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Certified on: October 5, 2010
By: Sanjoy Banerjee

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
MINUTES FOR THE MEETING OF THE SUBCOMMITTEE ON
THERMAL HYDRAULIC PHENOMENA REGARDING GSI-191

SEPTEMBER 7, 2010
ROCKVILLE, MARYLAND

INTRODUCTION

On September 7, 2010, the Advisory Committee on Reactor Safeguards (ACRS) Subcommittee
on Thermal-Hydraulic Phenomena held a meeting regarding the review of Generic Safety Issue
(GSI)-191, “Assessment of Debris Accumulation on PWR Sump Performance,” in Room T-2B1,
at 11545 Rockville Pike, Rockville, Maryland. The purpose of the meeting was to hear
presentations and discuss the options that the staff and the industry are proposing to close GSI-
191. In addition to the NRC staff, a representative from Nuclear energy Institute (NEI) and a
representative from South Texas Project (STP) made presentations to the Subcommittee. The
meeting was convened at 1:00 pm and adjourned at 6:15 pm.

ATTENDEES

ACRS Members

S. Banerjee, Chairman

S. Abdel-khalik, Member

M. Ryan, Member

W. Shack, Member

M. Corradini, Member (on the phone)
T. Kress, Consultant

G. Walllis, Consultant

ACRS Staff

|. Berrios, ACRS Staff

W. Wang, ACRS Staff

M. Benson, ACRS Staff

E. Hackett, ACRS Staff

C. Santos, ACRS Staff

H. Nourbakhsh, ACRS Staff
Z. Abdullahi, ACRS Staff

NRC Staff

T. Lupold, NRR/DCI

E. Wong, NRR/DCI

J. Burke, RES/DE

R. Penning, NRR/DSS
P. Klein, NRR/DCI

M. Yoder, NRR/DCI

R. Taylor, NRR/DCI

T. Collins, NRR/DSS
C. Ashley, NRO/DSRA
J. McKirgan, NRO/DSRA
J. Tsao, NRR/DCI

J. Lehning, NRR/DSS



E. Geiger, NRR/DSS

S. Smith, NRR/DSS

G. Makar, NRO/DE

D. Harrison, NRR/DRA
S. Bailey, NRR/DORL
W. Ruland, NRR/DSS

J. Beall, NRR/DSS

T. Koshy, RES/DE

D. Terao, NRO/DE

B. Lin, RES/DE

A. Proffitt, NRR/DSS

M. Gavrilas, RES/DE

S. Laur, NRR/DRA

R. Pedersen, NRR/DIRS
N.R. Karipineni, NRR/DSS
S. Dinsmore, NRR/DRA
E. Miller, NRO/DSRA

M. Scott, NRR/DSS

M. Snodderly, NRC/OCM
C. Hott, NRR/DSS

Others

M. Dinelor, PWROG/Westinghouse
R. Lutz, PWROG/Westinghouse

J. Butler, NEI

M. Arey, PWROG/Duke Energy

D. Fink, PWROG/Westinghouse

T. Bowman, STP

The presentation slides and handouts used during the meeting are attached to the trancripts.
The presentations to the Subcommittee are summarized below.

SUMMARY OF MEETING

Opening Statement

Chairman Sanjoy Banerjee convened the meeting by introducing the ACRS members present.
Chairman Banerjee stated that the purpose of the meeting was to review Notation Vote policy
paper on potential approaches to bring GSI-191 to closure, which was a response to Staff
Requirements Memorandum (SRM), issued on May 17, 2010 (SRM-M100415). He stated that
the Subcommittee would hear presentations from representatives of Office of Nuclear Reactor
Regulation (NRR), Nuclear Energy Institute (NEI) and South Texas Project (STP). He also
stated that the Subcommittee would gather information, analyze relevant issues and facts, and
formulate proposed positions and actions, as appropriate for deliberation by the Full
Committee. Chairman Banerjee acknowledged that the Committee had received no written
statements or requests for time to make oral statements from members of the public.

