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SAVPLI NG PLAN FOR VI SUAL REINSPECTICtl OF WELDS

NOTI CE

This document was prepared by the Nuclear Construction |ssues
Goup (NCIG. Neither NCIG menbers of NCIG nor any person
acting on their behalf: (a) makes any warranty, expressed or
implied, with respect to the use of any information, nethod, or
process disclosed inthis docunent or that such use may not
infringe privately owned rights, or (b) assumes any liabilities
with respect to the use of, or fir~damages resulting from-the use

of, any information# nethod, or process disclosed inthis
docunent.
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1. I NTRODUCTI ON

1.1

Backg- r nund

The Nuclear Construction Issues Goup (NCIG was formned
by several utilities for the purpose of devel oping a
common approach to issues at nuclear power plant
construction sjtes.

The first issue considered by NCIG covers visual
acceptance criteria for inspection of conpleted
structural welds. The resolution of that issue 15
contained indocument NCIG A, 'Visual Wld AccePtance
Git~eria for Structural Welding at Nuclear Power
Plants" (WAQ and inthe NRC letter to NCI G dated
June 26, 1985. The devel opnent of VWAC invol ved the
participation of a number of different Utility

Conpani es and Architect/Engi neers.

A Training Mnual, NCIGO03, has been devel oped to
provide @ common h~sis for training of the Inspectors
responsiole for final acceptance inspection of
-crslt-edStz'uctural welds using the NCOIGS-0l Acceptance
Cr) -~zia,

The Acceptance Criteria of NCIGOLl and the guidelines
And inspection principles contained in NCIGO03 are also
applicdble to veinspections of welds.

eme T,4pacae of Chic Sanpling Plan is to provide a
‘~rivbasis for conducting reinspections using the
AecCptj ~vo Criteria of WCIG-0L.
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The Engineer(l) will identify the structure* to which
the NCI (GOl Acceptance Criteria will-be applied in
conjunction with this Sanplin' Plan  Exanples of
typical structur"es to obich tho'se criteria apply
include, but are not necessarily 4.a-iited to, steel
conponent s--such ast

“Main building frame nenbers and connecting nenbers:
"Supperts for equipnent, componients and piping, ( 2)
cable trays an~d conduit, and HVAC duct st

"M scel | aneoui steel including bracing and
stiffeners; enbedments; stairways an~d 4.andrails:
doors and door frames; wind~ow frames, gr-atings;
covers, etc.

1.3 1nol enent ati on

Each Project isresponsible for reviewilng NOOGO1l to
assure that its use is consistent with the design ar~
analysis of. the structures to be reinspected. The

Engi neer is responsible for specifying the structur-e-2
-,0 wrhigh -tldi Sampling Plan will be applied. The
applicat "on Qv distribution of the Accepta~nce Criteria
and thir, F Iimg-,Plan shall he -rroedn

accor dan~c~e~M-pl ce document control - procedures.

The Acceptance C-riteria, contained i n NGOl are
intended to be used for final-acceptAnce jnspections
and any later reinspections of com pleted-structural

wel ds.  Wen app&rovod thy the Engineer, these Acceptance

(1) The Engineer, as used inthis docunent, isthe individual or
the organization designated by the Oaner as being responsi bl e
for the design of the structures being wel ded or i nspeCt ed.

(2) Exc4.uding conponent supports stanped in accordance with the
ASKE Code, Section |11, Subsection NF.
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Criteria are also applicable to the reinspection of
wel ds which have been previously inspected using NC G
01 or other acceptance criteria. Wth the concurrence
of the Engineer, coated welds may be reinspected
withiout renmoval of the coating for presence, |ocation,
length, size, profile and splatter. For rel nspection
of the other weld attributes inNCIGOlI, the Engineer
must eval uate the characteristics of the attribute
being inspected inrelation to the thickness and
properties of the coating in devel oping a procedure or
approach for- the subject reinspections.

A r-ainspection procedure through coated welds nust
demonstrate the validity of the inspection method to
provide acceptance of the coated welds. As an
alternative to developing and qualifying an acceptance
procedure for the reinspection of coated welds, the
Engi neer may specify that welds which exhibit the
designated attribute shall have the coating removed and
reinspected to. detezm ne acceptance. Wl ds which do
not- exhibit-the attribute being reinspected shall be
considered acceptable. A qualified procedure or
removal of the coating is required for reinspection of
cracks if the reason to reinspect for cracked welds
occurred prior to the coating of the weld. Thick
coatings for fire protection, architectural finishes
insu~lation or excessive dry film thickness which nay
nmask the weld attribute shall be removed before the
reinspection of the weld.

