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BWRVIPVesseland Intemals Pmject :

BWR Core Shroud Inspection and Raw Evaluation Guideline, Revision 2

(BWRVIP-01)
-

The Boiling Water Reactor Vessel and Internals Project (BWRVIP),
'

formed in June,1994, is an association of utilities focused exclusively-

on BWR vessel and intemals issues. This BWRVIP report documents
'

guidelines which can be used for inspection of BWR core shrouds
and for the evaluation of any flaws found during the inspection.

BACKGROUND Cracking due to intergranular stress corrosion cracking (IGSCC)
INTEREST CATEGORIES has been observed in the vicinity of the core shroud welds at a number of domestic

and overseas BWRs. Utilities require a standardized methodology which is
a epted by regulators for performing core shroud inspections and for evaluating

Piping, reactor, vesse the consequences of any observed cracking.

Licensing and safety
assessment OBJECTIVE To develop a generic core shroud inspection strategy and to define a

flaw evaluation methodology that includes appropriate levels of conservatism to

KEYWORDS assure shroud integrity while optimizing the overall impact on outage schedules,
resources and exposure.

Boiling water reactor
Core shroud APPROACH A group of utility and industry experts evaluated available data,
Flaw evaluation including IGSCC experience, to develop generic Guidelines. This information was

Inspection strategy used to identify tho weld locations on the shroud susceptible to IGSCC and to
devel p approaches for inspection and flaw evaluation.

Stress corrosion cracking
Vessel and internals

RESULTS The resulting inspection strategy defines "what to inspect" and "how
much". Plants are categorized as needing no inspection, limited inspection or com-
prehensive inspection based on factors such as age, water chemistry and materials
of construction.-

The flaw evaluation methodology allows the utility to make the conservative
assumption that regions which are either uninspected or where cracking is detected
but not sized are fully cracked. When this very conservative approach cannot be.

used to meet acceptance criteria, the methodology allows evaluation of actual
inspection results, considering both uncracked and partially cracked regions.

EPRI PERSPECTIVE 11is the intent that, for BWRVIP members, these Guidelines
will be followed in place of prior GE Services Information Letters (SILs). It is further
intended that these Guidelines will be submitted to the US NRC and, possibly, non-
US regulators for their approval. Regulatory acceptance of these Guidelines will
significantly reduce the utility effort required to obtain approval for plant-specific
programs.
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ABSTRACT i

A methodology is pmsented for inspection of BWR core shrouds for cracks and for the

evaluation of any flaw indications. The recommended inspection strategy is based on a

plant specific evaluation of susceptibility to stress corrosion cracking as well as on industry

experience. The flaw evaluation methodology allows the utility to conservatively assume

that reg:ons which are uninspected, or where cracks are detected but not fully sized, are i
*

fully cracked. If acceptance criteria cannot be met with this conservative assumption, the

j methodology allows mom detailed evaluation of actual observed cracking. ).
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EXECUTIVE SUMMARY
L
,

| Cracking has been observed in the vicinity of core shroud welds at several domestic and

j- overseas boiling water reactors (BWRs). Visual (VT) and ultrasonic (UT) test

; examinations of the shroud weld areas have shown both circumferential and axial

indications, mostly associated with the heat affected zones of the circumferential shroud
*

lds. In April 1994, the Boiling Water Reactor Owners' Group (BWROG) published awe;
,

j document entitled "BWR Core Shroud Evaluation" (Report No. GE-NE-523-148-1193).

{* This document provided a conservative generic methodology to evaluate core shroud flaw

indications on a plant-specific basis. However, shroud inspections conducted in the Spring,

of 1994 using VT and UT methods revealed that the shroud cracking is more extensive and,

less predictable than originally anticipated.

:
,

The BWR Vessel and Internals Project (VIP), formed in response to heightened industryi

j concern on shroud cracking, committed to supply a generic inspection and flaw evaluation

! criteria for use by plants in the upcoming Fall 1994 outages. Revision 0 of this report met

| that commitment, and reflected the new information gained from the Spring 1994

inspections. The objectives of the report were to present a generic inspection strategy, and

[ to define a flaw evaluation methodology that included appropriate levels of conservatism to
,

I assure shroud integrity while optimizing the overall impact on outage schedules, resources
I

and exposure. Revision 1 meets these objectives while incorporating changes msulting

|- from the NRC's review of Revision 0. Revision 2 incorporates some minor changes

; associated with crack growth and limit load methodology.
i

The inspection strategy, combined with the flaw evaluation methodology, is intended to

j provide guidance on "what" to inspect and "how much". The recommended weld
i

inspections are based on SCC susceptibility by plant and additionally on field experience by i

j' weld. The strategy identifies the minimum required inspection and analysis scopes needed

i to satisfy safety margins, including allowances for crack growth and inspection method

; uncertainty. Plants are categorized as needing no inspection, limited inspection or
*

comprehensive inspection of circumferential welds, depending on factors such as age,

i. water chemistry history and materials of construction. Inspection scope expansion criteria '

] are provided as well. The strategy provided hem is intended to serve as a guide in

{ developing plant-specific inspection plans which will be appropriate and conservative for

j all BWRs, and supersedes inspection recommendations in SIL 572, Revision 1 for the

BWRVIP. '

o ,1,
i

.
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,

The flaw evaluation methodology allows the utility, for most shroad welds, to make the

conservative assumption that regions which are either uninspected, or where cracking is

detected but not sized, are fully cracked. When this very conservative approach cannot be
,

used to meet acceptance criteria, the flaw evaluation methodology allows evaluation of I

actual inspeedon results, considering both uncracked and partially cracked regions.

~
,

This report is intended to be a living document. Therefore, new information obtained from

future core shroud inspections, qualification testing of NDE techniques, additional mscarch
,

to quantify more realistic crack growth rates, etc., will be factored into subsequent i

revisions of this report.
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1.0 INTRODUCTION

1.1 Background

Boiling water reactors (BWRs) designated BWR/2 through BWR/6 were designed with a
'

core shroud. The core shroud is a stepped cylinder which directs flow through' the core

It performs the safety functions of helping to maintain fuel alignment such that control
*

rods can be insened and forming pan of the boundary to maintain water level in the core

after a LOCA (loss of coolant accident). Due to its large size and varying diameters, the

shroud is an assembly of welded plates and rings, made from 304 or 304L stainless steel.

The design configuration of the core shroud differs from plant to plant depending on the

fabricator and BWR product line. As a result, there are different designations for the

various circumferential welds (H1, H2, H3, etc.) and vertical welds (V1, V2, V3, etc.) in

the shroud assembly. For purposes of discussion in this report, the circumferential weld

configuration shown in Figure 1-1 will be followed.

Shroud cracking, Srst detected in 1990, has been found in a significant number of BWRs

in 1993 and 1994, predominantly and most significantly in circumferential welds. Owners

were apprised of the cracking through GE SILs and RICSILs and NRC Information

Notices (1-1 through 1-5]. As a result of the increased shroud crack findings, the BWR

Owners' Group (BWROG) published a report entitled "BWR Core Shroud Evaluation"

[1-6]. This report provided a conservative, generic screening methodology to evaluate

core shroud flaw indications on a plant-specific basis. It emphasized a statistical sampling

method ofinspection, where initial inspections ofH3 (top guide support ring) and H4

(core beltline) were to be used to indicate whether expansion to other circumferential

welds was warranted. However, several Spring 1994 shroud inspections using VT and
*

UT methods revealed that the shroud cracking is more extensive and less predictable than

originally anticipated. Specifically, significant cracking, assumed to be 360a, at the H5
* . (core plate support ring) weld was found at several plants where the H3 and H4 cracking

was less extensive.
,

!

1-1
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,

: The difficulty of predicting shroud cracking led to heightened NRC concern and actions
;

on the shroud issues. The BWR Owners had previously responded to the industry

concern on shroud-related issues by forming the BWR Vessel and Internals Project (VIP),

managed by BWR utility executives. The VIP formed Subcommittees on Inspection,

Assessment, Mitigation and Repair, as well as an Integration Subcommittee and an

Executive Oversight Commhtee to provide consistency in the VIP's activities. An urgent - '

activity of the Assessmer.c Subcommittee lead to the generation of Revision 0 of this ,

report, in time to support Fall 1994 outages. Revision 0 presented inspection strategies -

and flaw evaluation methodologies that took into consideration recent plant-specific
,

analysis approaches and experiences as well as the guidance of the BWROG report [1-6). {
Revision I was similarly focused, but also incorporated changes resulting from the NRC

'

review process, including the safety evaluation report (SER) issued December 28,1994. r

Revision 2 incorporates some minor changes associated with crack growth and limit load
'

'
methodology. The revised text, tables and figures are marked with margin sidebars.

,

1.2 Objectives

The overall goal of the inspection program is to identify the inspections and associated .

evaluations that will insure shroud integrity and margins for safe operation. With that in

mind, the basic technical objectives of this report are twofold:

1. Provide VIP members with an inspection strategy which identifies which shroud ;

welds need to be inspected, and identifies varying benefits associated with different

inspection methods (details on inspection methods are provided separately by the

VIP Inspection Subcommittee). The method and extent ofinspection of a given

shroud weld identified in this report is expected to depend on various plant-specific

criteria, so the method and extent will be determined and justified by individual
,

plants, using the Assessment and Inspection Subcommittee documents for

guidance.
.

2. Provide VIP members with a flaw evaluation methodology that is technically

sound and has appropriate, but not excessive, conservatism to assure adequate

margins of safety during subsequent operation. The underlying reasoning in
"

optimizing conservatism is to have a cost-effective flaw evaluation methodology

that minimizes the need for plant-specific analyses which deviate in methodology I
|

from the guidance in this report. This will standardize analyses, thus minimizing

1-2
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the extent of plant-specific NRC reviews needed in justifying return to operation

with shroud cracking.

