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KEPIC Code Case : MI-C-178-2(N-770-2)

Subject :

(Approval Date: 11. 19, 2020)

Alternative Examination Requirements and
Acceptance Standards for Class 1 PWR
Piping and Vessel Nozzle Butt Welds
Fabricated With UNS NO06082 or UNS
W86182 Weld Filler Material With or
Without Application of Listed Mitigation
Activities

Inquiry: What alternative examination requirements

Reply :

and acceptance standards to those of
KEPIC MI, Table 2500-1,

Category B-F and Examination Category

Examination

B-J; or Nonmandatory Appendix R, Table
R-2500-1, Examination Category R-A, Item
No. R 1.15; and MIA 4530, MIB 2200,
MIB 2400, and MIB 3000, may be used
for Class 1 PWR piping and vessel nozzle
butt welds fabricated with Alloy 82/1821)
material with or without the application of

mitigation activities?

It is the opinion of the Committee that the
following alternatives to the examination
and acceptance standards of
Table 2500-1,

and Examination Category

requirements
KEPIC M],
Category B-F,

Examination

B-J; or Nonmandatory Appendix R, Table
R-2500-1, Examination Category R-A, Item
No. R 1. 15; and MIA 4530, MIB 2200,
MIB 2400, and MIB 3000, may be used
for Class 1 PWR piping and vessel nozzle
butt welds fabricated with weld filler material
UNS NO06082 (SFA-5.14, ERNiCr-3) or UNS
W86182 (SFA-5.11, ENiCrFe-3), or a

Note 1) Alloy 82 and Alloy 182 are common abbreviations

used by

industry, the regulatory authority, and

research organizations for UNS N06082 (SFA-5.14,

ERNiCr-3)

and UNS  W86182 (SFA-5.11,

ENiCrFe-3), respectively.
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combination of both, with or without the
types of mitigation listed in 2410(1).
These individual filler materials or a
combination of both will be hereinafter

referred to as Alloy 82/182" material.
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1000 SCOPE AND RESPONSIBILITY
1100 SCOPE

(1) Except as stated in (3) through (6), this Case
provides alternative examination requirements and
acceptance standards for volumetric examination, and
surface examination, where applicable, of NPS 2
(DN 50)and greater and visual examination of greater
than NPS I(DN 25) pressure retaining Class 1 PWR
piping and vessel nozzle butt welds fabricated with
Alloy 82/182 materials, with or without application of
mitigation activities. Pressurizer nozzle butt welds are
considered part of the hot leg welds.

(2) This Case shall not be used to perform
mitigation activities. For the types of mitigation
activities identifiedin  2410(1), this Case provides
pre-mitigation examination requirements, configuration
requirements, stress improvement performance criteria,
and preservice examination requirements.

(3) Butt welds described in (1) above with normal
operating temperatures of less than 525°F (274°C) are
not included in this Case.

(4) Pressure retaining welds in control rod drive
and instrument nozzle housings of reactor vessel
heads are not included in this Case.

(5) Alloy 82/182 welds never exposed to the
reactor water environment are not included in this
Case.

(6) If a mitigated or unmitigated butt weld initially
included in (1) is subsequently completely removed
and replaced with primary water stress corrosion
cracking (PWSCC) resistant materials, the weld shall
no longer be included in the scope of this Case. The
weld shall be added to the ISI Program as a new
weld in accordance with MIB 2412(2) in editions
and addenda up to and including the Summer 2008
Addenda and in accordance with MIB 2411(2) in
the Winter 2008 Addenda or later editions and
addenda.
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1200 COMPONENTS SUBJECT TO
EXAMINATION
1210 EXAMINATION REQUIREMENTS
The examination requirements shall apply to the
following:

(1) Class 1 piping and vessel nozzle butt welds
fabricated with Alloy 82/182 material with nonwelded
stress improvement mitigation or without mitigation.

(2) Class 1 piping and vessel nozzle butt welds
fabricated with Alloy 82/182 material and mitigated
with full structural weld overlay, optimized weld
either, or any
combination of weld filler materials UNS
NO06052(SFA-5.14, ERNiCrFe-7), UNS W86152
(SFA-5.11, ENiCrFe-7), or UNS NO06054(SFA-5.14,
ERNiCrFe-7A). These individual filler materials or
any combination thereof will be herein referred to
as Alloy 52/152.3)

overlay, inlay or onlay with

2000 EXAMINATION
2200 BASELINE EXAMINATION

The examinations listed in Table 1 applicable to
the configurations of welds within the scope of 1100
shall  be with 2500

completely, once, as a baseline examination and

performed in accordance
shall be evaluated by comparing the examination
standards in 3132.
and B of Table 1

describe butt welds which have not been mitigated

results with the acceptance

Inspection Items A-1, A-2,

while Inspection Items C through K describe butt
welds which have been mitigated using one of the
following techniques: full structural weld overlay,
optimized weld overlay, stress improvement, inlay, or
onlay. For Inspection Items C through K, the reservice

examination (2220) establishes the baseline examination.

NOTE 3) Alloy 52, Alloy 152, and other similar
designations are common abbreviations used by

industry , the regulatory authority, and research
organizations for UNS NO06052 (SFA 5.14,
ERNiCrFe-7), UNS W86152(SFA-5.11,
ENiCrFe-7), and UNS NO06054 (SFA 5.14,

ERNiCrFe-7A), respectively. For the purposes of
this Case, these materials are considered equivalent
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These examinations shall include all piping and
vessel nozzle butt welds within the scope of 1100.
Examinations performed prior to implementation of
this Case that meet the requirements of Table 1 and
KEPIC MI, Appendix VIII may be credited. Welds in
Table 1 Inspection Item A-1, A-2, and B that have
not been examined using KEPIC MI, Appendix
VIII requirements shall be examined within the next
two refueling outages from adoption of this Case.
Welds in all other categories shall be scheduled in

accordance with Table 1.

2220 PRESERVICE EXAMINATION AFTER
REPAIR/REPLACEMENT ACTIVITIES OR
STRESS IMPROVEMENT

Prior to return to service, the applicable

examinations listed in Table 1 shall be performed

on items affected by a repair/replacement activity

(mitigation by full structural weld overlay, optimized

weld overlay, inlay, or onlay), or by mitigation using

stress improvement methods. Preservice examinations

shall meet the acceptance standards of Table 1.

Preservice acceptance in accordance with 3132.3

shall not permitted for flaws in new weld material

applied with the mitigation techniques defined in

Table 1. Previously evaluated flaws in the dissimilar

metal weld that were mitigated by the techniques

identified in Table 1 need not be reevaluated unless
the previously evaluated flaws have grown or new

planar flaws have been identified.

2400 EXAMINATION SCHEDULE
2410 EXAMINATION PROGRAM

(1) Inservice examination methods and frequencies
as required by Table 1 shall be determined using
characterize  the

the following parameters to

susceptibility to crack initiation, the potential for
crack propagation, and the mitigation technique.

(a) Susceptibility to crack initiation shall be
categorized by the operating temperature of the
component, as follows:

1) Hot leg temperatures [defined as
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temperatures > 580°F (304°C)]

a) The hot leg shall be further divided into
items at operating temperatures > 625°F (329°C)
(Item A-1) and items at operating temperature < 62
5°F (329°C) (Item A-2)

2) Cold leg [defined as
> 525°F(274°C) and < 580°F (304°C)]
(b) The potential for crack propagation is

temperatures

temperatures

categorized by the status of the weld as follows:

1) cracked

2) uncracked

(c) The following mitigation techniques are

included in this Case:

1) Full Structural Weld Overlay

2) Optimized weld overlay

3) Stress Improvement. Stress improvement
techniques shall meet the Performance Criteria and
Measurement or Quantification Criteria of Appendix I

4) Inlay

5) Onlay

(2) Welds included in -1100 shall be identified
as unique population within the ISI Program
categorized by Table 1 Inspection Items, and
examined in accordance with the requirements of
Table 1.

(3) The mitigated welds in Table I,
Items C through K, shall be added to the ISI
Program as new welds in accordance with MIB
2412(2) in addenda up to and
including the 2008 Addenda and in
accordance with MIB 2411(2) in the Winter 2008

Addenda and later editions or addenda.