Visual weld reinspections are to be performed by
qualified personnel. These reinspections are to be
performed in accordance with Project Procedures and the
Project Quality Assurance Program
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QG her sanpling plans using different approaches nay

al so be suitable for reinspection of welds with the
purpose of assessing the quality of a popul ation of
structural welds. It isnot the intent of this
docunment to preclude the devel opnent of other sanpling
pl ans.

Plan Summary

These Sanpling Plans have been devel oped to provide a
uni form nethod of reevaluating and accepting a |arge
popul ation of structural welds which have already been
inspected and accepted, without the need to perform a
100% reinspection. The need to sanple is based on the
prem se that someone (inspector, NRC, or other) has
raised questions regarding the weld acceptability. The
use of these plans will allow evaluation of the problem
by review of a reasonable sanple of the population in
question.

Two sanpling plans are reconmmended in this document:
t.he single plan and the nultiple plan. The sanpling
plan to be used is chosen before reinspection. Once
sanpling has commenced, the sanpling plan cannot be
changed during reinspection.

For the single plan, the sanple size is 58 welded
connections or conponents chosen at random from the
population.  The ntininum sanple size for the multiple
plan is 64  For both plans, if all the sanpled itens
meet the requirenents of VWAC, the entire population is
consi dered acceptable and sanpling stops. For the
single plan, if one or nmore WWAC discrepant items are
found inthe sanple of 58, and for the nultiple plan,

if three or nore WWAC discrepant itens are found in the
sanple of 64, both an engineering evaluay..ion of
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di screpancies and their root cause analysis are
required to determine Popul ati on acceptance. A

popul ation is accepted if every discrepancy found is
acceptable and the root cause analysis shows that there
are no generic problems. Only for the nultiple plan
and when there are only one or two VWAC discrepanci es
inthe sanple of 64 is there the option of enlarging
the sanple and accepting the populati ,by only

eval uating the found discrepancies without doing a root
cause analysis. Again inthis case found discrepancies
shoul d be acceptable and the nunber of VWAC

di screpancies should be less than three before the
popul ation is accepted. Not requiring a root cause
analysis is reasonable inthis case because of the
limted nunber of VWAC discrepancies found in the

cunul ative sanple.

The above description of the sanpling plans isnmeant as
a sumary of these plans and does not contain all the
details. For both plans the sanpling procedure
provides 95% confidence and 95% reliability when the
popul ation is accepted by using VWAC without any

eval uation. \Wen the WMWAC inspection criteria are met,
the design criterion ismet. Wen discrepant wel ded
items are evaluated by engineering analysis described
inParagraph 2.9 and found to be acceptable using a
single plan, there is a 95% confidence that 95% of the
items inthe population meet the project design
criteria. For the nultiple plan, the reliability at
95% confidence level iseven better than 95%

Cont ent s

This docunent contains three Sections and an
Appendi x.  Section 2 defines the terms used inthis
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document.  Section 3 contains the sanpling procedure.
Appendi x A provides a comentary on the Sanpling Plans.
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DEFI NI TI ONS

This section containis definitions of special terns used in
the Sanpling Pl an.

2.1

2.2

2.3

2.4

2.5

| nspection [tem

An inspection item is defined as either a welded
connection or a conponent consisting of welded nenbers
and connections designed to carry |oads.

Di screpant Wl d, Discrepant |tem

A discrepant weld is a weld that does not meet VWAC in
one or nore attribute(s) specified for reinspection. A
discrepant .;temis an inspection item which has one or
more di screpant wel ds.

Popul ation, N

A popul ation (lot) is a collection of the inspection
itens determned by the Engineer to be suitable for
reinspection collectively under the Sanpling Pl an.

Cunul ative Sanpl e Size. n

The cumul ative sanple size is the portion of the
popul ation which is selected for reinspection pursuant
to Paragraph 3.

Cunul ative Nunber of Discrepant Itenms, d

This isthe cunul ative nunber of discrepant itens
observed inthe sanple n.



