
April 13, 2006

 

Bill Eaton, BWRVIP Chairman
Entergy Operations, Inc.
Echelon One
1340 Echelon Parkway
Jackson, MS  39213-8202

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION - BWRVIP-139:  
BWR VESSEL AND INTERNALS PROJECT STEAM DRYER INSPECTION
AND FLAW EVALUATION GUIDELINES

Dear Mr. Eaton:

By letter dated May 10, 2005, the Boiling Water Reactor Vessel and Internals Project
(BWRVIP) submitted for NRC staff review, Electric Power Research Institute (EPRI) Technical
Report (TR) 1011463, “BWR Vessel and Internals Project, Steam Dryer Inspection and Flaw
Evaluation Guidelines (BWRVIP-139).”  The BWRVIP-139 report includes the following: 
(1) documentation of steam dryer configurations for different plants; (2) a summary of steam
dryer cracking incidents based on field experience; (3) documentation of the steam dryer
regions of susceptibility for fatigue cracking and intergranular stress corrosion cracking
(IGSCC); (4) a review of the failure modes and effects of cracking in steam dryer components; 
(5) an overview of the relative stresses in the different steam dryer components; (6) detailed
inspection recommendations for the different dryer designs; (7) examples of evaluation
approaches that have been used to justify continued operation with IGSCC or fatigue cracking
in non-structural components that will not result in risk of loose parts generation; and, 
(8) operational guidance for monitoring moisture carryover.  The BWRVIP-139 report also
addresses previously used repair methods and approaches.  
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The staff has determined that additional information is needed to complete the review.  
The staff’s RAI regarding the BWRVIP-139 report is attached.  In order to complete the staff’s
review of the BWRVIP-139 report in an efficient and effective manner, your complete response
to the attached RAI is required no later than six months from the date of this letter.  If you
cannot provide a complete response within six months, please contact Meena Khanna at 
(301) 415-2150 to discuss the withdrawal of the BWRVIP-139 report and its future resubmittal
when you are prepared to respond to the RAI.  In addition, if you have any other questions
regarding the attached RAI, please contact Ms. Khanna.

Sincerely,

/RA/

Matthew A. Mitchell, Chief
Vessels & Internals Integrity Branch
Division of Component Integrity
Office of Nuclear Reactor Regulation

Project No. 704

Enclosure:  
Request for Additional Information

cc:  BWRVIP Service List 
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cc:

Tom Mulford, EPRI BWRVIP
  Integration Manager
Raj Pathania, EPRI BWRVIP
  Mitigation Manager
Ken Wolfe, EPRI BWRVIP
  Repair Manager
Larry Steinert, EPRI BWRVIP
Randy Stark, EPRI BWRVIP
Electric Power Research Institute
P.O. Box 10412
3412 Hillview Ave.
Palo Alto, CA  94303

Robin Dyle, Technical Chairman
  BWRVIP Integration Committee
Southern Nuclear Operating Co.
42 Inverness Center Parkway (M/S B234)
Birmingham, AL  35242-4809

George Inch, Technical Chairman
  BWRVIP Assessment Committee
Constellation Nuclear
Nine Mile Point Nuclear Station (M/S ESB-1)
348 Lake Road
Lycoming, NY  13093

Denver Atwood, Technical Chairman
 BWRVIP Repair Focus Group
Southern Nuclear Operating Co.
Post Office Box 1295
40 Inverness Center Parkway (M/S B031)
Birmingham, AL 35242-4809

Jeff Goldstein, Technical Chairman
  BWRVIP Mitigation Committee
Entergy Nuclear NE
440 Hamilton Ave. (M/S K-WPO-11c)
White Plains, NY  10601

Charles J. Wirtz, Chairman
BWRVIP Inspection Focus Group
FirstEnergy Corp.
Perry Nuclear Power Plant (M/S A250)
10 Center Road
Perry, OH  44081

Amir Shahkarami, BWRVIP Executive Oversight
Committee
  Exelon Corp.
Cornerstone II at Cantera
4300 Winfield Rd.
Warrenville, IL  60555-4012