Inspection

editions and

Summer

(4) If more than one mitigation technique is
used, a population of welds mitigated using each
technique shall be established in accordance with
Table 1.
sample of each Inspection Item population as
shall be added to the ISI

Program in accordance with (3) and shall be

Each Inspection Item population, or a

required by Table 1,

examined in accordance with Table 1.
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2420 2% H|ma|HA} 2420 SUCCESSIVE EXAMINATIONS
S& "o ZAAR= B Lo AEY o) Successive examinations are specified in Table I.
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TABLE 1
EXAMINATION CATEGORIES
CLASS 1 PWR PRESSURE RETAINING DISSIMILAR METAL PIPING AND VESSEL NOZZLE BUTT WELDS CONTAINING ALLOY 82/182
. Examination L. Deferral of
Inspection . . Examination Acceptance . I
Parts Examined Requirements/ <> Extent and Frequency of Examination Examination to End
Item . Method Standard
Fig. No. of Interval
Unmitigated butt weld at Hot
. Weld Surface | Visual™®" = 3140 Each refueling outage ..
A-1 Leg operating temperature . s - Not permissible
Fig. 1 Volumetric 3130 Every second refueling outage (5)
(-2410)>625°F (329°C)
Unmitigated butt weld at Hot
. Weld Surface | Visual™®> <~ 3140 Each refueling outage .
A-2 Leg operating temperature . . <> Not permissible
Fig. 1 Volumetric 3130 Every 5 yr (5)
(-2410)<625°F(329°C)
Unmitigated butt weld at Cold
Leg operating temperature Weld Surface | Visual™®> <% 3140 Once per interval o
B ° ° . . <4 . . . Not permissible
(-2410) 2525°F(274°C) and < Fig. 1 Volumetric 3130 Every second inspection period not to exceed 7 yr(5)
580°F(304°C)
These welds shall be placed into a population to be
examined on a sample basis. Twenty-five percent of this
Uncracked*® butt weld population shall be added to the ISI Program in accordance
cl reinforced by full structural Figures 2(a) Volumetric™*> 3130 with -2410 and shall be examined once each inspection e
weld overlay of Alloy and 2(b) e interval”'”. For each overlay in the 25% sample that has an
<7> .
52/152°" material analyzed life of less than 10 yr, at least one inservice
examination shall be performed prior to exceeding the life
of the overlay.
Uncracked™ butt weld 100 % of these welds shall be examined once each
ca reinforced by optimized weld Figures 5(a) | Volumetric 3130 inspection interval. For any overlays that have an analyzed s
) overlay of Alloy 52/152<7 and 5(b) B life of less than 10 yr, the inspection interval shall be less
material than or equal to the analyzed life.
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TABLE 1

EXAMINATION CATEGORIES

CLASS 1 PWR PRESSURE RETAINING DISSIMILAR METAL PIPING AND VESSEL NOZZLE BUTT WELDS CONTAINING ALLOY

82/182

Inspection
Item

Parts Examined

Examination
Requirements/
Fig. No.

Examination
Method(1)

Acceptance

Standard Extent and Frequency of Examination

Deferral of

Examination to End

of Interval

Uncracked butt weld mitigated

. . 12
with stress improvement™'>

Figure 1

Volumetric™”

<I3>

Examine all welds no sooner than the third refueling outage

and no later than 10 yr following stress improvement.
Examination volumes that show no indication of cracking
shall be placed into a population to be examined on a
sample basis. Twenty-five percent of this population shall be
added to the ISI Program in accordance with 2410 and shall

be examined once each inspection interval(10). 1f more than

3130

one type of stress improvement is used, the population of
each type of stress improved welds shall be established and
25% of each type shall be added to the ISI Program in
accordance with 2410 and shall be examined once each

inspection interval (10).

<]1>

Cracked butt weld mitigated

<12>

with stress improvement

Figure 1

Volumetric™”

<13>

Once during the first or second refueling outage following
application of stress improvement. Examination volumes that
show no indication of crack growth or new cracking shall
be placed into a population to be examined on a sample
basis. Twenty-five percent of this population shall be added
3130 to the ISI Program in accordance with 2410 and shall be
examined once each inspection interval (1 0). If more than
one type of stress improvement is used, the population of
each type of stress improved welds shall be established and
25 % of each type shall be added to the ISI Program in

accordance with 2410 and shall be examined once each

inspection interval (10).

<l1>

- 1 1 -
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TABLE 1

EXAMINATION CATEGORIES

CLASS 1 PWR PRESSURE RETAINING DISSIMILAR METAL PIPING AND VESSEL NOZZLE BUTT WELDS CONTAINING ALLOY 82/182

Inspection
Item

Parts Examined

Examination
Requirements/
Fig. No.

Examination
Method(1)

Acceptance
Standard

Extent and Frequency of Examination

Deferral of
Examination to End
of Interval

F-1

Cracked butt weld reinforced
by full structural weld
overlay of Alloy 52,152

material”

Figures 2(a)
and 2(b)

Volumetric™

<>, <9>

3130

Once during the first or second refueling outage following
overlay. Weld overlay examination volumes that show no
indication of crack growth or new cracking shall be placed
into a population to be examined on a sample basis.
Twenty-five percent of this population shall be added to the
ISI Program in accordance with 2410 and shall be examined
once each inspection interval (10). F or each overlay in the
25% sample that has a design life of less than 10 yr, at
least one inservice examination shall be performed prior to
exceeding the life of the overlay.

<l1>

F-2

Cracked butt weld reinforced
by optimized weld overlay of
Alloy 52/152%7 material

Figures 5(a)
and 5(b)

Volumetric

<l4>, <18>

<4>,

3130

Once during the first or second refueling outage following
overlay. Examination volumes that show no indication of
crack growth or new cracking shall be examined once each
inspection interval. For any overlays that have an analyzed
life of less than 10 yr, the inspection interval shall be less
than or equal to the analyzed life.

<l1>

Uncracked butt weld
mitigated with an inlay of
Alloy 52/152 material™'>

Figure 3

Volumetric™
<16>

Surface™””

3130

<16>

surface
examination™” of all welds no sooner than the third
refueling outage and no later than the shorter of 10 yr
following inlay or the analyzed life of the inlay.
Examination volumes that show no indications of cracking
shall be placed into a population to be examined on a
sample basis. Twenty-five percent of this population shall

<17>

Perform a volumetric examination and a

receive a surface examination performed from the weld

<16>

inside surface and a volumetric examination performed

from either the inside or outside surface. The 25% sample
shall be added to the ISI Program in accordance with 2410

<10>

and shall be examined once each inspection interval™ " .

<l1>

- 1 3 -
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TABLE 1

EXAMINATION CATEGORIES

CLASS 1 PWR PRESSURE RETAINING DISSIMILAR METAL PIPING AND VESSEL NOZZLE BUTT WELDS CONTAINING ALLOY 82/182

Inspection
Item

Parts Examined

Examination
Requirements/
Fig. No.

Examination
Method(1)

Acceptance
Standard

Extent and Frequency of Examination

Deferral of
Examination to
End of Interval

Uncracked butt weld
mitigated with an
onlay of Alloy 52/152

<7><15>

material

Figure 4

Volumetric™

<16>

|
Surface™'””

3130

16>

Perform a volumetric examination™ and a surface

examination™'” of all welds no sooner than the third
refueling outage and no later than the shorter of 10 yr
following onlay or the analyzed life of the onlay.
Examination volumes that show no indications of cracking
shall be placed into a population to be examined on a
sample basis. Twenty-five percent of this population shall

<]7>

receive a surface examination performed from the weld

<16>

inside surface and a volumetric examination performed

from either the inside or outside surface. The 25% sample
shall be added to the ISI Program in accordance with 2410

<10>

and shall be examined once each inspection interval™ " .

<11>

Cracked butt weld mitigated
with an inlayof Alloy 52/152

<7><15>

material

Figure 3

Volumetric™

<16>

<]7>

Surface

3130

Once during the first or second refueling outage follow ing
application of inlay. This examination shall include a
volumetric examination™® and a surface examination™”.
Examination volumes that show no indications of new
cracking or crack growth shall be placed into a population
to be examined on a sample basis. Twenty-five percent of
this population shall receive a surface examination™”
performed from the weld inside surface and a volumetric
examination™'® performed from either the inside or outside
surface. The 25% sample shall be added to the ISI Program
in accordance with 2410 and shall be examined

once each inspection interval™'®.