2.6

2.7

2.8

2.9

2.10

MCIG-02
9-27-85
Revision 0

Percent Discrepant, p

The percent discrepant, p, is the proportion of
discrepant items in the popul ation expressed in
percent .

Accept ance Number, a.

This isthe maxi mum cunul ative number of di screpant
items inthe sanple that permts acceptance of the
popul ation with no further sanpl i ng.

Rej ection Number, r.n

This is the nininmm cunul ative number of di screpant

itens inthe sanple which does not permt popul ation
acceptance without engineering eval uation of

di screpancies to deternine popul ation acceptability.

Engi neering Eval uati on

An evaluation made on individual di screpant itens in
the sanple to deternine acceptability of itens to carry
their loads. Depending on the naturq of di screpanci es,
the scope of this evaluation varies from docurnenti ng
judgnent to carry loads within design allowables to
detailed eval uations wherein actual |oads
representative or actual material propertien and
detailed analysis are used.

| naccessibleijtem

An inaccessible itemisone for which excessive
dismantling, access-related activities or radiation
exposure would be required to perform a reinspiction.
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I naccessibility is determned by the Engineer on a
case-by-case basis.

I'f a portion of the population is coated and the
coating is required to be renoved by the Engineer
before reinspection, the painted weld may ti classified
by the Engineer as inaccessible when other randony
sel ected welds are avail able.

2.11 Synbols
An al phabetical listing of synbols used isas follows:

ana  Acceptance number

dn a Cunulative nunber of discrepant itens
N a Population Size
n a Cumulative sample Size

p a Percent discrepant

r a Rejection nunber
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SAVPLI NG PROCEDURE

This section describes procedures for the specification of
popul ation and the selection of sanpling plan type and gives
details for inplenmenting each of the selected sanpling plans.

3.1

3.2

Popul ation and Rei nspection Att~ributes

On the basis of concerns necessitating a sanmpl i ng

eval uation of certain structural welds, the Engi neer
wi Il define the population of wel ded connections or

wel ded conponents which collectively constitute the
popul ation from which sanples are to be taken. For
exanple, all the horizontal to vertical welded
connections incable tray hangers constructed by a
specific organization within a certain tine span may be
considered as a population. Alternatively, deapendi ng
on the scope of concerns on the construction for the
same situation of hangers, the Engineer may elect to
c.onsider individual hangers as the inspection items and
describe the population by counting the hangers rat her
than specific connections inthe hangers.

The Engineer will specify the specific attributes which
are to be considered inthe reinspection of sanples
from the population. The list of weld attribvtes to be
reinspected need not include all weld attributes for
which acceptance criteria are given in the WAC

Sampling Pl an Ty ~j

Either the single sanpling plan in Paragraph 3.3 or the

multiple sampling plan in Paragraph 3.4 shall be
used. Once sanpling has commenced, the sampling plan

shall not be changed.
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Procedure for Single Sanpling Plan

The flowchart for this sanpling plan isgiven in
Figure 1. The sample size n equals 58. The
correspondi ng acceptance and rejection nunbers are
ass - O and rse - 1, respectively. The steps of the
procedure are as follows.

step 1

From the specified population N, select 58 inspection
items at random

Step 2

Rei nspect the selected inspection itens for specified
attribute(s) using the acceptance criteria of VWAC
For each inspection itemwhich i s considered

I naccessible for reinspection, another randony
selected alternative item shall be substituted inthe
sanple.  The nunber of discrepant items inthis sanple
of 58 isidentified as dsg.

Step 3

Compare the nunber of discrepant itenms dsg to the
accept ance nunber zero.

a. | fthe nunber of discrepant itens iszero, stop
sanpling and accept the popul ati on.

b. If the nunber of discrepant items dsg i Son* or
nore, an evaluation of discrepancies as described
inStep 4 |1s necessary before popul ation
acceptability can be determ ned.
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step 4

Determ ne popul ation acceptability by eval uating
observed di screpanci es.

a. |fall dse discrepancies are eval uated as
acceptable and if a root cause analysis of these
di screpancies does not indicate any generic
problems, the population is accepted.

b. 1fany of the dsq discrepancies fail engineering
eval uation or if any generic problens result from
the root cause analysis of discrepancies, the
popul ation cannot be accepted on the basis of the
present sanpling reinspection. Appropriate
corrective action shall be deternined using Project
Procedures. This may include 1000 reinspection for
unaccept abl e discrepant conditions and repair or
eval uation on a case-by-case basis. |f the root
cause isdetermned to affect only a smll portion
of the original population, 1001 reinspection my
be limted to this portion of the population

Procedure for nultiple Sanpling Plan

This isa three-stage sanpling plan. The cunulative
sanple size at each stage and the corresponding
acceptance/rejection nunbers are given inTable 1.
Figure 2 exhibits the flowchart of the plan. The steps
of the procedures are as foll ows.

