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Joosten, Sandy

From: PIETRANGELO, Tony [arp@nei.org]
Sent: Friday, January 25, 2013 5:58 PM
Subject: Filtering Strategies and Filtered Vents
Attachments: 01-25-13_NRCFiltering Strategies and Filtered Vents.pdf; 01-25-13_NRCFiltering

Strategies and Filtered VentsAttachment 1.pdf; 01-25-13_NRCFiltering Strategies and
Filtered VentsAttachment 2.pdf; 01-25-13_NRC_Filtering Strategies and Filtered
VentsAttachment 3.pdf; 01-25-13_NRC Filtering Strategies and Filtered VentsAttachment
4.pdf; 01-25-13_NRCFiltering Strategies and Filtered VentsAttachment 5.pdf

January 25, 2013

The Honorable Allison M. Macfarlane
Chairman
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Filtering Strategies and Filtered Vents

Project Number: 689

Dear Chairman Macfarlane:

On behalf of the nuclear energy industry, the Nuclear Energy Institute (NEI) appreciates the interactions with

the Commission and NRC staff over the past year regarding the development and issuance of SECY-1 2-0157,
Consideration of Additional Requirements for Containment Venting Systems for Boiling Water Reactors with
Mark I and Mark II Containments. We commend the Commission for its careful and comprehensive

deliberations on the matter. The purpose of this letter is to provide the Commission with additional industry
perspective following the January 9, 2013, Commission briefing. As stated at the briefing, the nuclear energy
industry fully supports minimizing the potential for radiological release and land contamination resulting from a
low probability event that results in a severe accident with core damage.

We have three main points:

1. The industry believes that a performance-based approach to filtering is the best approach to enhance
public health and safety and protect the environment.

2. Imposing an engineered filtered venting system will have unintended consequences, including moving
attention away from managing containment integrity and managing the source-term.

3. The manner in which the vent filtering issue is decided is important to the stability of the regulatory
framework and future focus on matters of safety and environmental protection.

A Performance-Based Approach is Best for Protecting Public Safety and the Environment
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A performance-based approach to filtering is the right thing to do because it is focuses the response to a
severe accident on those actions best able to manage the accident and mitigate potential radiation releases. It
protects public safety and the environment by providing greater defense-in-depth for the containment function

than other options. The performance-based approach is an integrated response that maximizes the retention of
radionuclides in containment, filters radionuclides to a greater degree than external filtering systems alone, and
provides plant operators with additional tools to effectively manage a severe accident. In addition, using a

performance-based approach allows licensees to appropriately tailor filtering strategies to their plants, taking
into -account the unique circumstances of each facility.

Simply put, the industry's proposed filtering strategies provide reliable and effective methods for water injection
into containment to cool core debris and control pressure to manage containment integrity during a severe
accident. These actions directly enhance defense-in-depth of the containment by ensuring that this critical

function is maintained with no breaches or bypasses. The result is significant radionuclide filtering inside
containment, where structural integrity from external hazards is most assured. This comprehensive strategy
takes advantage of installed equipment, operator actions and plant capabilities that are being supplemented by
a diverse and flexible coping strategy (FLEX).

The industry's proposed filtering strategies were developed in an Electric Power Research Institute (EPRI)

study. A key insight from the EPRI study is that cooling of core debris and pressure control can provide
significantly larger decontamination factors than external filters alone. The industry strongly believes that
filtering should be maximized inside containment before considering an external filtering strategy, which is what
the SECY's Option 4 would produce.

A table-top pilot (see BWR Owners' Group report) at a boiling-water reactor demonstrated that the EPRI
analyses could be applied to develop a plant-specific strategy, including identification of necessary

modifications and additional equipment needs.

The industry's proposed filtering strategies can be implemented in a timely manner provided that the industry
and NRC closely manage the process. The industry stands ready to work with NRC and other stakeholders to
develop the appropriate requirements and guidance for implementing performance-based filtering strategies.

Attachment 1 describes the performance-based filtering strategies and provides a timeline for implementation.
Attachment 2 quantitatively evaluates the industry's proposal for Option 4 using the same framework used in

the SECY to evaluate the other three options. An evaluation of Option 4 was not included in the SECY.

The Advisory Committee on Reactor Safeguards (ACRS) endorsed the use of performance-based filtering

strategies. The ACRS cited several attributes for filtering strategies that led to its recommendation. Attachment
3 provides an evaluation of how Option 4 meets those attributes.

Ordering Filtered Venting Systems is the Wrong Starting Point

Ordering the installation of passive, engineered filtered venting systems is the wrong starting point to provide
greater protection of public safety and the environment. Any containment failure would bypass the external
filter, rendering it ineffective. This is why the primary emphasis for protecting public safety and the environment
must be placed on managing the severe accident and preserving the containment function by enhancing the
ability to cool core debris and managing containment pressure and temperature.
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The NRC staff assumed the pre-existence of water injection capability through the requirements of 10 CFR
50.54hh(2). This presumes that the associated portable equipment (originally required by the paragraph B.5.b.
of the Interim Compensatory Measures order following the terrorist attacks on Sept. 11, 2001, and later
codified at 10 CFR 50.54hh(2)) survived the external event that presumably disabled all of the permanent plant
equipment and led to a severe accident. The B.5.b equipment is not required to withstand natural hazards and
is required to function for no more than 12 hours, since offsite support would be credited. Therefore, as
described in Attachment 4, this equipment received excessive credit in the regulatory analysis. The proper
analysis for Option 3 would have only credited the benefit of a filter alone-not additional core debris cooling-
while the performance-based Option 4 includes the ability to reliably inject water and manage containment
pressure. This can be assured because the option relies on (and may enhance) FLEX equipment, which will be
protected from natural hazards as required by the mitigation strategies order (EA-1 2-049).

The industry also believes that installation and operation of a passive, engineered filtered venting system can
have multiple, unintended consequences. First, to be truly passive, the system must require no operator action.
Thus, we presume a rupture disk would be employed in the vent line. An obvious unintended consequence is
that once the rupture disk bursts, containment would be compromised, and that absent operator action to close
a valve, this condition would be ongoing. A perpetually open containment would not be a desirable condition.

Second, the filtered vent system would be downstream of the hardened vent. Any failure. of the system could
impede the ability to vent the containment when needed. Given that the system would be outside of
containment and would be less protected from external hazards, it is fair to assume that this system would be
disabled by the same external event that disables the other permanent plant equipment, and the ability to vent
would be lost.

Therefore, an external, engineered filter cannot be completely passive and presents the real possibility of
unintended consequences during a severe accident with core damage. Attachment 4 provides comments on
other general policy and technical issues thathave been identified with SECY-12-0157.

Stability of the Regulatory Framework

The SECY inappropriately relies on qualitative factors to justify the recommendation of Option 3 when the
quantitative factors fail to support that option. The industry is concerned that the use of qualitative factors as
proposed in the SECY would create a serious negative precedent for the agency.

NRC guidance and practice allows for the use of qualitative factors when deciding if a proposed regulatory
action meets the "substantial increase in overall public health and safety" standard required by the NRC's
backfitting rule at 10 CFR 50.109(a)(3). However, qualitative factors historically have been used by the NRC
when the subject of a proposed regulatory action is not amenable to quantitative analysis, such as emergency
planning or security. In fact, in SECY-93-0086 (cited in the SECY), the NRC staff noted that qualitative factors
have been reserved for "areas of difficulty where rulemakings thought to be worthwhile are difficult to justify
quantitatively under the narrow safety enhancement criterion of the Backfit Rule." For topics where quantitative
analysis is possible, qualitative factors could be used to make a final decision if the quantitative results are very
close to justifying the decision. However, the industry is unaware of-and the SECY does not cite-a single
regulatory action for operating plants where qualitative factors have been used to impose a regulatory action
that was otherwise found to be unjustifiable based on quantitative analysis. Unlike "areas of difficulty"
identified by the staff in SECY-93-0086, filtered vents are capable of being quantified, and in fact the NRC has
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analyzed the benefits and costs of filters numerous times over the years using quantitative factors and rejected
their use.

The unprecedented use of qualitative factors to justify a regulatory action that the NRC consistently has

concluded is not justifiable or beneficial seriously undermines the credibility of the NRC's regulatory processes.
Adopting the SECY recommendation on this basis creates a precedent that undermines the predictability,
reliability and the safety focus of the NRC's regulatory processes. There are many good ideas that could

potentially enhance or improve defense-in-depth safety, and they should all be subjected to a disciplined

process and, where amenable, quantitative analysis to determine their real benefit. Otherwise, NRC could
dilute the focus and attention required for items truly important to safety.

Next Steps

The industry recommends the performance-based approach to vent filtration (Option 4) for Commission
approval. We also recommend that the upgrade of the reliable hardened vent to a severe-accident-capable

vent be imposed through an amendment to order EA-12-050. However, the requirement to implement a

performance-based filtering strategy should be accomplished through rulemaking. This would provide all

stakeholders the opportunity to assess and comment on the staff's regulatory basis, allow for comprehensive
exchanges of technical information as part of a transparent process, and develop a sound, technically

defensible rule.

Any NRC regulatory action to impose requirements to implement a performance-based filtering strategy must

recognize that the situation involves a beyond-design-basis event. Attachment 5 provides comments on the

draft orders in SECY-12-0157, which appear to be based on design-basis expectations.

The nuclear energy industry looks forward to continuing to work with the Commission and the NRC staff to

implement the most effective approach for mitigating contain ent releases during a severe accident.

If you have any questions, please contact me.

Sincerely,

Anthony R. Pietrangelo
Senior Vice President and Chief Nuclear Officer

Nuclear Energy Institute
1776 I Street NW, Suite 400
Washington, DC 20006
www. nei. orq

P: 202-739-8081
F: 202-533-0182
M: 202-439-2511
E: arpnonei'org

4



nuclear

FOLLOW US ON

This electronic message transmission contains information from the Nuclear Energy Institute, Inc. The information is intended solely for the use of the addressee and its use by anry
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ANTHONY R. PIETRANGELO
Senior Vice President and
Chief Nuclear Officer

1201 F Street, NW, Suite 1100
Washington, DC 20004 NUCLEAR ENERGY INSTITUTE
P: 202.739.8110
F. 202.533.8082
arp@nei.org
nei.org

January 25, 2013

The Honorable Allison M. Macfarlane

Chairman
U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

Subject: Filtering Strategies and Filtered Vents

Project Number: 689

Dear Chairman Macfarlane:

On behalf of the nuclear energy industry, the Nuclear Energy Institute (NEI)' appreciates the interactions

with the Commission and NRC staff over the past year regarding the development and issuance of SECY-12-

0157, Consideration of Additional Requirements for Containment Venting Systems for Boiling Water Reactors

with Mark I and Mark II Containments. We commend the Commission for its careful and comprehensive

deliberations on the matter. The purpose of this letter is to provide the Commission with additional industry

perspective following the January 9, 2013, Commission briefing. As stated at the briefing, the nuclear

energy industry fully supports minimizing the potential for radiological release and land contamination

resulting from a low probability event that results in a severe accident with core damage.

We have three main points:

1. The industry believes that a performance-based approach to filtering is the best approach to enhance

public health and safety and protect the environment.

2. Imposing an engineered filtered venting system will have unintended consequences, including moving

attention away from managing containment integrity and managing the source-term.

3. The manner in which the vent filtering issue is decided is important to the stability of the regulatory

framework and future focus on matters of safety and environmental protection.

'NEI is the organization responsible for establishing unified nuclear industry policy on matters affecting the nuclear energy industry, including
the regulatory aspects of generic operational and technical issues. NEI's members include all utilities licensed to operate commercial nuclear
power plants in the United States, nuclear plant designers, major architect/engineering firms, fuel fabrication facilities, materials licensees,
and other organizations and individuals involved in the nuclear energy industry.