Robert Carter, EPRI BWRVIP
  Assessment Manager
Jeff Landrum, EPRI BWRVIP
  Inspection Manager
EPRI NDE Center 
P.O. Box 217097
1300 W. T. Harris Blvd.
Charlotte, NC  28221
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PPL Susquehanna, LLC
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Rick Libra, BWRVIP Executive Oversight Committee
DTE Energy
Fermi Nuclear Plant (M/S 280 OBA)
6400 N. Dixie Highway
Newport, MI 48166-9726



ENCLOSURE

REQUEST FOR ADDITIONAL INFORMATION
BWRVIP-139 REPORT

BWR VESSEL AND INTERNALS PROJECT 
STEAM DRYER INSPECTION AND FLAW EVALUATION GUIDELINES

RAI No. 139-1

In Section 1.1 of the BWRVIP-139 report, “BWR Vessel and Internals Project Steam 
Dryer Inspection and Flaw Evaluation Guidelines,” a discussion is provided regarding the steam
dryer failures at Quad Cities, Units 1 and 2.  The focus on Quad Cities in Section 1.1 does not
reflect the generic significance of the steam dryer failures.  For example, Section 1.1 does not
discuss steam dryer cracking at Dresden, Units 2 and 3 including the November 2005 cracks
identified in the lower cover plate that had been previously modified to prevent cracking. 
Section 1.1 does not indicate that other boiling water reactor (BWR) plants also have identified
steam dryer cracking but to a less significant extent.  Based on this information, the staff
requests that the Boiling Water Reactor Vessel and Internals Project (BWRVIP) address the
generic experience with, and significance of, the steam dryer failures.

RAI No. 139-2

In Section 2.2 of the BWRVIP-139 report, it is stated that local regions of the steam dryer near
the steam outlet nozzles from the reactor vessel may be continuously exposed to steam flows
in excess of 100 feet per second (fps).  However, maximum steam flow velocity can be much
greater than 100 fps in some BWR plants during power uprate operation.  The staff requests
that the BWRVIP address this issue.

RAI No. 139-3

In Section 2.3.2 of the BWRVIP-139 report, a discussion is provided regarding the original
steam dryers in Dresden Units, 2 and 3 and Quad Cities, Units 1 and 2.  The staff requests that
the BWRVIP provide a discussion in the BWRVIP-139 report regarding the replacement steam
dryers installed in Quad Cities in early 2005, and being considered for Dresden, to improve their
structural capability and to minimize hydrodynamic loads and impact loads resulting from
acoustic resonances in the main steam lines.  

Also, some of the major modifications to the original Dresden/Quad Cities steam dryers are
addressed in the BWRVIP-139 report, but the staff noted that there is no discussion regarding
the gusset shoes or the additional shoe modification found to be necessary at Dresden
following the discovery of the steam dryer cracking in the lower cover plate near the gusset
shoes in November 2005.  Therefore, the staff requests that the BWRVIP address the issue of
gusset shoes and additional shoe modifications in the BWRVIP-139 report.

RAI No. 139-4

In Section 2.5 of the BWRVIP-139 report, a discussion is provided regarding the susceptibility
of steam dryers to cracking.  In addition to considering the physical characteristics of the steam
dryer, the staff requests that the BWRVIP indicate in the BWRVIP-139 report that  recent
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studies have suggested that susceptibility of a steam dryer to failure could result from acoustic
resonance peaks in the main steam lines of the BWR plant causing significant pressure loads
on the steam dryer.

RAI No. 139-5

In Section 3 of the BWRVIP-139 report, a discussion of the consequences of a steam dryer
failure, including the generation of loose parts, is provided.  The staff requests that the
BWRVIP provide a discussion regarding the consistency of the loose parts evaluation in the
BWRVIP-139 report with other BWRVIP guidance that has been accepted by the NRC staff.