Stop 1

Identify 64 inspection items randomy selected from the
population N. This process represents a Stage 1 sanple
inTable 1 wher# n a 64 and val ues of
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acceptance/rejection numbers are &4 = 0/ 4ga 3,
respectively.

Step 2

Rei nspect the selected inspection itens for specified
attribute(s) using the acceptance criteria of VWAC

For each inspection itemwhich i s considered

i naccessible for reinspection, another randonly
selected alternative item shall be substituted inthe
sanple. The nunmber of discrepant items observed inthe

first sanple of size 64 isdesignated as dggs.
Step 3

Conmpare the nunber of discrepant itenms degsa to the
acceptance and rejection numbers (0, 3) applicable to
the first stage inTable 1.

a. | f the nunber of discrepant items des i Sless than
or equal to zero, stop sanmpling and accept the
population.

b. If the number of discrepant items d4i s one or
two, take one of tht follow ng actions.

(i.) Continue sampling by going to Step 5.

(i1) Stop sanpling and deternine population
acceptability by evaluating found
di screpancies as Uescribed i nStep 4.

c. If the number of discrepant items dg4 7s three or
more, determine population acceptability by
eval uating found discrepancies as described in
Stop 4.
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Step 4

Determ ne popul ation acceptability by eval uating ds 4
observed di screpanci es.

a. |If the engineering evaluation of dgs discrepancies
finds all of them accep~table and if a root cause
anal ysis of these discrepancies does not indicate
any generic problens, the population is accepted.

b. If any of the dgs4 discrepancies fail engineering
eval uation or if an~y generic problens result from
the root cause analysis of dgs discrepancies, the
popul ation cann~ot be accepted on the basis of
present sanpling reinspection. Proceed to Step 9.

Step 5
Randomy select another 50 itens from popul ation N.
Step 6

Rei nspect the selected items in Step 5 for the
specified attribute(s) using the Acceptance Criteria of
VMC. For each inspection item which is considered

I naccessible for reinspection, another randomy
selected alternative itaw shall be substituted in the
sanple. The cunul ative sanple size at this stage is
designated as n, and the number of discrepant itens
observed is designated as dne Determine the applicable
acceptance and rejection nunbers (an,, rn) from Table 1.
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Step 7

Conpare the nunber of discrepant items dn to the
acceptance and rejection numbers (an,, in).

a. |f the nunber of discrepant itenms dn isless than
or equal to an, take one of the follow ng actions.

(i) If an engineering evaluation of all dn
discrepant items finds them acceptable,

accept the popul ation.

(ii) If any of the dn discrepant items is found to
be unacceptable, the popul ation cannot be
accepted on the basis of the present sanpling
reinspection. Proceed to Step 9.

b. If dn is between an and rn, take one of the
followi ng actions.

(i) Continue sanpling by going to Step 5 or
(ii) Stop sanpling and deternine popul ation
acceptability by evaluating found

di screpancies as described in Step 8.
c. If dn equals or exceeds in, deternine population

acceptability by evaluating found discrepancies as
described in Step 8.