<11>

_15_
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TABLE 1

EXAMINATION CATEGORIES

CLASS 1 PWR PRESSURE RETAINING DISSIMILAR METAL PIPING AND VESSEL NOZZLE BUTT WELDS CONTAINING ALLOY 82/182

with an onlay (15)

Surface (17)

a surface examination™” performed from the weld inside

<16>

surface and a volumetric examination performed from either
the inside or outside surface. The 25% sample shall be added
to the ISI Program in accordance with 2410 and shall be

<10>

examined once each inspection interval

. Examination o Deferral of
Inspection . . Examination Acceptance I I
Parts Examined Requirements/ Extent and Frequency of Examination Examination to
Item . Method(1) Standard
Fig. No. End of Interval
Once during the first or second refueling outage following
application of onlay. This examination shall include a
volumetric  examination™® and a surface examination™”".
Examination volumes that show no indications of new cracking or
Volumetric crack growth shall be placed into a population to be examined on a
Cracked butt weld mitigated . . . 11>
K ww 8 Figure 4 4), (16) 3130 sample basis. Twenty-five percent of this population shall receive 1

_17_
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NOTES:

(1) Volumetric examination requirements, methods, acceptance standards and frequencies are

applicable to Class 1 PWR piping and vessel nozzle butt welds NPS 2 <DN 50) or greater.

(2) A VE shall consist of the following:

(a) A direct examination of the bare metal surface of the entire outer surface of the weld with
the insulation removed or lifted to allow access for the VE.

(b) The direct VE shall be performed at a distance not greater than 4 ft (I .2 m) from the
weld and with a demonstrated illumination level sufficient to allow resolution of lower
case characters having a height of not greater than 0.105 in. (2.7 mm).

(c) Alternatively, the VE may be performed with insulation in place or removed using remote
visual equipment that provides resolution of the weld metal surface equivalent to a bare
metal direct VE as defined in (a) and (b), above.

(d) Personnel performing the VE shall be qualified as a VT-2 visual examiner and shall have
completed at least four (4) hours of additional training in detection of borated water
leakage from Alloy 600/82/182 components and the resulting boric acid corrosion of
adjacent ferritic steel components.

(e) Examination may be performed with the system depressurized.

(3) A VE may be performed during an outage when a volumetric examination is performed from
the weld outer surface. An ultrasonic examination performed from the component inside or
outside surface in accordance with the requirements of Table 1 and Appendix VIII (2000
Edition or the or later) shall be acceptable in lieu of the VE requirement of this table.

(4) Ultrasonic volumetric examination shall be wused and shall meet the applicable
requirements of Appendix VIIL

(5) Subsequent Inservice Inspection of Unmitigated Welds With inside Surface Connected Planar
Flaws

(a) If planar surface flaws are detected in the butt weld/base metal inside surface, this weld
shall be reexamined at the shorter frequency of every refueling outage or the frequency
determined by the crack growth analysis of 3132.3.

(b) This weld shall be subsequently examined at the frequency required by (a) unless mitigated

(6) Preweld Overlay Examination for Full Structural and Optimized Weld Overlays

(a) Except as provided in (b) and (c), volumetric examination shall be performed prior to full
structural or optimized weld overlay and shall include the examination volume of Figure 1.

(b) As an alternative to (a), if the volumetric examination prior to the full structural weld overlay is
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not performed, it shall be assumed to be cracked and shall be classified F-1.

©

(d)

For reactor vessel nozzle welds at cold leg temperatures requiring the core internals to be
removed to perform the examination, the volumetric examinations are not required prior to
application of the weld overlay. If the pre-weld overlay volumetric examination is not
performed, a post-weld overlay preservice examination consisting of a surface examination
and a volumetric examination shall be performed after removal of the core internals. If
these examinations do not detect cracks, the weld shall be considered to be uncracked and
shall be subject to the examination requirements of Inspection Item: C-1 or C-2. This postweld
and the

examination volume in Figure 2(a) or Figure 5(a). The post-weld overlay preservice surface

overlay volumetric examination shall include the examination volume in Figure 1

examination shall be performed on the weld inside surface, extent E-F of Figure 1, and
shall consist of an eddy current examination in accordance with MIA 2223.

If the crack is completely removed by a repair/replacement activity in accordance with MIA
4000 and the weld overlay is then applied, the weld shall be reclassified Inspection Item C-1 or
C-2.

(7) Alloy 52, Alloy 152, and other similar designations are common abbreviations used by industry,

the regulatory
ERNiCrFe-7),

research
(SFA-5.11,

authority, and
UNS  W86152

UNS NO06052
and UNSNO06054

organizations for
ENiCrFe-7),

(SFA-5.14,
(SFA- 5.14,

ERNiCrFe-7A), respectively. These individual filler materials or any combination thereof are
referred to as Alloy 52/152.

(8) Inservice Inspection of Full Structural Weld Overlay

(@

(b)

(©)

The weld overlay examination volume in Figure 2(a) shall be ultrasonically examined to
determine the acceptability of the weld overlay and to determine if any new or existing cracks
have propagated into the outer 25% of the original weld or base material or into the overlay.
The angle beam shall be directed perpendicular and parallel to the piping axis, with scanning
performed in four directions.

The weld overlay shall meet the requirements of 3132. In applying the acceptance standards to
planar indications, the thickness tjor ?,, defined in Figure 2(b), shall be used as the
nominal wall thickness in MIB 3514, provided the base material beneath the flaw(i.e., safe
end, nozzle, or piping material) is not susceptible to PWSCC. For susceptible material, ;
shall be used.

As an alternative to (a), for inservice inspection, the weld examination volume in Figure 1

may be ultrasonically examined. If cracking is detected extending beyond the weld
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glo]9] AR AARE {5t 471 (71, (W)Y &R vl dAt e3E oo} S examination volume, the weld examination of (a) and (b) above shall be performed to determine
the acceptability of the weld overlay.

@hH b, (W) e (Hel 71&%5 vloydAatols @448 eu, 880l £+ ) & (d) If inservice examinations of (a), (b), or (c) reveal crack growth, or new cracking in the
AE/A9] Q& 26%0|A FARFE S WESH= AlF 4o dARTH, 84 owd weld overlay or outer 25% of original weld/base material meeting the acceptance
o] AANAL #E% E= N2 #4289 ZAE o2 A Hal = T Hxj sHARR standards, the weld overlay examination volume shall be reexamined during the first or
AR 717 Zotof] AjZAALE]ofo} St S evgfo] AAMAL st ¥ = T Ho] Yy second refueling outage following detection of the crack growth or new cracking. The weld
SARAZIZE 7170 F7tE £ WOl v|mty] AA Al&SHA] L88E]ojof Stct &, 4 overlay examination volume shall be subsequently examined two additional times at the
AR = Al dgo] Asd § oA ¥ HAGRIAATIZE Yol & 3HO| AAE & period of one or two refueling outages, i.e., a total of three examinations within six

3. refueling outages of detection of the crack growth or new cracking.
(@hH (holl & Al o] &4 vty FdAtolA A9 ZEAQ HEst gl 4%, 8485 4] (e) If the examinations required by (d) reveal that the flaws remain essentially unchanged for
T AA A2 B 1o Y BE U umyPar dgog B3 & 4 Qi o] 84 three successive examinations, the weld examination schedule may revert to the sample and
B 25% mEo| mgtg]ojof Sict. schedule of examinations identified in Table 1. This weld shall be included in the 25%

sample.
(9) ¢™ 128 84 eHold tigt 7tsddA (9) Preservice Inspection for a Full Structural Weld Overlay

(7h 3™ 20hY BAIAIA LS 23O AALR 88| oo Shot Apztdle o S48 = o (a) The examination volume in Figure 2(a) shall be ultrasonically examined. The angle beam
A FHAH9 QF 25% F= &7 oHgo] YEZE XX HHAXNO x|t 2 7]d tfsf, shall be directed perpendicular and parallel to the piping axis, with scanning performed in
Bt Zof] £A1 @ fmubstolojof stH, U] WlgFo g ZAtE]ojo} sttt & @ AH|UO| four directions, to locate and size any planar flaws that have propagated into the outer
EA AHQYAZ 2Aj9] 874 ewo]l: 100% ¥HE WSSt AXo] 4EAHR EA0 25% of the original weld or base metal thickness or into the weld overlay. For weld
ALEE 42, €3 ewdo] Yo QAU evdolz RXAE FHHZAM chshaet x|t overlays on cast austenitic stainless steel base materials, if a 100% through-wall flaw is
37|15 &% stojof sttt used for the crack growth analysis, only planar flaws that have propagated into the weld

overlay or are in the overlay shall be located and sized.