RAI No. 139-6

Section 4.3 of the BWRVIP-139 report provides a description of the determination of the load
definition for a steam dryer in evaluating the stress levels in steam dryer components.  Recent
steam dryer data has shown that the method described in the BWRVIP-139 report, using
generic plant data to develop a load definition, to be inadequate in predicting steam dryer loads
resulting from plant-specific acoustic resonance peaks.  Therefore, the staff requests that the
BWRVIP include current information on the plant-specific aspects of steam dryer loads that
appear to be more dependent on main steam line configuration and steam flow velocity than
steam dryer design in the BWRVIP-139 report.

RAI No. 139-7

In Section 4.5 of the BWRVIP-139 report, it is stated that steam dryers fall into three categories:
square hood, slanted hood, and curved hood.  However, the new steam dryer design is not
addressed in the report.  Therefore, the staff requests that the BWRVIP discuss the new steam
dryer design developed for Quad Cities in the BWRVIP-139 report.

RAI No. 139-8

In Section 5.3 of the BWRVIP-139 report, it is recommended that baseline visual inspections be
conducted within the next two scheduled refueling outages.  The staff requests that the
BWRVIP indicate in the BWRVIP-139 report that the licensee will need to determine that its
steam dryer is not susceptible to significant degradation when delaying the steam dryer
inspection for two outages (up to 4 years).  Also, the staff requests that  the BWRVIP provide a
status of the BWR reactor units that have completed the baseline inspections and their results,
and the schedule for completion of the baseline inspections by the other BWR reactor units.

RAI No. 139-9

In Section 5.3 of the BWRVIP-139 report, it is noted that the BWRVIP will define re-inspection
requirements for steam dryers following review of baseline inspection results and corresponding
plant operational parameters.  In the interim, the BWRVIP-139 report indicates that BWR
owners “may opt” to follow the re-inspection requirements contained in the General Electric
(GE) Service Information Letter (SIL)-644, Revision 1, “BWR Steam Dryer Integrity.”  The staff
requests that the BWRVIP discuss the guidance that is being provided to BWR licensees by the
BWR Owners’ Group for the frequency and performance of periodic steam dryer inspections
while the BWRVIP’s re-inspection requirements for steam dryers are still being developed. 
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RAI No. 139-10

The steam dryer inspection guidelines in Section 5.3 of BWRVIP-139 are divided into the
categories of (a) BWR/2 and square hood dryers, (b) slanted hood dryers, and (c) curved hood
dryers.  In addition to steam dryer design, the presence of acoustic resonance peaks caused by
increased steam velocity can influence the susceptibility of a particular steam dryer to failure or
the length of operating time prior to failure.  In determining steam dryer inspection guidelines,
the staff recommends that the BWRVIP consider factors beyond steam dryer design that could
affect the susceptibility of a steam dryer to failure during operation of a BWR plant at power
uprate conditions.  The staff requests that the BWRVIP address this issue.

RAI No. 139-11

In Table 5-1 of the BWRVIP-139 report, it is indicated that the outer bank hoods for BWR/2 and
square hood steam dryers will be inspected internally and externally.  However, Tables 5-2 and
5-3 of the BWRVIP-139 report for slanted and curved hood steam dryers indicate only external
inspection of the outer bank hoods.  The focus on external inspection of slanted and curved
hood steam dryers could result in the inability to identify a crack that initiated on an internal
surface until the crack grows through the steam dryer wall of the outer hood with the increased
potential for the generation of loose parts.  The staff requests that the BWRVIP address this
issue.

RAI No. 139-12

In Section 5 of the BWRVIP-139 report, the BWRVIP provides inspection guidance for various
steam dryer designs.  The staff requests that the BWRVIP discuss any differences in the
inspection methods or locations specified in the BWRVIP-139 report with respect to the
inspection guidance provided in the GE SIL-644, Revision 1.  In addition, the staff requests that
the BWRVIP provide its bases for those differences.

RAI No. 139-13

Based on Figure 6-5 of the BWRVIP-139 report, the BWRVIP provides a generic analysis to
justify two years of plant operation without the repair of steam dryer fatigue cracking found in
the drain channel or skirt if (a) the crack length is smaller than field experience, (b) there are no
recent or planned changes in plant power level, and (c) the crack length is less than six inches. 
As part of this analysis, the staff requests that the BWRVIP-139 report be modified to require
licensees to demonstrate that the steam dryer loads will not cause the crack to grow over that
time interval to cause concerns regarding steam dryer integrity and the generation of loose
parts.