NUCLEAR. CLEAN AIR ENERGY
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A Performance-Based Approach is Best for Protecting Public Safety and the Environment

A performance-based approach to filtering is the right thing to do because it is focuses the response to a

severe accident on those actions best able to manage the accident and mitigate potential radiation releases.
It protects public safety and the environment by providing greater defense-in-depth for the containment
function than other options. The performance-based approach is an integrated response that maximizes the
retention of radionuclides in containment, filters radionuclides to a greater degree than external filtering

systems alone, and provides plant operators with additional tools to effectively manage a severe accident.

In addition, using a performance-based approach allows licensees to appropriately tailor filtering strategies

to their plants, taking into account the unique circumstances of each facility.

Simply put, the industry's proposed filtering strategies provide reliable and effective methods for water

injection into containment to cool core debris and control pressure to manage containment integrity during

a severe accident. These actions directly enhance defense-in-depth of the containment by ensuring that this

critical function is maintained with no breaches or bypasses. The result is significant radionuclide filtering
inside containment, where structural integrity from external hazards is most assured. This comprehensive

strategy takes advantage of installed equipment, operator actions and plant capabilities that are being

supplemented by a diverse and flexible coping strategy (FLEX).

The industry's proposed filtering strategies were developed in an Electric Power Research Institute (EPRI)
study.2 A key insight from the EPRI study is that cooling of core debris and pressure control can provide

significantly larger decontamination factors than external filters alone. The industry strongly believes that

filtering should be maximized inside containment before considering an external filtering strategy, which is

what the SECY's Option 4 would produce.

A table-top pilot (see BWR Owners' Group report3) at a boiling-water reactor demonstrated that the EPRI

analyses could be applied to develop a plant-specific strategy, including identification of necessary

modifications and additional equipment needs.

The industry's proposed filtering strategies can be implemented in a timely manner provided that the

industry and NRC closely manage the process. The industry stands ready to work with NRC and other

stakeholders to develop the appropriate requirements and guidance for implementing performance-based

filtering strategies.

Attachment 1 describes the performance-based filtering strategies and provides a timeline for
implementation. Attachment 2 quantitatively evaluates the industry's proposal for Option 4 using the same

2 EPRI (Electric Power Research Institute, 2012), Investigation of Strategies for Mitgating Radiological Releases in Severe Accidents - BWR

Mark I and Mark lStudies(EPRI Product No. 1026539) Palo Alto, CA: EPRI.

' BWROG (BWR Owners' Group, 2013), Plant Evaluation of Severe Accident Mitigation Strategies, Rev. 1 (TPN: BWROG-TP-13-001)

Wilmington, NC: BWROG.
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framework used in the SECY to evaluate the other three options. An evaluation of Option 4 was not included

in the SECY.

The Advisory Committee on Reactor Safeguards (ACRS) endorsed the use of performance-based filtering
strategies.4 The ACRS cited several attributes for filtering strategies that led to its recommendation.

Attachment 3 provides an evaluation of how Option 4 meets those attributes.

Ordering Filtered Venting Systems is the Wrong Starting Point

Ordering the installation of passive, engineered filtered venting systems is the wrong starting point to

provide greater protection of public safety and the environment. Any containment failure would bypass the

external filter, rendering it ineffective. This is why the primary emphasis for protecting public safety and the
environment must be placed on managing the severe accident and preserving the containment function by

enhancing the ability to cool core debris and managing containment pressure and temperature.

The NRC staff assumed the pre-existence of water injection capability through the requirenents of 10 CFR
50.54hh(2). This presumes that the associated portable equipment (originally required by the paragraph
B.5.b. of the Interim Compensatory Measures order following the terrorist attacks on Sept. 11, 2001, and
later codified at 10 CFR 50.54hh(2)) Survived the external event that presumably disabled all of the

permanent plant equipment and led to a severe accident. The B.5.b equipment is not required to withstand
natural hazards and is required to function for no more than 12 hours, since offsite support would be

credited. Therefore, as described in Attachment 4, this equipment received excessive credit in the regulatory
analysis. The proper analysis for Option 3 would have only credited the benefit of a filter alone-not

additional core debris cooling-while the performance-based Option 4 includes the ability to reliably inject
water and manage containment pressure. This can be assured because the option relies on (and may

enhance) FLEX equipment, which will be protected from natural hazards as required by the mitigation

strategies order (EA-12-049). 5

The industry also believes that installation and operation of a passive, engineered filtered venting system
can have multiple, unintended consequences. First, to be truly passive, the system must require no operator
action. Thus, we presume a rupture disk would be employed in the vent line. An obvious unintended
consequence is that once the rupture disk bursts, containment would be compromised, and that absent

operator action to close a valve, this condition would be ongoing. A perpetually open containment would not
be a desirable condition.

4 Letter, J. Sam Armijo (ACRS) to The Honorable Allison M. Macfarlane (NRC), ACRS Review of Staff's Draft SECY Paper on Consideration of
Additional Requirements for Containment Venting Systems for Boiling Water Reactors With Mark I And Mark II Containment Designs,
November 8, 2012.

' NRC, Order To Modify Licenses with Regard to Requirements for Mitigation Strategies for Beyond-Design -Basis External Events,
EA-12-049, March 12, 2012.
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Second, the filtered vent system would be downstream of the hardened vent. Any failure of the system

could impede the ability to vent the containment when needed. Given that the system would be outside of

containment and would be less protected from external hazards, it is fair to assume that this system would
be disabled by the same external event that disables the other permanent plant equipment, and the ability
to vent would be lost.

Therefore, an external, engineered filter cannot be completely passive and presents the real possibility of

unintended consequences during a severe accident with core damage. Attachment 4 provides comments on
other general policy and technical issues that have been identified with SECY-12-0157.

Stability of the Regulatory Framework

The SECY inappropriately relies on qualitative factors to justify the recommendation of Option 3 when the

quantitative factors fail to support that option. The industry is concerned that the use of qualitative factors

as proposed in the SECY would create a serious negative precedent for the agency.

NRC guidance and practice 6 allows for the use of qualitative factors when deciding if a proposed regulatory

action meets the "substantial increase in overall public health and safety" standard required by the NRC's
backfitting rule at10 CFR 50.109(a)(3). However, qualitative factors historically have been used by the NRC
when the subject of a proposed regulatory action is not amenable to quantitative analysis, such as

emergency planning or security. In fact, in SECY-93-0086 (cited in the SECY), the NRC staff noted that
qualitative factors have been reserved for "areas of difficulty where rulemakings thought to be worthwhile

are difficult to justify quantitatively under the narrow safety enhancement criterion of the Backfit Rule." For
topics where quantitative analysis is possible, qualitative factors could be used to make a final decision if the
quantitative results are very close to justifying the decision. However, the industry is unaware of-and the

SECY does not cite-a single regulatory action for operating plants where qualitative factors have been used
to impose a regulatory action that was otherwise found to be unjustifiable based on quantitative analysis.

Unlike "areas of difficulty" identified by the staff in SECY-93-0086, filtered vents are capable of being
quantified, and in fact the NRC has analyzed the benefits and costs of filters numerous times over the years
using quantitative factors and rejected their use.

The unprecedented use of qualitative factors to justify a regulatory action that the NRC consistently has
concluded is not justifiable or beneficial seriously undermines the credibility of the NRC's regulatory
processes. Adopting the SECY recommendation on this basis creates a precedent that undermines the

predictability, reliability and the safety focus of the NRC's regulatory processes. There are many good ideas
that could potentially enhance or improve defense-in-depth safety, and they should all be subjected to a

disciplined process and, where amenable, quantitative analysis to determine their real benefit. Otherwise,
NRC could dilute the focus and attention required for items truly important to safety.

6 See, "Backfitting Guidelines of the U.S. Nuclear Regulatory Commission" NUREG-1409 (June 1990); "Regulatory Analysis Technical Evaluation

Handbook: Final Report," NUREG/BR-0184, Jan. 1997; SECY-93-086, Backfit Considerations (June 30, 1993).



The Honorable Allison M. Macfarlane

January 25, 2013

Page 5

Next Steps

The industry recommends the performance-based approach to vent filtration (Option 4) for Commission

approval. We also recommend that the upgrade of the reliable hardened vent to a severe-accident-capable
7vent be imposed through an amendment to order EA-12-050. However, the requirement to implement a

performance-based filtering strategy should be accomplished through rulemaking. This would provide all

stakeholders the opportunity to assess and comment on the staff's regulatory basis, allow for

comprehensive exchanges of technical information as part of a transparent process, and develop a sound,

technically defensible rule.

Any NRC regulatory action to impose requirements to implement a performance-based filtering strategy

must recognize that the situation involves a beyond-design-basis event. Attachment 5 provides comments

on the draft orders in SECY-12-0157, which appear to be based on design-basis expectations.

The nuclear energy industry looks forward to continuing to work with the Commission and the NRC staff to
implement the most effective approach for mitigating contain ent releases during a severe accident.

If you have any questions, please contact me.

Sincerely,

Anthony R. Pietrangelo

Attachments

c: The Honorable Kristine L. Svinicki, Commissioner, NRC

The Honorable George Apostolakis, Commissioner, NRC

The Honorable William D. Magwood, IV, Commissioner, NRC

The Honorable William C. Ostendorff, Commissioner, NRC

Mr. R. William Borchardt, Executive Director for Operations, NRC

' NRC, Order to Modify Licenses With Regard to Reliable Hardened Containment Vents, EA-12-050, March 12, 2012.



Attachment 1

Description of Industry-Proposed Approach to Option 4

Introduction

The accident at Fukushima Dal-ichi highlighted the need to manage severe accidents in BWR Mark I
and II containments. At Fukushima, the inability to provide reliable and timely core debris cooling
and reliable containment venting resulted in containment failure and direct release of radionuclides

to the environment. The U.S. industry has worked over the past 18 months to reconstruct the

accident and understand the severe accident management lessons that can be learned from the
accident.

As part of the industry's coordinated response to Fukushima, EPRI was commissioned by the
industry Fukushima Response Steering Committee to investigate strategies for mitigating releases

from BWR Mark I and II containments. The robust technical analysis presented in an EPRI report,'

was then supplemented with a successful BWR Owners Group (BWROG) table-top exercise 2 to
assess the implementation details of the identified filtering strategies and installed filters.

Through these efforts, the industry has been able to assess a number of actions critical to mitigating

the releases from a severe core damage event. With our objective to address all options for filtering
releases, we determined that the single most important action to reducing the release is to have a

reliable and effective means to flood the reactor cavity and cool the core debris in containment.
Without this key action, any other strategies to filter the releases will be rendered ineffective. The
reason for this is that core debris in containment poses a number of challenges to maintaining

containment integrity. Core debris that is not cooled will result in elevated temperatures in
containment that can cause increased leakage and an uncontrolled release of both hydrogen gas
and radionuclides. Therefore, cooling the core debris and controlling the drywell temperature are
prerequisites for reliable and effective filtering. Industry work and the analyses described in

Enclosures 5A and 5B of SECY 12-0157 demonstrate that these measures have the additional benefit
of capturing radionuclides inside containment.

With debris cooling and containment temperature addressed, the management of the severe

accident must also address over-pressure protection of the containment boundary. This will require

a severe accident vent enhancing the hardened vent capability being implemented under NRC Order
EA-11-050. Per plant procedures and guidelines, the venting process begins by taking advantage of
the inherent filtering provided by the suppression pool.

This combination of strategies has been demonstrated by both the industry and the NRC to provide

significant filtering of radionuclides within the containment.

EPRI (Electric Power research Institute, 2012), Investigation of Strategies for Mitigating Radiological Releases in

Severe Accidents - BWR Mark / and Mark I/ Studies (EPRI Product No. 1026539) Palo Alto, CA: EPRI.

2 BWROG (BWR Owners' Group, 2013), Plant Evaluation of Severe Accident Mitigation Strategies, Rev 1 (TPN:

BWROG-TP-13-O01) Wilmington, NC: BWROG.
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Attachment 1

Industry Proposal

In summary, the industry approach to filtering under a performance-based option utilizes a function-

based approach. The two primary functions required to implement a performance-based approach

are plant enhancements to support implementation of:

* reliable water injection via sprays

* reliable containment venting.