-

(1) MIB 35149] 7F=A v|myZAAl AREL 874 odgo] Ajrel ZAo] UrEE ojof St (b) The preservice examination acceptance standards of MIB 3514 shall be met for flaws in

a i St

. FHXAle] FAEFS ALY AL, 3 2o HYH t; EE ,9 FA= the weld overlay material. In applying the acceptance standards to planar indications, the

MIB 35149] 3% WZ/7} Al&E|ojof st1, ZAA olg] TAf[of], SPATHE(safe end), thickness, ¢; or fy, defined in Figure 2(b), shall be used as the nominal wall thickness
= F-= vjdRg)7E IR HABAIFA(PWSCC)o|| RIZFSHA] Qrotof sttt gizbst x| in MIB 3514, provided the base material beneath the flaw(i.e., safe end, nozzle, or piping

59 4%, o AR = X FAY F 25%°] Jv= BHARZ 3132.3(2hHY AA material) is not susceptible to PWSCC. For susceptible material, ¢ shall be used. Planar

flaw in the outer 25% of the original weld or base material thickness shall meet the design

analysis requirements of 3132.3(d).
MIB 35149] 7}-=% u

o (c) The flaw evaluation requirements of MIB 3640 shall not be applied to planar flaws in the

o
p

weld overlay material, identified during preservice examination, that exceed the preservice

examination acceptance standards of MIB 3514

X = 35l @AY xSk = 9 . . . .
= 2A2ES Yot SAFE RYHES 25% B2 (10) The 25% sample shall consist of the same welds in the same sequence during successive
o 34 P57] 5o BAY 2A0) TS §ARE PAEolor ATk newu AL

intervals to the extent practical provided the 25% sample contains the welds that experience the
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(b) Examinations of welds originally classified Table MIB 2500-1, Category B-F

MI-C-178-2(N-770-2)

highest operation temperature in the Inspection Item. If hot leg and cold leg welds are included in

the same Inspection Item, the initial 25% sample does not need to include the cold leg welds.
Those welds not included in the 25% sample shall be examined prior to the end of the

mitigation evaluation period if the plant is to be operated beyond that time.

(11) Deferral of Examinations

(a) Examinations of welds originally classified Table MIB 2500-1, Category B-J welds prior to

mitigation are not permitted to be deferred to the end of the interval.

welds, Item
Numbers B5.10, and B5.20 prior to mitigation, may be deferred following weld inlay,
onlay, overlay, or stress improvement, as follows:

end of the

required by

1) Examination for Inspection Item C-1 and C-2 may be deferred to the
interval and performed coincident with the vessel nozzle examinations
Category B-D.

2) The first examinations following weld inlay, onlay, overlay, or stress improvement for Inspection
Items D through K shall

Inspection Items D through K may be performed coincident with the vessel nozzle

be performed as specified. Subsequent examinations for

examinations required by Category B-D.

3) For successive inspection intervals following weld inlay, onlay, overlay, or stress

improvement, subsequent examinations may be deferred to the end of the interval,

provided no additional repair/replacement activities have been performed on the

examination item, and no flaws or relevant conditions requiring successive examination in

accordance with Table 1 are contained in the mitigated weld.

(c) Welds that were classified in accordance with Nonmandatory Appendix R, prior to mitigation shall

be reclassified based on the configuration of each piping structural element and the postulated
degradation mechanisms if any remaining after the mitigation. Deferral of examinations shall be

according to (a) and (b), above.

(12) If stress improvement techniques are used, the following shall be met:

(a) Except as provided in (e) below, volumetric exams shall be performed on these welds before

the stress improvement techniques are applied. The pre-stress improvement exam shall be
conducted in the same outage as the application of stress improvement or, for non-cracked
welds, no more than one cycle previous to the application of stress improvement. The

examination volume of Figure 1 applies.

(b) Post-stress improvement examinations are required and shall be considered the preservice baseline
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examination. The examination volume of Figure 1 and the following acceptance standards apply:
1) For uncracked welds, no new planar surface flaws are permitted in the butt weld or base
metal inside surface.
2) For cracked welds, any growth or change in crack size of previously detected planar
surface flaws shall be reevaluated in accordance with 3132.3.
3) Flaws other than planar surface flaws detected in the butt weld or base metal inside surface,
shall meet the acceptance standards of 3514.
(c) If the crack is completely removed by repair/replacement activity in accordance with MIA
4000 and the stress improvement is then applied, the weld shall be restored to Item number D.
(d) A documented evaluation shall be completed demonstrating that the stress improvement
technique meets the performance criteria in Appendix I
(e) For reactor vessel nozzle welds at cold leg temperatures requiring the core internals to be
removed to perform the examination, the volumetric examinations are not required prior to
application of the stress improvement technique. If the pre-stress improvement volumetric
examination is not performed, a post stress improvement preservice surface examination and
volumetric examination shall be performed after removal of the core internals. If these
examinations do not detect cracks, the weld shall be considered uncracked and be subject to the
examination requirements of Inspection Item D. This poststress improvement preservice volumetric
examination shall include the examination volume shown in Figure 1. The examination volume
of Figure 1 applies in addition to the examination volume of Figure 5(a) when weld overlay
is used as stress improvement in accordance with this [Note 12(e)]. The post stress improved
preservice surface examination shall be performed on the butt weld inside surface, extent E-F
of Figure 1, and shall consist of an eddy current examination in accordance with MIA
2223.
(13) Inservice Inspection for Stress Improvement
(a) The required examination volume of Figure 1 shall be ultrasonically examined to
determine the acceptability of the mitigated weld.
(b) If inservice examinations of (a) reveal crack growth or new cracking, the weld examination
volume of Figure 1 shall be examined during each of the next three refueling outages.
(c) If the examinations required by (b) reveal that the flaws remain essentially unchanged for
three successive examinations, the weld examination schedule may revert to the sample and
schedule of examinations identified in Table 1. This weld shall be included in the 25%

sample.
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(14) Preservice Inspection for Optimized Weld Overlays

(a) The examination volume in Figure 5(a) shall be ultrasonically examined. The angle beam

(b)

(©)

1)

=

shall be directed perpendicular and parallel to the piping axis, with scanning performed in
four directions, to locate and size any planar flaws that have propagated into the outer
50% of the original weld or base metal thickness or into the weld overlay. For weld
overlays on cast austenitic stainless steel base materials only planar flaws that have
propagated into the weld overlay or are in the overlay are required to be located and
sized.

As an alternative to (a), for weld overlays that can be shown to meet the requirements
for full structural weld overlays with respect to axial flaws, the required examination
volume of Figure 2(a) may be used for scans in which the angle beam is directed
perpendicular to the pipe axis. The examination volume of Figure S5(a) shall be used for
scans in which the angle beam is directed parallel to the pipe axis.

The preservice examination acceptance standards of MIB 3514 shall be met for flaws in the weld

overlay material and the outer 25% of the original weld/base material. In applying the
acceptance standards to planar indications, the thickness, ; or %, defined in Figure 5(b),
shall be used as the nominal wall thickness in MIB 3514, provided the base material
beneath the flaw(i.e., safe end, nozzle, or piping material) is not susceptible to PWSCC. For
susceptible material, ¢; shall be used. Planar flaws in the outer 25% to 50% of the original
weld or base material thickness shall meet the design analysis requirements of 3132.3(4)

The flaw evaluation requirements of MIB 3640 shall not be applied to planar flaws in the
weld overlay material, identified during preservice examination, that exceed the preservice

examination acceptance standards of MIB 3514.

(15) If Alloy 52/152 weld inlay or onlay techniques are applied, the following shall be met:

(a) Volumetric examinations shall be performed on these welds both immediately before

application of inlay or onlay and after application as a preservice baseline examination.

(b) If the configuration of the inlay or onlay does not permit coverage in accordance with

2500(3) of the required preservice and inservice examination volume for each modified
dissimilar metal weld, the weld shall be examined in accordance with Inspection Item A or
B.