This report supersedes the inspection recommendations of SIL 572, Revision 1 for the
|
'

BWRVIP, and is intended to be e living document. Therefore, new information obtained
i- from future core shroud inspections, qualification testing of NDE techniques, additional

research to quantify more realistic crack growth rates, etc., will be factored into j

subsequent revisions of this report..

: Work described in this repon was performed according to the applicable provisions of

10CFR50 Appendix B.
4

! 1.3 References

[1-1] GE RICSIL 054, Revision 1, " Core Shroud Cracks," July 1993.

; [1-2) GE SIL 572, Revision 1, " Core Shroud Cracks," October 1993.
1

| [1-3] GE RICSIL 068, Revision 2," Update on Core Shroud Cracking," May 1994.

[1-4) NRC Information Notice 93-79, " Core Shroud Cracking at Beltline Region Welds
i in BWRs," September 1993.

[1-5) NRC Information Notice 94-42 and Supplement 1, " Cracking in the Lower Region

of the Core Shroud in BWRs," July 1994.

[1-6] "BWR Core Shroud Evaluation," Report No. GE-NE-523-148-1193, April 1994.,
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2.0 CORE SHROUD DESIGN INFORMATION

The core shroud is an austenitic stainless steel cylinder assembly which provides a

partition to separate the upward flow of coolant through the core from the downward

recirculation flow. This partition separates the core region from the downcomer annulus,
,

thus providing a floodable region for a pov.ulated recirculation line break.

*

The core shroud is typically composed of three cylindrical shell sections and three rings.

The three rings are the shroud head flange, top guide support ring and core plate support

ring. The top cylindrical shell connects the shroud head flange to the top guide support

ring. The longest cylindrical portion connects the top guide support ring to the core plate

support ring. The bottom cylindrical shell connects the core plate support ring to the

shroud support cylinder which is typically made from Alloy 600 material. The shroud

support legs are located at the bottom edge of the shroud support cylinder (a few plants,

supported on the cantilever principle, do not have support legs).

Some of the significant differences between core shroud designs and fabrication conditions

are:

Diameter of shroud (diameter varies in some plants)*

Thickness of shroud wall (in some cases varying thickness along shroud*

height)

* Number of horizontal welds in the core beltline

Number of vertical welds connecting the cylindrical shells*

Material (Type 304 vs. 304L)*

* Carbon content
*

Fabrication of rings (single piece forging vs. segmented welded plate*

pieces)

Tapered lower cylindrical shell vs. straight lower cylindrical shell* *

Figure 1-1 shows a schematic of one type of shroud design. There are variations in the

number of welds with different plant designs. Reference [2-1] provides sketches of the

various shroud configurations. For the purposes of the generic discussions and guidance

in this report, the weld designations in Figure 1-1 will be used.

2-1
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J

:

The shroud base materials are 304L (carbon content < 0.04 wt.%) or 304. Carbon

; content for Type 304 shroud plates varies from 0.045 wt.% to 0.074 wt.%. Hardness is in

the range of Rockwell B hardness of 90 for Type 304 and Rockwell B hardness of 92 for

- Type 304L. The rings are fabricated from welded plate segments or from forgings. While
.

welded-plate rings follow the carbon ranges of 304 or 304L, the forged rings in some 304
- shrouds have low carbon. -

.

d

The horizontal and vertical welds are typically made by submerged arc automatic welding. .

Weld filler material is Type 308 or Type.308L. Typically, shroud seam weld prep surfaces,

were prepared by machining the base metal. In cises where seam welds were the double -

! groove geometry, the second groove was prepared for welding by grinding or gouging,

f followed by liquid penetrant examination. Final surfaces of the welds were also inspected

; by liquid penetrant examination.
!

i The weld between the stainless steel lower cylinder and the Alloy 600 shroud support

j cylinder is typically Alloy 182 material. The weld prep is typically single beveled with or

without a backing ring.

| The austenitic stainless steel material is typically purchased in the solution annealed

p condition No solution annealing was performed after welding of the various shroud parts,
.

! although BWR/6 shroud assemblies may have received a low temperature stress relief to

reduce peak weld residual stresses.'

l.

| During assembly and shipment of the core shroud, braces, jacks and temporarily welded

supports were used to help in meeting design geometric tolerances. In many cases there is

no recorded documentation of these practices, but it is likely that they did occur. Since

)
these temporary welds were not full penetration welds, the likelihood of developing .

j through-wall flaws is less than that for other welds.

.

I 2.1 Susceptibility Factors

.i - The pattern of cracking indicated from field inspections appears consistent with the SCC

[ susceptibility criteria (Water Chemistry, Material Carbon Content, Fabrication History,

| Neutron Fluence and Hot Operating Time) described in SIL 572, Revision 1 and the

;, BWROG report [1-6] and discussed briefly below:

4

$
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1. Fabrication History

Fabrication history can have a significant influence on SCC susceptibility and, in

particular, in the extent of circumferential cracking. As was shown in the BWROG

Generic Safety Assessment [2-2], the shroud weld locations exhibiting the greatest.

extent of circumferential cracking (> 200 inches effective crack length) are all

associated with ring to shell welds, i.e. H1, H2, H3 and H5. The various support rings,

present above and below the top guide and at the core plate elevation were fabricated <

from forgings at some plants, whereas in most cases they were fabricated from arcs cut

from rolled plate and welded into a ring configuration followed by machining to size.

This process for the welded-plate rings exposes the short transverse "end grain"

orientation to the coolant; and can result in the presence of a relatively deep layer of

surface cold work. Analysis of boat samples containing shroud cracking at

Brunswick-1, Dresden-3 and Quad Cities-1 indicated that the depth of the cold

worked layer can range from 0.010 inches to as deep as 0.060 inches.

Recognizing the potentially higher SCC susceptibility of the welded-plate rings, the

shroud SIL specifically identified the top guide and core plate support rings as areas

where more extensive cracking may be found. To date, consistent with the SIL, the

most extensive cracking has occurred in the plate ring material in and near the weld

HAZ. In all cases to date where cracking has exceeded 180 of circumference, the

cracking has occurred at the top guide or core plate support rings, where the rings

were fabricated from plate material rather than forgings. The distinction between

welded-plate ring cracking and other shroud cracking (in forged ring or shell regions)

can be seen in the inspection results in Figure 2-1, where welded-plate ring cracking is,

in most cases, considerably more extensive. Since the welded-plate ring versus forged.

ring fabrication history is known for most plants, this aspect of shroud fabrication was

selected as a factor in developing susceptibility groupings in [2-2].
,

2. Water Chemistry '

Extensive SCC testing has shown that SCC initiation and growth is strongly dependent

on the electrochemical corrosion potential (ECP) on the surface of a component. ECP

depends on the level of oxidants, such as oxygen and peroxide, in the reactor water.

However, there is no historical data base of ECP or the levels of oxidants at the

shroud surfaces, so ECP cannot be used as a factor for susceptibility grouping.

2-3
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One variable of water chemistry that has been measured regularly during operation at

; all BWRs is conductivity. Laboratory SCC tests and field experience with

recirculation pipe cracking and shroud head bolt cracking have shown a definite

i correlation of conductivity with initiation and growth of SCC. Therefore, conductivity .
, ,

was investigated as a factor for susceptibility grouping. |
!' |

: ,

| Because of the significant cold work and short transverse orientation present in the
#

.weided-plate rings, it is believed that SCC initiation occurred very early in plant life. .

.1

i This is supported by the observation that cold worked bent beam and pressurized tube I

SCC specimens exposed in-reactor were found to exhibit SCC in less than one fuel

| cycle. Therefore, the conductivity history for early plant hot operation is expected to

f have a significant effect on SCC initiation and crack growth. The shroud inspection |
results were evaluated against the mean conductivity for the firr Ave fuel cycles, as

shown in Figure 2-1. The five cycle mena value was chosen to represent early$

: operating conductivity after reviewing the conductivity history of the Brunswick
i plants. It is used here for generic evaluation, recognizing that a different value may be
i appropriate for a particular plant. The comparison of early operating conductivity with
i~ extent of observed cracking, shown in Figure 2-1, indicates that early conductivity

influences expected extent of cracking. Therefore, mean conductivity for the first five
.

; cycles was selected as a factor for susceptibility grouping in (2-2].
:

3. Material Carbon Content,

! Although cracking has been detected in core shroud material having a range of

reported carbon contents from greater that 0.06 wt.% to as low as 0.023 wt.%, all
.

incidents where cracking has exceeded 180 of circumference have occurred in ring

plate material with carbon content equal to or greater than 0.06 wt.%. This is

consistent with current understanding ofweld HAZ degree of sensitization and
*

; resultant expected IGSCC susceptibility.

In the absence of surface cold work and/or crevices, cracking in L-grade material was'

f not expected until the neutron fluence exceeded the IASCC threshold value of 3 to
2

| 5x10'' n/cm (E> 1 Mev). The SIL and BWROG did recommend inspection of all

! plants with L-grade shroud materials following eight on-line years of operation. This

I recommendation appears conservative based on inspections to date at ten plants with

2-4
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L-grade core shrouds. Significant (but < 180 degree) SCC in L-grade ' shrouds has
,

been reported at two plants where the on-line time equated or exceeded 10 years.

Other than the very minor (~1 inch vertical) crack lengths detected at Fermi-2,

; inspected L-grade shrouds with as much as 8.4 on-line years have shown no cracking.

