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Washington, D.C. 20555-0001

Subject: ABWR Standard Plant Design'Certification Renewal Application
Design Control Document, Revision 5, Tier 1 and Tier 2

GE Hitachi Nucleéar Energy (“GEH") is pleased to request NRC renewal of the ABWR standard plant
design certification (10 CFR Part 52, Appendix A} and requests approval of an accompanying
amendment to the ABWR Design Control Document (“‘DCD”), Tier 1 and Tier 2. Revision 5 of the
ABWR DCD incorporates information associated with a change in the applicant, a containment
reanalysis, and an aircraft impact assessment. GE Nuclear Energy (predecessor of GEH) was the
original applicant for the ABWR certified design. Accordingly, GEH requests that the NRC retain the
original ABWR certified design as a separate appendix in 10 CFR Part 52 and issue a separate
appendix for other applicants seeking to amend the certified design. GEH discusses in Enclosure 1
the policy and safety basis for this request.

The six enclosures in this transmittal contain information related to the renewal request and the
revised DCD files:

» Enclosure 1 contains an explanation of the content of the application and identifies related
documents that may be provided under separate cover.

= Enclosure 2 contains an Introduction to the DCD, Revision 5.
* Enclosure 3 contains the Tier 1 and Tier 2 documents with “Security-Related Information”
- protected from public disclosure under the provisions in 10 CFR 2.390. The security-related

information is marked with the designation “{{{Security-Related information - Withhold Under
10 CFR 2.390}}}." GEH requests that the NRC withhold from public disclosure this information

in accordance with the provisions of 10 CFR 2.390.
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= Enclosure 4 contains public versions of the Tier 1 and Tier 2 from which the security-related
information has been withheld (i.e,, redacted).

* Enclosure 5 contains the original GE Nuclear Energy Report 25A5680, "SAMDA Technical
Support Document for the ABWR”, Revision 1, as submitted to the NRC in MFN 162-94,
December 21, 1994 (NRC Accession Number 9503290339; ML100210563). This GENE report
is being provided to the staff for convenience as a historical reference since the report was
originally submitted in 1994.

* Enclosure 6 contains the “"Supplemental Environmental Report - Amendment to ABWR
Standard Design Certification,” GEH Report 25A5680AA, required by NRC regulation 10 CFR
51.55(b) for an amendment to a design certification.

If you have any questions, please contact me.
Sincerely, . :

Richard E. Kingston W
Vice President, ESBWR Licensing

| declare under penalty of perjury that the foregoing is true and correct.

Executed on the 7t day of December 2010.

-. o Nead—

Jerald G. Head
Senior Vice President, Regulatory Affairs
GE-Hitachi Nuclear Energy Americas LLC

GE Hitachi Nuctear Energy .
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Enclosures:
1. Descriptioh of the ABWR Design Certification Renewal Application
2. CD - ABWR DCD, Revision 5, Introduction
3. CD - ABWR DCD, Revision 5, Tier 1 and Tier 2 w/Security-Related Information
4. CD - ABWR DCD, Revision 5, Tier 1 and Tier 2 w/o Security-Related Information (Public
Version) _
5. SAMDA Technical Support Document for the ABWR, Revision 1

6. CD - Supplemental Environmental Report - Amendment to ABWR Standard Design
Certification

cc: w/enclosures 1,2,3,4,5and 6
A. Muniz, NRC
cc: w/o enclosures 2, 3, 4 and 6

A. Cubbage, NRC
J. Head, GEH

H. Madronero, GEH
C. Reda, GEH

D. Roderick, GEH

GE Hitachi Nuclear Energy
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Enclosure 1

Description of the ABWR Design Certification Renewal Application

In accordance with 10 CFR 52.57(a), GE Hitachi Nuclear Energy (GEH) requests the NRC
renew the Advanced Boiling Water Reactor (ABWR) design certification (10 CFR Part 52,
Appendix A). The ABWR design certification rule, effective June 11, 1997, would otherwise
expire at the end of a period of fifteen years, or June 11, 2012. In addition, in accordance with
10 CFR 52.59(c), GEH requests NRC approval of an amendment to the DCD, as explained
further below.

Background

GE Nuclear Energy, predecessor of GEH, was the original applicant for the ABWR design
certification. The basic ABWR design was developed by a consortium of GE Nuclear Energy,
Hitachi, and Toshiba, and has been used in plants constructed in Japan. The NRC-certified
ABWR design is based on U.S. codes and standards that were in effect at the time of
certification. Currently, GEH is involved in two projects in Taiwan, Lungmen Units 3 and 4, for
which the design is based on the NRC-certified ABWR design. In addition, the Combined
License application for STP Units 3 and 4 references the ABWR design certification, with an
alternate vendor supplying the design. The STP application contains a significant number and a
broad scope of modifications to the certified design with which GEH is not involved.

Applicant

The renewal applicant is GEH, which is a designer of nuclear reactors, a supplier of nuclear
services, and a manufacturer of nuclear fuel. GEH is majority owned and controlled by a U.S .-
based company, General Electric, in alliance with Hitachi, a Japanese company. GEH conducts
business internationally, with headquarters in Wilmington, North Carolina. Technical
qualifications of GEH are included in the application documents, as described below. The
application has been prepared in accordance with the GEH Quality Assurance Program.

Standardization

In 1987, the Commission issued its Policy Statement on Nuclear Power Plant Standardization.
The Policy Statement encourages the use of standard plant designs and provides information
concerning certification of plant designs that are essentially complete in scope and level of detail
(52 Fed. Reg. 34884 (Sept. 15, 1987)). The Policy Statement explains that the intent of these
actions described therein “are to improve the licensing process and to reduce the complexity
and uncertainty in the regulatory process for standardized plants.” The Policy Statement
concludes that the use of certified designs in future license applications should enhance and
benefit public health and safety, as well as contribute to stability and predictability in the
regulatory process. Consistent with the Policy Statement goals, the NRC developed the 10
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CFR Part 52 design certification process as a rulemaking to ensure, among other things, a high
level of finality for a standard design in license applications (see 73 Fed. Reg. 15372, 15373 —
15378 (April 18, 1989)). Regulations in 10 CFR Part 52, and in the ABWR design certification
rule, limit changes to a standard design in the interest of standardization. In addition,
regulations for renewal of a design certification support maintaining the standard design as
originally certified, unless (1) the applicant requests an amendment, or (2) the NRC must
impose changes for assuring adequate protection. Note, however, that an applicant also must
address the requirements of 10 CFR 50.150 regarding aircraft impact assessment (see 10 CFR
52.59 1 (a), (b), and (c)).

The original ABWR design certification was the first action completed under 10 CFR Part 52
and, while benefits of a standard design certification are only beginning to be demonstrated,
GEH remains committed to the overall concept of standardization. GEH is, therefore,
maintaining essentially intact the original design information upon which the NRC based its
original certification decision, with a limited scope of proposed changes. GEH discussed this
approach with the NRC in a pre-application meeting February 23, 2010. In response to
questions during the meeting, GEH explained a strategy that may include a future request for a
more extensive amendment to the ABWR design certification that would incorporate departures
in a future Combined License application. Such a strategy better supports NRC regulations and
guidance for maintaining standard designs from several perspectives:

» First, an amendment requested as part of a request for renewal must meet NRC
regulations at the time of renewal (10 CFR 52.59(c)). By maintaining essentially intact
the original design information as part of the renewal, with only limited proposed
changes, GEH minimizes potentially conflicting regulatory requirements in the certified
design. '

= Second, GEH is not currently involved in a U.S. reference plant project using the
certified ABWR design and, thus, an extensive amendment requested as part of a
renewal application at this time may not represent the set of changes that a U.S.
customer may ultimately request (note that GEH does not consider the STP Units 3 and
4 Combined License application as a reference for a GEH ABWR design due to the
significance and number of departures that incorporate Toshiba-Westinghouse detailed
design (including certain design changes), in which GEH has not been involved and for
which GEH cannot validate as consistent with the licensing basis for the original ABWR
design, as certified).

» Athird consideration for limiting the scope of changes to the ABWR certified design is
that NRC regulations include a provision that if an amendment requested as part of a
renewal application entails such an extensive change to the design certification that an
essentially new standard design is being proposed, an application for a design
certification must be filed in accordance with 10 CFR Part 52 (10 CFR 52.59(c)).

Further supporting standardization, GEH, as successor of the original applicant, requests that
the NRC incorporate no other design changes submitted as part of another entity’s amendment
request into the ABWR certified design rule. Because GEH continues to support the viability of
the ABWR certified design through existing international projects and potential U.S. projects, it
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would be inappropriate for the NRC to disadvantage the original applicant of a design
certification by approving muitiple, and potentially conflicting, changes that could result in an
internally conflicting certified design and one that relies on proprietary information of muitiple
entities, thereby making it a design that no entity could fully support as a standard design.