Table 1 of this attachment provides a simple summary of the specific purpose and attributes of

these important functions.

In addition to the hardware changes required to support implementation of these enhanced

capabilities, additional programmatic controls, procedures, guidance and training would also be

required. The industry believes that NRC Orders EA 12-050 and EA 12-049 provide a reasonable

basis for extending and defining these requirements. Attachment 3 provides an assessment of the

features of the industry proposal against the performance attributes outlined by the ACRS.

Attachment 2 provides an assessment of the quantitative and qualitative benefits of the industry

proposal consistent with the inputs, methods and assumptions of the SECY.

Site Implementation Approach

In order to reliably implement these capabilities, the industry has developed a process to support

plant-specific evaluation that accounts for the unique features of each plant. This process, outlined

in Figure 1, was found to be effective when employed by the BWROG in the tabletop pilot. The

advantage of this approach is that it allows each plant to evaluate the most effective means to

implement these functional capabilities and identify the procedural and guidance enhancements

necessary to support site implementation.

The Path Forward

The industry believes that these performance-based enhancements can be implemented on a

timeline consistent with implementation of an external filter. The Commission must appreciate that,

for any option, there are a number of steps along the way, at both the site and industry level, that

must be completed for effective implementation in a reasonable time frame. As noted, the industry

recommends that the NRC employ rulemaking for implementation of any option to ensure that the

requirements that are imposed reflect a sound regulatory basis that is fully vetted through

stakeholder input. Table 2 provides a high-level depiction of the major steps and an approximate

schedule that would be required for implementation of any option through rulemaking. We note that

implementation of severe-accident-capable, reliable hardened vents would be implemented on a

separate timeline.

1-2



Attachment 1

The first step that would be required would be the development of a sufficient regulatory basis,
guidance and a proposed rule. In consideration of the fact that a significant amount of research and
work has been done, in particular by EPRI, NEI and the BWROG to develop a technical basis to
support a performance-based approach, we believe that this step could be completed in no more
than six months. By comparison, guidance for implementation of the FLEX strategies was completed
and approved by the NRC in approximately five months. Once the regulatory basis, draft guidance,
and a proposed rule are developed, the rulemaking process would begin. Once a final rule and final
implementing guidance are issued, the industry believes that sites would require no more than an
additional six months to develop their site-specific plans for implementation of performance-based
filtering strategies. Once the NRC reviews and approves those site specific plans through whatever
process it deems appropriate, we estimate that fully implementation could be completed for all sites
within two full refueling cycles, or 36 to 48 months depending on the site-specific refueling cycle.
These times are Consistent with the implementation times that were imposed on licensees by the
mitigation strategies orders. We believe that these estimates are comparable to the times it would
require to analyze, design and implement external filters.
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Table 1
Industry Performance-Based Approach to Filtering Strategies

Functional Capability Purpose Performance Attributes

Reliable water injection via a Cool core debris in drywell to 1. Approximately 500 gpm' of water injection via spray

sprays preserve containment integrity headers
e Remove heat from drywell 2. Plug and play connection external to reactor building 2 for

atmosphere to protect containment portable pump/fire truck connection capable of

integrity supporting required flow
e Capture radionuclides in containment 3. Pumps (N+ I)3 and water source sufficient to support

spray capability
4. Programmatic controls to ensure reliability

5. Implementing procedures, guidance, and training

Reliable containment venting @ Maintain containment pressure in 1. Severe accident capable wetwell and drywell vent
acceptable range to reduce pressure a. capable of remote operation, e.g., control room, and
challenges to containment integrity b. capable of local manual operation, e.g., shielded reach

rods
2. Pressure control capability to maintain pressure within

desired control band 4

3. Programmatic controls to ensure reliability
4. Implementing procedures, guidance and training

Notes:
1. Specific flow rate will be a plant-specific analysis based on providing sufficient flow for debris cooling and drywell temperature control. Based

on EPRI & BWROG work to date, a reasonable target value is 500 gpm' It may be less for some plants, depending of core size and drywell

configuration.
2. Plant modifications will be required to provide a connection point external to the Reactor Building enhances the reliability of the water supply

by removing accessibilityconsiderations.

3. Existing (N+I) FLEX pumps may be sufficient for many sites. Some site may require additional or different pumps.

4. Ability to control vent is required to maintain positive containment pressure and manage releases. The need for an engineered control
capability (e.g., pressure control system) dependent on plant-specific evaluation. In some instances, manual control may be sufficient,

dependent on the vent design and plant features.
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Figure 1
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Table 2

Timeline for Implementation of Option 3 or Option 4 through Rulemaking

*Implementation of severe accident-capable, reliable, hardened vents is independent of this timel/ne

**Industry-dependent actions are shaded

Date Action Time to Completion

T+O Commission directs staff to initiate rulemaking 0

T+6.-mnhths' :. ? Staff andiridustry develop.-regulatory !basis and d. : 6.M-roniths.(using •FLEX guidance
rftuidancein supp'ortdof prpsed -rule. sthbncaY

Prposeld.rule text'arnd'stateheq o
:consideration deVeloped in_ parailel.

T+7.5 months Proposed Rule and draft implementation 45-day comment period
guidance issued for comment

T+13.5 Staff prepares final rule and guidance with 6 months from. conclusion of

months consideration of comments comment period

T+15.5 OMB Review 60 days
months

T+16 months Final Rule and guidance published 2 weeks after OMB approval

T+22 moniths Litcensees develop andrsubmit-siteý-specificI - 6 months :(using FLEX plans .as

implementation plans for N .R•-review.and the benchmark)
approval':

T+28 months NRC Reviews site-specific plans and issues 6 months (based on projected

approvals FLEX review schedule)

T+ 6476, Full 'site-specific: implementation complete 2 refueling cycles afterinlan

monh's-. aprovl:36 to 48 mo nths)
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Evaluation of Option 4 Benefits

SECY 12-0157 evaluates both quantitative and qualitative aspects of two possible options. The third
option, Option 4, which encompasses the industry's performance-based proposal for enhancing
severe accident mitigation capabilities in BWR Mark I and Mark II plants, was only evaluated
qualitatively. The SECY cited lack of clarity on the industry's proposal as a contributor to their
inability to evaluate the proposal quantitatively. The purpose of this attachment is to use the SECY
framework, supporting analyses and input assumptions, as applicable, to provide the evaluation not
provided in the SECY and present insights on some of the uncertainties in the regulatory analysis.

Specifically, this attachment addresses the following four aspects of this comparison:

* Quantitative Analysis of Option 4 and Comparison to SECY Results
* Investigation of Credit for B.5.b. in SECY 12-0157.
• Treatment of Uncertainties in SECY Analysis
* Evaluation of Qualitative Factors

1.0 Quantitative Analysis of Option 4 & Comparison to Options 2 & 3

Creation of Evaluation Framework

In order to provide a fair comparison of Option 4 to the other options evaluated in SECY 12-0157,
the staff risk evaluation framework was utilized. This includes the following:

" use of the SECY probabilistic risk evaluation framework, e.g., event tree and risk partitioning
from Enclosure 5c

" use of SECY MELCOR and MACCS2 results to characterize consequences from Enclosures 5a
and 5b

" use of SECY consequences conversion assumptions from Attachment 1, e.g., discount rate,
dose conversion rate.

This framework was then applied taking credit for the industry proposed approach to the
performance-based Option 4:

• installation of a reliable severe accident hardened containment vent system
* installation of a means to externally inject water into the containment via the drywell spray

header
* provision of pumping capability to support external water injection at a rate of approximately

500 gpm
* institution of appropriate training, procedures, guidance and programmatic controls,

consistent with NEI EA 12-050, to ensure reliable implementation.
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The probabilistic risk evaluation depicted in Figure 3 and Table 6 of Enclosure 5c of SECY 12-0157
were used as the starting point. The entire SECY risk evaluation and cost benefit analysis for Options
1, 2 and 3 were recreated in an Excel workbook. Quantified event trees depicting these results are
provided in Figures 1-1 through 1-3, respectively. In order to benchmark the model, the results from
the Excel analysis were compared to both intermediate and overall results provided in the SECY and
were found to be in agreement.

Evaluation of Option 4

The primary changes to the SECY probabilistic risk evaluation involve:

* quantitative credit for the reliable severe accident vent
* quantitative credit for the water injection through the drywell sprays
* selection of representative MELCOR/MACCS results.

The reliable severe accident vent proposed by the industry and evaluated as part of the BWROG
tabletop exercise includes control of the severe accident vent from a remote location, such as the
control room, as part of the existing SAMG framework. In addition, it was assumed that a capability
to locally operate the containment vent valves would also be required in order to allow completely
manual operation without any support systems. The vent path itself has several valves that either
are part of the existing containment isolation system or will be added and addressed under
appropriate programmatic controls, like those being adopted under NRC Orders EA 12-049 and EA
12-050. Given this, the reliability of a small number of valves is not a significant contributor to
venting unreliability.

Containment venting is already part of the BWR EPG/SAG framework. Instructions are clear and
operators are trained on implementation. Instrumentation required for containment venting,
containment pressure and suppression pool level, are already included in the scope of instruments
required to be available to support the essentially indefinite coping times required under NRC Order
EA 12-049. In the scenarios of concern, the containment venting action takes place many hours into
the scenario. For example, in the primary scenario evaluated in the SECY, the containment is not
vented until more than 22 hours after the initiating event. While stress is expected to be high under
such conditions, these long timeframes make diagnosis straightforward and the emergency response
organization will be functioning well before such a time, so the control room operating staff will be
supported by additional trained personnel. The execution of the venting action is straightforward in
these timeframes with the design being proposed by the industry. A conservative, representative
estimate for the failure to successfully vent the containment as directed by SAMGs is assumed at
0.05.

Existing SAMGs address water addition to containment. The BWROG tabletop identified some areas
of enhancement related to filtering strategies. The reliability of injection is enhanced for all scenarios
by the provision of a new capability to inject to drywell sprays from a connection point outside of the
reactor building using a portable pumping source, such as a fire engine or FLEX-type pump. This
design was evaluated as part of the BWROG tabletop and provides a simple "plug-and-play"
capability to reliably inject water without requiring access to the reactor building. Similar to the
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reliable severe accident vent, the reliable injection pathway has only two valves that can be
operated from the control room or locally manually, if needed. The portable pumping sources are
assumed to be subject to the programmatic controls and "N+1 rule" of NEI 12-06, making pump
unreliability only a small contributor to the overall unreliability of injection.

Water injection and containment flooding are part of the existing SAMGs, so operators are already
trained on these actions. Instrumentation required for drywell spray, reactor vessel pressure, reactor
vessel water level, containment pressure and suppression pool level are already included in the
scope of instruments required to be available to support the essentially indefinite coping times
required under NRC Order EA 12-049. Again, long timeframes provide time for diagnosis and
deployment of equipment. In the primary scenario evaluated in the SECY, water injection is not
initiated until 24 hours after the initiating event. While stress is expected to be high under such
conditions, these long timeframes make diagnosis straightforward and the emergency response
organization will be functioning well before such a time to support the control room operating staff.
The execution of this action is facilitated by the plug-and-play design and the simple valve alignment
required. Again, a conservative, representative estimate for the failure to reliably inject water is
assumed to be 0.05. This reliability is significantly better than that assumed in the SECY for the
B.5.b. capability because of the engineered connections, pump redundancy and programmatic
controls afforded by the industry's proposal and the FLEX program outlined in NEI 12-06.

These two inputs address the additional information required to quantify the probabilistic risk model
for Option 4. The changes to the probabilistic risk model inputs are identified in Table 1-1 in red in
the expanded version of Table 6 from Enclosure 5c of SECY 12-0157. The corresponding
probabilistic risk evaluation of Option 4 is shown in Figure 1-4.

