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The purpose of this letter is to respond to your letter to me dated April 10, 2008, subject, "Potential Issues
Related to Emergency Core Cooling Systems (ECCS) Strainer Performance at Boiling Water Reactors."
This letter describes actions underway and being planned by Boiling Water Reactors (BWRs),' provides a
schedule for these actions, and provides a justification for that schedule..

BACKGROUND

In response to several events at operating reactors in the early 1990s, the NRC staff issued Bulletins 95-02
and 96-03 to address concerns about the adequacy of ECCS strainer performance at BWRs. Bulletin 95-
02 resulted in enhanced licensee measures to clean the suppression pools and establish foreign material
controLprogram&sBulleing 03_resultW xchkBW3R-plant-sssing-its plant-sp-e-cific situation

,regarding potential strainer clogging and resulted in each plant installing significantly larger passive
strainers.

The NRC and the nuclear industry conducted significant and extensive research, guidance development,
testing, reviews, and hardware and procedure changes during the 1992 - 2001 time frame to resolve the
issue of debris blockage of BWR strainers. The NRC staff closed the action on NRC Bulletins 95-02 and
96-03 in 20011 with the statement, "We have concluded that all licensees have sufficiently responded to
the requested actions of NRCB 95-02 and NRCB 96-03."

NRC Generic. Safety Issue (GSI)-191 was initiated in. 1996 to examine whether the events and new
research being conducted for the BWR strainers warranted similar activity by the Pressurized Water
Reactor (PWR) plants. After considerable study of this issue for PWRs, in 2004 the NRC issued Generic

Letter (GL) 2004-02, "Potential Impact of Debris Blockage on Emergency Recirculation during. Design
Basis Accidents at Pressurized-Water Reactors." That GL requested PWR licensees to mechanistically
address the potential for post-accident debris clogging of ECCS strainers. GL 2004-02 also requested-'
PWR licensees to address the potential for blockage of the recirculation flow downstream of the strainer

1 NRC Memorandum from Robert B.Elliott to Gary M. Holohan dated October 18, 2001.
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(downstream effects) and the potential for chemical species to develop that could contribute to the debris
load (chemical effects). Neither downstream effects nor chemical effects were noted in Bulletins 95-02
and 96-03. Significant improvements to PWR ECCS sump strainers have been made, and final actions to
close out GL 2004-02 are in progress.

BWROG STRAINER EVALUATION PROGRAM

With the near term closure of GL 2004-02, the NRC has requested that the BWROG investigate
differences between the methodologies used by the BWRs and PWRs to address the effects of post-loss of
coolant accident (LOCA) debris on ECCS strainers, downstream equipment, and fuel. The NRC
identified seven specific areas of concern between the two methodologies in the enclosure of the
April 10 th letter from J.A. Grobe to R. Anderson.

The actions planned to address the GSI- 191 lessons learned and their application to BWRs have been an
ongoing effort of the BWROG as discussed with the NRC at a June 5, 2008, meeting on this topic.
Although the NRC has identified specific areas of concern, the BWROG has undertaken a broad
assessment of differences between the two methodologies to ensure the gaps are identified and resolved.
This assessment, referred to as the BWROG Strainer Evaluation Program, will systematically address the
potential sources of debris; debris generation, transport, erosion, and depletion; chemical effects; strainer
head loss; and downstream effects. Elements of this program have been discussed at the June 5 meeting
and on various occasions thereafter.

The BWROG Strainer Evaluation Program addresses the LOCA debris concerns using a phased approach
starting with containment walkdowns beginning this year to validate and better define potential debris
sources. The walkdowns will provide new information to identify potentially reactive materials that
could contribute to the debris source term through chemical reactions, as well as updated as-built
information concerning insulation, coatings and latent debris sources previously considered. The
BWROG has developed a detailed walkdown guideline, similar to NEI 02-01, for use at BWR plants.

In parallel with the walkdowns, downstream effects, vulnerability to chemical effects, and new data on'
zone-of-influence (ZOI) considerations are being, or will be, studied for applicability to BWRs. In the
next phase of the BWROG Program, the results of the walkdowns will be carefully analyzed relative to
the GSI- 191 lessons learned, as applied to BWRs, for inputs into debris generation, strainer head loss,
chemical effects, and downstream debris effects.

SCHEDULE

The information gathering walkdowns will be completed by the end of 2011. The BWROG will use this
information, apply it to the GSI-191 lessons affecting BWRs, and provide recommendations to the BWR
fleet by the end of 2012. This timeframe provides for one outage for all utilities to sufficiently
characterize the plants' debris source term including walkdowns and additional time for the BWROG to
fully evaluate the results and develop recommendations.