Such a result is contrary to NRC’s Policy Statement on standardization in that it could resultin a
decrease in safety of the certified design. Accordingly, GEH requests that the NRC maintain the-
original ABWR certified design as a GENE/GEH design by treating any other entity’s
amendment request either as an essentially new standard design, depending upon the extent of
proposed changes (see 10 CFR 52.59(c)), or as a similar but separate ABWR design
certification in a new appendix to 10 CFR Part 52. Such action also is consistent with the spirit -
of the Commission’s original intent that a vendor whose design is certified through rulemaking
would have protection (through NRC regulations, the Administrative Procedure Act, and judicial
review) “against arbitrary amendment or recission of the certification rule” (73 Fed. Reg. at
15375).

Requlatory Compliance

NRC regulations for renewal of a design certification specify that a renewal may be granted if
the design, either as originally certified or as modified during the rulemaking on the renewal,
complies with the Atomic Energy Act and the Commission’s regulations applicable and in effect
at the time the certification was issued, provided, however, that the first time the Commission
issues a rule granting the renewal for a standard design certification in effect on July 13, 2009,
the Commission shall, in addition, find that the renewed design complies with the applicable
requirements of 10 CFR 50.150 (see 10 CFR 52.59(a)). As noted above, GEH addresses the
requirements of 10 CFR 50.150 regarding aircraft impact assessment in the application.

Table 1 below provides an assessment of the application as compared to NRC regulatory
requirements for renewal of a design certification application. NRC regulations do not require
that the design certification meet regulations in effect at the time of renewal, except as related to
associated amendments. Therefore, the current requirements in 10 CFR 52.47, “Contents of
Applications, Technical Information,” are not addressed in Table 1.

GEH reviewed the items listed in 10 CFR 52.47 for any that might relate to the proposed
amendment to the DCD. GEH addresses below under “Application Documents” (1) technical
qualifications of GEH as the applicant (10 CFR 52.47(a)(7)), and (2) conformance to the
Standard Review Plan section applicable to the containment analysis (10 CFR 52.47(a)(9)).
GEH acknowledges that additional information may be addressed or reconciled in future
Combined License applications that reference the ABWR certified design or in a future
amendment request for the ABWR certified design rule.

In addition, 10 CFR 52.47 {[{] (a)(21) and (a)(22) require discussion of resolution of certain
generic issues and incorporation of operating experience into the design. Although these
requirements are not specifically applicable to the proposed amendment included in the renewal
application, information on these two requirements is discussed further below.
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Application Documents

Applicant: GEH is the applicant of the renewal request. Changes to the original design
certification are minimized, as described herein and in the spirit of standardization, as discussed
above. Aside from the limited scope changes, GEH has, however, identified those specific
references to GE Nuclear Energy and changes each instance, as appropriate, to refer to GEH
as the applicant. GEH considers this overall change as administrative and discusses it no
further for purposes of this application, except to the extent that the technical qualifications of
GEH are described in the application documents.

Design Control Document: NRC regulations in 10 CFR Part 52, Subpart B, set forth the type
of information that must be included in a design certification application. Because GEH is
submitting an application for renewal of the previously certified ABWR design, the application
contains a complete final safety analysis report in the form of a Design Control Document (DCD)
that describes the standard design information. Regarding the specific amendments included in
this renewal application, GEH submits Revision 5 of the ABWR DCD'in total to reflect the
changes, as marked with revision bars on the right side of the affected pages (note that the
design certification was based on Revision 4 of the DCD). The specific sections that include
proposed changes are identified in a change list that accompanies the DCD.

The DCD changes are limited to addressing technical requirements of GEH as the new entity
applicant (see Section 1.4), correcting the containment peak pressure analysis to reflect a more
limiting line break that GEH identified and discussed in MFN 09-306 (June 8, 2009,
ML100640164), and incorporating the results of an assessment of aircraft impact according to
requirements in 10 CFR 52.59(a) and 10 CFR 50.150. A public version of the DCD and a
SUNSI version of the DCD, which contains certain security-related information that is withheld
from disclosure from the public, are provided in electronic media.

DCD Introduction: GEH also includes a copy of the DCD Introduction that was submitted with
the original certified design material. The DCD Introduction includes information that explains
the process used in the design certification and in development of the DCD. For example, the
DCD introduction includes a list of the sections of the DCD that contain information determined
by the NRC to be Tier 2* information during the original design certification rulemaking activity.

Applicant’s Supplemental Environmental Report — Amendment to Standard Design
Certification: According to NRC regulations in 10 CFR51.55(b)", an amendment to a design

1 § 51.55 Environmental report—standard design certification.

(b) Each applicant for an amendment to a design certification shall submit with its application a separate
document entitled, "Applicant's Supplemental Environmental Report - Amendment to Standard Design
Certification.” The environmental report must address whether the design change which is the subject of
the proposed amendment either renders a severe accident mitigation design alternative previously
rejected in an environmental assessment to become cost beneficial, or results in the identification of new

{footnote continued)
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certification must include a supplemental Environmental Report (ER). Because GEH is
proposing amendments to the design certification, a supplemental ER applies to the application.
Although GEH determined that the original Severe Accident Mitigation Design Alternative
(SAMDA) assessment is not impacted by the proposed changes to the DCD, the supplemental
ER discusses the design changes and provides the necessary explanations and justifications for
this conclusion. The original SAMDA Technical Support Document for the ABWR was submitted
to the NRC in MFN 162-94, December 21, 1994 (NRC Accession Number 9503290339;
ML100210563). A copy of the original SAMDA report (Enclosure 5) is provided for reference
along with the supplemental ER (Enclosure 6).

Conformance with Standard Review Plan: For the proposed changes to the DCD associated
with the containment peak pressure reanalysis, the results of the reanalysis and the bases for
the changes are discussed in Revision 5 of the DCD. NUREG-0800, “Standard Review Plan”
(SRP), Section 6.2.1.1.C, “Pressure-Suppression Type BWR Containments” (Rev. 7, March
2007), addresses analytical models that are acceptable for calculating the containment peak
pressure and temperature. The SRP states for the ABWR:

For ABWR plants, the calculated results for containment short-term and long-
term response to postulated line breaks are based on the General Electric Mark

Il (ABWR) analytical model that was used in the ABWR standard plant analysis
evaluated by the NRC in the ABWR FSER.

GEH has followed the analytical modeling and has described the assumptions in Revision 5 of
the DCD. The SRP also discusses margins in terms of a construction permit and at the
operating stage. The DCD is essentially the basis for a license, so the DCD describes the
results in terms of the margin to the design values for demonstrating conformance to the SRP:

For BWR pressure-suppression plants at the operating license stage, the
peak calculated containment pressure and differential pressure should be
less than the design values.

Refer to Revision 5 of the DCD, Section 6.2 and Appendix 3B, for indications of changes
associated with the containment reanalysis.

SUNSI Proprietary Information and Security-Related Information: Proprietary information
associated with the original design certification review was submitted as part of the Standard
Safety Analysis Report (SSAR). Because of the nature of the information, it was not
incorporated into the DCD, but remained as part of the SSAR. This information has not been
revised as part of amendments in Revision 5 of the DCD. Accordingly, the information is not
resubmitted as part of the renewal application. GEH is, however, prepared to submit the
information in a separate transmittal, if the NRC requests.

severe accident mitigation design alternatives that may be reasonably incorporated into the design
certification.
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In the February 23, 2010, pre-application meeting, GEH informed the NRC that it planned to
submit a Technical Report regarding the containment reanalysis and containing any associated
proprietary information. GEH has determined that sufficient non-proprietary information is
included in the DCD. Therefore, no Technical Report is submitted as part of the renewal
application. In addition, NRC previously suspended its review of GEH ABWR Licensing Topical
Reports (LTRs) that were associated with changes to the DCD as part of the STP Units 3 and 4
projects. The review should remain suspended, as these LTRs are not related to the renewal
application.

No additional proprietary information is associated with the amendment included as part of the
renewal application. Certain information is considered SUNSI-Security-Related Information and
is redacted from the DCD consistent with the redactions in Revision 4 posted on the NRC
website. GEH considered this the best approach so as to avoid any inconsistencies in the
treatment of sensitive information.

Probabilistic Risk Assessment (PRA): GEH has not revised the PRA that was performed for
the original certified design. Therefore, there are no changes to Chapter 19, which describes
the results of the PRA. Amendments to Chapter 19 are, however, included to address the
aircraft impact assessment. Specific changes are identified in the change list accompanying the
DCD.

Safequards Information: Certain changes are reflected in the safeguards information that was
part of the original certified design. No changes to the safeguards information are proposed for

the amendment. Accordingly, that information is not re-submitted to the NRC. However, GEH is
prepared to provide this information if the NRC so requests.

Restricted Data/Classified Information: No restricted data or classified information is
applicable to the ABWR certified design information.

Operating Experience and Generic Issues: Regarding operating experience, GEH discussed
its review of 10 CFR Part 21 with regards to the ABWR in MFN 09-306 (June 8, 2009,
ML100640164). As described in the letter, the containment analysis was in error. The
proposed amendment included with the renewal application addresses the containment
reanalysis that has been performed to address the previous error.