The consequences of Option 4 implementation were modeled the same as the SECY, with the
exception of scenarios resulting in containment venting and successful water injection (i.e., event
tree scenarios 1, 4, 5, 10 and 13). These were modeled using the MELCOR and MACCS2 results for
SECY "Case 14." Case 14 involved containment venting and successful drywell sprays of 300 gpm.
Figure 1-5 shows the MELCOR release fraction results for Case 14, as well as several others, as
taken from Figure 25 of Enclosure 5a of SECY 12-1057. It can be seen that Case 14 envelopes the
release results for the other cases with higher drywell spray flows (i.e., Cases 29 and 30). Thus, this
case appears to be a reasonable, but conservative, representation of the potential drywell spray
scenario. Since it was performed using the same MELCOR and MACCS2 inputs and assumptions, it
provides a comparable result for use in the SECY risk evaluation and cost-benefit framework.

Comparison of Options

With the same framework applied to all the options, it is possible to understand the relative benefits
and limitations that are evident in the quantitative analysis. Two quantitative metrics are considered
here:

" likelihood of containment failure
• reduction in total financial consequences.
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Table 1-2 provides an updated summary of the containment 'failure modes addressed in the SECY
risk model. The following sequence endstates are considered containment failures:

* LMT - liner melt-through failure
* OP - over-pressure failure of the containment boundary
" OP + LMT - over-pressure failure of the containment boundary with liner melt-through.

The "vent" endstate is not containment failure because the capability to isolate the containment is

maintained. Table 1-2 shows that the fraction of the vent endstate is greatest in Option 4 as

compared to any of the cases considered in the SECY.

A typical metric used to measure defense-in-depth in regulatory analyses is the Conditional
Containment Failure Probability (CCFP). CCFP is defined as the fraction of core damage endstates in
which the containment remains intact. A high CCFP indicates relatively weaker containment

performance; a low CCFP indicates a more robust containment system.

SECY 12-0157 did not include CCFP in the reported results. However, it is straightforward to
compute CCFP from the SECY risk model. The bottom rows of Figures 1-1 through 1-4 indicate the
CCFP for each of the options based on the SECY framework, i.e., the fraction of the frequency in
scenarios in which the containment is failed. Based on the SECY framework, Option 4 has the best

containment performance with a CCFP of -14%. Options 2 and 3 are, in fact, equivalent in terms of
containment integrity with containment failing in roughly one-third of the scenarios (CCFP of
-33%). In scenarios with containment failure, the benefits of an engineered filter are greatly
reduced and subject to large phenomenological uncertainties because the radionuclides exit the
containment via other release pathways, not through the filter.

Figure 1-6 depicts this same information in terms of the fraction of scenarios in which the

containment remains intact (or 1 minus the CCFP). Option 4 provides the highest level of defense in
depth, maintaining containment integrity with containment being maintained over 86% of the time.

Another means to compare alternatives is in terms of the potential benefit ($) accrued from each.
This is the benefit part of the cost-benefit evaluation. These best estimate results are provided in
Table 1-3, which compares the data provided in Table 1 of Enclosure 1 of the SECY to the analysis
of Option 4 described above. Figure 1-7 presents this same information in terms of the relative
consequences of each of the options, as compared to Option 1. This chart shows that, using the
assumptions from the SECY, Option 3 has the greatest reduction in consequences, but, on a relative
basis, not significantly better than Option 4. However, this result is highly dependent on the
assumptions from the SECY, as discussed in the following section.
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Figure 1-1 - SECY Risk Evaluation of Option 1

Sequence OSP Portable 1 MACCS2
CD Hazard Type Vent Recovery Pump Seq Status Frequency % Case

I Vented 0.00E+00 0% 7NF

0

other
0.83

1)

0

SBO

0.12

0

0.62

L [MT 0.OOE+OO 0% 3NF

3 OP + LMT 3.32E-06 17% 2NF
_______ -4- +

4 Vented 0.00E+00 0% 7NF

1 5 Vented 0.00E+00 0% 7NF

0.=38=
0 0 6 LMT 0.006+00 0% 3NF

0.62 7 OP 2.98E-07 1% 6NF

0.38 8 OP + LMT 1.82E-07 1% 2NF

internal

10.2

bypass 9 OP +L[MT 2.00E-07 1% 2NF

0.05

10 Vented 0.00E+00 0% 7NF

2.00E-05 0

fast
0.01

0 11 LMT O.OOE+00 09/. 3NF

12 OP + LMT 4.00E-08. 0% 2NF
fast0.01

other
0.95

external

0.8

bypass

1 13 Vented 0.00E+00 0% 7NF

0 14 LMT 0.0OE+00 0% 3NF

1 15 OP + LMT 1.52E-05 76% 2NF

16 OP+LMT 8.00E-07 4% 2NF

0.05 CCFP = 1000%
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Figure 1-2 - SECY Risk Evaluation of Option 2

Sequence 1 OSP Portable MACCS2

CD Hazard Type Vent Recovery Pump •Seq Status Frequency % Case

10.7 Vented 2.32E-06 12% 7NF

0.999

other 0.3

0.83
1.OOE-03

= 2 LMT 9.95E-07 5% J3N
3 OP + LMT 3.32E-09 09. 2NF

I I I I

4 Vented 2.97E-07 1% 7NF0.62

0.999

SBO

0.12

L.00E-03

0.7 5 Vented 1.28E-07 1% 7NF

0.38

0.3 6 LMT 5.47E-08 0% 3NF

0.62 7 op 2.98E-10 0%o 6NF

0.38 8 OP+LMT 1.82E-10 0% 2NF

internal
0.2

9 OP + LMT 2.OOE-07 1% 1 2NFbypass

0.05

10 Vented 2.80E-08 0% 7NF0.7

2.00E-05 0.999

fast 0.3
0.01

1l.00E-03

= 11 1 LMT 1.20E-08 I0% 3NF

12 OP + LMT 4.00E-11 0% 12NF

other
0.95

external

0.8

bypass

0.7 13 Vented 1.06E-05 53% 7NF

0.999

0.3 14 LMT 4.56E-06 23% 3NF

I .OOE-03 15 OP + LMT 1.52E-08 0% 2NF

16 OP + LMT 8.00E-07 4% 2N F

0.05 CCFP = 33%
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Figure 1-3 - SECY Risk Evaluation of Option 3

Sequence OSP Portable MACCS2

CD Hazard Type Vent Recovery Pump Seq Status Frequency % Case

0.7 Vented 2.32E-06 12% 1 7F

0.999

other 0.3

0.83
1.00E-03

2 MVT 9.95E-07 5%___ 3F

3 OP + LMT 3.32E-09 0%/. 2F

4 Vented 2.97E-07 1% 7F0.62

internal
10.2.

0.999

SBO

0.12

1.00E-03

bypass

0.7 5 Vented 1.28E-07 1% 7F

0.3_

0.3 6 LMT. 5.47E-08 0% 3F

0.62 7 OP 2.98E-10 0% 6F

0 m88 OP + LMT 1.82E-10 0% 2F

9 OP + LMT 2.00E-07 1% 2F

0.05

10 Vented 2.80E-08 0% 7F0.7

2.00E-05 0.999

fast 0.3
0.01

1.00E-03

1M L M T 1 .2 0 E -0 8 % 3 F

12 OP + LMT 4.OOE-11 0% 2F

other
0.95

external

0.8

bypass

0.7 13 Vented 1.06E-05 53% 7F

0.999

0.3 14 LMT 4.56E-06 23% 3F

1.0GE-03 15 OP + LMT 1.52E-08 0% 2F

16 OP + LMT 8.00E-07 4% 2F

O.OS CCFP= 33%
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Table 1-1

Expanded Table 6 from Enclosure 5c. Parameter Values Used in the Risk Evaluation

Parameter Value Basis

CDF 2E-5/reactor-year SPAR external hazard models

Fraction of total CDF due to external 0.8 SPAR external hazard models;
hazards review of previous PRAs

Breakdown of sequence types for Other (not SBO, bypass or fast) 0.83 SPAR internal hazard models
internal hazards 0.12

Bypass (ISLOCAs) 0.05

Fast (MLOCAs, LLOCAs, ATWS) 0.01

Breakdown of sequence types for Other (not bypass) 0.95 Review of previous PRAs;
external hazards engineering judgment

Probability that SA vent fails to open Mod 0 1

Mods 1, 3, 5, 7--other or SBO 0.3 SPAR-H method (manual vent;
longer available time)

Mods 1, 3, 5, 7-fast 0.5 SPAR-H method (manual vent;
shorter available time)

Mods 2, 4, 6, 8 0.001 Engineering judgment (passive
vent mechanical failure)

Reliable Severe Accident Vent 0,05 SPAR-H method and
(Option 4) equipment reliability

Conditional probability that offsite 0.38 Historical data (NUREG-6890)
power is not recovered by the time
of lower head failure given not
recovered at the time of core
damage (internal hazards)

Probability that portable pump for 0.3 SPAR-H; consistent with
core spray or drywell spray fails SPAR B.5.b study done by

Idaho National Laboratory

Probability that external injection 0.05 SPAR-H and equipment
to drywell sprays fails reliability
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Figure 1-4 - SECY-Based Risk Evaluation of Option 4

Sequence ] OSP Portable MACCS2

CD Hazard Type Vent Recovery Pump Seq Status Frequency % Case

1 Vented 3.00E-06 15% 140.95

0.95

other 0.05

0.83
5.00E-02

2 LMT 1.58E-07 1% 3N F

3 OP +LMT 1.66E-07 1% 2NF
____________ -4 + I.

4 Vented 2.83E-07 1% 140.62

0.95

5BO

D.12

5.00E-02

0.95 5 Vented 1.65E-07 1% 14

0.38

0.05 6 LMT 8.66E-09 0%/. 3NF

0.62 7 OP 1.49E-08 0% 6NF

0.38 8 OP + LMT 9.12E-09 0% 2NF

internal

10.2

9 OP+LMT 2.00E-07 1% 2NFbypass

0.05

10 Vented 3.61E-08 0% 140.95

2.00E-05 0.95

fast 0.05

0.01
5.00E-02

11 LMT 1.90E-09 0% 3NF

12 OP + LMT 2.OOE-09 0% 2NF

other
0.95

external

0.8

bypass

0.95 13 Vented 1.378-OS 69% 14

0.95

0.05 14 LMT 7.22E-07 4% 3NF

5.00E-02 15 OP + LMT 7.60E-07 4% 2NF

16 OP + LMT 8.00E-07 4% 2NF

0.0s CCFP = 14%
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Figure 1-5

MELCOR Sensitivity Studies on IDrywell Spray

0.1

0
G-

o 0.001

0.001

* . I
* . I

-Case 14 (OW sprays@ 300 gpm)

:-Case 28 (OW sprays @ 100 gprn)

--- -- Case 29 (DW sprays @ 500 gpm) -----

--- Case 30 (DW sprays @01,000 gpm)

Case 14

.... . _ L .. ... .. ...........

0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0 36.0 40.0 44.0 48.0

Time (hr)

Figure 25. Effect of drywell spray flow rate on cesium release fraction

Ref.: Enc. 5a, SECY 12-0157
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Table 1-2

Expanded Table 9 of Enc. 5c. Breakdown of Containment Failure Modes1

End State
Vent Vent Vent

Mod Filtered Location Actuation Vent LMT OP LMT + OP CCFP
0 n/a None n/a 0 0 3E-7 2E-5

0% 0% 1.5% 98.5% 100%

1 No Wetwell Manual

3 No Drywell Manual 9E-6 4E-6 9E-8 7E-6

5 Yes Wetwell Manual 46.8% 19.6% 0.4% 33.1% 53.2%

7 Yes Drywell Manual

2 No Wetwell Passive

4 No Drywell Passive 1E-5 6E-6 3E-10 1E-6

6 Yes Wetwell Passive 66.9% 28.0% 0.0% 5.1% 33!%

8 Yes Drywell Passive

Opt. No Wetwell Reliable 1.7E-5 9E-7 1E-8 2E-6 14.0%
4 Manual 86.0% 4.5% 0.1% 9.7%

Options
2 &3

Note:
1 - Text in black is directly from the SECY. Red text is added to support comparison to Option 4.
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Figure 1-6

Benefit of Options in Maintaining Containment Integrity

100%

90% .86.........8.%

S80%/

E 70% . . ......-......-..... . . 67/ 67

60%

. 3 0% -------- -
o 40% __

1 0 % .. ... .............