RAI No. 139-14
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Based on Figure 6-6 of the BWRVIP-139 report, the BWRVIP provides a generic analysis to
justify two years of plant operation without repair of internal steam dryer fatigue cracking if: 
(a) the indication is in a non-structural location, (b) the cracking is similar to other field
experience, and (c) there are no recent or planned changes in plant power level.  As part of this
evaluation, the staff requests that the BWRVIP-139 report be modified to require licensees to
verify that the steam dryer loads will not cause the crack to grow over that time interval to cause
concerns regarding the generation of loose parts.

RAI No. 139-15

In Section 7 of the BWRVIP-139 report, the BWRVIP provides operational guidance for
assessing steam dryer performance.  The monitoring guidelines in Section 7 focus on
measurement of moisture carryover to identify steam dryer failure after it has occurred. 
The staff noted that the monitoring guidelines do not include proactive means to avoid steam
dryer failure (such as collection and analysis of plant data sufficient to determine steam dryer
loads).  The staff requests that the BWRVIP address this issue.  

RAI No. 139-16

In Section 7 of the BWRVIP-139 report, it is mentioned that the collection of certain plant data,
such as flow distribution between steam lines and feed-to-steam flow mismatch, may be helpful
in identifying significant steam dryer degradation.  The staff requests that the BWRVIP provide
guidance in the BWRVIP-139 report for evaluating this plant information to assess steam dryer
performance.

RAI No. 139-17

The monitoring guidelines in Section 7 of the BWRVIP-139 report do not provide specific
criteria for licensee action if the monitored parameters indicate the potential for, or the
occurrence of, inadequate performance of the steam dryer.  The staff requests that the
BWRVIP provide guidance in the BWRVIP-139 report for licensee action if monitored
parameters indicate degradation of steam dryer performance.

RAI No. 139-18

Section 5.2 of the BWRVIP-139 report states that [American Society of Mechanical Engineers
Code, Section XI, Paragraph IWA-2210] visual testing (VT-1) is the recommended technique to
be employed for the inspections.  The criteria for demonstrating VT-1 proficiency is contained in
ASME Code, Section V, T-921.3 which requires the demonstration of effectiveness using a fine
line 0.032-inches or less in width, an artificial imperfection or a simulated condition, located on a
surface or a similar surface to that to be examined.  NUREG-6860, “An Assessment of Visual
Testing,” evaluated previously published studies of cracks commonly found in vessel and piping
material.  The evaluation in NUREG-6860 used the crack opening dimension as one of the
parameters with respect to the ability to detect flaws. 

The BWRVIP-139 report discusses the importance of crack length for an analytical assessment
of component integrity.  The crack length from the actual tip to the location where the crack
becomes resolvable using a VT-1 examination is a length-sizing uncertainty that is not
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addressed in the BWRVIP-139 report.  Therefore, the staff requests that the BWRVIP discuss
the effect that such uncertainty has on the evaluations recommended in the BWRVIP-139
report.  If the position of the BWRVIP is that the length-sizing uncertainty has a negligible
impact on the BWRVIP-139 structural integrity evaluations, please provide the basis for this
conclusion.  
 
RAI No. 139-19

Section 6.0 of the BWRVIP-139 report states that the disposition of the specific categories of
flaws can be made based on cracking mode confirmation (IGSCC or fatigue), crack location, 
and crack length.  The staff requests that the BWRVIP discuss how use of VT-1 data results in
reliable identification of the cracking modes common to the steam dryers.  In addition, the staff
requests that the BWRVIP address crack disposition for unidentified cracking modes. 

RAI No. 139-20

The BWRVIP-139 report does not discuss the effectiveness of the remote visual examination
equipment.  NUREG-6860 has noted differences in detectability/resolution depending on the
type of equipment selected for the examination and variables such as lighting and surface
conditions.  The staff requests that the BWRVIP discuss the requirements, recommendations,
and important variables for equipment and equipment systems used for the BWRVIP-139
remote visual examinations.