(c) If the capabilities of the volumetric examination for detection, length sizing, and through-wall

sizing for the dissimilar metal weld are adversely affected by the inlay or onlay, the weld shall

be examined in accordance with Inspection Item A or B.
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(d) Preservice surface examinations shall be performed on the modified dissimilar metal weld after

inlay or onlay application. Liquid penetrant examination in accordance with MIA 2222 or eddy

current examination in accordance with MIA 2223 shall be performed. The acceptance standards

of

MNB 5352 shall apply for the inlay or onlay, except that rounded indications with

dimensions larger than the smaller of 1/16 in. (1.5mm) or 50% of the thickness of the inlay

or onlay are unacceptable. The balance of the surface examination area shall comply with the

inservice examination standards of MIB 3514

(e

®

Preservice volumetric examination shall be performed on the modified dissimilar metal weld.
All flaws that were detected in (a), above, extending beyond the examination volume, shall be
reexamined and sized, if they remain in the original weld. Planar flaws in the inlay or
onlay shall meet the preservice examination standards of MIB 3514. Laminar flaws shall
meet the acceptance standards of MIB 3514. Planar flaws in the balance of the dissimilar
metal weld examination volume shall comply with the inservice examination acceptance
standards of MIB 3514 or the requirements of MIB 3600.

If the crack detected prior to weld inlay or onlay is completely removed by a
repair/replacement activity in accordance with MIB 4000 and the weld inlay or onlay is

then applied, the weld shall be reclassified as Inspection Item G or H, respectively.

(16) Inservice Inspection Volumetric Examination for Weld Inlay or Weld Onlay

(@)

(b)

©

If inservice examinations reveal crack growth, or new cracking, meeting the acceptance
standards of 3132.3, the weld examination volume shall be reexamined during the first refueling
outage following discovery of the growth or new cracking. The weld examination volume
shall be subsequently examined during each of the next two refueling outages.

Any volumetric examinations that reveal crack growth or new cracking, meeting the
acceptance standards shall also be subject to a surface examination, see [Note (17)]. This
surface examination shall also be required in any subsequent examinations required by (a).

If the examinations required by (a) reveal that the flaws remain essentially unchanged for
three successive examinations, the weld examination schedule may revert to the sample and
schedule of examinations identified in Table 1. This weld shall be included in the 25%
sample population. If cracking penetrates beyond the thickness of the inlay or onlay, the
weld shall be reclassified as Inspection Item A-1, A-2, or B, as appropriate, until
corrected by repair/replacement activity in accordance with MIA 4000 or by corrective

measures beyond the scope of this Case(e.g., stress improvement).

(17) Inservice Inspection Surface Examination for Weld Inlay or Weld Onlay
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MIA 2223 is required. The acceptance standards of MNB-5352 apply for the inlay or onlay
except that rounded indications with dimensions greater than the smaller of 1/16 in.(1.5mm) or 50%
of the thickness of the inlay or onlay are unacceptable. The balance of the surface

examination area shall comply with the inservice examination standards of MIB 3514.

(18) Inservice Inspection of Optimize Weld Overlays

(a) The weld overlay examination volume of Figure 5(a) shall be ultrasonically examined to
determine the acceptability of the mitigated weld. The angle beam shall be directed
perpendicular and parallel to the piping axis, with scanning performed in four directions.

(b) As an alternative to (a), for weld overlays that can be shown to meet the requirements for

~

full structural overlays with respect to axial flaws, the required examination volume of Figure
2(a) may be used for scans in which the angle beam is directed perpendicular to the pipe
axis. The examination volume of Figure S5(a) shall be used for scans in which the angle
beam is directed parallel to the pipe axis. Scanning shall be performed in four directions.

(c) The weld overlay shall meet the requirements of 3132. In applying the acceptance standards
to planar indications, the thickness ¢; or ?y , defined in Figure 5(b) shall be used as the
nominal wall thickness, provided the base material beneath the flaw is not susceptible. For

susceptible base materials, ¢; shall be used.

(d) As an alternative to (a), for inservice inspection, the examination volume in Figure 1 may

=

be ultrasonically examined. If cracking is detected extending beyond the Figure 1 weld
examination volume, the examination volume of (a) or (b) shall be examined in accordance
with (c) to determine the acceptability of the optimized weld overlay.

If the inservice examinations of (a), (b), (c), or (d) reveal crack growth or new cracking in

(e

~

the applied weld overlay or volume of original weld or base material as described in (a) or
(b) meeting the acceptance standards, the weld overlay examination volume shall be
reexamined during the next three refueling outages following detection of the crack growth
or new cracking.

(f) If the examinations required by (e) reveal that flaws remain essentially unchanged for three
successive examinations, the weld examination schedule may revert to schedule of

examinations identified in Table 1.
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2430 ADDITIONAL EXAMINATIONS

(1) Examination performed in accordance with Table
1 that reveal unacceptable flaws as defined in (a), (b),
(©), (d), (¢), and (f) shall be extended to include
examinations of additional welds during the current
outage. The use of MIB 3514 is for the purpose of
determination of scope expansion and not for the
purposes of determining acceptability of the flaws.
Acceptability of flaws shall be determined in accordance
with 3132, The

examinations shall be equal to the number of welds

number of additional weld

for that Inspection Item of Table 1
scheduled to be

inspection period.

originally
performed during the present

The additional examinations shall be selected from
the same Inspection Item and if applicable, from
welds of similar materials, construction, and the same
or higher operating temperatures. However, if the
original examination was for Inspection Item B of
Table 1, the additional examinations shall include
first, additional welds from Inspection Item A, if any
remain, and second, additional welds from Inspection
Item B to reach the required number of additional

examinations.

(a) For Table 1 Inspection Items A-1, A-2, and B
and the examination volume of Figure 1, examinations
of additional unmitigated welds during the current
outage are required if planar surface flaws in the butt
weld or base metal inside surface exceeding the
surface flaw sizes of MIB 3514 are revealed.

(b) For Table 1 Inspection Items D and E and
the examination volume of Figure 1, additional
mitigated welds from the same Inspection Item and
using the same stress improvement method shall be
examined during the current outage if planar surface
flaws in the butt weld or base metal inside surface
exceeding the surface flaw sizes of MIB 3514 are
revealed

(c) For Table 1 Inspection Items C-1, C-2, F-1, and
F-2 and the examination volumes Figures 2(a) and 5(a),

examinations of additional weld overlays from the

_26_
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same Inspection Item during the current outage are
required if unacceptable planar flaws are detected in
the weld overlay thickness, or if this examination
reveals crack growth into the examination volume
larger than predicted by the previous 3132.3
evaluation.

(d) For Table 1 Inspection Items G through K and
the examination volumes of Figures 3 and 4, examinations
of additional mitigated welds from the same
Inspection Item during the current outage are required
if planar flaws exceeding the surface flaw sizes of
MIB 3514 are revealed which are connected to the
inlay or onlay interface, if new flaws or growth of
previously identified flaws are detected in the inlay
or onlay, or if the acceptance standards of the
surface examination are not met.

(e) Examination volumes that reveal axial crack
growth beyond the specified examination volume.

(f) For other than the flaws in -2430(1) (a), (b),
(¢), (d), (e), and (f), the additional examination
requirements of MIB 2430 apply.

(2) If the additional examinations required by
2430(1) reveal flaws exceeding the requirements of
2430(1) (a), (b), (c), (d), (e), and (f) the examinations
shall be further extended to include additional
These

additional examinations shall include the remaining

examinations during the current outage.
number of welds for that Inspection Item in Table 1,
at the same or higher operating temperature conditions.
In addition a 25% sample of welds of that Inspection
Item at lower operating temperatures shall be
sampled. If the examinations of this sample of welds
at lower operating temperature reveal flaws
exceeding the requirements of 2430(1) (a), (b), (¢),
(d), (e), and (f) the examinations shall be further
extended to include all welds of that Inspection Item,
regardless of operating temperature, within the scope

of 1100.

_27_
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2500 EXAMINATION REQUIREMENTS

(1) Welds shall be examined as specified in Table 1.
Volumetric examinations shall meet the requirements of
Appendix VIIL.

(2) For cast stainless steel items for which no
supplement is available in Appendix VIII, the
required examination volume shall be examined by
Appendix VIII procedures to the maximum extent
practical including 100% of the susceptible material
volume). If 100% of the

susceptible material within the required exam volume is

volume(non-stainless-steel

examined both before and after mitigation plus the
weld overlay, inlay, or onlay volume, if applicable,
and no inside surface connected planar flaws are
detected, the inspection frequency of Table 1 for
uncracked items is applicable. If 100% of the susceptible
material within the required exam volume is not examined
in the pre- and post-mitigation volumetric examinations,
the inspection frequency of Table 1 for cracked items
shall be applied with the following exceptions:

(a) The examination of the mitigated weld shall
not be credited to satisfy the requirement of the 25%
inspection sample every inspection interval. The mitigated
weld shall be inspected each inspection interval.