Table 2 below addresses certain generic issues according to guidance in NRC Regulatory
Guide (RG) 1.208, Section C.IV.8, Guidance.? As shown in Table 2, GEH describes where and

>RG 1.206, C.IV.8: “Appendix B to NUREG-0933 lists generic issues that are applicable to future reactor
plants. The applicant should address those items in Appendix B to NUREG-0933 that are designated USI,
HIGH, MEDIUM, NOTE 1 (possible resolution identified for evaluation), NOTE 2 (resolution available
(documented in NUREG, NRC memorandum, SER, or equivalent)), CONTINUE, and NOTE 6 (new
requirements for future plants recommended). The agency resolved those items in Appendix B marked by
NOTE 3(a) or | with an effective date for future plants by establishing new regulatory requirements and/or
positions (rule, regulatory guide, SRP change, or equivalent). Therefore, if the application addresses
these items elsewhere, it need not address them again under the requirements of 10 CFR 52.79(a)(20).
{footnote continued)
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how the generic issues were addressed as part of the original design certification in the DCD
and identifies those that would need to be addressed at a later time in a Combined License
application or in a future DCD amendment outside of the renewal scope. No changes to the
DCD are proposed at this time to address any of these generic issues.

Applicants should address those generic issues for which the “Future Plants Effective Date” column
includes either no entry or “TBD.” GEH NOTE: The information in Table 2 is focused on the items within
this specific scope.
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Table 1. Regulatory Compliance

§ 52.55 Duration of certification.

(a) Except as provided in paragraph (b) of this section, a
standard design certification issued under this subpart is valid
for 15 years from the date of issuance.

(b) A standard design certification continues to be valid
beyond the date of expiration in any proceeding on an
application for a combined license or an operating license
that references the standard design certification and is
docketed either before the date of expiration of the
certification, or, if a timely application for renewal of the
certification has been filed, before the Commission has-
determined whether to renew the certification. A design
certification also continues to be valid beyond the date of
expiration in any hearing held under § 52.103 before
operation begins under a combined license that references
the design certification.

(c) An applicant for a construction permit or a combined
license may, at its own risk, reference in its application a
design for which a design certification application has been
docketed but not granted.

The original ABWR design certification expires June 11, 2012, if not
renewed, but may remain valid under timely renewal once an
application for renewal is filed and before the Commission has
made a decision on the renewal request. The GEH application
should trigger timely renewal while the NRC review proceeds.

§ 52.57 Application for renewal.

(a) Not less than 12 nor more than 36 months before the

Because the original ABWR design certification expires June 11,
2012, an application for renewal must be filed within the period of




expiration of the initial 15-year period, or any later renewal
period, any person may apply for renewal of the certification.
An application for renewal must contain all information
necessary to bring up to date the information and data
contained in the previous application. The Commission will
require, before renewal of certification, that information
normally contained in certain procurement specifications and
construction and installation specifications be completed and
available for audit if this information is necessary for the
Commission to make its safety determination. Notice and
comment procedures must be used for a rulemaking
proceeding on the application for renewal. The Commission,
in its discretion, may require the use of additional procedures
in individual renewal proceedings.

Enclosure 1

June 11, 2009, and June 11, 2011. The GEH application falls within
this time period. :

GEH has determined two issues to bring up to date the information
and data contained in the original certified Design Control
Document, Revision 4, according to (1) GEH identification of an
error in the containment peak pressure analysis (see MFN 09-306
(June 8, 2009, ML100640164) and (2) NRC requirements of 10
CFR 50.150 to address aircraft impacts in a design certification
renewal application as follows:

10 CFR 50.150 (a)(3)(iii)(B) Renewal of standard design
certifications in effect on July 13, 2009 which have not been
amended to comply with the requirements of this section by
the time of application for renewal.

Regarding the level of detail of information, GEH addresses
these two issues consistent with the level of detail in the
original certified design information submitted on the docket.
Revision 5 of the Design Control Document contains updated
information regarding the two issues described above and the
supporting engineering information is available for audit by the
NRC during its review of the application.

GEH recognizes that the NRC rulemaking process will be used to
renew the ABWR design certification and that this process will
include a notice and comment procedure, as well as other
procedures that the Commission may require.

(b) A design certification, either original or renewed, for which
a timely application for renewal has been filed remains in

effect until the Commission has determined whether to renew
the certification. If the certification is not renewed, it continues

As noted above, GEH submits its application for renewal within the
time period prescribed by NRC regulations. Thus, the application
should be subject to timely renewal.
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be valid in certain proceedings, in accordance with the
provisions of § 52.55.

(c) The Commission shall refer a copy of the application for
renewal to the Advisory Committee on Reactor Safeguards
(ACRS). The ACRS shall report on those portions of the
application which concern safety and shall apply the criteria
set forth in § 52.59. :

GEH understands that an ACRS review will be conducted during
the NRC review process for the renewal application.

§ 52.59 Criteria for renewal.

(a) The Commission shall issue a rule granting the renewal if
the design, either as originally certified or as modified during
the rulemaking on the renewal, complies with the Atomic
Energy Act and the Commission’s regulations applicable and
in effect at the time the certification was issued, provided,
however, that the first time the Commission issues a rule
granting the renewal for a standard design certification in
effect on July 13, 2009, the Commission shall, in addition,
find that the renewed design complies with the applicable
requirements of 10 CFR 50.150.

The GEH application includes changes related to a reanalysis of the
containment peak pressure. For this issue, there are no changes in
regulatory requirements applicable to this issue. Therefore, the
application complies with this provision of the regulations.

Regarding the aircraft impact assessment required by 10 CFR
50.150, GEH has included applicable changes to the Design
Control Document to describe results of the assessment in
accordance with 10 CFR 50.150. Thus, the application complies
with this provision of the regulations.

(b) The Commission may impose other requirements if it
determines that:

(1) They are necessary for adequate protection to public
health and safety or common defense and security;

(2) They are necessary for compliance with the Commission's
regulations and orders applicable and in effect at the time the
design certification was issued; or

(3) There is a substantial increase in overall protection of the

GEH has addressed issues that it considers necessary to amend
the Design Control Document for maintaining adequate protection
to the public, to address changes to NRC regulations that impose
additional requirements on the renewal of a design certification.
GEH has not proposed additional changes and, thus, the remainder
of the Design Control Document maintains the NRC conclusions on
the original certified design.

10
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public health and safety or the common defense and security
to be derived from the new requirements, and the direct and
indirect costs of implementing those requirements are
justified in view of this increased protection.

(c) In addition, the applicant for renewal may request an
amendment to the design certification. The Commission shall
grant the amendment request if it determines that the
amendment will comply with the Atomic Energy Act and the
Commission's regulations in effect at the time of renewal. If
the amendment request entails such an extensive change to
the design cetrtification that an essentially new standard
design is being proposed, an application for a design
certification must be filed in accordance with this subpart.

GEH requests amendment to the Design Control Document to
include the two issues described above. These two issues
represent minimal changes and do not represent “such an
extensive change” to the Design Control Document that a new
standard design is being proposed. While GEH noted above that
the containment peak pressure reanalysis complies with NRC
regulations that were in place at the time of certification, as required
by 10 CFR 52.59(a), the amendment aiso complies with current
applicable NRC regulations. GEH expects that the applicable
regulations will remain the same during the NRC review of the
application. However, if the NRC amends those regulations during
the time period of its review, GEH will review such amendments to
determine if any further changes are necessary.

Regarding the requirements in 10 CFR 50.150, the application
addresses applicable requirements for renewal of a design
certification, as described above.

(d) Denial of renewal does not bar the applicant, or another
applicant, from filing a new application for certification of the
design, which proposes design changes that correct the
deficiencies cited in the denial of the renewal.

GEH does not expect that the NRC will deny the request for
renewal. However, if any deficiencies in the proposed design
changes are identified, GEH expects that the NRC will discuss any
such deficiencies in the proposed design changes with GEH
(through the NRC process for requesting additional information
following acceptance of the application) so that GEH may correct
those in order for NRC to proceed with its review.

11
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§ 52.61 Duration of renewal.

Each renewal of certification for a standard design will be for
not less than 10, nor more than 15 years.

GEH requests that the NRC renew the ABWR design certification
for the full 15 years.

10 CFR Part 52, Appendix A

VII. Duration of This Appendix

This appendix may be referenced for a period of 15 years
from June 11, 1997 except as provided for in 10 CFR
52.55(b) and 52.57(b). This appendix remains valid for an
applicant or licensee who references this appendix until the
application is withdrawn or the license expires, including any
period of extended operation under a renewed license.

This section is directly from the current ABWR design certification
rule 10 CFR Part 52, Appendix A. It is consistent with the

requirements discussed above and does not impact content of the
DCD. '

12
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Table 2. ABWR Review -- NUREG-0933, Appendix B,
“Applicability of NUREG-0933 Issues to Operating and Future Reactor Plants”
Regulatory Guide 1.206, Section C.IV.8, Guidance
Items Marked With No Entry or as “TBD”?

T 2 =

Review of

TMI Action ltems |.A TMI Action Plan items The TMI action items were resolved during the original design certification, as
through il1.D.4 described in the DCD. See Tier 2, Section 1A, of ABWR DCD.