' Since the focus in [2-2) was consideration of 360* cracking, it was appropriate to.

i select carbon content (generically 304 versus 304L) as a factor for susceptibility

grouping.
,

4. Neutron Fluence

} It is evident that core shroud weld cracking can occur by IGSCC in the absence of
! significant fluence as evidenced by the indications found at several plants at the H-1

welds and the core plate support ring welds where the riuence, f, is very low

| (f<lx10" n/cm ). However, a fluence effect on cracking susceptibility (IASCC at2

2 2f>3tto 5x10 o /cm ) or a synergistic interaction of fluence in already sensitized
'

n

! material (IGSCC at f >1x10" n/cm ) is expected and has been verified with boat2

samples taken frc'm Bmnswick-1 and KKM. Inspection results'do not indicate that .;

j fluence is a primary contributor to extensive cracking, so it was not selected for

susceptibility grouping in [2-2).

i 5. Hot Operating Time

i As with any stress corrosion phenomenon, the frequency and extent of core shroud

weld cracking would be expected to correlate with hot operating time. In addition,

fluence increases with operating time leading to increased susceptibility at some welds.

Hot operating time, defined as the time spent with reactor coolant above 200aF, is not
,

readily available data, so extent of cracking is plotted in Figure 2-2 versus on-line

years, which is a close apnroximstion. The plot indicnes that cracking in excess of
~

180'is unlikely until a plant accumulates 10 on-line years of operation. While plants

were not grouped in [2-2] by hot operating time, this conclusion provides helpful

information for newer BWRs, which have also experienced lower early conductivities

as a result oflessons learned from recirculation pipe cracking in older BWRs.

Several conclusions can be drawn from the inspection results available to date when

compared to the susceptibility grouping factors:

2-5
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l

|
There is a clear distinction that 360* cracking can occur in 304 welded-plate shroude

rings, but is extremely unlikely, in the near term, in shrouds with 304 forged rings or

304L materials.

There is a tendency in welded-plate rings for cracking extent to be greater with higher*

i early (e.g., first 5 cycles) conductivity.
,

| e 360a cracking has not occurred i ' iny of the eight plants inspected with less than 9.5

years of hot operation, and is therefore very unlikely in other plants with less than 9.5
.

hot operating years.

| Based on the susceptibility considerations described above, Reference [2-2] placed the

| various BWR shrouds into seven categories:

(1)- Type 304 shrouds with welded plate rings and highest conductivity

(2) Type 304 shrouds with forged rings and highest conductivity

(3) Type 304L shrouds with highest conductivity

(4) Type 304 shrouds with mid-range conductivity

(5) Type 304L shrouds with mid-range conductivity

(6) Type 304 shrouds with lowest conductivity !

(7) Type 304L shrouds with lowest conductivity

These rankings were focused on the susceptibility to extensive, 3600 cracking for purposes -

of a basis for safe continued operation of uninspected plants. For the purpose of

categorizing plants for inspection, susceptibility to any cracking is significant. As a result,

inspection categories, described in Section 3.1, are somewhat different from those shown

above.

( .

2.2 References

I-

'

[2-1] " Responses to NRC Questions on Core Shroud and Reactor Internals," GE Report

for BWROG, GENE-523-Al14P-0894, August 1994 (Proprietary).

[2-2] "BWR Shroud Cracking Generic Safety Assessment," GE Report for BWROG,

. GENE-523-A107P-0794, August 1994 (Proprietary). ;

|

I
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3.0 INSPECTION STRATEGY

The objective ofinspecting the shroud is to assure core shroud structural integrity for a

specified period of operation, using a cost-effective combination ofinspection scope and

NDE techniques while considering personnel exposure and outage schedule impact. The

inspection strategy is designed to accomplish this objective by outlining stages of.

inspection effort and associated analyses which logically expand, as needed, to meet

stmetural integrity criteria.,

Typical inspection techniques are outlined for each weld (Table 3-2), according to the

accessibility of both the ID and OD surfaces. Plant specific accessibility, component

geometry, and location of potential flaws, should be considered when determining the

inspection method (s) to be used on a given weld, in order to achieve the best inspection
results.

The required insoection scope for each weld is defined as that number of crack-free

ligaments that are large enough to provide adequate structural margin, taking into account

the necessasy safety factors, inspection uncertainties and future crack growth. The length

and number ofligaments required is determined for each shroud horizontal weld such that

structural margins applicable to limit load, and where applicable LEFM or EPFM,

. methodology are realized.

The combination of number ofligaments and required ligament lengths is that which is

needed to satisfy the limit load, and where applicable LEFM or EPFM, acceptance criteria

plus an amount to allow for crack growth during operation to the next inspection from

cracking assumed to be adjacent to both sides of the ligament, plus an amount to account

for the uncertainty associated with the inspection method..

imin = Icalc + 2CG + U (3-1)_,

where: Icalc = minimum required ligament length, as calculated
bylimit load /LEFM/EPFM approach.

CG = crack growth at each end of a crack, for operation
to the next inspection.

U = length added for NDE method uncertainty
imin = minimum required inspection length

3-1
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The CG rate used to establish Imin hould have a sound technical basis and an appropriates

degree of conservatism. The VIP has developed a submittal on CG rates which is under i

review by the NRC [3-1], but until its approval, a CG rate of 5x10-5 inches / hour is

consistent for generic use with previous NRC-approved shroud submittals. However,

lower CG rates can be used on a plant-specific basis, with regulatory approval. -

|

The VIP Inspection Subcommittee has evaluated the uncertainties (U) associated with -

various inspection techniques. For length measurements, uncertainty can be determined in
'

accordance with the standards set forth in [3-2]. In lieu of using values obtained through r

[3-2], a default value of twice the shroud thickness can be added to each end of the

ligament, for a total addition of 4t. This means that imin would include six to eight inches

oflength in each ligament to account for uncenainties, if the default value is used.

The same philosophy applies to depth sizing. However, there is no default value for depth

sizing. Uncertainty for depth sizing can be determined in accordance with the standards
'

set forth in [3-2].

Structural analysis may be conducted utilizing length sizing of uncracked ligaments, or

depth sizing of cracked ligaments, or combinations of both. The length and depth data are

then evaluated in accordance with the flaw evaluation methodology in Section 4.0. In

general, for any uninspected regions, the bounding assumption is made that those regions

are fully cracked. However, for some welds, accessibility limitations may preclude this

- approach. In these cases, a more nioderate, but still conservative assumption must be

made, typically using data from the inspected portions of the weld. If the structural

integrity of the shroud cannot be established using appropriately conservative assumptions,

then a repair must be implemented prior to restart. -

The strategy provided herein is intended to serve as a guide in developing plant-specific ,

inspection plans which will be appropriate and conservative for all BWRs. This document

provides guidance on inspection which supersedes SIL 572, Revision 1. The strategy is

based on current knowledge of the shroud cracking issue and inspection experience at

various plants. As more inspections are performed, and as the understanding of technical

issues such as crack growth' rate improve, specific aspects of the approach may be further

refined. As part of the overall shroud inspection strategy, the VIP has prepared guidance

on shroud reinspection [3-3], which is under NRC review.

3-2
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3.1 Inspection Scope
,

The scope included in the near term for generic shroud inspection is H1-H7 for BWR/3-6s

and HI-H8 for BWR/2s.
.

Inspection of c,ther shroud support attachment welds is less urgent, based on the judgment

that these welds are relatively less susceptible to SCC. Inspection of these welds will be.

addressed in the future, as well as development ofinspection tooling, if needed. The

relative SCC susceptibilityjudgment is based on the following:

The Alloy 182 welds attach Alloy 600 base material (H7 in BWR/3-6 and H8 in-

BWR/2 are Alloy 182, but are bimetallic welds). The shroud support welds are

uncreviced. While some cracking of uncreviced Alloy 182 has occurred, most

cracking experience with Alloy 182, such as in access hole covers and shroud head

bolts, has involved creviced Alloy 600.

Vessel assembly sequence information reviewed indicates that many of the shroud-

support assemblies, including H8, H9, etc., were already installed in the vessel

bottom heads of US BWRs when the bottom head assembly welds were post-weld

heat treated (PWHT) at 11500F. While PWHT at this temperature does not

completely relieve Alloy 182 residual stresses, it does significantly decrease the

peaks of the residual stress, which should slow SCC initiation and growth.

There are other welds and welded componer.ts attached to the shroud, such as vertical

welds, ring segment welds, and attachment welds for core spray piping, LPCI piping, lugs

and other cases where welded attachments may have been removed, such as alignment.

supports for installation and vibration test equipment fixtures. Core spray piping is already

covered by inspection requirements intended to detect SCC. For other welded shroud_,

attachments, the welded region is small enough that even if through-wall SCC were to

develop, the safety consequences due to leakage from the core region into the shroud

annulus region would be considerably less significant than the scenarios evaluated for

circumferential welds. There would be no significant safety concerns resulting from

cracking of these welds for any operating condition, given that the structural margins of

the circumferential welds are maintained. Therefore, inspection of these welds is not

currently required.

3-3
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For the specific case of the shroud vertical welds, it has been shown in previous analyses

that the allowable crack length for these axial welds is longer than the height of the plate

material used in the shroud fabrication. Based on this, it is not expected that axial flaws

would exceed allowable flaw lengths. Leakage through a fully cracked vertical weld has

also been shown to be acceptably small. Therefore, examination of vertical welds is not .

necessary for demonstrating structural margins if structural integrity of the horizontal

welds is assured, which would be the case when returning to operation after inspection.
.

When repairs are inst &d for ensuring overall integrity of the shroud, and the repair

design assumes that certain shroud structures remain intact to some degree, then these

structures should be inspected to the extent necessary to satisfy the design assumptions of

the repair. These inspection requirements should be specified in the repair plan.