(b) If the required examination volume, including
100% of the susceptible material within the required exam
volume, is subsequently examined using a qualified
and no

ultrasonic  examination

detected,

planar flaws are
the weld may be placed in the 25%
inspection sample population in accordance with Tablel.

(3) For axial and circumferential flaws, examination
shall be performed to the maximum extent practical
using qualified personnel and procedures. If 100%
coverage of the susceptible material within the required
volume for axial and circumferential flaws cannot be met,
but essentially 100% coverage for circumferential flaws
(100% of the susceptible material within the required exam
volume) can be achieved, the examination for axial flaws
shall be completed to achieve the maximum coverage
practical, with any limitations noted in the examination
report. The examination coverage requirements shall be

considered to be satisfied.
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(4) For piping or nozzles with inside diameter not less
than 14 in. (360 mm), in locations with operating
temperature less than 570 °F (300 °C), and where
examination coverage is limited by permanent obstructions,
the examination coverage requirements of this Case may be
modified as follows:

(a) For

maximum possible coverage shall be achieved and

circumferentially-oriented  flaws, the

any limitations shall be documented. If the coverage
is less than 90%, the following flaw tolerance
evaluations shall be performed and shall be submitted
to the regulatory authority having jurisdiction at the
plant site:

1) A straight-sided through-wall flaw shall be
postulated in the region where examination coverage is
obstructed, with a length equal to the obstructed length.
The critical length for a through-wall flaw in this region
shall be calculated, using the principles of MIB 3640.
The time to the next volumetric examination of this weld
shall be shorter than the time for the postulated flaw to
reach the critical length.

2) A part-through-wall surface flaw shall be
postulated in the region where examination coverage
is obstructed, with length equal to the length of the
obstructed region. The allowable flaw depth shall be
calculated wusing MIB 3640. The time for the
postulated flaw to reach that allowable flaw depth
shall be longer than the time to the next volumetric
examination of this weld.

3) The effects of the potential boric acid
leakage and corrosion on the structural integrity of the
carbon or low-alloy steel adjacent to the dissimilar
weld shall be evaluated using the criteria of 3142.

() If 90%

circumferential flaws, VE of the region shall be

coverage is not achieved for

performed during each inspection period.

3000 ACCEPTANCE STANDARDS

3100 EVALUATION OF EXAMINATION RESULTS
3130 INSERVICE VOLUMETRIC EXAMINATIONS
3131 General

(1) The volumetric examinations required by 2500

_29_



MI-C-178-2(N-770-2)

t AMAAE 31329 FAREY wlntn A 2
£ ulwsto] Bojwlofo} Ftey.

(2) AAAA A= 712X v|opy AAF @ A35Y
V5% ulntagate] 7|29 Aol wlwsfop st
AgAtgo] gt g%l gALe 31325 welop
et

0|

3132 &4

3132.1 M[™ ZAA| 2|5 A
(1) ARZA A 22|

AHE &9t Aol

oY §HRE A%

LSS o =

T ZA YHolA HHEH
FE 3132.39 7

gAo] Eojof gttt o
2% ARFS UEPAY 31322
L 3132.3 QAo wet A&ARo] AL ojof
st

(1) ARG A" Z7o] 3132.39] 174
wret Al&ArEo] 518 hEshAl dnta HAgS |

SR/ 24309 F7t W] PAPE BHEEL 84
BIF MIA 40000] we
A Ee =l JAES B2 ZRYH= 2o of
Ae &*%A}Eﬂﬂ WY ool AFRA|(Y, &

Aol Qs 2R mrtx] ALLAe BdtAo

(o]
i [ RSN RS HEY

+

L

(2) 3132.3(4)0ll Tzt §°*7ﬂ7<l*l% 7 84
gefo] AAAIA[ZY 2(7H R 28 50D 4
Aol Jd o 8FRE st & ol
AA=lojoF sk, MIA 40000 w2t B4/IR|ES

—l—opo

MI-C-178-2(N-770-2)

and performed in accordance with MIA 2200 shall be
evaluated by comparing the examination results with
the acceptance standards in 3132.

(2) Volumetric examination results shall be
compared with recorded results of the preservice
examination and  prior inservice examinations.
Acceptance of welds for continued service shall be
in accordance with 3132.

3132 Acceptance
3132.1 Acceptance by Volumetric Examination

(1) A weld whose volumetric examination confirms
the absence of flaws shall be acceptable for continued
service.

(2) A weld with planar surface flaws in the butt
weld or base metal inside surface shall be accepted
for continued service in accordance with the
provisions of 3132.2 or 3132.3. Other flaws shall
meet the acceptance standards of MIB 3514 or be
accepted for continued service in accordance with 3132.2
or 3132.3.

(3) A weld previously mitigated by the techniques
identified in Table 1 with new planar surface flaws
in the butt weld or base metal inside surface or
unexpected or unacceptable growth of existing flaws
shall be accepted for continued service in accordance
with the provisions of 3132.2 or 3132.3.

3132.2 Acceptance by Repair/Replacement Activity or
Corrective Measures

(1) A weld whose volumetric examination reveals a
flaw not acceptable for continued service in accordance
with the provisions of 3132.3 is unacceptable for
continued service until the additional exams of 2430
are satisfied and the weld is corrected by
repair/replacement activity in accordance with MIA
4000 or by corrective measures beyond the scope of
this Case (e.g., stress improvement) that may result
in a weld being classified as Table 1, Inspection Item
E.

(2) For weld overlay examination volumes Figures
2(a) and 5(a)] with
accordance with 3132.3(4), the weld overlay shall be

unacceptable indications in

removed, including the original defective weld, and
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the weld shall be corrected by repair/replacement
activity in accordance with MIA 4000.

(3) For weld examination volumes whose inside
surface has been previously mitigated by weld inlay
or onlay (Figure 3 or 4, respectively), or by stress
improvement  with  unacceptable  indications  in
accordance with 3132.3(3), the original defective
weld shall be corrected by repair/replacement activity
in accordance with MIA 4000.

3132.3 Acceptance by Evaluation

(1) A weld whose volumetric examination detects
planar surface flaws in the butt weld or base metal
inside surface, or other flaws [3132.1(2)] in the
required examination volume that exceed the
acceptance standards of MIB 3514, is acceptable for
continued service if an analytical evaluation meets the
of MIB 3600 and the

examinations of 2430 are performed during the

requirements additional
current outage. The weld containing the flaw shall be
reexamined in accordance with Table 1.

(2) Previously-evaluated flaws that were mitigated
by the techniques identified in Table 1 need not be
reevaluated nor have additional successive or
additional examinations performed if new planar
flaws have not been identified or previously evaluated
flaws have remained essentially unchanged.

(3) A weld previously mitigated by stress
improvement or weld inlay or onlay, whose volumetric
or surface examinations detect crack growth or new
planar surface flaws in the butt weld or base metal
inside surface or in the inlay or onlay, or new
planar flaws or growth of previously identified planar
flaws that are connected to the inlay or onlay
interface, is acceptable for continued service without
additional repair/replacement activity if an analytical
evaluation meets the requirements of MIB 3600 and
the additional exams of 2430 are performed in the
current outage. The mitigated weld containing the
flaw shall be reexamined in accordance with Table 1.