A-12 Fracture Toughness of This GSl is not applicable to ABWR.

Steam Generator and
Reactor Coolant Pump
Supports (former USI)

A-25 Non-Safety Loads on This item was resolved in the ABWR DCD Tier 2, Section 19B.2.9, in the original?
Class 1E Power design certification: b
Sources

The ABWR design assures the reliability and safety of the Class 1E power sources
and safety-related systems by a highly selective connection (i.e., only one subsystem)
of nonsafety-related equipment and strict control of the interface between this
subsystem and Class 1E power system. Each safety related system conforms to the
requirements of IEEE Standard384 (Reference 19B.2.9-2) and meets RG 1.75
(Reference 19B.2.9-3) and addresses IEEE Standard 279 (Reference 19B.2.9-5).
The ABWR design incorporates three independent Class 1E diesel generators (DGs)
and a non-Class 1E combustion turbine generator (CTG). The CTG is designed to
automatically and independently assume the plant investment protection (PIP) loads,
should a LOPP [loss of preferred power] event occur. This is in much the same

* Note that the information is largely extracted from the referenced section of the DCD.
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manner as the DGs assume the Class 1E loads for the same event. Therefore, it is
not necessary for the Class 1E buses to assume the PIP loads. (See Subsections
8.2.1 and 8.3.1.) The ABWR design excludes non-Class 1E from the Class 1E buses,
with the exception of the fine-motion control rod drive (FMCRD) subsystem, the
associated AC standby lighting system, and the associated DC emergency lighting
system. The reliability of the FMCRD subsystem is enhanced for the anticipated
transient without scram (ATWS) event by using Class 1E power for the drive motors.
Class 1E load breakers in the switchgear are part of the isolation scheme between the
Class 1E power and the non-Class 1E FMCRD loads. In addition to the normal
overcurrent tripping of these load breakers, zone selective interlocking (ZSl) is
provided between them and the upstream Class 1E bus feed breakers. The Class 1E
load breakers, in conjunction with the ZS| feature, provides the needed isolation
between the Class 1E bus and the non-Class 1E loads. (See Subsection 8.3.1.1.1 for
more details on this feature relative to the FMCRD power circuits.) Since both the
safety systems and their Class 1E power supplies conform to the requirements of
IEEE Standard 384 and meet the intent of Regulatory Guide 1.75, an acceptable level
of safety exists for both the safety systems and their Class 1E power supplies.
Therefore, this issue is resolved for the ABWR.

A-35 Adequacy of Offsite This item was resolved in the ABWR DCD Tier 2, Section 19B.2.11, in the original
Power Systems design certification:

=

The conceptual design of an offsite power system and station switchyard(s) for the
ABWR design is given in Section 8.:2. The interface requirements will ensure that the
switchyard(s) provide redundant offsite power feed capability to the nuclear unit,
consisting of two preferred power circuits, each capable of supplying the necessary
safety loads and other equipment. The ABWR onsite power systems are described in
Section 8.3, and include three redundant and independent 6.9kV Class 1E safety
buses. The incoming source breakers trip upon loss of normal power, and emergency
power is provided to each Class 1E bus by separate and independent diesel
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generator (DG) units. A combustion turbine generator automatically assumes the plant
investment protection loads, but can be used to manually provide back-up power for
any Class 1E bus, should a DG fail or be out of service. The Class 1E AC Power
Systems are described in Subsection 8.3.1.1. Protection against degraded voltage is
specifically addressed in Subsection 8.3.1.1.7(8). The protection schemes are
designed according to the recommendations of IEEE Standard 741 (Reference
19B.2.11-3), which is consistent with the guidance of BTP PSB-1. The ABWR
Standard Plant Class 1E auxiliary power system is designed in compliance with
General Design Criterion (GDC) 18 (Reference 19B.2.11-4) so that inspection,
maintenance, calibration and testing can be carried out with a minimum of
interference with operation of the nuclear unit, as described in Subsection 8.3.1.1.5.3.
On-line testing is greatly enhanced by the design, which utilizes three independent
Class 1E divisions. Indication of the system unavailability is provided in the control
room. A Technical Specification establishes limiting conditions for operations,
surveillance requirements, trip setpoints with minimum and maximum limits, and
allowable values for the undervoltage protection sensors and associated time delay
devices. Protection of the Class 1E power supplies to safety-related equipment from
the effects of an undervoltage condition of the offsite power source thus conforms to
the guidance of BTP PSB-1, and this issue is, therefore, resolved for the ABWR
Standard Plant design.

B-36 Develop Design, This item was resolved in the ABWR DCD Tier 2, Section 19B.2.21, in the original
‘ Testing, and design certification:

Maintenance Criteria for
Atmosphere Cleanup The filter systems required to perform safety-related functions following a design basis
System Air Filtration and | accident are the standby gas treatment system (SGTS) and the control room
Adsorption Units for habitability system as described in Sections 6.4 (Habitability Systems) and 9.4.1.1
Engineered Safety (Control Room Habitability Area HVAC), and Subsection 6.5.1 (Engineered Safety
Feature Systems and Features Filter Systems). The SGTS consists of two parallel and redundant filter

for Normal Ventilation trains. Each filter train is designed to have a HEPA filter installed at both inlet and
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Systems outlet sides of the charcoal adsorber. The CRHA HVAC system is provided with
redundant divisions. Each division consists of an emergency filtration unit. A HEPA
filter is also provided before and after the charcoal adsorber of each emergency
filtration unit. The HEPA filters of these systems will be tested periodically with DOP
using the installed instrumentation in conformance with the guidance of SRP Table
6.5.1-1 and as described in Appendix 6B, for SGTS, and Appendix 9D, for CRHA
HVAC systems and test connections as required by RG 1.52. Additionally, both of
these systems address RG 1.52 as described in Subsection 6.5.1.3.5, Appendix 6A
(compliance with RG 1.52), Subsection 9.4.1.1.7 (RG 1.52 Compliance Status), and
Appendix 9C. Air filtration and adsorption units are not required for normal ventilation
on ABWR, since there are no requirements for safety-related adsorption units in
normal operations, except for the incinerator off-gas exhaust which is directed to a
separate monitor vent (Subsection 9.4.6.5.3). Therefore, RG 1.140 is not applicable.
Thus, Issue B-36 is resolved for ABWR.

B-63 Isolation of Low This item was resolved in the ABWR DCD Tier 2, Section 19B.2.25, in the original
Pressure Systems design certification: '
Connected to the
Reactor Coolant All pressure containing components including all high pressure to low pressure safety-
Pressure Boundary related system boundary valves used in the Advanced Boiling Water Reactor (ABWR)

Standard Plant design are identified as Safety Class 1, 2, or 3, and are designed,
manufactured, and tested in accordance with the guidelines of the ASME Code,
Section lll. (See Subsections 3.2.1, 3.2.2, and 3.2.3 for Seismic Classification, Quality
Group Classifications, and Safety Classifications, respectively. Table 3.2-1 provides a
cross-reference between safety and code classifications.) Boundary valves will be
periodically inservice tested in accordance with the provisions of ASME Code, Section
XI, to assure operational integrity as well as to Subsection IWV requirements for each
valve category. Code Class 1, 2, and 3 valves will be categorized according to
Subarticle IWV-2100. Valve test requirements and valve performance testing
frequency are listed in the Subsections 3.9.6, 3.9.6.2, 3.9.6.2.1, 3.9.6.2.2, and
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3.9.6.2.3. In summary, the High Pressure and Low Pressure system boundary
interface valves are designed, manufactured, pre-operational tested, and in-service
tested according to the guidelines of the ASME Code and satisfy the intent of SRP
Section 3.9.6, Revision 2. Therefore, Generic Safety Issue B-63 is resolved for the