DISCUSSION OF AGENDA ITEMS

Staff Introduction

Michael Scott, Brach Chief of the Safety Issue Resolution Branch in the Office of Nuclear
Reactor Regulation (NRR), provided a brief summary of what has been reviewed by the staff
regarding GSI-191 and an overview of what is going to be presented during the meeting.
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NRC Presentations

Closure Options for Generic Safety Issue-191, PWR Sump Performance

Michael Scott and Christopher Hott, NRR, provided an overview of SECY-10-0113, “Closure
Options for Generic Safety Issue - 191, Assessment of Debris Accumulation on Pressurized
Water Reactor Sump Performance,” which was written as a response to SRM-M100415.

First a background of the GSI-191 was provided, stating that GSI-191 involves demonstration
that emergency core cooling system (ECCS) strainers will perform acceptably after a loss-of-
coolant accident (LOCA). In 2004, Generic Letter (GL) 2004-02 requested licensees to perform
detailed mechanistic evaluations of ECCS and containment spray system (CSS) functions, and
make modifications as needed by December 31, 2007. Licensees increased the strainer size by
1-2 orders of magnitude, but further testing was required to resolve the strainer head loss and
in-vessel downstream effects related to the issue.

Thirty-three out of sixty-nine pressurized water reactors (PWRs) have already performed
analysis and strainer testing using methods acceptable to the NRC staff and 13 more plan to do
the same. Most of the 23 remaining plants have relatively large amount of fibrous insulation and
will probably have to remove or protect some insulation.

The staff provided a summary of the Commission briefing in April 2010, stating that the industry
expressed concerns about staff path forward having little safety benefit and large radiation
exposure to workers. The industry-preferred path forward was the application of leak-before-
break (LBB) to the sump evaluations.

The staff proposed 3 options for the closure of GSI-191 on SECY-10-113 including:

e Option 1: Current holistic integrated approach, with or without firm schedules and in
Option 1b a longer time scale for resolving large break issues, which retains bounding
models but allows licensees some time for currently proposed new testing to support
refinements indebris generation and settling models

e Option 2: Develop additional risk-informed guidance, which would allow some
refinements in models for evaluating larger breaks due to their very low likelihood

e Option 3: Allow application of LBB to sump performance evaluations. No debris is
assumed to be generated from breaks in LBB-qualified piping and PWRSs’ large reactor
coolant system (RCS) piping is LBB-qualified

The staff recommended a combination of Options 1b and 2, proposing a near term schedule for
smaller LOCAs and longer term schedule for less likely larger LOCAs, while the industry
recommended Option 3.

The staff expressed concerns that GSI-191 is a safety issue due to: 1) inability of sumps to pass
adequate flow could lead to core damage due to loss of ECCS and loss of mitigation system
(containment spray); 2) uncertainties in sump performance, particularly for “high-fiber” plants,
are significant; 3) LOCAs as small as 3 inches can challenge sump performance; and 4) not
prudent to allow uncertainties in sump performance, particularly for high fiber plants, to
continue indefinitely. The lack of realistic models in areas critical to sump performance is a
major source of large uncertainty.

Additional plant modifications to resolve GSI-191 could result in significant worker doses. The
industry indicated doses would range from 100 to 600 person-rem and an average dose of 200
person-rem to replace all fibrous insulation. The staff obtained data samples from a limited
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number of licensees who have replaced some insulation in containment and the doses ranged
from 5 to 44 person-rem and an average of 19 person-rem, but this data is likely not bounding of
the worst cases. An ACRS member asked why the doses presented by the staff and the
industry are so different. The staff clarified that the doses presented by them were for partial
insulation replacements and were obtained from 7 to 8 plants. These numbers are not
representative for a plant that will have to take out much of the insulation. The staff believes that
600 person-rem is perhaps too high and 200 person-rem might be more likely as an upper bound.
In addition, the staff stated that since all licensees do ALARA (as low as is reasonably achievable)
planning for jobs like this, so licensees could take measures to minimize these doses.