The resolution schedule for the completion of these actions is consistent with the current understanding of
the safety significance of these issues and the schedule for the resolution of similar, and more significant,
safety matters. Since BWRs have already implemented significantly larger passive strainers, the safety
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significance of'this effort is less than that of the original strainer redesign for either the BWRs or the
PWRs.

JUSTIFICATION FOR RESOLUTION SCHEDULE

The BWR community plans to undertake the actions and address issues in a manner consistent with their
safety significance and -in a way that will help to minimize future iteration and rework. The resolution
schedule presented is primarily based on the considerations described below. It should be noted that these
are general considerations, and their application may differ at each plant.

1. Most Likely Pipe Breaks are Least Severe

The overall likelihood of piping ruptures leading to all sizes of LOCAs is low. The application of
lessons learned from the resolution of GSI- 191 and potential concerns about the capability of the
BWR ECCS systems to perform adequately following a- LOCA would primarily be manifest in the
case of a large break LOCA (LBLOCA) where the challenges created by debris generation and
transport would be greatest.

The following table contains data on LBLOCAs from Table 1 of USNRC NUREG 1829, Vol. 1,
"Estimating Loss-of-Coolant Accident (LOCA) Frequencies Through the Elicitation Process," dated
April 2008, along with the relative size of a ZOI that relates to expected debris generation.

BWR LOCA Frequency
Effective Current day estimate (1/cal. yr.) Relative Size

Break Size Median Mean of ZOI
(inch)

3.25 9.7E-06 2.9E-05 0.0005
7 2.2E-06 7.3E-06 0.005

41 2.9E-10 6.3E-09 1

The spherical ZOI for a LOCA is based on the break size (and debris damage pressure), which has a
significant effect on calculating debris generation. The ECCS pump suction strainers in BWRs are
currently sized to accommodate the debris generated from the design basis LOCA with the largest
effective break size assuming the destruction of potential debris within a spherical ZOI. Even
considering that there may be a question about the conservatism of the debris generation analysis, it is
apparent from this data that the margins for a BWR to accommodate a LBLOCA with an event
frequency on the order of 1.OE-05 2 would be significant. For example, the ZOI for a 7" break would
be approximately 0.5% the size of a ZOI for a 41" break.

2 1 E-05 was selected because of its relationship to permitted design changes allowed by RG 1.174. However, the
RG 1.174 reference refers to CDF, and the reference here refers to the probability of the initiating event, therefore
the resultant CDF would be less than 1E-05.
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Additionally, as a result of its toughness and high quality, the large-diameter recirculation piping in
BWRs will likely leak beforebreaking, giving plant operators an opportunity to safely shut down the
plant.

2. Accident Timing Assumptions and Features that Impede Debris Transport

Realistic considerations of the timing of the transport of debris from the drywell to the Wetwell along
with retention of debris in drywell areas and settling in the wetwell can make a significant difference
in the amount of debris expected to reach the ECCS pump suction strainers. A range of conditions

-from turbulent to quiescent will occur inha BWR suppression pool following a postulated LOCA. The.
conditions immediately following the LOCA would be turbulent, followed by a transition period, and
then a longer-term relatively quiescent period once primary system depressurization is complete. The.
period of time to depressurize a BWR, particularly following a design basis LBLOCA would be
relatively short. For a design basis LBLOCA in a BWR, the pressure of the drywell and the reactor
will equalize within a few minutes or less, terminating the blowdown. Due to the congested nature of
the drywell (e.g. grating and piping) and weirs created by. the normal layout of the flow paths, some
retention of debris in the drywell apdd elay can be .expected for debrs to transport from the drywell to
the wetwell. It can also be expected that much of the debris that eventually transports out of the
drywell would settle to the floor of the suppression pool during the quiescent period. These factors
have typically been addressed conservatively in the existing design basis analyses and thus provide a
margin of conservatism.

3. Significant Improvements Put in Place in Response to NRC Bulletins

Significant improvements to minimize foreign material in the suppression pool and containment to
improve the capability of the ECCS suction strainers were made by BWR plants, in the process of

responding to NRC Bulletins 95-02 and 96-03. All BWR plants installed large capacity passive
strainer designs consistent with an NRC approved methodology 3 that addressed the potential for
ECCS strainer clogging based on plant specific conditions.

4. NPSH Design Margins

Net positive suction head (NPSH) calculations are typically performed in a conservative manner. For
example, in addition -to any inherent NPSH design margin, many plants.do not credit post-LOCA
containment overpressure to meet ECCS pump minimum NPSH. Plants that do utilize containment
overpressure to satisfy ECCS pump NPSH requirements are typically licensed to credit only the
amountof overpressure necessary to meet minimum NPSH. Thus, in general, with or without
overpressure credit, there is additional containment overpressure margin that is not credited in the
design that would be available to mitigate additional postulated ECCS strainer head loss.