ABWR design.
C-10 Effective Operation of This item was resolved in the ABWR DCD Tier 2, Section 19B.2.28, in the original
Containment Sprays in | design certification:

a LOCA
: The Residual Heat Removal (RHR) system provides two independent containment
spray cooling systems (on loops B and C) each having a common header in the
wetwell and a common spray header in the drywell and sufficient capacity for
containment depressurization by removing heat and condensing steam in both the
drywell and wetwell air volumes following a LOCA. The drywell sprays also function to
provide removal of fission products released during a LOCA as well as in the event of
failure of the drywell head. The RHR system pumps water from the suppression pool,
through the RHR heat exchangers into the wetwell and drywell spray spargers in the
primary containment. The-drywell spray mode is initiated by operator action post-
LOCA in the presence of high drywell pressure, and is terminated by operator action.
Also, drywell spray is terminated automatically as the RHR injection valve starts to
open, (which results from a LOCA and reactor depressurization). The wetwell spray
mode is initiated by operator action, and is terminated automatically by a LOCA or
terminated by operator action. The water in the 304L stainless-steel-lined
suppression pool is maintained at high purity (low corrosion attack) by the
Suppression Pool Cleanup (SPCU) System. In the event of a LOCA, the SPCU
function is automatically terminated to accomplish containment isolation. The pH
range (5.3-8.9) is maintained to minimize any corrosive attack on the pool liner (304L
SS) over the life of the plant. The post-LOCA aqueous phase pH in all areas of
containment will have a flat time history (i.e., the liquid coolant will remain at its design
basis pH throughout the event). The use of organic coatings within the containment
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:
has been kept to a minimum. The major use of such coatings is on the carbon steel
containment liner, internal steel structures and equipment inside the drywell and
wetwell. The epoxy coatings are specified to meet the requirements of Regulatory
Guide 1.54 and are qualified using the standard ANSI tests, including ANSI N101.4.
All safety-related equipment in the containment is environmentally qualified, and
protected against spray actuation (Section 3.11). The system design adheres to the
appropriate criteria guidelines of ANSI/ANS 56.5-1979. Application of accepted human
factors principles and methodologies to the RHR System instrumentation and controls
design minimizes the possibility of inadvertent actuation as a result of operator error
(Subsection 18.3.1). Pre-operational testing for operability is performed on the RHR
Containment Spray Subsystem (Subsection 14.2.12.1.8). Technical
Specifications/Limiting Conditions for Operation (LCOs) of the RHR Containment
Spray Subsystem and the Primary Containment System are given in Chapter 16,
Section 3.6. It should be noted that credit is not taken for any fission product removal
provided by the drywell and wetwell spray portions of the RHR system. The quantity
of fission products released into the environment following postulated accidents is
controlled by the standby gas treatment system (SGTS) that has the redundancy and
capability to filter the gaseous effluent from the primary and the secondary
containment. The ABWR Design fulfills the requirements of General Design Criteria
41, 42, and 43 relating to fission product removal, periodic inspection, and functional
testing by conforming to the criteria guidelines of SRP Section 6.5.2, Revision 2
(Subsections 3.1.2.4.12.2, 3.1.2.4.13.2, and 3.1.2.4.14.2). In summary, the ABWR
design meets the intent of the criteria guidelines of SRP Section 6.5.2, Revision 2,
and BTP MTEB 6-1 in order to fulfill the function of reducing the concentration of
radioactive iodine and particulates in the containment atmosphere during and after a
LOCA, while also minimizing the probability of initiating stress corrosion cracking of
stainless steel in the safeguard systems. Design features also minimize the probability
of inadvertent actuation of the RHR Containment Spray subsystem or the SGTS, thus
minimizing possible damage to safety-related equipment in the containment.
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Technical Specifications/LCOs are also provided. Issue C-10 in NUREG-0933 is,
therefore, resolved for the ABWR Standard Plant design.

GSI-75 Generic Implications of | This item was resolved in the ABWR DCD Tier 2, Section 19B.2.38, in the original
ATWS Events at the design certification:

Salem Nuclear Plant

The reactor protection (trip) system (RPS) design provides the capability for the
ABWR to satisfy the NRC requirements indicated in Generic Letter 83-28 and in
NUREG-1000. Execution of the programs in the Acceptance Criteria fall primarily into
the phase of operations and maintenance that are the responsibility of the COL
applicant. However, Section 3.2 provides the safety-related classification of principal
components for the second criterion of the Acceptance Criteria. Therefore, this issue,
75, is resolved for ABWR. :

GSI-86 Long Range Plan for This item was resolved in the ABWR DCD Tier 2, Section 19B.2.41, in the original

Dealing with Stress design certification:
Corrosion Cracking in
BWR Piping For the ABWR, IGSCC resistance is achieved through the use of Type 316 stainless

steel and compliance with the guidelines of NUREG-0313. All materials are supplied
in the solution heat treated condition. During fabrication, any heating operations
(except welding) between 800 K (427°C) and 1255 K (982°C) are avoided, unless
followed by solution heat treatment. The ABWR water is maintained at the lowest
practically achievable impurity levels to minimize its corrosion potential. In summary,
only stainless steel Type 316 material is used and the piping is fabricated, tested and
installed in accordance with ASME Code, Section lll, (Reference 19B.2.41-3) and
NUREG-0313. Also, the owner-operator is required to comply with ASME Code,
Section Xl, (Reference 19B.2.41-3) for the performance of inservice inspection.
Therefore, this issue is resolved for the ABWR Standard Plant design.

GSI-89 Stiff Pipe Clamps This item was resolved in the ABWR DCD Tier 2, Section 19B.2.43, in the original
design certification:
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For the ABWR, the following stiff pipe clamp parameters will be very similar to those

for the BWR stiff pipe clamps evaluated in the calculations summarized above:
o Stiff pipe clamp geometry and material properties

Pipe schedule and material properties
Support rated loads less than or equal to 2.26E+05 N
Piping system operating pressures and temperatures and operating transients
Piping stresses at branch connections and elbows much greater than at stiff
clamp locations

Therefore, it can be concluded that the governing ABWR piping stresses will not occur
at stiff pipe clamp locations. For the ABWR, the piping design specifications shall
require that stiff pipe clamps be installed on straight runs of pipe or on bends with a
radius of at least five pipe diameters. The pipe clamp induced stresses for NSS piping
can then be considered negligible and do not warrant explicit consideration. The
piping design specifications shall require that if stiff clamps are used on other than
NSS piping, the stresses they induce will be considered. This issue is resolved for the

ABWR.

GSI-124 Auxiliary Feedwater This issue is not applicable to BWRs and, therefore, is resolved for the ABWR (see
System Reliability ABWR DCD Tier 2, Section 19B.2.51, in the original design certification).

GSI-163 Multiple Steam This is a PWR issue and is not applicable to ABWR.

’ Generator Tube

Leakage

GSI-186 Potential risk and This item was resolved in the ABWR DCD Tier 2, Section 9.1.5.5, in the original
consequences of heavy | design certification:
load drops

9.1.5.5 Safety Evaluations
The cranes, hoists, and related lifting devices used for handling heavy loads either
satisfy the single-failure guidelines of NUREG-0612, Subsection 5.1.6, including
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NUREG-0554 or evaluations are made to demonstrate compliance with the
recommended guidelines of Section 5.1, including Subsections 5.1.4 and 5.1.5. The
equipment handling components over the fuel pool are designed to meet the single-
failure-proof criteria to satisfy NUREG-0554. Redundant safety interlocks and limit
switches are provided to prevent transporting heavy loads other than spent fuel by the
refueling bridge crane over any spent fuel that is stored in the spent-fuel storage pool.
A transportation routing study will be made of all planned heavy load handling moves
to evaluate and minimize safety risks. Safety evaluations of related light loads and
refueling handling tasks in which heavy load equipment is also used are covered in
Subsection 9.1.4.3. The CRD and RIP maintenance equipment on the rotating bridge
below the RPV used during refueling operation will be withdrawn through the
personnel equipment tunnel to outside primary containment.

Concerns (gas
intrusion)

GSI-189 Susceptibility of Ice This item was resolved in the ABWR DCD Tier 2, Section 19B.2.18A-48, in the
Condenser original design certification:
containments to early
failure from hydrogen The ABWR containment is inerted and per 10 CFR 50.34 (f)(2)(ix) can withstand the
combustion during a pressure and energy addition from a 100% fuel-clad metal-water reaction. However, in
severe accident the ABWR, there are no design-basis events that result in core uncovery or core
(includes Mark Il heatup sufficient to cause significant metal-water reaction. Section 6.2.5.3 states that
containments) this is equivalent to the reaction of the active clad to a depth of 5.842E-3 mm
(0.00023 inches) or 0.72% of the active clad. Therefore, this issue is resolved for the
ABWR.
GSI-191 Assessment of Debris | This is a PWR issue and is not applicable to ABWR.
Accumulation on' PWR :
Sump Performance
GSI-193 BWR ECCS Suction DCD, Tier 2, Section 19B.2.2 A-1, addresses Water Hammer. To the extent that

additional action is deemed necessary, this issue would be addressed in a COLA or in
a future amendment of the design certification. No changes to the ABWR certified
design are included in the renewal application to address GSI-193.
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Implications of updated
seismic hazard
estimates in central and
eastern U.S.

Enclosure 1

To the extent that any COLA may reference the ABWR certified design, the applicant
could determine if GSI-199 needs to be addressed. GEH may consider amending the
ABWR design certification in the future, but no changes to the ABWR certified design
are included in the renewal application to address GSI-199.
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Docket No. 52-001

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

" Attention: ~ 'R, W,, Borchardt, Director

Standardization Project Directorate

Subject = NEPA/SAMDA Submittal for the ABWR

Reference: 1. Letter, J.F. Quirk to RW. Borchardt, same title,

August 26, 1993, MFN No. 137-93
2. Letter, J.F. Quirk to RW Borchardt, same tide,
~ November 18, 1994, MFN No. 14894

The anachcd Technical Support Document (TSD) for the ABWR supersedes the TSD

transmitted August 26, 1993 (Reference 1) and November 18, 1994 (Reference 2). On

December 15, 1994, GE discussed the staff's comments on Reference 2. This updated
-+ version..of the TSD incorporates staff comments.