0%
0% ........ ....... .. Opt.. 2. O...............pt.on. 3 Option 4........

Option 1 Option 2 Option 3 Option 4
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Table 1-3

Benefits of Severe Accident Capable and Filtered Vent System
$ K Per Unit

(Adapted from Table 1 of Enclosure 1)1

Severe Accident Option 4 -
Capable Venting Engineered Filtered Performance-based

Systems Venting Systems Filtering

Factor Best Estimate Best Estimate Best Estimate
Frequency of Frequency of Frequency of

2x10"5 / ry 2x10-5 / ry 2x105 / ry

Public Health 150 290 260

Occupational Health 11 19 11

Offsite Property 348 600 538

Onsite Property 2681 430' 240'

TOTAL BENEFIT 777 1339 1038

Notes:
1 - Text in black is directly from the SECY. Red text is added to support comparison to Option 4.

t - These values could not be regenerated.

T - This value is computed based on Excel workbook, but appears totbe biased low as compared to the

SECY.
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Figure 1-6
Relative Accident Consequences of Options

100%

90%

0
70% - .. 68% ---- ----

5 0 % .÷ . .. . . . . . • .. .... ... ... .. . . . . . . . . .
0.o

3 0% 4/

240%

1 0 % ... . .. ..........

0% -- - ----

r9./-

Option 1 Option 2 Option 3 Option 4
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2.0 Sensitivity Study on Credit for B5b Equipment

One of the key assumptions of the SECY risk evaluation is credit for the capability to inject into the
drywell that was required for B.5.b./50.54(hh)(2). As the SECY analysis describes, without water
injection into the drywell, containment integrity would be challenged and any release would bypass a

containment vent filter. Consequently, the SECY assumption on credit for B.5.b capabilities is very
important.

The requirements for the B.5.b drywell injection capability are described in NEI 06-12. The focus of

these capabilities was for responding to large fires and explosions resulting from a security-related
event. There are several key attributes to these requirements that are relevant to potential credit in
the SECY risk analysis:

* B.5.b. equipment such as the portable pump used for drywell injection is required to be stored
more than 100 yards from the reactor building or other key plant location. However, it is not
required to be stored in a manner that protects the equipment from external events. This fact

was one of the contributing factors to NTTF Recommendation 4.2.
* The capability is only required to function for 12 hours. Thus, there is no assurance that

drywell injection could be sustained to maintain debris cooling.
* While an analysis is required to justify sufficient flow, the connection points for injection are

not required to be permanently installed, nor are they required to be in systems that are
robust against external events, e.g., some plants inject using connection points in fire

protection piping that are not seismically qualified.

These requirements are appropriate for the hazard they were intended to mitigate but not consistent
with the scope of the SECY risk analysis, which includes both internal events and external hazards.

In order to investigate the sensitivity of the risk model results to the credit for B.5.b., a sensitivity

study was performed to remove credit for B.5.b. for external hazards in Options 2 and 3. This is,

arguably, a more realistic assumption for Options 2 and 3 since the B.5.b. capability is not assured for

external hazard conditions. Option 1 does not require a sensitivity study since water injection was not
credited in this option. Option 4 does not require a sensitivity study because the reliable drywell spray
injection capability will be protected from the applicable external hazards per NEI 12-06.

Figure 2-1 provides the event tree for the Option 3 sensitivity. The only branch probability changed in

the risk analysis is the one highlighted in yellow, setting the B.5.b. failure probability to 1.0 for
external hazards. The impact of the SECY B.5.b. assumption on containment defense in depth is
depicted in Figure 2-2. This figure shows that the fraction of core damage scenarios involving an intact
containment drops from 66% to 14% when this credit is removed. In other words, containment would
be expected to fail almost 90% of the time.

The impact of this assumption on the consequence results is depicted in Figure 2-10. This figure
contains the same information as Figure 2-6 above, plus the results of the B.5.b. sensitivity study. The
benefits of Options 2 and 3 are greatly diminished and, in fact, show that Option 4 provides the lowest

consequences of any option.
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Figure 2-1

Option 3 Event Tree for B5b Sensitivity Study

Sequence OSP Portable MACCSe

CD Hazard Type Vent Recovery Pump Seq Status Frequency Case

1 1Vented 2,32E-06 12% 7F0.7

0.999

other 0.3

0.83
1.006-03

2 LMT 9.95E-07 5%/ 3F

3 OP + LMT 3.32E-09 0% 2F
I I I

4 Vented 2.97E-07 1% 7F0.62

internal

[0.2

0.999

S80

D.12

1.00E-03

bypass

0.7 5 Vented 1.28E-07 1% 7F

0.38

0.3 6 LMT 5.47E-08 0% 3F

0.62 7 OP 2.98E-10 0o/ 6F
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Figure 2-2
Impact of B.5.b. Assumptions on Containment Integrity
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3.0 Quantitative Treatment of Uncertainties

One of the considerations raised in Enclosure 1 of the SECY is uncertainties. In several places, the
SECY discusses the uncertainties in justifying a sensitivity study performed on the baseline CDF. For
example, Enclosure 1 says:

"The factor of 10 in the simplified analysis provided in this enclosure generally corresponds to
the 95% confidence levels used in Enclosure 5C and the regulatory analysis. " (pg. 11)

Enclosure 1 goes on to say:

sensitivity studies and analyses using values of event frequency and accident consequence
in the upper range of the uncertainty bands result in the calculated benefits potentially
justifying the likely costs of improved venting systems"(pg. 26)

In addition, Figure 2 of Enclosure 1 depicts a CDF "band" of a factor of 10 from 2x10 5/yr to 2x104/yr,
citing Enclosure 5.

The basis for these statements is not evident. Enclosure 5C of the SECY provides a quantitative
uncertainty analysis, with uncertainty parameters provided for the key quantitative inputs. There are
several things to note about this uncertainty analysis:

* The specific uncertainty parameters for the CDF input are cited as a mean value of 2x10-5/yr
with a lognormal distribution and an error factor of 10. With such a distribution, the 95%
confidence value (or upper range) as cited in Enclosure 1 would be less than a factor of 3
greater than the mean since the error factor of 10 is based on the ratio of the median to the

9 5th percentile, not the mean.
" The results of the full uncertainty analysis provided in Enclosure 5C shows that other

uncertainties also contribute. The "whisker charts" shown in Figures 9-13 of Enclosure 5C
depict the upper end of the uncertainty bands (top of whisker) to be generally about a factor
of 4 above the mean value (red square).

" Thus, it appears that the SECY's own uncertainty analysis supports an upper bound value of
roughly only a factor of 3-4.

Thus, the analyses provided in Enclosure 5C are inconsistent with the statements in Enclosure I cited
above. Further, Enclosure 1 uses the unjustified factor of 10 in a sensitivity study varying the assumed
CDF by a factor of 10 from 2x10-5/yr to 2x10-4/yr. Assumption of a fleet-wide core damage frequency
of greater than 1x10-4/yr exceeds the NRC's own subsidiary safety objective for CDF. This, in and of
itself, would seem to be inconsistent with other NRC positions on the continued safety of the U.S. fleet
of reactors following the accident at Fukushima and ignores the safety benefits of the Tier 1 activities
already promulgated by the NRC.

This sensitivity analysis was then cited in Enclosure 1 as "potentially justifying the likely costs":

"...sensitivity studies and analyses using values of event frequency and accident
consequence in the upper range of the uncertainty bands result in the calculated benefits
potentially justifying the likely costs of improved venting systems." (pg. 27)
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This is an important factor in the overall regulatory position taken in the SECY. The SECY cites Option

3 as being potentially cost-beneficial and then builds a case with qualitative factors to tip the balance.

In fact, Option 3 is not even close to being cost-beneficial. The SECY analysis biases the results

toward high benefits and only considers the low end of the cost range. Figure 3-1 provides a depiction

of this for the base case, a factor of 4 upper bound value based on the quantitative uncertainties

computed in Enclosure 5C, and the unjustified factor of 10 increase used in the SECY sensitivity study.

In all cases,.including the unjustified factor of 10 case, the costs do not even reach the lowest
estimate of costs. Industry cost estimates for Option 4 are considerably greater than the lower end

and may potentially exceed the upper end of the SECY estimates, depending on the as yet undefined

technical requirements place on filter designs.

Figure 3-1

Comparison of Costs & Benefits from SECY Analysis
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4.0 Evaluation of Qualitative Factors

In addition to the quantitative analysis of costs and benefits, the SECY provides an evaluation of a

variety of qualitative factors in justifying the recommendation for Option 3. Unfortunately, since

Option 4 was not defined by the SECY, the qualitative assessment of Option 4 did not have a solid

technical basis. The presentation made by the NRC staff in the January 9 Commission briefing

provided a summary table depicting the relative qualitative strengths and weaknesses of the four

options based on the SECY. This table is reproduced below as Table 4-1. The table has been

annotated with red changes based on the analysis describe herein.

Basis for the changes marked in red are described below.

Defense-in-Depth

The SECY and the NRC staff presentation to the Commission on January 9 state that the most

important qualitative factor is defense-in-depth. The SECY cites the benefits of the filter in retaining

fission products on site as an important factor in giving Option 3 the highest rating. Unfortunately, the

SECY assessment did not consider preservation of containment integrity in the evaluation of defense-

in-depth. As described in section 1 above, Option 4 actually provides the greatest degree of protection

to the containment, the greatest chance to maintain containment integrity in a severe accident, and

thereby the greatest level of containment defense-in-depth. Furthermore, as described in Section 3,

when a more realistic level of credit is given to the B.5.b. capability, the level of defense-in-depth

provided by Option 3 is shown to be minimal. Consequently, the defense-in-depth row of the table has

been changed to reduce the score depicted for Option 3 and increased for Option 4.

Uncertainties

As discussed in Section 3, the SECY quantitative analysis of uncertainties and the assumed factor of 10

attached to the "sensitivity study" are not consistent. Granted, there are severe accident uncertainties

that are relevant to all of the options. Such is the nature of severe accident analysis. Uncertainties

influence the evaluation of Options 2 and 3, e.g., arbitrary SECY assumptions deviating from SOARCA.

Option 4 is also subject to uncertainties. However, the analysis presented here attempts to use the

consistent assumptions and models for all the options. This is the best that can be done. To simply

claim severe accident uncertainties undermine a single option and not others is not a legitimate

technical argument. Uncertainties will always be present in severe accident analysis, and this is one of

the most challenging aspects of severe accident decision-making. However, there are no new

uncertainties identified in the SECY that would challenge past Commission positions on containment

vent filters. That is, the SECY brings no new information to bear on this qualitative factor. In fact, it

presents a biased assessment of potential severe accident uncertainties by ignoring some and citing

others. Consequently, the level of uncertainty is depicted on Table 4-1 as equivalent.

Severe Accident Management

There is little doubt that Option 4 provides the greatest level of severe accident management

capability among the options. In fact, as the EPRI and BWROG work has shown, Option 4 directly

integrates with the existing severe accident management capabilities and, by providing a reliable

severe accident vent and a reliable means to spray the drywell, Option 4 enhances the capability of
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the plants to manage a broad range of severe accidents, including scenarios where vent filters will be
of minimal or no benefit, e.g., containment bypass scenarios.

Hydrogen Control

Control of hydrogen is a necessary part of managing a severe accident. The SECY approach to
providing a "passive" vent actually creates new hydrogen challenges by potentially introducing oxygen
into the normally inert containment in Mark I and IIs. In addition, existing severe accident
management guidelines provide guidance on managing hydrogen that is enhanced by the provision of
a reliable severe accident capable vent under Option 4. For these reasons, the hydrogen rankings for
Options 3 and 4 are set the same in Table 4-1.

External Events

No change is proposed in Table 4-1.

Multi-unit Events

No change is proposed in Table 4-1.