'The BWROG developed topical report NEDO-32686, "Utility Resolution Guidance for ECCS Suction Strainer
Blockage," referred to as the Utility Resolution Guidance (URG) and submitted it for NRC review on November 20,
1996. The staff approved the URG in a safety evaluation report dated August 20, 1998.
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5. Chemical Effects in BWRs Should be Less than those Expected in PWRs

The BWR post-LOCA environment may have the potential to form chemical products that could
contribute to the debris load, and additional testing or analysis is warranted to fully understand this
potential. However, a significant problem in this regard is not readily apparent relative to the recent
experience with PWRs. During the course of the resolution of GSI-191, the effects of chemical
reactionsinvolving sodium hydroxide and trisodium phosphate in PWR containments were found to
be significant in the contribution to debris accumulating on ECCS suction strainers under certain
environments. BWRs do not use these chemicals inside containment.

6. Ex-Vessel Downstream Effects Expected to be Minimal for BWRs

Ex-vessel downstream effects involve the occlusion of openings in the ECCS flow path that could
reduce or prevent flow from reaching the reactor vessel. For example, significant problems were
identified in the high pressure injection throttle valves of PWRs that requie, hardware changes in
many cases. BWRs have no analogous throttle valves in their ECCS injection flow paths with the
type of tolerance that would cause a blockage or reduction of flow. In the past, the NRC hasraised
questions about the size of the opening in the core spray (CS) nozzles. The size of the opening of
these nozzles is greater than the size of the openings in the suction filter 4, and there will be a
considerable differential pressure across these nozzles that would make blockage or flow reduction by
post accident debris very unlikely. The existing strainer size openings have been sized to prevent
passage of larger debris than the ECCS pumps can tolerate.

7 . Mitigation Available for In-Vessel Downstream Effects

A significant difference between PWRs and BWRs that merits consideration is that unlike fuel in
PWRs, the fuel in BWRs is surrounded by flow channels that would prohibit lateral flow between fuel
assemblies. However, a significant advantage for cooling BWR fuel is that ECCS flow is directed
into each fuel assembly from above by the core sprays and therefore the cooling water can quench the
fuel rods and flood the core from either direction. The BWRs also use an Automatic Depressurization
System to depressurize the reactor vessel, which allows water to be pumped to the reactor vessel with
multiple systems. Typical BWR ECCS injection flow paths are through the main feedwater line for
BWR/3-4 high -pressure injection, direct to the upper core region for BWR/5-6 high pressure core
spray and BWR/3-6 low pressure core spray, through the main recirculation flow path for BWR/3-4
low pressure coolant injection, and directly into the inside core shroud region for BWR/5-6 low
pressure coolant injection. Once water is injected into the reactor vessel through any of these paths, it
is possible for it to reach the fuel from either direction. Additionally, the large size of the BWR
reactor vessel with the heat capacity of the water it contains provides margin for heat removal.

8. Redundancy and Diversity of BWR Design Features

Redundancy and diversity of the capability of heat removal from the reactor vessel is a general
strength of the BWR design. In addition to the ECCS, the capability exists for establishing a flow

4 A typical size of nozzle opening is greater than 0.25 inches and a typical strainer opening is 0.125 inches or less.
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path into the reactor vessel from other sources, including the reactor core isolation cooling system, the
control rod drive system, and the feed and condensate systems.

While variations exist from plant-to-plant on details of their designs and their respective margins, we
expect that the newly identified issues will have a relatively small impact. With the aggregate
conservatism noted above, the BWROG is confident in the overall safety margin of the BWR fleet.

CONCLUSIONS

The BWROG shares a common goal with the NRC to address strainer performance issues with an
appropriate level of rigor to ensure the safety of the BWRs is properly assessed. We have developed a
comprehensive evaluation plan and will update the NRC at regular intervals on our progress. We plan to
share the results of the walkdowns with you as well as the integrated plan to address their findings once it
is developed. The BWROG will also inform the NRC if there is anysignificant change in the resolution
schedule and the basis for such change. While the actions described in this letter represent the intent of
the members of the BWROG, they should not be considered a commitment on the part of a specific
licensee.

We lookforward to continued progress and resolution of these issues.

Respectfully,

Rich Anderson
BWROG Executive Chairman
(319) 851-7568

cc: William Ruland, NRC
Donnie Harrison, NRC
Michelle Honcharik, NRC
BWROG Executive Committee
BWROG Primary Representatives