- The conclusions regarding radiological risk from severe accidents in plants of
ABWR design remain unchanged and GE believes that this TSD provides a
suflicient basis {or the NRC to issue nroposed amendments to 10CFR Part 52 which
concludes:

hH

for the ABWR design, all reasonable steps have been taken to reduce the

%" occurrence of a severe accident involving substantial damage to the core

_}2_)

and to mitigate the consequences of such an accident should one occur;

no costeffective SAMDAs to the ABWR design have been identified to
prevent or mitigate the consequences of a severe accident involving

. substantial damage to the core; and,

‘3)

A

no further evaluation of severe accidents for the ABWR design, including
SAMDASs to the design, is required in any environmental report,
environmental assessment, environmental impact statement or other
environmental analysis prepared in connection with issuance of a
Lombmcd license for a nuclear power planl referencing a ccruﬁcd ABWR
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If you have any questions on the attached TSD, plcasc call Peter D. Knecht at
(408) 925-6215.

Sincerely,

roject Manager
BWR Certification
MC-782 (408) 9256219

Att. I ‘

cc:  S.A Hucik (GE)y  ° N.D. Fletccher  (DOE)

o T.H. Boyce (NRC) D.J. McGoff & (DOE)
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EXECUTIVE SUMMARY

The term “severe accident” refers to those events which are “beyond the substantial coverage of
design basis events™ and includes those for which there is substantial damage to the reactor core
whether or not there are serious off-site consequences. See Severe Accident Policy Statement, 50
Fed. Reg. 32,138 and 32,139 (August 8, 1985).

For new reactor designs, such as the ABWR, the Nuclear Regulatory Commission (NRC), in
satisfaction of its severe accident safety requirements and guidance, is requiring, among other
things, the evaluation of design alternatives to reduce the radiological risk from a severe accident
by preventing substantial core damage (i.e., preventing a severe accident) or by limiting releases
from the containment in the event that substantial core damage occurs (i.e., mitigating the
impacts of a severe accident).

The National Environmentzal Policy Act (NEPA) requires the consideration of reasonable
alternatives to proposed major Federal actions significantly affecting the quality of the human
cnvironment, including alternatives to mitigate the impacts of the proposed action. In 1989, a
Federal Court of Appeals determined that NEPA required consideration of certa‘n design
“Iternatives; namely, severe accident mitigation design alternatives (SAMDAs). See Limerick
L. . Actiop vy, NRC, 869 F.2d 719 (3rd Cir. 1989). The court indicated that “{SAMDAs] are,
as the nume suggests, possible plant design modifications that are intended not to prevent an
accident, but to lessen the severity of the impact of an accident should one occur.” 1d. at 731.

1 he court rejected the use of a policy statement as an acceptable basis for closing out NEPA
consideration of SAMDASs in a licensing proceeding, because, among other things, it was not a
rule making. Id. at 739, o
Recently, the NRC Staff expanded the concept of SAMDAS to encompass design alternatives to
prevent severe accidents, as well as mitigate them. See NUREG-1437, “Generic Environmental
Impact Statement for License Renewal of Nuclear Plants,” (Volume I, p. 5-100). By doing so, the
Staff makes the set of SAMDASs considered under NEPA the same as the set of alternatives to
prevent or mitigate severe accidents considered in satisfaction uf the Commission’s severe
accident requirements and policy.

This document provides the technical basis for determining the status of severe accident closure
under NEPA for the ABWR design. The report concludes that there is an adequate technical
hasis for closure of severe accidents under NEPA for the ABWR design. The basis and
conclusions are expected to be codified in the form of proposed amcndmcnt.s to 10 CFR Part 52.
The amendments would provide that:

(1)  For the ABWR design, all reasonable steps have been taken to reduce the occurrence of a
severe accident involving substantial damage to the core and to mitigate the consequences
of such an accident should one occur;
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(2)

25A5680

No cost-effective SAMDAS to the ABWR design have been identified to prevent or mitigate

‘the consequences of a severe accident involving substantial damage to the core;

3

No further evaluation of severe accidents for the ABWR design, including SAMDAS to the
design, is required in any environmental report, environmental assessment, environmental
impact statement or other environmental analysis prepared in connection with issuance of a
combined license for a nuclear power plant referencing a certified ABWR design; and,
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1.0 INTRODUCTION

1.1  Background

The term “severe accident” refers to those events that are “beyond the substantal coverage of
design basis events™ and includes those for which there is substantial damage to the reactor core
whether or not there are serious ofF-site consequences. See Severe Accident Policy Statement, 50
Fed. Reg. 32,138 and 32,139 (August 8, 1985). For new reactor designs, such as the ABWR, the
Nuclear Regulatory Commission (NRC), in satisfaction of its severe accident safety requirements,
is requiring, among other things, the evaluation of design alternatives to reduce the radiological
risk from a severe accident by preventing substantial core damage (i.e., preventing a scvere
accident) or by limiting releases from the containment in the event that substantial core damage
oceurs (i.e., mitigating the impacts of a severe accident).

The Commission’s severe accident safety requirements for new designs are set forth in 10 CFR
Part 52, §52.47(a) (1) (ii), (iv) and (v). Paragraph 52.47(a) (1) (ii) references the Commission's
Three Mile Island safety requirements in §50.34(f). Paragraph 52.47(a) (1) (iv) concerns the
treatment of unresolved safety issues and generic safety issues. Paragraph 52.47(a) (1) (v) requires
the performance of a design-specific probabilistic risk assessment (PRA). The Commission’s
Severe Accident Policy Statement elaborates what the Commission is requiring for new designs.
The Commission's Safcety Goal Policy Statement (51 Fed. Reg. 30,028 (August 21, 1986)) sets
goals and objectives for determining an acceptable level of radiological risk.

As part of its application for certification of the ALWR design, GE has prepared a Standard Safety
Analysis Report (ABWR SSAR). Chapter 19 of the ABWR SSAR, “Response to Severe Accident
Policy Statement,” demonstrates how the ABWR design meets the Commission’s severe accident
safety requirements and policies. in particular, Chapter 19 includes:

(1) Identification of the dominant severe accident sequences and associated source terms for
the ABWR design;

(2) Descriptions of modifications that have been made to the ABWR design, based on the results
of the Probabilistic Risk Assessment (PRA), to prevent or mitigate severe accidents and
reduce the risk of a severe accident;

(3) Bases for concluding that “all reasonable steps [have been taken] to reduce the chances of
occurrence of a severe accident involving substantial damage to the reactor core and to
mitigate the consequences of such an accident should one occur,” (Severe Accident Policy
Statement (50 Fed. Reg. 32,139)); and

(4) Bases for concluding that the ABWR meets Commission's Safety Goals and objectives as set
forth in the Safety Goal Policy Suatement
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Conse: ‘ly, the conclusions are drawn in Chapter 19 that further modifications to the ABWR
design educe severe accident risk are not warranted. The National Environmental Policy Act
(NEPA) requires the consideration of reasonable alternatives to proposed major Federal actions
significantly atfecung the quality of the human environment, including alternatives to mitigate
the impacts of the proposed action. In 1989, a Federal Court of Appeals determined that NEPA
required consideration of certain design alternatives; namely, severe accident mitigation design
alternatives (SAMDAs). Limerick Ecology Action v, NRC, 869 F.2d 719 (3rd Cir. 1989). The
court indicated that *[SAMDASs] are, »s the name suggests, possible plant design modifications
thatare intended not to prevent an accident, but to lessen the severity of the impact of an
acadent should one occur.” Id. at 731. The court rejected the use of a policy statement as an
acceptable basis for closing out NEPA consideration of SAMDAESs in a licensing proceeding,
because, among other things, it was not a rule making, see id. at 739.

Subscquent to the Limerick decision, the NRC issued Supplemental Final Environmental Impact
Stuements for the Limernck and Comanche Peak facilities that considered whether there were
any cost-effective SAMDAS that should be added to these facilines (“NEPA/SAMDA FES )
Supplements™). On the basis of the evaluations in the supplements (called “NEPA/SAMDA
cvaluations™), the NRC determined that further modifications would not be costctfective and
were not necessary in order to satisfy the mandates of NEPA.

In recognition of the Limerick decision, the Commission is requiring NEPA consideration in Part
52 licensing ol whether there are cost-efTective SAMDAS that should be added to a new reactor
design to reduce severe accident risk. While this consideration could be done later on a facility-
specific basis for each combined license npplicuti();\ under Subpart C to Part 52, the Commission
has decided that maintenance of design standardization will be enhanced if this is done on a
generic basis for cach standard design in conjunction with design certification. See SECY-91-229,
"Severe Accident Mitigation Design Alternatives for Certified Standard Designs.”™ That s, the
Commission has decided to resolve the NEPA/SAMDA question through rule-making at the time
ol certification in a so called unitary proceeding, rather than in the context of later licensing
procecdings

Recently, the NRC Safl expanded the definition of SAMDASs to encompass design alternatives to
prevent severe accidents, as well as mitigate them. See NUREG-1437, “Generic Environmental
Empact Sutement for License Renewal of Nuclear Plants,” (Volume 1, p. 5-100). By doing so, the
Staft makes the set of SAMDASs considered under NEPA the same as the set of alternatives to
prevent or mitigate severe accdents considered ‘n satisfaction of the Commission’s severe
accadent requirements and policies.