(4) A weld overlay whose volumetric examination
[Figures 2(a) and 2(b) or Figures 5(a) and 5(b)] detects

planar flaw growth or new planar flaws that exceed
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2ol= MIB 36009 ¥A7|&S W&oy, 24309 the acceptance standards of MIB 3514 is acceptable
#7} s} S
of oJsl RAAIE He E4/uA = glo] Al&At activity if the weld overlay meets the acceptance
20| 7tssith. oY 2(7})_4 AAAA 5 4 858 criteria of MIB 3600, the additional exams of 2430
JBA A9 JEF 25% U, B= ¥ 5(7hHY 4 are performed, and the weld overlay is reexamined

274 oudo|7F & 1 for continued service without repair/replacement

AAAOA E SR B EKH A9 = 25% in accordance with Table 1. If a planar flaw is
~50% of A ‘*4§7é7§. o] A&H AL, H#IAMX A detected in the outer 25% of the original weld/base
Ab, FRA AA W =7 ] Kol H2fio] &84 oy metal thickness for the examination volume of Figure
glo]9] ¥AS UyeHUAY dEH 2™ d4S 2, or the outer 25% to 50% of the original weld or

L=l
oz7] Qs /AAHETH AS AFEo] 7Hssith @ base metal thickness for the examination volume of
Hefo] 84 AEoA SHPEAFERE 543 of
o3t XAlgte &4o|t. crack growth calculations and structural design and

Figure 5, it is acceptable for continued service if the

sizing calculations required for original weld overlay
acceptance show or are revised to show acceptability
of the detected flaw. Any indication in the weld
overlay material characterized as stress corrosion

cracking is unacceptable.

3140 7|85 La5 SAHAKVE) 3140 INSERVICE BARE METAL VISUAL
EXAMINATIONS(VE)
3141 kAL 3141 General
(1) & 194 Q7= ALA 9 F7F 27L& (1) The bare metal visual examination(VE) required
grdst MIA 22000 w2l 48i% U224 SOoFAAR} by Table 1 and performed in accordance with MIA
(VE)9] AxtZAn= 3142.10] 4AE A FZ &3} H) 2200 as revised by the additional requirements of
st HItE]ojof it this Case shall be evaluated by comparing the

examination results with the acceptance standards
specified in 3142.1.

(2) AEATRES st 8- Ho] AL 31420 wh (2) Acceptance of welds for continued service shall
2}of sict. be in accordance with -3142.

(3) SQFAAHVE)S] EA oA STA = BAl 2 (3) Relevant conditions for the purposes of the VE
AF AEE HA Ol rdAAIL-MH0] 7|} &AL U} shall include areas of corrosion, boric acid deposits,
El= 2= mshsfjof sict. discoloration, and other evidence of pressure boundary

leakage.

(4) TF2 SQFAAF Q7 tfjAlof, o] ALAMH S & (49) In lieu of other visual examination
718 &35}, requirements, requirements of this Case govern.

3142 &4 3142 Acceptance
3142.1 L34 SAHALY o &4 3142.1 Acceptance by Bare Metal Visual Examination

(1) SADANA eI glao] &eld 84 () A weld whose VE confirms the absence of
HL Al&ALE0| 7Fs51ct. relevant conditions shall be acceptable for continued

service.

(2) SOFAATA] STATENZ AEE 8- E L of (2) A weld whose VE detects a relevant condition
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shall be unacceptable for continued service unless the
requirements of 3142.1(2)(a), (2)(b), and (2)(c) below
are met.

(a) Welds with relevant conditions require further
evaluation. This evaluation shall include determination
of the source of the leakage and correction of the
source of leakage in accordance with 3142.3

(b) All relevant conditions shall be evaluated to
determine the extent if any, of pressure boundary
degradation. The boric acid crystals and residue shall
be removed to the extent necessary to allow adequate
examinations and evaluation of pressure boundary
degradation, and a subsequent VE of the previously
obscured surfaces shall be performed prior to return to
service. Any pressure boundary degradation detected
shall be evaluated to determine if any corrosion has
affected the structural integrity of the component.
Corrosion that has reduced component wall thickness
below the thickness required by the Construction Code
shall be resolved through repair/replacement activity in
accordance with MIA 4000.

(¢ A weld whose VE

conditions indicative of possible through-wall leakage

indicates relevant
shall be unacceptable for continued service unless it

meets the requirements of 3142.2 or 3142.3

3142.2 Acceptance by Supplemental Examination.
A weld with relevant conditions indicative of
possible through-wall leakage shall be acceptable for
continued service if the results of supplemental
examinations

3130.

[3200(1)] meet the requirements of

3142.3 Acceptance by Corrective Measures or
Repair/Replacement Activity
(1) A weld with relevant conditions indicative of
possible through-wall leakage shall be acceptable for
continued service if a repair/replacement activity
corrects the condition in accordance with MIA 4000.
(2) A weld with relevant conditions not indicative
of possible through-wall leakage is acceptable for

continued service if the source of the relevant
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condition is corrected by repair/replacement activity
or by corrective measures necessary to preclude

pressure boundary degradation.

3200 Supplemental Examinations

(1) Any visual examination that detects a relevant
condition (3141) indicative of possible through-wall
leakage shall also receive a volumetric examination
with  2500. The of the
volumetric examination shall be in accordance with
Figures 1, 2(a), 2(b), 3, 4, 5(a) or 5(b), as applicable.

(2) A surface examination may also be performed to

in accordance extent

help further characterize the extent of the unacceptable

condition and the need for corrective measures,

analytical evaluation, or repair/replacement activity.

9000 GLOSSARY

cracked: containing planar surface-connected flaws in
contact with the reactor coolant environment during normal
operation. A weld that is mitigated before it is examined
shall be considered cracked. Reactor vessel nozzle welds at
cold leg temperature requiring the core internals to be removed
to perform the pre-mitigation examination may be considered
uncracked if the requirements of Table 1, [Note 6(c)] or [Note
12(e)], as appropriate, are met. (See uncracked.)

full  structural weld overlay: deposition of weld
reinforcement on the outside surface of the piping,
component, or associated weld such that the weld
reinforcement is capable of supporting the design
loads without the piping, component, or associated
weld lying beneath the weld reinforcement.

inlay: a corrosion resistant barrier applied on the
inside surface of the component between the Alloy
82/182 weld and the

excavation of some portion of the Alloy 82/182 weld.

reactor coolant, requiring

mitigation: an activity to reduce or eliminate the
susceptibility of Alloy 82/182 weld filler material or

Alloy 600(1) materials to crack initiation or crack

NOTE (1) Alloy 600 is a common abbreviation used by
industry, the regulatory authority, and research
orgainzations for UNS N06600.
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propagation. Mitigation can be preemptive, i.e., before
crack initiation, or repair, i.e., after crack initiation is
discovered.

onlay: a corrosion resistant barrier applied on the
inside surface of the component between the Alloy
82/182 weld and the reactor coolant, not requiring
excavation of some portion of the Alloy 82/182 weld.
Alloy 600 is a common abbreviation used by
industry, the regulatory research
organizations for UNS N06600.

optimized weld overlay: deposition of weld reinforcement

authority, and

on the outside surface of the piping, component, or
associated weld, such that the weld reinforcement is capable
loads  with
consideration of the outer 25% of the wall thickness of the

of supporting the design and service
piping, component, or associated weld beneath the weld
reinforcement in the design.

stress improvement: a process that produces sufficient
stress conditions on the inside wetted surface to inhibit
initiation and propagation of primary water stress corrosion
cracking. Stress improvement techniques without welding
are not included in MIA 4000 and are not
repair/replacement activities.

uncracked: examined in accordance with the requirements
of 2500 with no planar surface- connected flaws in contact
with the reactor coolant environment during normal

operation.
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Profile of valve body,
vessel nozzle, or
C pump connection

//Weld end buttering

{where applied)

T
3t

P

&
F TeN
{ 4 in. (6 mm) 4»‘ -— |4— Yyin. (6 mm) <

[ +Exam vol._‘__l
C-D-E-F

GENERAL NOTE: When weld end buttering is present, on both sides, the examination surface and volume shall be measured from the end of
both butterings. It may include remnants of replaced welds, and may appear artificially deep on exposed surfaces due to fabrication processes.
Buttering thickness may be determined from manufacturer's drawings or assumed to be % in. if the true dimension is unknown,

Figure 1 Examination Volume for Welds NPS 2 (DN 50) or Larger

Minimum Yz in. (13 mm}  Minimum ¥, in. (13 mm) [Note (1}]
-~ -4—b-|

R R R R s
LSRN IKIHK
\ * gg& KRR REXLRALR \

t
As-found Flaw —T

Examination Volume A-B-C-D

GENERAL NOTE: The weld includes the nozzle or safe end butter, where applied.

NOTE:

(1) For axial and circumferential flaws, the axial extent of the examination volume shall extend at least ', in. (13 mm) beyond the as-found flaw
and at least %, in. (13 mm) beyond the toes of the original weld, including weld end butter, where applied, plus any PWSCC-susceptible base
material in the nozzle and safe-end.

