R e R TR
20 n 0
population& ] Hoﬂ@@]ﬁﬁm’ﬁﬁﬂﬂ’é}dﬂﬁmne"‘" CNthe B [ ExERe A in A 3 hlp) o B Npa@EhhEy
of B ONflawed BENAthe B [1Npopulation CINbelow & O MgheRE TI9a s &bl e B CINlevel

confidence, 1None & Nidentifies BrAMEETT (rat @ eHGB EB 1N calculated B CINprobability §
observmg""" ONno® CINfailures 8 051 fERETHE Mspa FRTHMAR R E B O Nthe B O Nminimum 3 ONse

BT G iRalent™ (1N anFEyEhE (1043 B s HEpRefEHRIT I Neither B [11190% & (N conf
that & D Nthe Bl O RS THIT TMRaEERNITIO 5% B (I Nconfidence B CINthat B CNthe B CONflaw B N
6.5%. E/7N
AOn
This B CNmethod B ONis B O Raid byl ha @ionoBiging 12 (1N PG&ER CNsample® ONs
calculation. Bl [dNDisadvantages & (11 of B IIte E I Migne&Hdd need & (11 for B (1N completely B[
sampling® ] Hfor""" I:I Hall""" O nwelds’a“ CNinE O Norder® CN fo RN B TRINd Rd 34 it toe BT

P A I A A e T A I R R By e B R

s@hditan, B DHWWHemqﬂW ONjohn®OnNWiley B O Nand BEMERns. B ON(1977) & ONp. AON5
#0On
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factB ONthat® ONaBON5% & ONflaw# ONrate 8 ONis® O Npossibly B TN greater 8 I than?
time. B (1N This & (ONanalysis B O Nwoul dZioH MR d Bedhphla 4 FIEIE Ninspected B 11
have® Na&ONhigher® ONdefect® Nrate® ONthan® ONwelds# ONthat® ONhave# ONn
the B (INmaximum & Nallowable B ONflaw & ONrate B ONto B ON2% R O (fewer® INthan g
population) N would B ONincrease B (11N the B 1N r&d6j 7 TR ahq i e I 8l 76 B iR
completely® CNrandom B i B & DiRe B N confidence B (I statement I to B Nt
any & N flawed Bilehd @HRREOTR (11 in B N the B ONsample, B ONthis B CNanalysis B ONwou.

modification. B[N

4.2 Binomial’& OnNAnEysiE)

nE Nalternative B [1Nanalysis & (4§ it FETMNegsum ption B (1N that B Nall O Nimprog
lnspected""" CONwelds B Nhave B ONanB ONequal B O probability B N of B Nbeing B (1N fla
require Bl (1Nan® Nequal OMNprobability B (1N of & (I sampling & (Nevery & ONweld. B N
does B ONnot ONleverage® ONthe B N FHER (1N size B O Nof B O Nthe B N sample.
#0On
AsE O e HEINAhi te B (11N sam BRI EHThigHe gin 2 (I Nwith 2 BRI Rveish BIG B 0 PY AR
flaws B ONwill’E ONbe® CONobserved B ONfrom# CNa CONpopulation B CF) AR CINaB 0N
The & N formula® ONfor & ONtEFEIN N probability B CNis:

Pr(no observed failures| failure probability p)=(1- p)" . BN

AsEONin B ONthe®® ONhypergeometricE 1 exanpéEIMBidesR T o BH{d Bal the E
below EEEOINfound B ONby & CINidenti iy RYEHE NtheR CHTshabe B EI Oy B CINfailure B O Npr
less B CINtharBIMEIL0595% B (1N confidence B [1NthatE (Nthe & N population B Nflaw B 1
5%, 3 Nthe & ONminimum B 0N sample & 1N size B O Ras B N g ONFop blig o S0 H [y &
rate® Ndoes® ONnot® (Nexceed B 1112%, & N the B O Nminimum# N sample B Nsize &
observed Bl 1Nin & Nthe® ONsample, B [1Na® ONslightly B N different & (Nanalysis B [Nis’
hypergeometric® Nexample,  CNthis B CDNmethod B Nis EmHndE g8l Nto E O Nmake®
population INof & CONall & O N imprifeddly B CNinshectd 1 Nthan B ONjust® ONthe B 11488
data® 61

#0On

Given® (INthat & CINwelds [N have E ippeatBH R Sd) o SR ERId ke, 2 CNthe B N

equal & ONflawd 1 probability B (1Nassumption I 1Nin B O 1N this B O NeaEEINIR AEION likely
the B ONimproperly B Ninspected  CNwelds & O Nwith B O Nextremely & O poor# Cradiog
more B Nlikely B ONto ONhave® ONflaws & N than B Nthose B ONwith B CNbetter B N
welds B CONwith B CONmore N comprehenshe@ R od ipdari@iT T detected B O NatE N
time. 2N