Independence of Barriers

Under Option 4, the provision of a reliable means to spray the drywell enhances the independence of
barriers by providing debris and containment cooling. Without reliable water injection, the
containment boundary in a Mark I or II will be compromised by high temperatures or debris
impingement. As shown in sections 1 and 2 above, Option 3 does little to enhance the independence
of barriers because it does not address protection of the containment and the SECY overstates the
benefit of B.5.b. capabilities. Further, for cases where water injection is accomplished, Option 3 more
correctly extends the containment barrier, rather than protecting it, by moving radionuclides outside
containment, creating other complicating factors in event response and management. Consequently,
the score for Option 3 is reduced and the score for Option 4 is increased in Table 4-1.

Emergency Planning

Section 5.8 of Enclosure 1 of the SECY claims that installation of engineered filters "could allow
different protective action recommendatibns that would reduce the number of evacuees, thereby
reducing the stress and risks associated with such emergency measures." This is not an accurate
characterization of nuclear power plant emergency planning. Protective actions will be taken to
address public health and safety regardless of the presence of a filter.

This qualitative factor is not relevant to the consideration of options and is deleted in Table 4-1.

Consistency Between Technologies

No change is proposed in Table 4-1.

Severe Accident Policy

No change is proposed in Table 4-1.
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International Practices

No change is proposed in Table 4-1.
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Table 4-1

Summary Assessment of Qualitative Factors

ýOpton 1Optin 2 Option 3~

Defensein Depth: 'o ...
Uncertainties E 1-I1

Severe AccidentManagemnent,

Hydrogen Control 1-121 RIO
'Extxt -ernal!•.,i::•:• , •:. . •.• i :.'vent.,s , ,. i:•• .. -• ••-:i3?:..:• : L ..

Multi-unit Events lZ

Ind-ependenceio:RBariers -

Option 4

[][][

Consistency between..'. :
Technologies

Severe Accident Policy 210

InternationalfPractices . 1 221

Notes on Table 4-1:

1 - Text in black is directly from the NRC Staff Commission presentation. Red text is

added to support a more complete comparison to Option 4.

~21

21
2121i

2-23



Attachment 2

5.0 Conclusions

SECY 12-0157 did not provide a quantitative analysis of Option 4. Given the industry proposal
described in Attachment 1 of this letter and the framework and analyses provided in the SECY, this

attachment provides such an assessment, with a deeper look at some of the key assumptions in the
SECY analysis. In addition, in light of this assessment, an update of the qualitative factors is provided.
Based on the above information the following conclusions are evident:

* The industry's proposed Option 4 provides greater defense-in-depth than Option 3.
" Option 4 provides comparable benefits to Option 3, especially when accounting for a realistic

treatment of B.5.b. capabilities.
* The SECY sensitivity analysis mischaracterizes the uncertainties described in Enclosure 5 and

overstates the potential for Option 3 to be cost-beneficial.
" The SECY cost-benefit analysis is skewed to maximize benefits and compare to unrealistically

low costs. Even given this, the lack of cost benefit is clear.
* The SECY evaluation of qualitative factors is not an even-handed comparison and presents a

skewed view of Option 4.
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Industry Proposal vs. ACRS Recommendations on Option 4

The Advisory Committee on Reactor Safeguards (ACRS) by letter' dated November 8, 2012,
recommended Option 4. The committee said on page 1 of its letter:

"We recommend the implementation of Option 4, Performance-Based Approach, to
reduce radioactive material releases as a needed defense-in-depth measure for BWR
Mark I and Mark II containments. "

This is an important endorsement of the performance-based approach to containment vent filtration.

The ACRS goes on to say that:

"In addition to the effectiveness of a filtering strategy in preventing radioactive materials
from being released from the containment, there are other characteristics of a performance-
based approach that we think are important in reducing the likelihood of unintended
negative consequences. "

As discussed in Attachment 4 of this.letter, the SECY does not address unintended consequences of
Option 3 in sufficient detail. In order to address unintended consequences, the ACRS letter provides
a list of preferred attributes to be considered as part of a performance-based approach to a filtering
strategy. These attributes are listed in the table below with an identification of how the industry's
proposal has addressed each.

Table 1

Assessment of ACRS Filtering Strategies Attributes vs. Industry Proposal

ACRS Attribute for Relevant Aspects of
Filtering Strategy the Industry Proposal

Strategies that can keep. the loads on Loads on containment come in two forms: pressure and,
the containment well below design temperature. The severe accident capable vent addresses
levels most of the time. pressure control by providing a reliable means to control

containment pressure below design levels. In addition, a
reliable method to spray the drywell maintains low
temperatures within the drywell and cools core debris to
prevent direct thermal attack of the drywell wall. In fact,
the BWROG tabletop took minimal credit for spray
effectiveness in radionuclide scrubbing, but found that the
temperature control benefit of debris cooling is at least as
important as any scrubbing benefit.

J. Sam Armijo (ACRS) to Hon. Allison Macfarlane (NRC), "ACRS Review of Staff's Draft SECY Paper on Consideration of Additional
Requirements For Containment Venting Systems for Boiling Water Reactors With Mark I And Mark II Containment Designs,"
November 8, 2012, ML12312A099.
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ACRS Attribute for Relevant Aspects of
Filtering Strategy the Industry Proposal

Strategies that rely primarily on Severe accidents require active management by trained
passive components and reduce the staff. None of the SECY options provide a fully passive
need for manual actions or means to protect containment. The industry operating
transportation of heavy pieces of procedures and severe accident management guidelines
equipment. identify the appropriate actions taken by a qualified staff.

In a BWR, core damage occurs when water injection to the
core is unsuccessful. The industry approach supplements
the installed equipment with additional portable equipment
that is plug-and-play-ready and reliably stored and
transported, whereas the SECY credits unprotected
equipment with limited capabilities and complex hook-ups.
In addition, both the industry work and the SECY have
shown the advantages to controlling the vent path to
enhance the hold-up of radionuclides. In addition, the
industry pilot application of the SECY proposal shows a
down-side risk due to leaving the vent path open due to
the potential introduction of oxygen into the containment.
Active management of severe accidents cannot be avoided.

Strategies that are compatible with Paramount to any strategy must be a reliable means to
actions to flood the drywell and flood the core debris within the containment. This is vital to
mitigate the potential for overfilling preserving containment integrity and has always been a
the wetwell. priority strategy for the industry, and the industry proposal

identifies enhancements to the FLEX capability to reliably
implement this important action. The BWR SAMGs already
address containment flooding and the implications and
actions associated with filling the wetwell with water. The
strategies for containment flooding are supported by a
clear technical basis.

Strategies that rely on scrubbing by Utilization of the inherent scrubbing attributes of the
the suppression pool, which seek to suppression pool is key to the industry strategy. Injection
keep the pool temperature well below of cold water along with vent control help to maintain the
the saturation temperature pool subcooled for a longer time when compared to

opening the vent path and leaving it open, as proposed in
the SECY.

Strategies that preserve the integrity Controlling pressure below the design limit using a severe-
of the drywell head seal. accident-capable vent with successful control of

temperature through a reliable means to spray the drywell
and the core debris will provide the greatest protection
against the leakage of combustible gas from containment.
These actions are the most significant elements of the
industry proposal and will also result in the greatest
reduction in radioactive release.

Strategies that address hydrogen Providing a reliable means to cool core debris, reduce
control as well as radioactive releases. drywell temperatures, and control containment pressure all

support control of hydrogen. The industry proposal goes
further on all of these capabilities than the other options
addressed in the SECY.
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General Comments on Policy and Technical Issues Associated with
SECY 12-0157

SECY-12-0157 (SECY) places before the Commission a recommendation that licensees operating

boiling water reactors (BWRs) with Mark I and II containments be required to design and install

engineered filtered containment venting systems (Option 3) to prevent the release of significant

amounts of radioactive material following a severe accident. There are a number of policy and

technical issues raised by the SECY that could set a serious negative precedent because of the

potential deviation from the agency's established and well-tested regulatory processes and because

of many of these issues appear not to have been adequately analyzed as part of the basis

development for SECY-12-0157. Failure to adequately address these issues could undermine the

predictable regulatory process desired by all stakeholders and the Commission.

Redefinition and Extension of Containment

The SECY recommendation for engineered filters effectively redefines one of the three primary

fission product barriers: the primary containment. In describing the engineered filter concept, the

SECY equates the rupture disc and filter with the containment boundary. The industry is not aware

of any instance in which the agency has permitted such features to serve at the containment

boundary.

One of the hallmarks of nuclear safety is the incorporation of safety margin in nuclear power plant

designs, especially the fission product boundaries. For example, containment structures are

designed to accepted codes and standards that include significant engineered safety margin.

Regulatory Guide 1.174, "An Approach For Using Probabilistic Risk Assessment In Risk-Informed

Decisions On Plant-Specific Changes To The Licensing Basis," defines one of the five principles of

the NRC's risk-informed decision-making process as "Maintenance of Sufficient Safety Margin." The

purpose of a rupture disc is to provide a predictable failure location to allow contained materials to

be released via a specific path, in this case via the containment vent. The rupture disc is designed

and manufactured to fail at a specific pressure. The draft orders would require that designed failure

pressure to be no greater than the design pressure of the containment. Thus, the installation of a

rupture disc as part of the primary containment boundary effectively reduces the safety margin of

the containment structure itself by adding a weak point.

In Enclosure 1 of the SECY, the discussion of defense in depth effectively extends the definition of

the containment to include the filter. Enclosure 1 of the SECY describes one of the goals of defense-

in-depth as "containment of fission products on site in the event' (emphasis added). It is not clear

that expanding the notion of "containment" to include the entire "site" is consistent with other

regulatory definitions of containment which focus on the leak-tight design of the containment

structure. In fact, the term "containment" connotes an objective of keeping radionuclides within the

structure. Thus, by this definition, a filter is not a containment. By design, radionuclides will pass

through the filter: some completely and some partially. In addition, the engineered filter must have
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connections to the containment that will need to contain and transport the radionuclides that are
captured in the filter.

It is not clear that the potential ramifications of these recommended changes to containment have
been fully evaluated from a regulatory or design perspective.

Reliance on "Upper Bound" Results

The quantitative portion of the evaluation of regulatory options (Enclosure 1 of the SECY) predicates
a conclusion that filters are "potentially cost beneficial" on a sensitivity study that increases the level
of plant risk by a factor of 10. However, the SECY does not explain the basis for the use of this
assumption. The use of an unsupported "upper bound" sensitivity study as a regulatory basis could
create a troubling precedent. As discussed in Attachment 2 of this letter, there appear to be
significant technical gaps in the basis for this arbitrary factor. The SECY's own quantitative
uncertainty analysis demonstrated roughly a factor of 4 increase to the upper bound. Furthermore,
in this case, the arbitrary factor of 10 also resulted in an assumed level of core damage frequency

that is not consistent with the NRC's unequivocal position that the U.S. nuclear fleet is safe.

Certainly, there are no doubt uncertainties in any quantitative risk analysis but the adoption of
arbitrary factors to support a new previously unjustifiable regulatory position does not promote
predictability and reliability in the regulatory process.

Role of Qualitative Issues

The SECY evaluation of regulatory options relies heavily on qualitative factors. While NRC guidelines

allow for the use of qualitative factors, quantitative approaches are preferred, where applicable, in
order to make the regulatory process more predictable and repeatable. In fact, qualitative
arguments are normally relied upon in cases where quantitative analyses are not feasible, e.g.,
emergency planning or security. In SECY-93-0086 (cited in SECY-12-0157) the NRC explained that
qualitative factors have been traditionally reserved for "areas of difficulty where rulemakings thought
to be worthwhile are difficult to justify quantitatively under the narrow safety enhancement criterion
of the Backfit Rule." Unlike "areas of difficulty" identified by the NRC in SECY-93-0086, filtered vents
are not only capable of being quantified, but the NRC has in fact analyzed the benefits and costs of
filters numerous times over the years using quantitative factors and rejected requiring filters.' As

1 Cost-benefit analysescompleted for the SAMA analyses for BWR Mark Is and 11s as part of license renewal have

reached the same conclusion. In no instance has an applicant or the NRC concluded that filtered containment

vents are cost-justified from a NEPA perspective. NUREG-1437, Supplement 20, Appendix A, A-136 (July 2007).