1.2 Purpose
The purpose of this technical support documentis 1o provide a basis for determining the status of

severe accident closure under NEPA for the ABWR design. The document supports a.
determinaton, which could be coditied in a manner similar to the format of the Waste

~1
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Confidence Rule (10 CFR §51.23), as proposed in amendments to 10 CFR Part 52. These
amendments would provide that:

(1) For thec ABWR design, all reasonable steps have been taken to reduce the occurrence of a
severe accident involving substantial damage to the core and to mitigate the conscquences
of such an accident should one occur;

(2) No costeffective SAMDASs to the ABWR design have been identified to prevent or mitigate
the consequences of a severe accident involving substantial damage to the core;

(3) No further evaluation of severc accidents for the ABWR design, including SAMDAS to the
design, is required in any environmental report, environmental assessment, environmental
impact statement or other environmental analysis prepared in connection with issuance of a
combined license for a nuclear power plant referencing a certified ABWR design; and,

The evaluation presented in this document is modeled after that found in the Limerick and
Comanche Peak NEPA/SAMDA FES Supplements for those facilities. Additional information
concerning the radiological risk from severe accidents for those plants is not found in the
supplements, but in the FESs for the Limerick and Comanche Peak. facilities. That information
with respect to the ABWR design is presented in this document. The discussion herein of the
radiological risk from severe accidents is based on Chapter 19 of the ABWR SSAR. Attachment A
to this document presents the basis for concluding that further modifications to the ABWR design
arc not warranted in order to reduce the risk of a severe accident through the additon of design
fcatures to prevent or mitigate a severe accident. This information originally appeared as
Appendix P to Chapter 19 of the SSAR. It was subsequently agrecd with the NRC staff that this
information should be set forth in an attachment to this document; accordingly, it has been
located, in updated form, as Attachment A hereto.

1.3  Description of Technical Support Document

Section 2.0 provides an overview of the radiological risks from severe accidents. Sections 3.0
through 5.0 provide the NEPA/SAMDA analysis. Section 3.0 discusses the methodological
approach to the evaluation of SAMDAs under NEPA. Section 4.0 presents the results of the cost-
cfTectiveness evaluation of the potential SAMDA modifications. Section 5.0 presents the
conclusions and Section 6.0 the references.

2.0 EVALUATIONS OF RADIOLOGICAL RISK FROM NUCLEAR POWER PLANTS

2.1 Evaluation of SAMDAs Under NEPA and Limerick Ecology Action

Limerick Ecology Action stands for two propositions. First, NEPA requires explicit consideration
of SAMDASs unless the Commission makes a finding that the severe accidents being miugated are

remote and speculatve. Second, the Commission may not make this finding and dispose of
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NEPA consideration of SAMDASs by means of a policy statement. The purpose of evaluating
SAMDAs under NEPA is to assure that all reasonable means have been considered to mitigate the
impacts of severe accidents that are not remote and speculative. As discussed above, the
Commission has indicated that it will resolve the NEPA/SAMDA issue for a new reactor design in
the same proceeding, called a unitary proceeding, in which it certifies that design.

The Commission’s Severe Accident and Safety Goal policy statements require the Commission to
make certain hindings about cach new reactor design. For evolutionary designs, of which the
ABWR is one, this must be done by the St in conjunction with FDA approval and by the
Commission in conjunction with certification. First, the Commission must find that an
evolutionary plant meets the safety goals and objectives; i.c., that the radiological risk from
operating an evolutionary plant will be acceptable, meaning that any further reduction in risk will
not be substantial.

Sccond, the Commisston must {ind that all reasonable means have been taken to reduce severe
accident risk in the evolutionary plant design. As part of the basis for making this finding, the
cost-ctlectiveness of risk reduction alternatives of a preventive or mitigative nature must be
evaluaied.

Chapter 19 of the ABWR SSAR demonstrates that these findings can be made for the ABWR
design. Given the nature and findings of these severe accident and safety goal evaluations, GE
believes thata suflicient basis exists for finding by rule that further consideration of severe
accidents, including evaluation of SAMDAs pursuant to NEPA, is neither necessary nor
reasonable.

2.2 Cost/Benefit Standard for NEPA Evaluation of SAMDAs

The Limerick decision interpreted NEPA to require evaluation of SAMDAS for their risk
reduction potential. Inimplementing the court’s decision, the NRC considered the cost-
cifectivencess of cach candidate SAMDA in mitigating the impact of a severe accident, using the
$1,000 per person-rem averted standard. This stindard is a surrogate for all off-site
CONSCQUENCES,

The basic approach in this study is to rank the SAMDASs in terms of their costeffectiveness in
mitigating the impact of a severe accident. The criterion applied is the 31,000 per person-rem
averted standard, which is what the Commission has historically used in disunguishing among
and ranking design alternatives, including SAMDAs.

The Commission has used this standard in the context of both safety and NEPA analyses. For
example, in the context of safety analysis, the standard has been used to perform evaluations
associated with implementation of the Safety Goal Policy Statement; the Severe Accident Policy
Statement; and §50.34(1) requirements. In the context of environmental analysis, it has been
used in the Limerick and Comanche Peak NEPA/SAMDA FES Supplements; and in the draft
Generic Eovitonmental Impact Statement for License Renewal of Nuclear Plants (NUREG-1437),
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As indicated above, the Commission is preparing a Generic Environmental Impact Statement for
License Renewal of Nuclear Plants. The draft statement, NUREG-1437, makes clear that the use

of this standard in the evaluation of severe accident risk reduction alternatives, which include
SAMDAEs, is acceptable (see NUREG-1437, Vol. I, p. 5-108).

On the basis of these considerations, the cost/bencfit ratio of $1,000 per person-rem averted is
viewed as an acceptable standard for the purposes of evaluating SAMDAs under NEPA,

2.3  Socio-Economic Risks for Severe Accidents

As discussed above in Section 2.2, the Commission uses the $1,000/person-rem-averted standard
as a surrogate for all off-site consequences. See SECY-89-102, “Implementation of Safety Goal
Policy.” However, Environmental Impact Statements (EIS) for nuclear power plants provide
separate, general discussions of the socioeconomic risks from severe accidents. In keeping with
this precedent, GE is providing a general discussion of socio-economic risks for the ABWR design,
based in large measure on the discussion of such risks in NUREG-1437, “Generic Environmental
Impact Statement for License Renewal of Nuclear Plants.”

The term “sociocconomic risk from a severe accident™ means the probability of a'severe accident
multiplied by the sociocconomic impacts of a severe accident. “Socio economic impacts,” in
turn, relate to oflssite costs. The of-site costs considered in NUREG-1437 (see Vol. [, p. 5-90) are:

* Evacuation costs 4

* Value of crops or milk, contaminated and condemned

* Costs of decontaminating property where practical

* Indirect costs due to the loss of the use of property or incomes derived therefrom (including
interdiction to prevent human injury), and

e Impacts in wider regional markets and on sources of supply outside the contaminated area.

NURE(G-1437 estimated the socioeconomic risks from severe accidents. The estimates were
based on 27 FESs for nuclear power plants that contain analyses considering the probabilities and
consequences of severe accidents. For these plants, the ofF-site costs were estimated to be as high
as $6 billion to $8 billion dollars for severe accidents with a probability of once in one million
operating years of occurring. Higher costs were estimated for severe accidents with much lower
probabilities. The projected cost of adverse health effects from deaths and ilinesses were
estimated to average about 10-20% of off-sit. mitigation costs and were notincluded in the $6-$8
billion dollar esumate.
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Another source of costs, which NUREG-1437 indicated could reach into the billions of dollars,
was costs associated with the termination of economic activities in a contaminated area, which
would create adverse economic inpacts in wider regional markets and sources of supplies outside
the contaminated arca. The predicted conditional land contamination was estimated to be small
(10 acres/year at most). (See NUREG-1437, Vol. [, pp. 5-90 through 5-93.)

NURE(+1437 provides the bases for concluding that the socioeconomic risks from severe
accidents are predicted to be small and the residual impacts of severe accidents so minor that
detailed consideration of mitigation alternatives is not warranted. See 56 Fed. Reg. 47,016,
47,019, 47,034 and 47,035 (September 17, 1991).

The socio<conomic risks contained in NUREG-1437 are bounding for plants of ABWR design.
First, the core damage frequency for plants of ABWR design is 1.6E-7 per year. Thus, no
accidents, and hence no offssite costs, are expected at probabilities at or greater than once in one
million years. Sccond, plants of ABWR design mecet the safety goals set forth by the NRC. See
Section 3.2, below.

3.0 RADIOLOGICAL RISK FROM SEVERE ACCIDENTS IN PLANTS OF ABWR DESIGN
3.1 Severe Accidents in Plants of ABWR Design

Chapter 19 of the ABWR S5AR, “Response to Severe Accident Policy Statement,” establishes that
the Commission’s severe accident safety requirements have been met for the ABWR design,
including treatment of internal and external events, uncertainties, performance of sensitivity
studies, and support of conclusions by appropriate deterministic analyses and the evaluations
required by 10 CFR Part 50.34(1). It also establishes that the Commission’s safety goals have been
met.