The extent ofinspection required for a given plant has been determined based on three

susceptibility factors which can be readily evaluated: hot operating time, conductivity and

shroud material type. The seven categories from Section 2.1, which were established

relative to the likelihood of extensive 3600 cracking, were condensed into three categories

when considering the likelihood of any cracking. The three categories are described

below, in order ofincreasing susceptibility:

Category A: Plants with hot operating time ofless than 6 years for 304 shroud material,

or less than 8 years for 304L shroud material; and with average conductivity

for the first five fuel cycles at or below the BWR Water Chemistry

Guidelines [3-4] Action Level I value of 0.30 S/cm. Such plants have

shown very low likelihood of cracking, demonstrated by field experience

with the shroud and other components. Therefore, no inspections are ,

required.

.
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i Category B: Plants with 304L shroud material, with hot operating time of 8 years or

| more but with average conductivity for the first five fuel cycles at or below

the BWR Water Chemistry Guidelines [3-4] Action Level I value of;

0.30 pS/cm. A Category B plant has some limited, but low, potential for
*

shroud cracking. In general, Category B plants have exceeded the initial-

; screen for operating time, but are significantly less susceptible to cracking
.

than Category C plants. This is due to better-than-average water chemistry*

; (early conductivity averaging 0.3 S/cm or less) and the use oflow carbon |
materials in fabrication. The welds chosen for inspection are those,.

representative of each region of the shroud where significant cracking has |
| been seen to date, namely H3, H4 and H5. In addition, H7 is included, due

j to its unique combination of a bimetallic weld with, in some cases, a

backing ring crevice. The philosophy applied to this category is that ),

cracking is not likely and a limited inspection can be performed to verify'

this. Since limited inspection may be done on each weld to confirm the

necessary distributed uncracked ligament length, detection of any

significant cracking during the limited inspection shall result in expanding

the inspection scope to meet the Category C scope prior to restart. Typical

inspection techniques are outlined for each weld (Table 3-2), according to

the accessibility of both the ID and OD surfaces.

Category C: Plants with 6 or more . >t operating years with 304 shroud material and ,

plants with 8 or more hot operating years with 304L shroud material, and

average conductivity for the first five fuel cycles above 0.30 pS/cm. Plants

in this category have a relatively high potential for some amount of

cracking due to materials, conductivity, or both. Therefore, inspection of-

shroud welds H1-H7 (and H8 for BWR/2's) is considered necessary.

.
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Although inspection based on the Imin criteria is fully satisfactory to determine the

structural integrity of the shroud, the NRC has requested that more extensive initial

inspections be performed for Category C plants. The goal of this initial inspection is 100%~

of accessible areas of the specified welds. In addition, inspection should include areas in

both 180' segments of the weld. Field experience has indicated that plant specific -

interferences (construction tolerances, uncharted startup relics, etc.) can inhibit

accessibility, with little or no chance of predicting it in advance. Because of this, criteria -

tre presented for additional inspections when interferences are encountered. These criteria

presume that the inspection tool of choice is an automated ultrasonic scanner. The

requirement for additional inspections, after reasonable attempts to use the automated

scanner, is based on the percentage of weld inspected and the amount of cracking seen in

the areas inspected. Typical inspection techniques are outlined fhr each weld (Table 3-2),

according to the accessibility of both the ID and OD surfaces.

This inspection scope is intended to satisfy the requirements of ger.eric letter 94-03. It is

expected that the results from these initial inspections will be a signitkant factor in

establishing the reinspection scope and frequency. Reinspection scope and frequency will

be addressed in a later revision to this document.

Evaluation of BWRs according to the logic in the Figure 3-1 flowchart leads to the plant

groupings shown in Table 3-1.

3.2 Inspection Implementation Approach

'

Bued on the strategy described above, the following outline describes the steps to be

followed in developing an inspection plan: -

CATEGORY A
.

No inspection required.

CATEGORY B (Refer to Figure 3-2)

1. Evaluate known accessibility limitations at each weld location scheduled

for inspection.

3-6
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2. Based on the accessibility and other outage-related constraints, select the
;

Iappropriate NDE method (s) to be used. Typical inspection techniques for

various weld types are shown in Table 3-2. Establish an inspection plan.
1

3. Perform a limit load, and where required LEFM/EPFM, analysis for the*

preliminary inspection scope for each weld to be inspected. Based on the

analysis and evaluation from Step 1 above, classify the welds as:-

(a) Welds that have sufficient accessibility to accomplish an inspection

based on lmin criteria or,

(b) Welds that have limited accessibility such that the preliminary

inspection plan would p_o1 satisfy the Imin criteria.

Based on the 3(a) and 3(b) clastifications, the inspection plan is developed as

follows:
l

For 3(a), establish the length, number and location ofligaments needed to meet the

requirements for structural integrity including crack growth and inspection

uncertainty per equation 3-1. The initial distribution ofligaments may be

symmetric (e.g. four @ 90 , eight @ 45 etc.) or non-symmetric, and ligaments

may be of different lengths.

For 3(b), where the accessibility limitations preclude the inspection of required

weld length determined by equation 3-1, i.e., imin required length is not accessible,

then all accessible regions of that weld shall be inspected.

In developing the inspection plan, consideration for scope expansion and-

associated activities, such as in-vessel work and fuel movement, should be

included..

l
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i

i

s 4. Perform the initial planned inspection. If no cracking is found in v.ny of the

inspected welds, then the inspection is complete. If cracking is found, then

based on the classification of the weld (3a or 3b above) the acceptance

criteria for each weld are as follows: ,

.

4(a) For welds classsped . ender 3(a) above: Inspection scope will be

expanded until the minimum required inspection length, imin, has .

'been shown to be uncracked, or all accessible regions have been

inspected. If, after successfully inspecting imin, the cumulative

crack length is greater than or equal to 10% of the weld length

inspected, then all accessible regions of that weld should be

subsequently inspected. On completing the inspection of all

accessible regions of that weld, if the cumulative crack length is

greater than or equal to 10% of the inspected weld length, Category

"C" requirements apply.

4(b) For welds classsped under 3(b) above: A detailed evaluation of the

weld will be performed, as discussed below. If the cumulative !

'

crack length is greater than or equal to 10% of the inspected weld

length, Category "C" requirements apply. )

Detailed evaluations are performed when it may not be possible to inspect sufficient

portions of a weld to assess the structural integrity with the assumption that uninspected

regions are fully cracked, due to accessibility limitations or the constraints of the existing

inspection technology. In such instances, inspection of all accessible regions with the best

available, qualified technology should be performed. The quantitative assessment of the .

structural integrity of the weld will then be based upon the inspection results, with a more

moderate, but still conservative, assumption for the uninspected regions. For example, the
,

assumption for the uninspected region might be based on the deepest indication in the

inspected region or on the distribution ofindications in the inspected region. Any assumed i

flaw would be subjected to cra::k growth as described in Section 4.0.

.
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; CATEGORY C (Refer to Figure 3-3)

i

1. Evaluate known accessibility limitations at each weld location scheduled for |
inspection. !

'

|

i.i . *

2. Inspect 100% of the weld length accessible to the automated scanner. If
,

mterferences are encountered, reasonable attempts should be made to,

| reposition the scanner and contmue mspectmg.
2

i

j 3. If the cumulative length of weld inspected in (2) above is at least 50% of j

the total length of the weld, proceed to Step 5.s

' 1

i 4. If the cumulative length of weld inspected in (2) above is less than 50% of

the total length of the weld, then supplemental inspections should be

! performed, using either area scanners (typically called suction cup

i scanners) or VT from both the OD and ID. Continue supplemental

;; . inspections until at least 50% of the weld length has been examined

[ . including areas in both halves of the weld, or all accessible areas using j

{' these techniques have been examined. |
! |

| For areas where interferences are known to exist that will prohibit
I- inspection of at least 50% of the weld (jet pumps, instrument lines, etc.),

inspect the areas accessible.,

5. Determine if structural integrity margins exist, i.e., imin criteria is satisfied. .|

|.. Ifimin is satisfied, structural integrity is assured and no further inspection

in required.

'

| 6. Ifimin is not satisfied, but the cumulative length ofindications identified is

i less than 10% of the total length ofweld inspected, proceed to step 8.

1

7. If the cumulative length ofindications is greater than or equal to 10% of

'. the total length ofweld inspected, then more inspections must be

[ performed, if reasonably possible, using area scanners and/or VT (from one
.

j or both sides), until either imin is satisfied or all accessible areas have been

inspected. Proceed to step 8.

3-9
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8. Detailed evaluations are pedormed when it may not be possible to inspect

sufficient portions of a weld to assess the structural integrity with the

assumption that uninspected regions are fully cracked, due to accessibility

limitations or the constraints of the existing inspection technology, h such |.

l

instances, inspection of all accessible regions with the best available, j

qualified technology should be performed. The quantitative assessment of . ;.

the structural integrity of the weld will then be based upon the inspection - |

results, with a more moderate, but still conservative, assumption for the

uninspected regions. For example, the assumption for the uninspected

region might be based on the deepest indication in the inspected region or

on the distribution ofindications in the inspected region. Any assumed

flaw would be subjected to crack growth as described in Section 4.0.
.

CAUTION

If only a limited portion of a weld can be inspected and significant cracking is found in the

portions inspected, compelling justification will be required to avoid repair.

" Accessible", as used above, is defined as access available to conduct the inspections as

provided by the vesselinterior configured for planned outage activities. It is not intended

that any reconfiguration be required, such as fuel movement, cutting or disassembly to

remove interferences, or removal ofinternal components such as jet pumps. However, if

VT is to be performed on the ID for shroud welds, then fuel movement may be required.