Filtered containment vents were also considered by the NRC during its review of hardened containment vents in

the late 1980s. As part of GL-89-16, the NRC completed a generic environmental assessment (GEA), in which the

NRC considered installation of an external filter system. The NRC determined in that instance that "the external

filter would not significantly increase removal of radioactive material because the suppression pool would remove

nearly all material that could be removed by filtration." Notice of Issuance of Generic Environmental Assessment

and Finding of No Significant Impact, 58 Fed. Reg. 12,276 (Mar. 3, 1993).
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illuminated in Attachment 2 of this letter, a quantitative analysis was not only possible, it does not
come close to supporting a decision for Option 3 from either a benefits or costs perspective. Further,
the regulatory analysis supporting the recommendation in SECY-12-0157 does not bring to bear any
new information that was not available for past NRC decisions on engineered filters. Since there is
no new information, it is not clear why a new regulatory position would be called for. The credibility
of a decision based on the late introduction of qualitative factors only after the NRC had
demonstrated time and time again that external filters were riot justifiable qualitatively should be of
significant concern.

This SECY essentially proposes a major shift in the agency's regulatory decision-making process.
Deciding to impose external filters based on such a shift creates a dangerous precedent that could
undermine the predictability and reliability of the NRC's regulatory processes.

Use of Regulatory Analysis Guidance

Section 3 of Enclosure 1 of the SECY, provides a "revised" analysis of options based on "possible"
changes to the Regulatory Analysis Guidelines. The current Regulatory Analysis Guidelines have
been created with stakeholder input and provide the established process for considering regulatory
changes. It would be inappropriate and irresponsible to used proposed revisions to these established
processes to justify such as significant new regulatory requirement. Whatever possible revisions to
these guidelines the agency may be considering, they have not been approved by the Commission,
have not been thoroughly evaluated by the agency, and which have not been subject to external
stakeholder input. The agency's last update of the dollar per person REM conversion factor in 1995,
for instance, was the subject of significant stakeholder interaction. 2 In addition, we note that the
Commission still have not given direction on the staff's proposals to the Commission last year
regarding the economic consequences of an unintended release of licensed nuclear material to the
environment.3 Some of those proposals, if approved, could also significantly affect the regulatory
decision-making process. If the agency truly intends to explore a revision to the policies and
procedures reflected in its current regulatory decision-making processes, then it should strongly
consider withholding any decision on containment venting systems until that revision has been
drafted and vetted with all stakeholders. It is inappropriate to bring speculative changes into a
regulatory decision-making process and it undermines the stability and predictability of the entire
regulatory change process.

Lack of a balanced assessment of Option 4

The SECY includes a structured quantitative analysis of three of the four options considered. Option
4 was omitted from this analysis. NEI's October 5, 2012, letter to the NRC responded to an NRC
request for more information regarding the industry position containment filtering and outlined the
essential elements of the industry proposal. This information does not appear to have been taken

2 See NUREG-1530 "Reassessment of NRC's Dollar Per Person-Rem Conversion Factor Policy" (1995).

3 SECY-12-0110 (Aug. 14, 2012).
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into account in the SECY. Consequently, the SECY's overall evaluation of options was incomplete.

The industry has performed a quantitative analysis in Attachment 2 of this letter to complete the

picture and provide a more comprehensive evaluation and comparison of Option 4 to the other

options. As shown in this evaluation, a direct comparison of the options demonstrates the benefits of
Option 4 over the other SECY proposals.

Characterization of Engineered Filter Proposal as Passive

The SECY emphasizes the passive aspect of the rupture disc as one of the benefits of the

engineered filter concept described under Option 3. The implication of this terminology is that the

engineered filter system functions without human intervention or the need for active systems. While
it is true that the rupture disc is-passive, the engineered filtered vent is not itself passive.

First, as has been demonstrated in several technical analyses, including the report issued by EPRI in

September 2012, "Investigation of Strategies for Mitigating Radiological Releases in Severe

Accidents," in order for a filter to be effective, debris cooling is required. Debris cooling requires

operator action and active systems to assure that the containment boundary is intact to direct the

radionuclides down the vent path. Without this active function, any containment vent filter would be

ineffective in retaining fission products in containment. As demonstrated by the SECY MELCOR

analysis, the EPRI work, and the BWROG tabletop, injection of water into containment, especially via

drywell sprays would capture radionuclides in containment and would filter the release.

Second, depending on the design requirements, there may be chemical additions or inerting actions

required before the filter is put into service. Based on presentations at international meetings since

the accident at Fukushima, this is certainly true of the some of the designs currently installed in

Europe. In addition, presentations made by international participants at the 2012 RIC describe

operator actions.that are required to control/drain/replenish the filter in order to maintain its

effectiveness.

Third, the containment vent should not be opened and left open, as assumed in the SECY analysis.

With successful debris cooling comes cooling of the containment atmosphere. If the vent path is left

open, the non-condensable gases in containment would be swept out the vent and condensation of

the residual steam would lead to a negative pressure in containment. A negative pressure condition

would draw oxygen into the containment where it will mix with hydrogen to create a combustible

mixture. This can occur relatively early in the venting window, even a few hours after venting is

commenced, depending on the scenario and vent design. Even the MELCOR analyses provided in
Enclosure 5A of the SECY show that the containment depressurizes to essentially atmospheric

pressure within approximately 14 hours. Thus, even the filtered vent pathway can require active

operator action to protect containment.
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Failure Modes & Unintended Consequences of Filters

The SECY does not contain an adequate analysis of the possible failure modes of the engineered
filter system design and the possible negative effects that could follow in order to assure that
unintended consequences are avoided. Without such an analysis, the long-term ramifications of filter
installation cannot be known. One example is the set point for the rupture disc. Depending on the
plant and the scenario, one of three containment pressures may dictate the use of the vent: the
containment design pressure, the primary containment pressure limit (PCPL) or the pressure
suppression pressure (PSP). The PSP, for example, varies depending on the water level in
containment. Consequently, a single gaseous pressure is not sufficient to set the rupture disc. In
some plants, the PCPL may be less than the containment design pressure. In these cases, setting
the rupture disc at PCPL level could mean that the rupture disc may open in design basis conditions,
e.g., following a large break LOCA. It is not clear that these issues have been thoroughly assessed in
the SECY evaluation.

Inadequate Consideration of Engineering Practicalities of Filters

The SECY does not adequately address the engineering implications associated with installing a filter
and, consequently, does not address the full cost of installing an engineered filter. The draft orders
contained in the SECY do not adequately specify the filter requirements to complete designs.
Attachment 5 of this letter provides more information of the challenges associated with Order
compliance.

While various commercial filter designs are available, these designs must be integrated into the
existing plant design for a given plant. Filters are of substantial size (some water-based filters are 20
meters across), require fully engineered foundations, shielding, instrumentation, drains, heaters and
other appurtenances that make their installation a major challenge at most existing sites. For
example, one utility has identified that the mass of a filter is on the order of 60 tons. However,
when considering foundations, shielding and ancillary features, the total rises to over 600 tons. Dry
filters are often even more massive due to the nature of their designs. Consequently, engineered
filters are generally too massive to be installed in existing structures without requiring extensive re-
analysis of the structural and equipment seismic response. Consequently, new structures and
foundations must be built to house the engineered filter. Such structures cannot simply be installed
anywhere on a site. In fact, at some sites, there is no location close to the reactor building, so the
vent pipe would have to be run across the controlled area. Underground installation of piping is
often problematic due to existing underground piping, electrical equipment and utilities.

All of these considerations add to the engineering complexity and cost. Several utilities have
estimated the total installed cost of an engineered filter system to be in excess of $45M.

There are likely other areas that need to be fully considered before a filter could be installed at any
given site. The SECY did not sufficiently evaluate all of the ramifications of requiring Option 3.
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Lack of Prospective Analysis

The cost-benefit analysis described in the SECY does not account for many of the Tier 1 activities

already underway across the U.S. industry. Specifically, the risk analysis does not account for the
risk reduction associated with implementation of FLEX strategies, nor are the enhancements that will

be associated with Recommendation 2.1 on seismic and external flooding. Since filtering options will

not be fully implemented until after these Tier 1 activities are scheduled to be completed, it would

have been appropriate to account for these safety enhancements. This leads to an overstated base

risk level and therefore exaggerates the potential benefits computed from all of the options, thus
skewing the cost-benefit comparisons.

Reliance on Stylized Scenarios

Enclosures 5A and 5B of the SECY evaluate scenarios for use in the risk analysis and cost benefit

analysis. The scenarios selected are highly stylized and do not align with the scenarios considered in
the risk model. For example, the base scenario assumes that RCIC operates for 16 hours. The basis

for this duration is loosely tied to the Fukushima Dai-ichi Units 2 and 3 where RCIC ran for over 70

hours and roughly 20 hours, respectively. The link between Fukushima operating times and the 16-
hour assumption is not clear. The NRC's state-of-the art-analysis, SOARCA, used a mechanistic

assumption of RCIC failure due to battery~depletion at four hours. What is clear is that the 16-hour
assumption creates a scenario where containment venting is initiated just as core damage is

beginning. If RCIC ran less than 16 hours, containment would be vented much later. If RCIC runs

longer, then the containment would be vented prior to core damage, creating entirely different plant

response. Unlike the EPRI work in which all sensitivity studies were evaluated and described to the

same completed endstate, Enclosures 5A and 5B only include full analyses of a few selected, stylized

scenarios thus obfuscating key factors that could influence both the results and the insights related

to filtering strategies.

Finally, the MELCOR and MACCS2 results were used in the cost-benefit analysis in combination with

a risk model that includes scenarios of its own. There is no evidence that the scenarios for analyzed

thermal hydraulically match the probabilities used to characterize them. In fact, it is extremely

unlikely that there is any connection between the two since characteristics of the MELCOR scenarios

are so arbitrary and inconsistent with other analyses. This is not consistent with good risk analysis

and cost-benefit practices where the likelihoods and consequences are supposed to be correlated.

Inconsistency with SOARCA

Even though the sequence selection is stated to be representative of SOARCA, the SECY analysis

deviated from the SOARCA in several significant respects. First, the core debris melt characteristics

used in the SECY are different from those used in the SOARCA. In the SECY analysis, the

parameters that define how core debris spread were modified to slow the spread of core debris.

Using different parameters that those in the SOARCA results in a change to the manner in which the

core material spreads out to the drywell shell when core debris cooling is not provided and delays
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drywell shell failure following vessel breach. By slowing the spread of core debris to the drywell shell
by up to three hours versus 30 minutes or less assumed in the SOARCA, the SECY changes the
containment response and artificially enhances the benefit of the filter. By assuming that
containment failure is delayed by several hours, the external filter is expected to capture significant
radionuclides. However, were the analysis to have used the same parameters as in the SOARCA, it
would have demonstrated that the external filter would likely capture very little radionuclides
because the release path from containment would bypass the filter due to liner failure. While this is
clearly an area of severe accident uncertainty, the SECY does not explain why it did not use the
state-of-the-art SOARCA model and no sensitivity studies were provided.

Another example where the SECY departed from accepted practices involves sensitivities on drywell
venting where different assumptions were made regarding SRV/steam line response. In the wetwell
venting cases, the steam lines were assumed by the SECY to remain intact with the core damage
radionuclides piped into the suppression pool. In the drywell venting case, with no mechanistic
justification, the steam line is assumed in the SECY to fail, leading to radionuclides being discharged
into the drywell instead of the suppression pool. These unsubstantiated assumptions magnified the
release and again artificially enhanced the benefits to be provided by a filter. In fact, the SECY and
subsequent staff descriptions have inaccurately characterized the filters as being insensitive to
scenario characteristics. There are many scenario-specific features and associated phenomenological
uncertainties like those described above that influence the effectiveness of filters, not the least of
which is debris cooling, core damage progression, and containment response.