Consideration of General Design Criterion (GDC)-4 for the Resolution of GSI-191 Issues

Timothy Lupold and John Tsao, NRR, presented the consideration of GDC-4 for the closure of
GSI-191. The staff provided some background regarding the letter that NEI sent urging the NRC
to consider the application of GDC-4 as a mean to resolve the remaining GSI-191 issues and
concerns. GDC-4 permits the dynamic effects from pipe rupture to be excluded when analyses
demonstrate an extremely low probability of pipe ruptures, which will analytically reduce the
amount of debris that would be transported to the sump. Also, under LBB methodology, the pipe
will most likely develop a small crack such that an operator would identify the leakage and then
take actions before there is an actual rupture of the piping system.

The staff provided some insights regarding the intent of GDC-4. LBB credit enhances safety
through the removal of plant hardware, such as pipe whip restraints and jet impingement barriers,
which negatively affect plant performance while not affecting ECCS, containment, and
environmental qualification of mechanical and electrical equipment. LBB applies to local but not
global dynamic effects and removes the requirement to consider jet impingement forces on
adjacent components.

The staff explained some advantages of applying GDC-4. Plants that have already replaced some
of the insulation may not need to replace any additional insulation. Also, for plants that have not
replaced insulation at all, the application would likely reduce the scope and the number of
insulation needed to be replaced. As the amount of insulation that needs to be considered from
transporting to the sump is reduced, it may eliminate the need for additional strainer testing. This
may provide those licensees who have already shown satisfactory strainer performance the
potential to recover operational margins. An ACRS consultant expressed that all these statements
are “might” and “could,” if a decision is going to be made, the real consequences should be known.
The staff responded that this is all plant-specific and it is going to be a function of where the
problematic insulation is. If the insulation is on the LBB pipes there could be a very large benefit
from applying GDC-4 but if the insulation is not on the LBB pipes then it may not help the situation
at all. The staff believes that the application of GDC-4 would not enhance safety and they
cautioned that if GDC-4 is used in this particular application, what is the next application it will be
used for?

The staff also explained some disadvantages of applying GDC-4. LBB credit could allow large
amounts of potentially problematic materials to remain in containment. If an LBB pipe ruptures,
it would cause debris generation that would be unevaluated for impact on ECCS strainer
performance. Small amounts of debris have been shown in testing to cause sump failure, and a
sump failure following a LOCA would likely cause loss of the ECCS and the CSS. Another
disadvantage is that LBB piping contains welds with Alloy 82/182 material which is susceptible
to primary water stress corrosion cracking (PWSCC). The staff has taken actions working with the
American Society of Mechanical Engineers (ASME) to create code cases for increasing the
frequency of the examinations of these welds. The industry has implemented guidance and
programs to minimize the impact of PWSCC such as augmented examination. Additional
analyses would be needed prior to applying GDC-4 to GSI-191 and it is going to take a number
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of years before this PWSCC issue is addressed completely for these systems. In addition, the

staff stated that if GDC-4 is approved for application to GSI-191, the dynamic effects from non-
LBB piping and LOCA sources still need to be considered in debris generation. LOCAs outside
the scope of LBB would be unaffected by this credit.

The staff stated that approving LBB would be inconsistent with Defense-in-Depth (DID) principles
and also with the proposed 10 CFR 50.46(a) rule. This proposed rule, based on risk-informed
principles, would state that the licensees would required to have the capability to mitigate the full
spectrum of LOCAs, while the application of GDC-4 would eliminate some of those LOCAs. The
application of GDC-4 would require revising the Statement of Considerations for GDC-4, revising
the rule, and/or issuing exemptions.

The staff wrapped up the presentation stating that the staff does not recommend that GDC-4 be
applied to GSI-191 for the following reasons: 1) large reduction in DID for ECCS performance,
2) inconsistent with the intent of GDC-4 because there would be no corresponding safety
benefit, 3) LBB credit for a global effect might set a precedent for other areas of plant design, 4)
PWSCC concerns in LBB piping, and 5) inconsistent with the 10 CFR 50.46(a) proposed rule.