*
1

I

l
.
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f

:

3.3 ~ Reporting
4

Generic Letter 94-03 requires that the inspection results be reported to the NRC within 30,

: days after completion of the inspection. In addition, engineering analyses must be
! submitted to the NRC for approval for welds where significant cracking :s identified, or '

. for welds where Imin cannot be demonstrated and detailed analyses must be performed to
'

.

assess structural integrity. In order to minimize the efforts required to evaluate cases of

stmeturally insignificant cracking, formal evaluations need not be submitted for welds.,

which meet all of the following requirements:
?
l

j ' a) Stmetural integrity of the weld (i.e., imin as defined in Equation 3-1) can be

| demonstrated solely with the "as-found" inspection results, assuming that all

; uninspected areas are fully cracked.
:

b) Cumulative length of cracks is less than 10% of the total length of weld inspected.

Welds meeting the above criteria have clearly established structuralintegrity using'only the

actual inspection results, and the very conservative assumption that uninspected areas are

fully cracked. This approach will eliminate the need for utility preparation and NRC '

review of flaw evaluations when relatively minor cracking is found. The utility will still,

however, be required to report the inspection results in those cases.

3.4 References

[3-1] . "BWR Vessel and Internals Project, Evaluation of Crack Growth in BWR Stainless )
Steel RPV Internals (BWRVIP-14)," EPRI Report TR-105873, March 1996.

)
.

[3-2] "BWR Vessel and Internals Project, Reactor Pressure Vessel and Internals

Examination Guidelines (BWRVIP-03)," EPRI Report TR-105696, October 1995. ;,

i

[3-3] "BWR Vessel and Internals Project, Guidelines for Reinspection of BWR Core

Shrouds (BWRVIP-07)," EPRI Report TR-105747, February 1996.

[3-4] "BWR Water Chemistry Guidelines - 1993 Revision; Normal and Hydrogen Water

Chemistry," EPRI TR-103515, February 1994.

!
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Figure 3-1
Inspection Strateciv Flowchart

.

.

.

Hot operating years
CATEGORY A<6 for 304 plants?
No inspectionor >

<8 for 304L plants? YES
and

Conductivity $
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NO

V

304L Shroud

with YES CATEGORY B
Conductivity > Limited inspection

~

5 0.30 Sicm?

.

V NO

CATEGORY C
Comprehensive
inspection

3-12



. -. .. - .. . _ - -

-

:

; Figure 3-2
inspection Flow Chart for Category B Weld

l<

i
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! Satisfied? > Regions

(Eq. 3-1) Inspected?

U ** Yes

'
is Cracking >10% -m

'
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No nspected? V
'
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'

Inspect Remaining
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. -

('.
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' of Weld Length

No nspected?,

V.

inspection Report Yes
Ua

'
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;
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Figure 3-3 |
Inspection Flow Chart for Category C Weld :

i.
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'
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V .
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U'
.
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1
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Possible? Inspected?
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V
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V
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.

!

Table 3-1

|
Inspection Categories

; Category Descriptica Plant Characteristics

A No Inspections Required a. 304 plants < 6 hot operating
*

; years and average conductivity

5 0.30 pS/cm during first 5
: cycles of operation

,

! b. 304L plants < 8 hot operating

; years and average conductivity

j $ 0.30 S/cm during first 5
i cycles of operation

!

B Limited Inspection 304L plants with 2 8 hot,

; operating years and average

conductivity 50.30 S/cm
during first 5 cycles of operation

C Comprehensive Inspection a. 304 plants with 2 6 hot operating
years, regardless of conductivity.

b. 304L plants with 2 8 hot

operating years and average

conductivity > 0.30 S/cm
during first 5 cycles

.

.

e

1

i
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Table 3-2. Typical NDE Methods for BWR Core Shroud Welds H1-H7.

M NDE Methods
H1 Surfacel, Opposite surface 2, Fillet 3
H2 Surface, Opposite surface, Fillet
H3 Surface, Opposite surface, Thru-weld 4

H4,H5 * Surface, Opposite surface
*

H5, H6a* * Surface, Opposite surface, Fillet
H6a, H6b* * * Surface, Opposite surface, Fillet, Thru-weld .

H7 Surface, Opposite surface, Backing ring 5
*

Horizontal beltline welds; shroud nomenclature varies.
"

Core plate support ring to central shroud weld; shroud nomenclature varies.
"*

Lower shroud to core plate support ring weld; shroud nomenclature varies.

' Surface: NDE methods appropriate for detecting cracks initiating from the examination surface.
Surface techniques include:

d . ....
m m Pmp .-

/
E

UT UT Eddy Visual
(creeping wave) (45' shear) Current Examination

2 Opposite surface: NDE methods appropriate for detecting cracks initiating from the opposite
surface, on the same side of the weld as the probe. Opposite surface techniques include:

MP m Mr |

g/ U[

_ _ _ l
UT ur UT i.

(45' shear) (60* long) (creeping wave)

'
8 Fillet: NDE methods appropriate for detecting cracks initiating from the ring-side toe of the weld

fillet, with the probe on the ring side of the weld. Fillet techniques include:

W-- M

_ _

UT UT

(45' shear) (creeping wave, shear component)

3-16
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,

J

l

4

4

j ' * Through-weld: UT methods appropriate for detecting cracks located on the far side of the weld,
such that the sound beam must traverse the weld metal. Through-weld techniques include:

'4

.

i

ha m g r--
[ ],

*
-

, -

q UT UT

: (creeping wave, (60* longitudinal,
long focal distance) low frequency).

3

5 Backing ring: NDE techniques appropriate for detecting shallow cracking in the HAZ near the
{ weld root on the stainless steel side, under a backing ring. Backing ring techniques include:

/
i N a

i h t h
;

i

i- LTT try

- (45' shear) (creeping wave)

i

!

!
'

l

|*

1

5

4 I

.

J

n

O

,-

4

J

i
-

I

.
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|

}

j 4.0 FLAW EVALUATION METHODOLOGY
|

'
This section provides the methodology and guidance which can be used to determine the

; uncracked ligament lengths needed at the circumferential welds to ensure adequate i

j structural margins. Ideally, the azimuths of the ligament lengths may be symmetric in the'
,

; plane of the weld. However, access limitations may cause the ligament lengths available

for inspection to be distributed randomly along the weld (e.g., see Figure 4-1). Therefore,>

.

; the methodology and guidance provided in this section describe the general case that

covers all possible distributions ofligament, incorporates the conservative assumption that

the areas other than the inspected ligament lengths are assumed to be cracked through

| wall, and considers proximity rules (see Appendix B). Finally, should the uncracked

ligament length criteria not be satisfied, methodology to analyze the as-found condition is

also provided.
;

i :
i

[ To account for the effects ofirradiation, three different fracture mechanics techniques are J
"

employed to determine the required ligament lengths or to determine whether the given |

; ligament configuration satisfies the structural safety margins. The three techniques are: )
I (1) limit load,- (2) linear elastic fracture mechanics (LEFM), and (3) elastic-plastic fracture

mechanics (EPFM).
i.
4

! ' A brief description of these techniques is first provided followed by a detailed description

| of the procedure for evaluation.

4.1 Fluence Levels and Fracture Mechanics Methods

The shroud material (austenitic stainless steel) is inherently ductile and, therefore, in most
~ '

cases the structural integrity analysis can be performed entirely on the basis oflimit load.

The only case for the use of other techniques such as LEFM or EPFM would be when the;

) irradiation-induced changes in the material fracture toughness properties are judged to be *

| significant. Properties relevant to material fracture toughness include yield and ultimate

tensile strengths, uniform elongation and upper-shelf Charpy energy. Therefore, the
I trends in these properties as a function of fluence level were reviewed to determine a

i fluence value above which the use ofLEFM/EPFM techniques would be necessary..

I
j References 4-1 and 4-2 contain data showing trends in yield strength, reduction in area

and uniform elongation as a function of fluence at irradiation and test temperatures of!

4-1
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550*F, A review of this data indicates that the yield strength mereases occur at a !

significant rate beyond 3 to 5x1020 n/cm2. Further, the data reveal significant changes in

the uniform elongation percentage between fluence levels of lx1020 and 5x1020 n/cm .2

n/cm fluence levelis an upper bound ]The conclusion from these data is that the 5x1020 2

cut-off for the use oflimit load as the sole flaw evaluation method.,

The material stress-strain curve is generally characterized by the following equation:

A e (s)n (41)o =

where, o and s are true stress and strain, respectively. The strain hardening exponent, n, is

one of the indicators of ductility which in turn is a good measure of fracture toughness.

Reference 4-1 shows the strain hardening exponent values as a function of fluence. From

the data it can be seen that changes in the strain hardening exponent begin at
22 20 n/cm .approximately lx1020 n/cm with significant changes beyond 3x10

21 n/cm , the exponent2Additionally, the data inseates that beyond a fluence level of 2x10

value is close to zero (i.e., the yield strength is very close to the ultimate strength). I

:
i

|

While data in References 4-1 and 4-2 indicate significant ductility changes may be

20 n/cm fluence, other data indicates significant |
220 to 5x10expected beyond 3x10

ductility is still expected beyond this range. In fact, J-R curve measurements (Figure 4-2)
I20made on a core shroud sample taken from an overseas plant having a fluence of 8x10

2n/cm showed stable cract extension and ductile failure when tested. Based on this data,
20the limit load approach would still be applicable beyond the fluence level of 5x10

n/cm2. In fact, the limit load approach should be used at all fluence levels since it deals

with the gross structural integrity of the shroud including all of the ladications at a weld,
,

whereas the LEFM approach only accounts for the single largest flaw.