EPRI Analysis Discussion in Enclosure 4 of the SECY

Enclosure 4 of the SECY provides several comments on the EPRI technical assessment of filtering
strategies. The majority of the insights and conclusions from the EPRI analysis are supported by the
NRC analysis contained in the SECY. However, there are two important criticisms of the EPRI
strategies that are erroneous. First is the importance placed on aerosol removal by the drywell
sprays. The EPRI analysis did take credit for water droplet formation and aerosol capture using
standard techniques in modeling. In addition, Section 4.5 of the EPRI report describes several
sensitivity analyses performed where these assumptions were conservatively altered to better
understand their importance. And finally, the EPRI analysis demonstrates significant in-containment
filtering when the aerosol removal mechanisms are ignored, demonstrated by the flooding-only
cases documented in the report. This topic was further addressed in the BWROG table-top exercise
and described in the report recently provided to the NRC. Using plant-specific details of the drywell
spray system, conservative assumptions were made to the efficiency of the sprays to remove heat
and to capture radionuclide aerosols. Where the industry agrees that the performance of the sprays
under low-flow conditions is important, both the EPRI analysis and the table-top exercise have
adequately addressed the uncertainty.

The second major criticism of the EPRI analysis contained in Enclosure 4 of the SECY is the reliability
of operator actions to control the vent. This topic was discussed extensively during the January 9
Commission briefing, including a detailed presentation by an ex-operator from Nine Mile Point. As
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discussed during the briefing, operation and accident response at all of our plants rely on highly
trained and qualified professionals. The actions described in both the EPRI report and the BWROG
table-top report are all within the capability and training of our operators. The table-top report
provides detailed information on the number of demands placed upon the operating staff and clearly
fall within expected capabilities.
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Comments on Draft Orders

The SECY proposes an order to impose the new requirements for a severe accident capable

vent and either Option 3 or Option 4. Historically, the NRC has used orders as a way to

impose regulatory requirements for matters that require immediate attention due to their

safety or security significance. Although the staff cited "timeliness" as a basis for using

orders at the January 9 meeting, neither the Commission nor the staff has identified an

immediate safety concern with respect to filters, so it is not clear why an order is needed in
this instance. This is a significant policy issue, because the use of orders to impose generic

safety or security requirements poses a number of challenges and has consequences that

should be carefully considered by the Commission before a decision is made.

Though orders can be used in a variety of regulatory circumstances, by their nature they

have been designed by the agency for use in enforcement proceedings, not for the

evaluation and implementation of generic requirements and the implementation of major

policy decisions. Thus, orders lack the requisite processes for regulatory basis development

and stakeholder interaction that are inherent to the rulemaking process. For instance, limited

stakeholder participation occurs only after the order is issued and becomes legally binding,

and then only in an adjudicatory context before a panel of the Atomic Safety and Licensing

Board (ASLBP). Adjudicatory proceedings are far better suited to deal with individual

contested issues in a specific licensing context than with the policy and regulatory decision-

making typically associated with rulemaking. In the absence of an immediate safety or.

security concern, these other concerns should significantly outweigh whatever timeliness

concerns have driven the agency to consider orders.

The draft orders provided in the SECY (enclosures 7A and 7B) contain the requirement for

the licensees to notify the Commission within 20 days of the date of the order if they, for

any requirement in the order, are unable to comply, compliance is unnecessary in their case,

or if implementation of any would result in violation of an NRC regulation or their license. In

addition and as required by NRC regulations at 10 CFR 2.202, licensees would be required to

submit an answer within that same time period either consenting to the order and waiving

their rights to a hearing, or requesting a hearing before the ASLBP. As described above,

given what is not yet known or understood at this time about the implementation

requirements for either Option 3 or Option 4, it is not clear how any licenseecould

reasonably respond with a substantive response within the 20-day requirement.

The industry would not object to the upgrade of the reliable hardened vent to a severe

accident capable vent by way of an amendment to order EA-11-050. However, regardless of
whether the Commission ultimately decides to impose Option 3 or Option 4, the imposition

of requirements for either a filter or performance-based filtering should be accomplished

through rulemaking. This would provide all stakeholders the opportunity to assess and
comment on the staff's regulatory basis, allow for comprehensive exchanges of technical

information as part of a transparent process involving all stakeholders, and the development
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of a sound, technically defensible regulation. Implementation through rulemaking also avoids
putting licensees in the challenging position of having to evaluate the requirements of the
order and respond to the agency within 20 days. To address concerns about timeliness, the
Commission could impose time limits on the rulemaking and the necessary guidance for the
staff as it sees fit. Several recent rulemakings that have been of high Commission and public
interest have demonstrated the agency's ability to tackle challenging issues in a timely
manner through rulemaking.1

We also note that the regulatory construct that underlies the orders appears to be
fundamentally flawed because it attempts to treat a beyond design basis condition involving
an unbounded severe accident as a design basis. This is not possible. Some specification
must be provided so that designers can initiate their work. Further definition is required on
the boundary conditions, assumptions, scenarios, environmental conditions, etc. sufficient to
support the design. This applies to a lesser degree to the severe accident vent (aka HCVS)
than the filtered vent (FCVS). The performance-based approach proposed by the industry
would address this problem by coupling the venting capability with water injection. This
allows an alignment of the design conditions and the performance criteria. Finally, as
discussed below, the performance criteria described in these orders do not appear to
comport with the credit given to the filter in the SECY analyses.

Though the industry strongly recommends that the NRC use rulemaking rather than orders
to implement whatever solution it decides, the following specific comments on the draft
.orders are provided to illustrate some of the major problems with. the performance criteria
that are under consideration. The industry has not fully analyzed any of these issues, but
they are noted to demonstrate how many of the technical aspects of installing an FCVS
remain unresolved. Without further definition or fully developed guidance to expand on the
technical requirements of the order, it will not be feasible for licensees to determine whether
or not they can comply with the requirements of the order.

1. Section IV.A. Implementation. The draft order states that full implementation of the
requirements would be required by no later than December 31, 2017. However, neither
the order nor the SECY provides any detailed explanation of how the staff determined
that this date was reasonably achievable. The draft order does not include any
discussion of or account for other necessary regulatory steps such as: draft guidance
development; site-specific analyses and implementation plans; NRC review and approval
of site-specific plans; and reasonable timeframes for site-specific implementation. In
contrast to the three post-Fukushima orders, which provided for implementation within
two refueling cycles after submittal of integrated plans, the draft order simply sets a

For instance, the Commission has directed rulemakings associated with Near-Term Task Force recommendations

4.1 and 8 to be completed within 24-30 months. SRM-SECY-0124 "Recommended Actions to be Taken without

Delay from the Near-Term Task Force Report" (Oct. 11, 2011). In addition, the NRC completed the "Consideration

of Aircraft Impacts for New Nuclear Power Reactors" in around two years from the Commission's direction in April

2007 to publication of the final rule in June 2009. See SRM-SECY-06-0204 (Apr. 24, 2007) and Final Rule, 74 Fed.

Reg. 28112 (June 12, 2009).
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deadline of December 31, 2017, for all sites. Any final implementation schedule for
implementation of external filters must be based on a realistic assessment of the time

necessary to complete fundamental regulatory steps, as well as a the time necessary for

sites to implement these measures. In addition, the backfit rule at 10 CFR 50.109(c)
requires that, for cost-justified substantial safety enhancements imposed by the NRC,

the Commission "will consider how the backfit should be scheduled in light of other

ongoing regulatory activities at the facility ...." The December 31, 2017, deadline does not

appear to have taken this into account.

2. Performance Criterion 1.1.1 states that the design shall incorporate passive features to

the extent practical. A term like "to the extent practical" does not provide sufficient

definition of where and why passive features would be utilized. Further, some of the
issues with the "passive" nature of filters are described in Attachment 4 of this letter.

[Included in both draft orders]

3. Performance Criterion 1.1.3 states that the design shall be such that radiological

consequences are minimized so that they would not impede personnel actions need for

event response. Since the range of potential severe accident scenarios is essentially

unbounded, this criterion also essentially unbounded. [Included in both draft orders]

4. Performance Criterion 1.1.4 states that the vent shall be accessible and operable "under

a range of plant conditions" including "severe accident environment." Since the range of

potential severe accident environments is essentially unbounded, this criterion also

essentially unbounded. [Included in both draft orders]

5. Performance Criterion 1.2.1 states that the design shall maintain containment pressure

below design pressure and the PCPL. As described in Attachment 4 of this letter, it is

possible that the PCPL is less than design pressure. If a fully passive system is required,

then the containment boundary could be opened at pressures below the containment

design basis and this may create unintended licensing challenges for design basis

events. [Included in both draft orders]

6. Performance Criterion 1.2.2 states that a passive (i.e., rupture disk) will be provided on

one vent path (wetwell for HCVS, drywell for FCVS). This may create unintended

consequences that do not appear to have been addressed. The industry's concerns in

this regard are described in more detail in Attachment 4 of this letter. [Included in both

draft orders]

7. Performance Criteria 1.2.5 and 1.2.6 state that the vent controls shall be accessible to

plant operators during "sustained operations." Since the range of potential severe

accident environments and scenarios are essentially unbounded, this criterion also

essentially unbounded. [Included in both draft orders]

8. Performance Criterion 1.2.11 states that the vent shall be designed for the pressures and

temperatures "expected" during a severe accident. Since the range of potential severe
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accident environments is essentially unbounded, this criterion also essentially
unbounded. Further, and more significantly, it is not at all clear that a vent can be
designed in accordance with this requirement, especially a drywell vent. Some of the
severe accident cases in Enclosure 5A involving containment vent included venting of
drywell gases without water injection into containment. All other cases, the vent was
credited prior to water injection. Drywell gas temperatures could be extremely high
under these conditions, in excess of 7000 F. If injection to the drywell water is assumed
to be available prior to venting, then the entire premise of requiring a filter is called into
question because the water supports in-containment filtering. [Included in both draft
orders]

9. Performance Criterion 1.2.12 states that the vent design and operation will ensure
flammability limits are not reached. Since the range of potential severe accident
environments is essentially unbounded, this criterion also essentially unbounded.
[Included in both draft orders]

10. In the FCVS order, Performance Criterion 1.3 states that the filter must be capable of
reducing releases of radioactive materials "by an amount that is reasonably achievable."
This requirement is not sufficiently defined to support design decisions. Although the
NRC cites "decontamination factors on the order of 1000 for aerosols and 100 for iodine"
as examples, it is not clear if these represent the minimum criteria. Further, there are no
boundary conditions applied to the performance criteria. Enclosure 5A of the SECY
acknowledges that the performance of a filter is a function of the aerosol characteristics
assumed and different decontamination factors were applied for wetwell and drywell
vents. [Included only in the FCVS draft order]

11. In the FCVS order, Performance Criterion 1.3.1 states that the design shall consider
those sequences wherein containment venting is "expected" or "relied upon" to prevent
containment failure. As described above in Item 7, this could be extremely problematic
given the potential range of conditions, leaving the designers to effectively attempt to
address any conceivable scenario. [Included only in the FCVS draft order]

12. In the FCVS order, Performance Criterion 1.3.2 states the design shall capable of
"passive operation with no operator actions for 24 hours." Taken literally, such a
requirement is counter to safety. BWR EPG/SAGs are very explicit in requiring operator
action to control containment pressure in order prevent a negative pressure condition,
leading to the introduction of oxygen into containment and creation of flammable
mixtures inside containment. Depending on the scenario, operator control of the vent
would need to occur in much less than 24 hours. In fact, Enclosure 5A of the SECY
shows that the containment is fully depressurized and could be subject to this condition
within approximately 16 hours of initiation of the drywell vent (Figure 11 of Enclosure
5A). [Included only in the FCVS draft order]

13. Performance Criterion 2.1 states that the vent design and operation must ensure
flammability limits are not reached. Since the range of potential severe accident
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environments is essentially unbounded, this criterion also essentially unbounded.
[Included in both draft orders]
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