5 ConclusionsE N

This B (dNdocument® M presents (Nand B (1N exblahin 1N R 3 SR ptions B 1N
remediation (1N strategies (1N for & (1N the # (1R 4688 a1t BHTdrEH shpsei 4 S FEW R T N Thon
preliminary? N samplam@@& T Tput® O Ntogether? (1N by 7 [ ik EReE 3 FA 000 # (I Nalternative

= A B A A Ay Iy R R B AR A B Ry B
+Eiditan, ’f—ﬂl O wamchmqﬂm ONjohnBEONWiley 3O Nand BEO8ns. B ON(1977) & ONp. AON5
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sampling® [ Y}plan%mnanmprehenswéi‘ﬁﬁaiﬁlﬁknappm CNpotential N
advantages & [1and B (11N disadvantagde BRI SRR EE
#0On
The BNJBY 1Nstatistical B (1Ndpfiod {41 the B (1Nassumptions B O Nof B ONthe B C
sample Bl [Nsize B Ncalculation, & CINbut# (11 d e i pist B Bl N gkeSHE N v BOGRTRI (11
anticipated  CNlow & O Nrate B O Nof & ONweld & I defects. B NAR CONsample N size BL
size B (1Nof & O1NtRe 4 bhfH AR ErEN 0 Ngive B (1NaB 0N95% B (N confident® 1N5% & CNu
defect® NrateE ONwith 3 ON54 8 ONsamples B [Nobserved E{af & M Ha iploiE B N wed
assumption Nis B ONkey & 1N for B ONthis & CNanalysis, B ONand & O does ONnot B T
plan. B ONAn* Nalternative B (1N that B [1Nassumes B oy RS h BT ol trein FET I 2 [
a’BlOnflawd ONfor® O Nany Hedtiof B IR 28410 S B NH gueld<sFUT THEHET I samples B N
observed # ONflawed & ONwelds & ONto ONconclude & ONwith B 0N95% & O Nconfidence &
rate® ONfor@ ONimproperly B ONinspected B (Nwelds & ONis B ONno& CNgreater CMthar
2 A n
n’E 1 the B ONcontext B (1N of El [ RibledEIN¢ e B HRIEYTEIN A fiptan FHHSsTHA 1 1Nis B N
strlctly""“ CNrigorous; & N cendadet @ [sHinpling B (I Nis B O Nnot B CNbeing B (N carried E O
advisable &M r]this""“ CNcase. B ONAlthough® CMNthe B ONstrategy B N of B I inspecting &
radiographic® Nrecords® ONviolates N the B (1Nassumptions B (1Nof & ONboth# N prop
approaches, Bl[dNthe® ONresults Nare B BINEEE M 1Nto B CNbe & I conserv
#0On
Of*E ONpotentially CNgreater® ONconcern® ONis B ONthe B N5% & O Nupper® ONbound’
records B (1N provided B MRt I t4FGA B (1Nand & (N discussions  CINwith?
subject® ONmatter® OMexperts, B ONone B ONwould & CONnot B CNexpect B EMEd B (1N see
that® 0Nhad B ONnever# ONbeen ONinspected. B 0NThe B ONbound # O Nmay® C1Ntherefi
However, B Npurely® (N statistical’® CNapproaches B Nwould  CNrequire B [INexhaustive
substantially  C1Nlower® INbounds. B ONThis & ONis ONdue B ONto B ONthe B ONfact® C
approaches® NdoB ONnot B Ntake® Ninto B Naccount™ N partial B CNinformation &
formE 11N of Bl fcldiipd TR hdRinspection B (I data. B (N Given# (Nthat® ONeven® ONan& L
carries® N some® Ninformation# 1Nabout® Nweld B Nquality, B CONthere B ONis BN
rate’® 1N co BIETHIT (1N more B (INeffectively B (INby & (INcarefully & [1Nanalyzing B (1Nthe
inspection® [ data® ONalong® ONwith# ONweld B ONquality & CO1information & N from
This Bl Nis B [ BT fn BHFEGIHL (1N the B O Nauthors B N consider & N most & I suitable
problem. EHI3FHE (1N strategdfiBEMRd B O Nout B ONin B O Nparallel & O Nwith B CNthe B O Nexis
welds, B (ONand# ONthe B ONlikely B CNbenefits B [1Nassessed & Eblasehh% 2 [ 1Nquickly. 2|
analysis B Nis# ONcomplete, B Nthe B CNpotential B CINneed B N for mmonal’é‘ n

Official® O nuUsedhinonly

SB GT&S 0257189