*

Based on the preceding review ofirradiated stainless steel data, the following conclusions

are made regarding flaw evaluation methods:

Limit load should be used at all fluence levels since it deals with the gross structural*

integrity of the shroud, including all of the indications at a weld, whueas the LEFM

approach only accounts for the single largest flaw.

4-2

- - .- - - . - - . -



__ _ . _ _ _ . __ ._ __ . . _ _ _ _ - _ _ _ _ _._ _ _ _ _ _ _

Review of data indicates changes in ductility (based on changes in yield strengthe

and percentage elongation), begin at approximately lx1020 2n/cm . Most data
show significant changes beyond 5x1020 n/cm2, with notable exception based on -

recent field data that shows stable crack extension and ductile failure at 8x1020

n/cm2. Using the data and applying reasonable conservatisms, possible changes in
,

ductility due to irradiation will be addressed by the use of LEFM/EPFM above

fluences of 3x1020 n/cm2,

! .

The trends in data show that the uniform elongation magnitudes and corresponding*

ductility may be limited beyond the fluence level of 1x1021 n/cm2. Therefore, the

use ofEPFM is not justified, and LEFM will be used in conjunction with limit load

at and beyond the fluence level of 1x1021 n/cm ,2

1

Based on the preceding discussion, the applicable fluence ranges for the various fracture

mechanics procedures are the following:

j Limit Load only < 3x1020 n/cm2
'

LEFM/EPFM with Limit Load 3x1020 < 4 < 1x1021 n/cm2

LEFM with Limit Load > lx1021 n/cm2

Based on the current accumulated fluence information on file with GE, it is estimated that '

only the shroud 'barrei' welds in the active fuel region (i.e., H4, Figure 1-1) would exceed

the fluence level threshold requiring the use ofLEFM or EPFM.

|

4.2 Limit Load Method

Figure 4-1 shows a schematic representative plan view of an asymmetric distributed
*

uncracked ligament. It is assumed that there are 1,2,...i,.. . n ligament lengths and that the
|

i* length is of thickness 'ti' and extends from an azimuth of 0ii to O . The ligament length -

i2

i2 y the following relationship:'l ' of the ith ligament is related to azimuth angles Oji and O bi

(D/2) * (0;i-0 ) (4-2)lj = i2

where, D is the diameter of the shroud. The calculation of moment 'M' that this ligament

configuration can resist, is somewhat complicated since it is not a priori clear as to which

azimuthal orientation of the neutral / central axis would produce the least value of bending ,

4-3
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!

1

|
*

|

moment, 'M', Therefore, the value of'M'is calculated for various orientations of the

central axis from O' to 360'. This calculation is performed in two steps:

(1) In this step, a central axis orientation, a, is first selected. The location of the neutral

axis (which is parallel to the central axis) at a distance 6 from the central axis is
]

determined using the following (see Figure 4-1): |
.

l
a+p -(n-a+p) 1

,

J Rt(0)de - J Rtnde =(o /cf)(2nRt ) (4-3) |m n
-(n-a+p) a+p

where, a = Assumed azimuth angle of the central axis

Angle of the neutral axis with respect to central axis, !p =

or sin-1 (S/R)
S Distance between the central axis and the neutral=

axis

Mean radius of the shroudR =

ti (thickness of the ith ligament), if angle 0 is sucht(0) =

il <0 < O , or 0 otherwise.thatO i2
Nominal thickness of shroudtn =

Membrane stressom =

or Material flow stress = 3Sm=

Thus, this step helps define the location of the neutral axis when the central axis is

assumed to be at an azimuth angle of a.

(2) - Once the location of the neutral axis relative to the central axis is determined, the
*

moment, Ma , is then obtained by integrating the bending moment contributions

from individual ligament lengths. The mathematical expression used is the

following: q
*

a+p -(n-a+p) |

J orR tn sin (a-0) d6 (4-4)
2

Ma" I ofR t(0) sin (a-0) d6
2

-

-(n-a+ ) a+p

The orientation 'a' that produces the least value of M is called 'a, min' and defines the axis

capable of resisting the limiting moment. Whether the specified set of uneracked ligament

lengths provides the required structural margin is verified by the following:

4-4
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|

.

M , min /Z + Pm > SF(Pm+P ) (4-5)ot b

i

!

where, Z Section modulus of the shroud based on uncracked=

cross section
-|,

Applied membrane stress iPm =

Pb Applied bending stress=

*

SF Safety factor '=

If the fluence level at a circumferential weld is greater than 3x1020 n/cm2, the specified

uncracked ligament length configuration must also satisfy the LEFM/EPFM criteria. If the

LEFM/EPFM criteria is not satisfied, the lengths of the some of the uncracked ligament
,

lengths would have to be increased until the criteria is satisfied.

4.3 LEFM Method

For a through-wall flaw in an " infinite" plate, the stress intensity factor K is given by the
'

following:

K = oV(na) (4-6)
'

where, o is the remote membrane stress and a is the half crack length. The shroud is a

cylinder and therefore, a curvature correction factor, Gm, needs to be applied to the above

calculated value of K based on the infinite plate solution.. The values of Gm are given in

Figure 4-3 (Reference 4-3) as a function of the non-dimensional parameter, a/V(Rt). The

behavior of G for a/V(Rt) greater than 4.5 can be linearly extrapolated based on datam
from Reference 4-8. The coefficient G was not used since only the average value of theb .

stress intensity factor across the crack tip is required.

.

The ligament length may be small enough that there is some interaction between the crack

tips, leading to a higher value ofK than that given by the above equation. This interaction -

effect was conservatively accounted for in the screening criteria approach (Reference 1-1).

A more reasonable yet conservative approach is used here by considering a classicali

Isolution for a series of flaws, given in Reference 4-4.

;

i

4-5
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j

i

Figure 4-4 from Reference 4-4 shows the geometry and the K solution for a series of equi-

length, equi-distant through wall flaws in an infinite plate subjected to remote tension.
i The K solution is given by:

c e 4 {W tan (na/W)} (4-7)K =

&

where, o = applied tension stress (Pm + P )b

one-half crack length (see Figure 4-4)a =
.

distance between mid-points of two adjacentW =

ligaments (see Figure 4-4)
.

Since the shroud is a curved shell, the preceding K value should be multiplied by the.

curvature correction factor, Gm , described earlier. Thus, the analytical expression for K

for use in the LEFM calculations is:

ceGm 'V {W tan (xa/W)} (4-8)
'

K =

The ligament length,1, is related to the quantities 'a' and W above by the following

relationship:

1 W-2a (4-9)=

|-

The K calculation should be done for a case where the 'a' and W combination is such that

the value of K is maximized. The value of a for use in the above equation is the sum of

and P , the membrane and bending stresses calculated using the nominal shroud cross- !P bm

section properties. The calculated value of K should be less than K cI with the appropriate

safety factor:..

K c/SF (4-10)K < I,

- SF is the safety factor appropriate for the operating condition being evaluated.

Subsection 4.6 provides the values of safety factors to be used for various operating
'

conditions. A conservative K cI value of 150 ksidin, based on the material J-R curve of

Figure 4-2, can be used in this evaluation.

4-6
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4.4 EPFM Methodology .

.

-),
;

| The EPFM based concepts developed by Paris and Hutchinson and incorporated into
#

EPRI handbooks (4-5,4-6,4-7] can be used in lieu of the conservative LEFM approach in {
which only the crack initiation is considered. The EPFM approach considers ductile crack |

;

extension in determining the load carrying capability of a cracked structure. The EPFM .

j based approach is also called a J-integral tearing stability approach or a J/T approach.

; Two key concepts in this approach are : (1) the J-integral which characterizes the intensity
,

*

of the plastic stress-strain field surrounding the crack tip and (2) the tearing stability

j - theory which examines the stability of ductile crack growth. I

,

!

Figure 4-5 schematically illustrates the Jfr methodology. The material (Jfr) curve or R-!

curve in Figure 4-5 represents the material's resistance to ductile crack extension. Any -

; value of J falling on the material R-curve is denoted as Jmat and is a function solely of the
j increase in crack length Aa. Also defined in Figure 4-5 is the ' applied' J, which for given

) stress-strain properties and overall component geometry, is a function of the applied load
;. P and the current crack length, a. The following two non-dimensional parameters are then

! defined:

i

2Tapplied (E/of ).(aJapplied a)/S . (4-11) |
' =

2
|- ' Tmat (E/of ) e (dJmat/da) (4-12)=

i
1

| where, E is Young's modulus and cris an appropriate flow stress. The intersection point
'

of the material and applied (J/T) curves denotes the instability point. The load at

instability is determined from the J versus load plot also shown schematically ini

{ Figure 4-5. Thus, the three key curves in the tearing stability evaluation are: Japplied

j versus Tapplied. Jmat versus Tmat, and Japplied versus load. .

$- |
;_ The Jmat versus Tmat curve or the material (J/r) curve can be derived in a straight

,

j forward manner from the material J-R curve (such as the one shown in Figure 4-2) and

using equation (4-11). The Japplied - Tapplied or the (J/r) applied curve can be

generated through iteration in the crack length once the Japplied versus load information is |
available for different crack lengths.