Figure 2(a) Examination Volume for Full Structural Weld Overlays
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GENERAL NOTES:

(a] Dimension X or Y is equivalent to the nominal thickness of the nozzle end preparation or the pipe, respectively, being overlaid.

(b] The nominal wall thickness is t; for flaws in E-F-G-H and ¢, for flaws outside E-F-G-H.

(c) For flaws that are in E-F-G-H and extend outside this volume, the thickness £; shall be used.

(d} The weld includes the nozzle or safe end butter, where applied, plus any PWSCC-susceptible base material in the nozzle and safe-end.

Figure 2(b) Definition of Thickness ¢, and t, for Application of MIB 3514 Acceptance Standards

L Y2 in. Extent » Y2 in.
(13 mm) ofinlay ™ '™ (13 mm)
Alloy 182
,— Alloy 52 | — Stainless
};t / steel
E F
e PE B
E P 7 4
: R /‘ 4 /S
Ve 7 A &
s P4 T C
A /7
/ / ’ k \
P > S
7 55N \
<o S \
. / / \
// ; L/ \
. : \ \
a //{ 4 // .k‘/
Stainless ] . \ Ferritic
steel — Y4 in.|-e— Yo in.|—-— steel
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Figure 3 Examination Volume for Weld Inlay
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Figure 4 Examination Volume for Weld Inside Surface Onlay

Minimum Y, in. (13 mm}  Minimum 1/, in. (13 mm) [Note (1]]

-+ > e o

R R R R
LSRR
\ # AL \

— -
- As-found flaw —T

Examination Volume A-B-C-D

GENERAL NOTES:

(a) The weld includes the nozzle or safe end butter, where applied, plus any PWSCC-susceptible base material in the nozzle and safe-end.

(b) Asan alternative to Examination Volume A-B-C-D for weld overlays that can be shown to meet the requirements for full structural overlays
with respect to axial flaws, the required examination volume of Figure 2(a) may be used for scans in which the angle beam is directed
perpendicular to the pipe axis. The Examination Volume A-B-C-D in Figure 5(a) shall be used for scans in which the angle beam is directed
parallel to the pipe axis.

NOTE:
(1) For axial or circumferential flaws, the axial extent of the examination volume shall extend at least '/, in. (13 mm) beyond the as-found flaw
and at least '/, in. (13 mm) beyond the toes of the original weld, including any weld end butter, where applied.

Figure 5(a) Examination Volume for Optimized Weld Overlays
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GENERAL NOTES:

(a) Dimension X or ¥ is equivalent to the nominal thickness of the nozzle end preparation or the pipe, respectively, being overlaid.

(b) The nominal wall thickness is t; for flaws in E-F-G-H and t for flaws outside E-F-G-H.

(c) For flaws that are in E-F-G-H and extend outside this volume, the thickness t; shall be used.

(d) The weld includes the nozzle or safe end butter, where applied, plus any PWSCC-susceptible base material in the nozzle and safe-end.

Figure 5(b) Definition of Thickness t; and t, for Application of MIB 3514 Acceptance Standards
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251 MANDATORY APPENDIX I
o|lFaH PERFORMANCE CRITERIA AND
SE7HMof| 2|5t gtetof Cfet MEASUREMENT OR
ds 718 % 549 = T3 QUANTIFICATION CRITERIA

7|= FOR MITIGATION BY STRESS
IMPROVEMENT

-1 ds 7| I-1 PERFORMANCE CRITERIA
FE7A

199 7tsde F4Astsr] ¢sty, 382 To minimize the likelihood of crack initiation, the
=

st Ag YolAl JAAEY &3 59 29 A process shall have resulted in a compressive stress in
5= XA AHES met dE238 dRAsHof st the susceptible material along the entire wetted
t}. oiZkst Afas 84Y UEHY Y 9xE ng surface under steady state operation. Susceptible
St material includes the weld, butter, and base material,
as applicable. The residual stress plus normal
operating stress shall be included in the evaluation.
-1.1 & == M3 7|18 I-1.1 Measurement or Quantification Criteria.
st & SZHAERE Eolstr] YsiA A-SHA W A properly bench-marked analysis or demonstration
Zot32E i B AZAHL 45Ys[of stct. § test shall be performed to confirm the post-mitigation
A EE AP Zhs23 o] YrgE HAMATER &F19] stress state. The analysis or testing shall show that
ZHisk ol zdisk 23do] YHOA =2 oF the steady-state operating axial and hoop direction
A2 =lo "aozof sttt LA A AERLd R stresses combined  with  residual stresses are
A& YHoA FA9 50% Zio] E 360 #HY= compressive at the inside surface. A pre-stress
LR= JdAavg JPALojof sttt A FE= AlH improvement residual stress condition resulting from a
2 AdxeHAO] SRS HAsH7| st AATA construction weld repair from the inside surface to a
op2tolg S 2hQlsty, ZQsh metujg o] FARS depth of 50% of the weld thickness and extending
£ AsfjoF st} for 360 deg shall be assumed. The analysis or testing
shall identify the critical process parameters and
define acceptable ranges of the parameters needed to
ensure that the compressive stress field has been
developed.
-2 45 7|1 I-2 PERFORMANCE CRITERIA
5} 2oz 7|Qlst gl g LA o]ojof sict. The effect produced by the mitigation process shall
be permanent.
1-21 5@ == JE3 7|F I-2.1 Measurement or Quantification Criteria.
dsTXo| dlAolgt= 7L E9lstr] 95t An analysis or demonstration test shall be
A xL AZX AL 4886)oF st S W AS performed to confirm that the mitigation process is
AMAAE L 715 ¥ AR, 44 G584, permanent. The analysis and demonstration test plan
Fx7|ed, gy A28 g ustsfjof St shall include startup and shutdown stresses, normal
BEd 2= ASAEL2 (1) folZ2the operating pressure stress, thermal cyclic stresses,
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transient stresses, and residual stresses. The analysis
or demonstration test shall account for (1) load
combinations that could relieve stress due to
shakedown and (2) any material properties related to
stress relaxation over time.

I-3 PERFORMANCE CRITERIA

The capability to perform ultrasonic examinations of
the relevant volume of the component shall not have
been adversely affected.

I-3.1 Measurement or Quantification Criteria.

Mockup testing and nondestructive examination
qualified to KEPIC MI, Appendix VIII, performance
demonstration requirements shall have been performed
to demonstrate that a qualified examination of the
relevant volume of the mitigated component can be
accomplished subsequent to the mitigation including
changes to component geometry, material properties,
or other factors.

I-4 PERFORMANCE CRITERIA
I-4.1 Measurement or Quantification Criteria.

An analysis shall have been performed to verify
that the mitigation process does not result in changes
to the piping system geometry that exceed KEPIC
MN or original Construction Code design criteria. A
walk down of the piping system shall be performed
to verify support integrity and satisfaction of design
tolerances. An analysis or evaluation shall be
performed to verify that the properties specified in
the material specification are met after the stress

improvement.
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I-5 PERFORMANCE CRITERIA

The mitigated weld shall be inspectable by a
qualified process.

I-5.1 Measurement or Quantification Criteria.

An evaluation shall be performed to confirm that the
required examination volume of the mitigated
configuration is within the scope of an Appendix
VIII supplement or supplements and that the
examination procedures to be used have been
qualified in accordance with Appendix VIII. The
evaluation  shall confirm that the  geometric
limitations(e.g., weld crown, nozzle contour) of an
Appendix VIII qualification are not exceeded for the
mitigated weld.

I-6 PERFORMANCE CRITERIA

Existing flaws, if any, shall be addressed as part of
the mitigation.

I-6.1 Measurement or Quantification Criteria.

An examination qualified to KEPIC-MI, Appendix
VII performance demonstration requirements shall
have been performed in accordance with Table 1 of
this Case before the application of the mitigation
process to identify and size any existing flaws. Any
flaws identified shall be specifically considered in
satisfying performance criterion 7.

I-7 PERFORMANCE CRITERIA

The effect of mitigation on the presence of existing
flaws shall be analyzed. The stress intensity factor at
the depth of the flaw shall be determined using
combined residual and steady state operating stresses,
and shall not be greater than zero.

I-7.1 Measurement or Quantification Criteria.

An analysis shall be performed using MIB 3600
evaluation methods and acceptance criteria to verify
that the mitigation process will not result in any
existing flaws to become unacceptable over the life
scheduled

of the weld, or before the next

examination.
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