Step 8

This isthe sanme as Step 4 except that dn is used
instead of dgy.
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Sep 9

Wien the popul ation cannot be shown to be acceptable on
the basis of sanpling reinspection, appropriate
corrective action shall be deternined using project
procedures. This may include 100% reinspection for
unaccept abl e di screpant conditions and repair or

eval uation on a case-by-case basis. |f the root cause
i s determned to affect only a small portion of the
original population, 100% reinspection may be |inited

to this portion of the popul ati on.
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THREE- STAGE MULTI PLE SAMAPLI NG PLAN
FOR VWAC- DI SCREPANT | TEMS (&)
Sampling Curul ative Cunul ati ve Cunul ative
. Sage Sanpl e Size Accept ance Nunber Rej ection Nunmber
n an rn
0 3
114 1 3
164 2 3

(a) See Appendix A Section A2 for a discussion of this plan.
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FIGURE 1 FLOACHART FOR SINGLE SAMPLI NG PLAN
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FIGURE 2 FLOACHART FOR MULTI PLE SAMPLI NG PLAN
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Ceneral Comments on-Sanpling Plan |nplenentation

The Sanpling Plan isone nethod used to deironstrate that a
popul ation of welded connections or conponents is

adequate. It isto be used to verify that items which have
been previously inspected and accepted are adequate. The
Sampling Plan isnot to be used for first line I nspection or
as a systemof accepting welds which have not been inspected
to the requirenents of VWAC or some other visual weld
acceptance criteria.

Because the items in the population have already been
inspected and accepted, the review of the welded itens in
the sanple representing the full population is intended to
be applied to the questionable attribute(s) and not to each
weld attribute Aor which acceptance criteria are given in
the WAMC.  For exanple, if there is a question as to the
size of welds ina population of welded connections, the
Inspector reviewing the represent-ative sanple would only
consider the size of the welds.

I't i smnagement's responsibility to select the random
sanpl e representing the popul ation of welded connec~tions.
To be considered representative, consideration should be
given to:

1)  The organization making the welds

2)  The organization inspecting the welds

3) Weld procedures used

4) I nspection procedures used

5) Configuration sinilarity



A2

NCIG-02
9-27-85
Revision 0

6) Welding accessibility

7) | nspector accessibility

8) Wlding position

9) Shop vs. field welds

10) Material product, type and form

Wen the Engineer performs an engineering evaluation of the
observed discrepancies, it ispernissible to use:

1) Alowable stresses based on specified, actual or
representative physical properties

2) Specified or actual |oads
3) Mre refined stress analysis
Parameters of Reconmended- - Sanpling Pl ans

The operating characteristic curve of each of the single and
nul tiple sampling plans is shown in Figure Al.  The

popul ation percent discrepant inFigure Al refers to WAC
discrepancies. |f a population has 5%VWAC di screpanci es,
Figure Al shows that the probability of t6lhs popul ation
being accepted by the single sanpling plan is 5.1% The
corresponding value for the nmultiple sampling plan is
5.04% Therefore, both pldns at reliability of 95% provi de
nearly 95% confidence; they are 95/95 plans for acceptance
using WWAC without further engineering evalu~ition. The
curve for the single sanpling plan inFigure A also shows
that for percent discrepant values smaller than 5% ( hi gher
values of reliability), the single sanpling plan is nore
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conservative. This neans that the nultiple plan has a
higher probability of accepting the popul ation

when engineering evaluation js used to accept the popul ation
using sampling results, percent discrepant will refer to jts
failure to meet engineering evaluation. The sanpl i ng
proceduras in this docunent have a zero di screpant
acceptable condition for this type of discrepancy. This
means that whether the single or nultiple plan is used,

every discrepancy found nust be acceptabl e through

engi neering eval uation pefore the popul ation s accept ed.

The operating characteristic cyrve for the single sanpling
plan inthis case is again the same as the one shown in
Figure 1. Wen the nultiple plan is used, the sanple sjze
at which engineering evaluation is made could be either 64,
114, or 164. For this reason, the construction of the
operating characteristic curve for this case is not directly
avail able.  However, since the sanple size will be at |east
64 and a zero discrepant acceptable condition js bei ng used,
the operating characteristic curve for this use of the
multiple plan procedure should be nore conservative than for
the single plan. Consequently, the use of the nultiple plan
will provide better than 95% reliability at 95% confidence
when an engineering evaluation js ysed.

Comments onTr eat ment of | naccessible|tens

Step 2 in Paragraph 3.3 descri~hing i npl enentation of g3
single plan and Steps 2 and 6 il Paragraph 3.4 for a
miltiple plan pernit the use of a randomy sel ected
alternative when the initially selected item i s not
physically accessible due to reasons determined as
acceptabl e by the Engineer. This should not introduce bi as
i n sanpling when concerns which led to the decision of
performng sanpling are not related to i naccessibility.

A-4
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