The calculation of Japplied or a given load and crack geometry, can be performed usingf

the estimation scheme procedures if the non-dimensional'h ' functions are available. Thet

4-7
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EPRI handbooks [4-5,4-6,4-7] give 'h ' functions for several pressure vessel and pipingi
geometries with a single crack. For uncracked ligament length configurations such as that

shown in Figure 4-1, a finite element analysis would be necessary to calculate the value of

Japplied-

4.5 Evaluation of Part-Through Wall Cracks.

Ifit is not possible to find sufficient lengths of uncracked ligaments, then evaluation of a.

combination of uncracked ligaments and part through-wall cracks may be required to

assess stmetural margins. For this case, the angular location of the uncracked ligaments,

and the depth of the flaws, must be determined. Proximity rules are used to determine

effective flaw length. The depth determination must also include any uncertainty

associated with the NDE method used. Allowances for crack growth are also factored in,

including effects on both length of uncracked ligaments, and depth of flawed portions of

the area examined. This information can then be analyzed in accordance with previously

outlined methods.

When depth measurements are used as part of the analysis, depth measurement uncertainty

must be considered. The VIP Inspection Committee has developed depth sizing

uncertainty standards [3-2], which can be used to determine depth sizing uncertainty.

It may be possible to conservatively simplify the above approach by assuming a flaw of

3600 at the maximum observed depth, a. Figure 4-6 shows a schematic of a 360* crack of

depth 'a' at a shroud weld. The depth 'a'should include any uncertainty associated with

the NDE method used. The fluence leve!s where this type of cracking has been observed,

are typically well below the threshold value of 3x1020 n/cm2. When this is the case, only

the limit load approach need be used in conducting the stmetural margin assessment. If.

the fluence is above the threshold, the LEFM or EPFM approach must be considered as

well.
,

The required minimum 360* ligament at a circumferential weld can be determined by

iteratively calculating the allowable crack depth, 'd' using the following equations

(Reference 4-9):

p {x(1-d/tn-Pm/cf)}/(2-d/tn)=

(2cf x)(2-d/t ) sin p (4-13)P' /=
b n

4-8
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(Pm+P )SF P'+Pb
=

h m
s

where, Pm Primary membrane stress at the subject weld=

Pb Primary bending stress at the subject weld=

d Allowable crack depth=

tn Shroud wall thickness (away from a fillet weld), or= *

shroud wall thickness + fillet weld leg (tr. in Figure 4-6) if

the fillet weld can be shown crack free (see Section 5.0)
,

-

SF Safety factor appropriate for the operating condition being=

evaluated

or Material flow stress (= 3Sm)
=

-1

It should be noted that the stresses, P and P , are calculated using the nominal shroudbm
'

thickness. The current crack .%th 'a' is acceptable if the projected crack depth, after

accounting for crack growth until the next inspection, is less than the allowable crack

depth 'd' calculated in Equation (4-13). This criteria is given by the following equation:

(a + CG) < d (4-14)

where, CG is the projected crack growth until the next inspection (projected at
5x10-5 in/hr per Section 3).

4.6 Safety Factors,

In the screening criteria document (Reference 1-1), safety factors of 2.77 for normal

(Level A) / upset (Level B) conditions and 1.39 for emergency (Level C)/ faulted

(Level D) conditions were used in the evaluation of circumferential welds. These safety
.

factor values are consistent with Section XI values. However, for many older BWRs the

FSARs of these plants include specific safety factor values to be used for various
.

operating conditions. In such cases, the safety factors specified in the plant FSAR can be

used.

There are several conservatisms used in the flaw evaluation methodology described in this

section in addition to the safety factors used in the stmetural margin evaluation. Table 4-1

presents a list of these conservatisms.

i

4-9
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l

l'

|

Table 4-1 1

Conservatisms Included in Flaw Evaluation Methodology

1. All VT or ET identified surface indications are assumed to be through-wall for
analysis for uncracked ligament length.

,

,

2. ASME Code Section XI primary pressure boundary safety margins were applied
even though the shroud is not a primary pressure boundary.

,

3. ASME Code, Section XI proximity rules were applied.

4. A proximity rule to account for perpendicular flaws was applied, although not
required by Section XI.

5. The bounding crack growth rate was included in flaw lengths and depths used for
evaluation.

6. For quantitative analysis of welds with adequate access, areas which are not or can |
not be inspected are assumed to be fully cracked.

.

O
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5.0 ~USE OF FILLET WELD FOR ESTABLISHING
ALLOWABLE FLAW DEPTH

5.1 Issue

Complete circumferential cracking at varying depths has been observed in 304 stainless.

steel shrouds in the top guide support ring H3 weld region and the core plate support ring

H5 weld region in several BWRs. Such cracking has been mainly in the welded plate rings,

and has been attributed to a combination of cold work and unfavorable end grain

orientation. Figure 5-1 shows typical cracking observed in the ring. In most cases, the

ring is welded to the shroud cylinder with a full penetration weld and a fillet weld. The

fillet weld is important, not from the perspective of strength contribution, but from crack

growth cor.siderations. Credit is not taken for the fillet weld when determining the

stresses .vhich apply at a given location. However, since cracking in the rings is expected

to follow the weld heat affected zone, the total crack extension that can be tolerated

before the crack leads to shroud separation is the shroud wall thickness, tw, plus the

length of the fillet weld leg, trm. Finite element analysis has shown that with the crack

extending parallel to the plane of the ring, the required wall ligament is less than 10% of

the total available length. Given the extremely conservative crack growth rate being
4assumed,5x10 in/hr, crack growth of as much as 0.8 inches can be postulated for a two-

year fuel cycle. Justification for crack growth extending into the region between the fillet ,

weld and ring improves a plant's ability to accommodate the multiple conservatisms in the

analysis done assuming the presence of a 360a flaw.

5.2 Crack-Free Fillet Weld Confirmation

Microstructurally, the weld metal is expected to be significantly more resistant to SCC,

initiation and growth than the base material HAZ. Field experience with shroud cracking

confirms this. In order to take credit for the presence of a fillet weld, confirmation by
,

inspection is needed to accomplish two things:

1. Inspection will determine the degree of cracking, if any, at the toe of the fillet weld

or in the fillet weld itself.

2. Inspection will confirm the existence and size of the fillet weld.

I
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The fillet weld size and crack-free condition must be confirmed before the available

ligament can be increased by tau. First, the existence and size of the fillet weld must be

determined. In some cases, such as for H1, H2, H5 and H6, the fillet weld may not be

visually accessible. Design or even as-built drawings may not accurately represent the

fillet weld size, so the actual weld sizing is important. For accessible fillet welds, the size

can be confirmed by VT. Visually inaccessible fillet welds can be sized by UT. Past .

inspection results have shown that the toes of the fillet weld can be consistently seen by

UT, and can be distinguished from far-side cracking. If, due to a certain geometric I,

configuration, the fillet weld size cannot be confirmed by any inspection method, only the )
shroud wall thickness shall be assumed as available ligament material. j

At a plant with assumed 360* cracking at the H5 weld, there was one small area of

. detected cracking initiating at the upper toe of the fillet weld (adjacent to the shroud shell,

not the ring). While this demonstrates that cracking can initiate at the fillet weld, it also

demonstrates that such cracking is detectable by UT. Techniques in use for SCC ;

detection, such as 45* shear wave UT and the shear component of creeping wave UT,

allow full examination of the fillet weld region, even in the presence of significant cracking

from the side of the ring opposite the fillet weld. At the same plant mentioned above,

which had a near side crack assumed to be over one inch deep, the intersection of the toe

of the fillet weld and the ring was readily apparent from the UT data, as were reflections

from minor surface irregularities such as machining marks on the ring. Such evidence

demonstrates the high sensitivity for crack detection. LevelIII UT analysts agree that

SCC in the fillet weld toe region would be reliably detected.

SCC initiating at the fillet weld could be expected to grow close to the fillet weld fusion

line in the HAZ Concerns have been raised in the past on the possibility of such cracking

being undetected by UT. There are established techniques which readily detect SCC ,

shadowing the weld root and/or fusion line. Such techniques. properly demonstrated and

qualified on calibration mockups, will reliably detect cracking initiating at the toe of the
.

fillet weld.

If the fillet size and crack-free condition of the fillet weld can be demonstrated by

inspection, then the fillet weld leg shall be assumed as available ligament material. If any

cracking is detected at the fillet weld, the minimum detectable fillet weld crack must be

assumed to exist as'a 360' crack, and that assumed crack must be assumed to grow at an

appropriate rate for stmetural analysis purposes.,

5-2
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If, due to geometric constraints or the large depth of the near side crack, the size of and

degree of cracking near the fillet weld cannot be demonstrated during inspection, only the

shroud wall thickness shall be assumed as available ligament material.

.
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.

Background

4

A corollary to conducting the shroud in-service inspections of the horizontal welds is

whether the vertical welds should also be inspected. Field data from the shroud

inspections conducted so far at several BWR plants have been reviewed and fracture
,

mechanics calculations are conducted to develop a sound technicaljustification that backs
.'

the assumption that the inspection of the vertical welds is not necessary.

'
Field Data

As a part of the shroud examination, several BWR plants have visually examined one or

more verticel seams in +.e shroud. The shroud inspection results in GE's data file were )
reviewed for reported lengths of axial indications. The review indicated that most of the i

reported axial indications are at the circumferential welds in the shroud and not along the |
vertical seam welds. Most of these indications are less than 3 inches in length.

,

Among the indications reported in pre-1996 inspections of the vertical seam welds, most |
'

were minor in length (less than 3-inches). Only at one BWR plant, the reported lengths of.

the indications along a vertical weld were 4- and 15-inches. During a 1996 inspection,
i crack-like indications of 12- and 32-inches in length were found by visual inspection in

two vertical shroud welds in the beltline region. These indications were not confirmed to

be cracks, and no indications of similar length have been found to date elsewhere.