Risk-Informed Considerations for GSI-191

Timothy Collins and Steve Dinsmore, NRR, discussed how the staff has attempted to risk-inform
the resolution path for GSI-191 with the emphasis on those plants that have not yet demonstrated
adequate strainer performance. The staff recommends a risk-informed approach that addresses
LOCAs that have the greater risk significance in the near term and those less-likely LOCAs should
be addressed in the longer term. The Commission’s decision on the 10 CFR 50.46(a) proposed
rule should be used to update risk-informed approaches to close GSI-191. This plan requires that
long-term cooling capability be provided for all breaks up to the double-ended guillotine break of
the largest pipe in the RCS.

Regulatory Guide (RG) 1.174 states that for a change to be acceptable in a risk-informed
resolution, it should present an acceptable change in risk, it should maintain sufficient DID, it
should maintain safety margins, and it should have a monitoring program that assures that the
conditions assumed in the written analysis are preserved in the plant. The staff also stated that the
factor that most complicates risk-informing the GSI-191 resolution is the inability to realistically
model key phenomena. Models and major factors, such as debris generation and transport, are
highly uncertain. This limitation has important implications for the assessment of both the change
in risk and DID because it drives the staff to use bounding estimates.

The staff discussed the new proposed rule for 10 CFR 50.46(a), which represents the current staff
thinking on what risk-informing ECCS requirements in general ought to be. The most significant
feature of the rule is that the largest break that has to be analyzed as a design basis accident has
changed from a double-ended guillotine break of the largest pipe in the RCS to the single-sided
break of the largest attached pipe. The final rule for 10 CFR 50.46(a) is scheduled to go to the
Commission in December 2010 and the staff is proposing to issue implementing guidance 12
months after approval by the Commission.

The staff wrapped up this presentation with a summary. The staff believes that the sump issue
remains a safety issue for those plants that have not demonstrated their strainer performance.
They also believe that the recommendation in SECY-10-0113 is risk-informed and is consistent
with RG 1.174. In addition, they believe that the 10 CFR 50.46(a) proposed rule would facilitate
large-break LOCA resolution but it is not an “analysis only” solution.



Summary Presentation GSI-191 Closure Options

A summary of the 3 previous presentations was provided by the NRR staff, Michael Scott and
Christopher Hott. During this presentation, the staff discussed their recommendation for GSI-191
closure. Their recommended approach provides a near-term resolution for the most significant
smaller LOCAs, while allowing additional time for evaluating larger LOCAs and maintaining
sufficient DID. In addition, the in-vessel effects need to be resolved as part of GSI-191, not as a
separate issue. The staff does not recommend the application of GDC-4 for the reasons discussed
above.

Stakeholders Presentations

GSI-191 Resolution Options

A representative of NEI, John Butler, presented some perspectives and considerations on the
options suggested in SECY-10-0113 and what the industry is proposing to close GSI-191. The
industry recommends Option 2 and Option 3 in combination with Option 1b. They are in
agreement with the staff regarding Option 1b in that the most significant LOCAs should be
addressed in the near term, while for the less significant LOCAs they would like to considerate
Option 3.

NEI discussed each one of the options that the industry recommends. Option 2a, Section 6 of NEI-
04-07 is in place right now. It has been limited in its use and one of the main reasons is because it
provides limited relaxation of conservatisms. Separation between the criteria that applies to the
small break spectrum and the criteria that applies to the large break spectrum is needed. Option
2b pursues approval of 10 CFR 50.46(a) proposed rule and would generate new guidance. The
benefit of 10 CFR 50.46(a) is going to vary from plant to plant. Because the rule is not final, there
has not been discussion on implementation guidance for the rule.

Option 3 is the option that the industry is recommending. The industry stated that the application of
GDC-4 provides means to address unlikely breaks in a manner that is risk-informed and
complies with regulatory requirements. This approach could also help the plants that resolved
the GSI-191 issue to recover operational margins. In addition, guidance for GDC-4 is currently
available and enables quick staff review and closure of GSI-191. An ACRS member asked if
the GDC-4 application states that anything beyond the LBB piping does not need to be considered.
The industry clarified that GDC-4 allows the exclusion of local dynamic effects, if there is a break in
an LBB pipe, but the global effects still need to be considered.