Therefore, while inspections continue to provide new information, most of the indications*

found on the vertical weld seams are less than 4-inches. This is consistent with the

significant differences between the circumferential welds, which have shown extensive

cracking, and the vertical seam welds from the point of view of stress corrosion cracking

(SCC) susceptibility, as discussed next.
.

At the H3 and H5 circumferential welds, factors such as the end grain effect and the

presence of cold work, are considered to have played a major role in the observed long -

cracking. These factors are not present at the vertical seam welds in the shroud.

Furthermore, the weld residual stress, a significant parameter for SCC initiation and

growth, is expected to be lower at the vertical seam welds compared to circumferential
d

welds due primarily to difference in constraint.
.

A-2
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:

Based on the preceding review of field inspection results and discussion, the occurrence of

a long axial indication extending over the full height of a vertical weld is unlikely. The

vertical welds in the various plates constituting the shroud are typically staggered and

thus, the longest crack that can be rcasonably postulated is equal to the height of the plate.

Fracture Mechanics Evaluation -.

)

Critical flaw lengths are calculated using the limit load and the linear elastic fracture,

mechanics (LEFM) approaches. The LEFM approach is appropriate for vertical welds

between the H3 and H5 welds. The smaller of the two critical flaw lengths determined by

the two approaches is used in the evaluation. The critical axial flaw size is governed

entirely by the pressure hoop stress. A through wall flaw is assumed. For a through-wall

flaw oflength 2a in the shroud, the applied stress intensity factor for the LEFM approach

is given by:

K = Moo 6*4xa

where on is the hoop stress and M is the curvature correction factor given by: j

M = [1 + 1.61a /(Rt)]'#
2

In the above expression, the critical flaw length 2a can be determined by equating the

calculated K to the fracture toughness of 150 ksidin (representing a conservative estimate

of the material toughness). The hoop stress on was calculated using the following shroud

geometry and the faulted condition internal pressure:

Internal Diameter: 174.5 in.,

Thickness 1.5 in.

Internal pressure 32 psig
,

. Based on the preceding values, the critical flaw length was calculated as 108 inches.

The critical crack length based on the limit load technique is given by the equation:

on = or / M

A-3
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where M is the curvature correction factor (as defined previously), or = 3Sm is the flow

stress and on = the hoop stress (same as in the LEFM calculation). The Sm value was
4

taken as 14.4 ksi, corresponding to an L-Grade material. The critical flaw length was4

calculated as 414 inches.
.

1
,

._

A comparison of the two critical flaw lengths shows that the LEFM based value of 108
j inches is considerably smaller than the limit load based value.
, w
:

The preceding calculations are applicable to shroud vertical welds above the core plate.

The internal pressure for the vertical welds below the core plate is higher (approx. 49 psi).

However, the fluence in the region below core plate is very low such that only the limit

load based calculation needs to be used. This gives a calculated critical flaw length in.

excess of 180 inches. Therefore, only the LEFM based critical flaw length of 108 inches
,

for the above core plate case is used in the discussion presented next.

5 Discussion

The length of a single vertical seam weld in a shroud is typically in the range of 80 inches.

The LEFM based critical flaw length using the faulted condition pressure is 108 inches.

Thus, the critical crack length value exceeds the potential length of a vertical seam weld.

| Thus, it can be concluded that even if an indication extending the full venical length of the

weld were to be present (highly unlikely in view of the field inspection data), it would not

lead to instability or large crack opening areas even when faulted or LOCA condition,

1

; loads are considered.

i
| Conclusion '

-
,.

j Given that the reported axial indication lengths at the vertical seam welds are small and the

fact that the critical crack length exceeds the height of a typical vertical seam weld, it is .

reasonable to do no inspection of the vertical welds.

;

{a

1
,

1

)
'

4
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|
|

This Appendix describes the flaw proximity rules that can be used to determine the
effective flaw lengths from the shroud inspection data. The rules specifically treat the!

circumferential welds.

B.1 - Determination of the Effective Flaw Length
;

The effective flaw lengths are based on ASME Code, Section XI proximity criteria as
,

presented in Subarticle IWA-3300. Indications are considered to be in the same plane if

the perpendicular distance between the planes is less than two times the shroud thickness
.,

(2T). When two indications are close to each other, rules are established to combine them

based on proximity. These rules are described here.

B.2 Proximity Rules

The flaw combination methodology used here is based on the ASME Code, Section XI

proximity rules concerning neighboring indications. Under the rules, if two surface
'

indications are in the same plane and are within two times the depth of the deepest

indication, then the two indications must be considered as one indication.

In Figure B-1, two adjacent flaws L1 and L2 are separated by a ligament S. Crack growth
i

would cause the tips to be closer. Assuming a conservative crack growth rate of

5x10-5 n/hr, crack extension at each tip is the crack growth rate multiplied by the numberi
;

of hot operating hours above 200'F for the period of operation to the next inspection.

The crack growth at each tip is thus, CG. Therefore, combining the crack growth and [
iproximity criteria, the flaws are assumed to be close enough to be considered as one

continuous flaw if the ligament is less than (2CG + 2t ). If the ligament is less than (2CG

+ 2t), the effective length is (L1+L2+S+2CG) Note that the addition of 2CG is to include

crack growth at the other (non-adjacent) end of each flaw (See Figure B-2).
-

:

If the ligament is greater than (2CG + 2t), then the effective flaw length is determined by

adding the projected tip growth to each end of the flaw. .

1
1-

Lle= L1 + 2CG
L24= L2 + 2CG

A similar approach is used to combine flaws when a circumferential flaw is close to an

axial flaw (See Figure B-3). (An axial flaw could be detected while examining a

circumferential weld.) If the ligament between the flaws is less than (2t + CG), then the i

B-2
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effective flaw length for the circumferential flaw is Leff = Ll+S+CG (the bounding

ligament for these cases). If the ligament is greater than (2t + CG), then the flaws are.

I treated separately. The effective flaw length can be used for subsequent fracture !

mechanics analysis.

,

j To demonstrate the application of proximity criteria, two examples are shown in j
*

'

Table B-1 and described below.

e

l
j.

'

Table B-1
5

: Flaw Combinations Considered in Proximity Criteria

|

! Can Circumferential Flaw Axial Flaw

A Yes No I

B Yes Yes

Case A: Circumferential Flaw - No Axial Flaw |

This case applies when two circumferential indications are considered. Figure B-2a shows

this condition. If the distance between the two surface flaw tips is less than (2t + 2CG),

the indications must be combined such that the effective length is (see Figure B-2b): j;

; L g= Ll + S + L2 + 2CG

where: L1 = length of first circumferential indicationt

L2 = length of second circumferential indication-

S = distance between two indications

)* If the distance between the two tips is greater than (2t + 2CG), the effective flaw lengths
-

are (See Figure B-2c):;

! -

i Ll.g = L1 + 2CG
L2.g = L2 + 2CG

4
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$

. j

Case B: Circumferential Flaw - Axial Flaw ]
!
l
'

This case applies when both a circumferential and an axial flaw are being considered.,

' Figure B-3a demonstrates this condition. For this case, only growth of the circumferential.

flaw is considered. If the distance between the circumferential indication tip and the axial )
'

indication is less than (2t + CG), then the effective circumferential flaw length is (see ,

! Figure B-3b):

L.e = L1 + S + CG *>

i - |
where: L1 = length of circumferential indication |

S= distance between the circumferential tip and |
axial flaw.

,

;

'

If the distance between the circumferential indication tip to the axial indication is greater

than (2t + CG), then the flaws are not combined (see Figure B-3c) and the effective
,

length is:i

i

L1.e= L1 + 2CG (for circumferential flaw)
'

B.3 Application of Effective Flaw Length Criteria
, .

The application of the effective length criteria is applied to two adjacent indications at a,

,

time. Figure B-4 is a schematic which illustrates the process. For example, using the 0'

azimuth as the starting location for a circumferential weld or plane, the general procedure
'

would be as follows:

! Moving in the positive azimuthal direction, the first indication encountered ise

indication 1.

i
*

The next indicationis indication 2. 'e
,

Apply proximity rules to the pair ofindications (indications 1 and 2). Combine the -*

flaws if necessary (Ll+L2+S). If the flaw is combined, the flaw becomes
indication 2.

Continue along positive azimuthal direction until the next indication is*

encountered. This becomes indication 3.
,

Apply proximity rules to new indications 2 and 3.*

,

I

*
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Continue proximity rule evaluation until all indications along the subject weld or.

plane have been considered.

.

0

.

9

9
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ABOUT BWRVIP
The BWR Vessel and Internals Project (BWRVIP) is an association of utilities owning and
operating boiling water reactors. The project is focused exclusively on reactor vessel and
vessel internals issues in operating plants. Objectives of the BWRVIP are to lead the
BWR industry toward generic resolution of vessel and internals integrity and operability
issues; to identify or develop generic, cost-effective strategies from which each operating
plant will select the most appropriate alternative; to serve as the focal point for the regu-
latory interface with the industry on BWR vessel and internals integrity and operability
issues; and to share information among members. EPRI manages the technical program
on behalf of the utility members of the BWRVIP.
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ABOUT EPRI
The mission of the Electric Power Research Institute is to discover, develop, and deliver
high value technological advances through networking and partnership with the electricity
industry.

I

Funded through annual membership dues from some 700 member utilities, EPRI's work
covers a wide range of technologies related to the generation, delivery, and use of electric-
ity, with special attention paid to cost-effectiveness and environmental concems.

| At EPRI's headquarters in Palo Alto, Califomia, more than 350 scientists and engineers
| manage some 1600 ongoing projects throughout the world. Benefits accrue in the form of
I products, services, and information for direct application by the electric utility industry and
| its customers.
! EPRI-Leadership in Electrification through Global Collaboration
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