The industry discussed some disagreements with the staff regarding the application of GDC-4 to
GSI-191. First, the staff believes that the intent of GDC-4 is not the application to LOCA-generated
debris, while the industry believes that the application of GDC-4 is within the scope of it since
debris generation is a direct consequence of local dynamic effects (not global dynamic effects)
excluded from postulated breaks in LBB qualified piping. Second, the staff believes that the
application of LBB to LOCA-generated debris is a detriment to DID principles and would require
Commission approval, while the industry believes that the impacts on plant safety, worker safety
and DID were evaluated under the original rule change and that allowed removal of pipe whip
restraints and jet impingement shields. Third, the staff believes that PWSCC is a concern, while
the industry believes that they have made significant progress in resolving PWSCC and the
mitigation efforts include installing weld overlays and mechanical stress improvements. Fourth,
the staff believes that the ECCS functional performance is directly affected by the containment
sump performance, while the industry stated that the debris generation can impact ECCS



operation, but impacts on ECCS are not unique to debris generation and were acknowledged in
GDC-4.

The industry also proposed an Option 4 that the staff didn’t suggest in SECY-10-0113. This
option consists of alternative design modifications to address GSI-191, such as: buffer
replacement that significantly reduces chemical precipitates, water management to eliminate
containment spray actuation on LOCA, and strainer backflush capability.

Application of Option 3 (GDC-4) to GSI-191 Closure

A representative of South Texas Project (STP), Tim Bowman, provided a presentation from a plant-
specific standpoint application. From 2004 to 2007, STP installed much larger strainers expecting
that the strainer testing would pass and the issue would be closed, but it did not work. In 2008,
their testing was based on a reduced WCAP zone of influence, which was called into question.
Now they are back into a discussion of strainer testing. They calculated the dose and the cost to
pass a strainer test, estimating a dose of 81 person-rem per unit and a cost of 30 million dollars. If
all the insulation is replaced, STP would have an increase of 3x10® of core damage frequency
(CDF).

STP stated that the application of LBB is desired to provide expedient means to demonstrate
compliance in a way that reduces cost and worker impact. An ACRS member questioned the
DID of the LBB application. STP believes that there is enough DID since they have sufficient
procedures and training for operators, which they do not take credit for.

Some advantages of Option 3 (GDC-4) to Option 2b (10 CFR 50.46(a)) were presented. GDC 4
could be implemented by Commission decision, while rule-making is required for 10 CFR 50.46(a).
If GDC-4 is apply, no additional generic testing is required but they would continue to do zone of
influence testing to gain margin back, while for 10 CFR 50.46(a) there may be additional generic
testing that is uncertain. STP also believes that GDC-4 provides a shorter time frame for closure
because there is more guidance on how it would be applied, compare to 10 CFR 50.46(a) that is a
longer time period due to rulemaking and implementation guidance.

STP concluded the presentation stating that GDC-4 provides a closure methodology for GSI-
191 that is timely because there is no rulemaking and guidance is available, appropriately
addresses incremental risk, minimizes radiation dose across the industry, and provides a means
to regain margin.

NRC Presentations

Additional comments from NRC staff

After the stakeholders’ presentation, the staff had an opportunity for some additional comments.
The staff stated that they are in disagreement with some of the points presented by the industry.
The staff does not agree with NEI's definition of the intent of the revised GDC-4 rule. The staff
considers the debris generation issue as global because the debris that is generated travels to the
sump and could cause loss of the ECCS. Regarding the Option 4 suggested by NEI, the staff
stated that there is an ongoing process to see whether buffer removal would be a good option.
The staff believes that buffer removal does not remove chemical effects as NEI stated.

SUBCOMMITTEE CONCLUSIONS

Chairman Banerjee concluded the meeting by thanking the staff and the stakeholders. He stated
that the presentations and discussions were very good. The meeting was adjourned.
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