Specifically, the following topics were addressed in Chapter 19 of the ABWR SSAR:

(1) Consideration of the contributions of internal events (Section 19.3), Shutdown events
(Section 19.4) and external events (Section 19.4) to severe accident risks, including a
scismic risk analysis based on the application of the seismic margins methodology
(Appendix 191);

(2) Identification of the ABWR dominant accident sequences;

(3)  ldentification of severe accident risk reduction features which were included in the ABWR
design to achieve accident prevention and mitigation (addressed in Subsection 19.7.3(2));

Consideration of additional modifications, evaluated in accordance with §50.34(f) (1), 1s

addressed in Attachment A, Chapter 19 concludes that the severe accident requirements of 10
CFR Part 52 (852.47 (2) (1) (i), (iv) & (v)) and the Severe Accident Policy Statement have heen
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met. It also provides a summary of the bases for these conclusions. In particular, Chapter 19
presents a summary of the bases for concluding that the requirements of § 50.34(f) (referenced
in §52.47(a) (1) (ii)) have been met, including §50.34(f) (1) (i), which requires “perform[ance of]
a plant/sitespecific [PRA], the aim of which is to seek such improvements in the reliability of
core and containment heat removal systems as are significant and practical and do not impact
cxcessively on the plant.” Attachment A presents the bases for concluding that further
modifications to the ABWR design are not warranted in order to reduce the risk of a severe
accident through the additon of design features to prevent or mitigate a severe accident.

Section 19.6 of the ABWR SSAR addresses Liow the goals of the Severe Accident Policy Statement
have been met for plants of ABWR design. These goals include:

Prevention of core damage

Prevention of early containment failure for dominant accident sequences
Evaluation of the effects of hydrogen generation

Heat removal to reduce the probability of containment failure
Prevention of hydrogen deflagration and detonation

Offsite dose, and '

Containment conditional failure probability.

Specific conclusions concerning severe accidents for plants of ABWR design based on the ABWR
SSAR Chapter 19 evaluations are as follows:

(1) Cg_r_c_ngag:_Er_:gu;ng The ABWR core damage frequency was determined to be 1 .6E-7
'~ per reactor year in Subsection 19.6.2. The goal was 1E6 per reactor ycar.

(2) Conditional Conwinment Failure Probability. The conditional containment failure
probability was shown to be 0.002 in Subsection 19.6.8. Thxs is significantly below the goal of
0.1.

(3) Individual Risk (Prompt Fatality Risk). The prompt fatality risk to a biologically average
individual within one mile of an ABWR site boundary was determined to be 1.4E-13 per
individual per year in Section 19E.3. This is significanty less than the goal of one tenth of
one percent of the sum of prompt fatality risks resulting from other accidents to which
members of the U.S. Population are generally exposed. The numerical value of this goal is
3.9E-7 per individual per year (or 0.04 per 100,000 people per year).

(4) Socictal Risk (Latent Fatality Risk). The latent fatality risk to the population within 50 miles
of an ABWR site boundary was determined to be 9.0E-13 per individual per year in

Section 19E.3. This is significandy less than the goal of one tenth of one percent of the sum
of the cancer fatality risks resulting from all other causes. The numerical value of this goal is
1.7E-6 per individual per year (or 0.17 deaths per 100,000 people per year).
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(%) Probability of Large Otf-Site Dose. The probability of exceeding a whole body dose of 25
rem at a distance of one-half mile from a ABWR was determined o be less than 1E-9 per
reactor year in Section 19E.3.

Residual radiological risk from severe accidents in plants of ABWR design is summanized in
Table A-1 (reproduced here as Table 1). The cumulative exposure risk to the population within
50 miles of a plant of ABWR design is approximately 0.269 person-rem for an assumed plant life
of 60 years. This calculation includes the dominant sequences, as well as several sequences that
are considered remote and speculative.

3.2 Dominant Severe Accident Sequences for Plants of ABWR Design

[n performing the PRA for the ABWR design, GE identified and evaluated many severe accident
sequences. For cach sequence, the analysis identified an initiating event and traced the
acaident’s progression to its end. For sequences involving core damage, conditional containment
fatlure probabilities and oflsite consequences were estimated. After the accident scenarios were
binned according to radiological release (source term) parameters, only two dominant cases
remained.

The dominant cases are: Case 1 (best estimate core damage sequences that had rupture disk
activation); and the NCL case (core damage with normal containment feakage). The residual
risks of these two cases can be found in Table 1. The complete radiological consequence analysis
of the dominant sequences can be found in Section 19E.3 of the ABWR SSAR.

The probability of occurrence of dominant sequences is greater than 1E-9 per year. Several
scquences with occurrence probabilities less than 1E-9 per year were carncd through the severe
accdent analysis in order to determine the sensitivity of plants of ABWR design to certain
phenomena and parameters. These sequences were also considered in the SAMDA evaluation for
sensiivity purposes. Co

Sequences with probabilities of occurrence less than 1E-Y were considered remote and
speculative. While the Commission has not yet specified a quantitative point at which it will
consider severe accident probabilities as remote and speculative, it has indicated thata decision
to consider severe accidents remote and speculative would be based upon the accident

probabilitics and the accident scenarios being analyzed. See Yermont Yankee Nuclear Power
Corporation, (Vermont Yankee Nuclear Power Station), CLI-90-07, 32 NRC 129, 132 (1990).

GLE believes that the severe acaident analysis in Chapter. 19 of the ABWR SSAR provides a

suflicient basis for the Commission to find that ABWR sequences that are not dominant can be
deemed remote and speculative.
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3.3 Overall Conclusions from Chapter 19 of the ABWR SSAR

The specilic conclusions about severe accident risk discussed above support the overall
conclusion that the environmental impacts of severe accidents for plants of ABWR design
represent a low risk to the population and to the environment. For the ABWR design, all
reasonable steps have been taken to reduce the occurrence of a severe accident involving
substantial damage 1o the core and to mitigate the consequences of such an accident should one
occur, No further costefTective modifications to the ABWR design have been identified to reduce
the risk from a severe accident involving substantial damage to the core. No further evaluation of
severe accidents for the ABWR design is required to demonstrate compliance with the
Commission’s severe accident requirements or policy or the safety goal.

4.0 COST/BENEFIT EVALUATION OF SAMDAS FOR PLANTS OF ABWR DESIGN
4.1 SAMDA Definition Applied to Plants of ABWR Design

Attachment A considers whether the ABWR design should be maodified in order 10 prevent or
mitigrate the consequences of a severe accident in satustaction of the NRC's severe accident
requirements in 10 CFR Parts 50 & 52 and the Severe Accident Policy Statement. The
cost/benetit evaluaton of SAMDAS to plants of ABWR design uses the expanded definiton of
SAMDASs set forth in NUREG-1437: design alternatives that could prevent and/or mitigate the
consequences of a severe accident.

4.2 Cost/Benefit Standard for Evaluation of ABWR SAMDAs

As discussed in Section 2.2 above, the cost/benehit ratio of §1,000 per person-rem averted is
viewed by the NRC and the nuclear industry as an acceptable standard for the purposes of
cvaluating SAMDAs under NEPA. This standard was used as a surrogate for all off=site costs in the
cost/benetit evaluation of SAMDAS to plants of ABWR design. Averted on-site costs were
incorporated for SAMDAS that were at least partially preventive in naturel. Onssite costs resulting
from a severe accident include replacement power, onssite cleanup costs, and cconomic loss of
the facility. A more detailed discussion of averted on-site costs can be found in Attachment A,
The equation used to determine the cost/benefit ratio s

Cost of SAMDA imp'ementation MINUS averted on-site costs

Cost/benefit ratio = A ; : —
Reduction in residual risk (person-rem/plant hife)

A plant lifetime of 60 vears was assumed to maximize the reduction in residual risk.

FPAssessment of averted onssite costs are provided for information only. Ttis GE's posinon
that the NRC s not required to account for these costs.
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4.3 Candidate SAMDASs for the ABWR Design

The complete list of SAMDAs considered for plants of ABWR design is contained in Table 2. This
listis also contiined in Table A-3 of Attachment A, The SAMDAs are classified according to the
lollowing categories:

(1) Modification is applicable to the ABWR and already incorporated into the design. No
further evaluation is needed.

(2) Modification is applicable to the ABWR but not incorporated into the design. These
modifications were considered further in Attachment A and the results of the cost/benefit
analysis will be presented in this document.

(3) Maodification is notapplicable to the ABWR design due to the basis provided.
(4)  Modification is considered as part of another modification listed in the table.

Table 3 lists the advantages and disadvantages of cach design alternative that is applicable to the
ABWR but naot mu)rpnr.uul into the design (*27 classificadon in Table 2). A detiled discussion
ol cach alternauve ts contained in Sccuon A4 of Autachment A,

4.4 Cost Estimates of Potential Modifications to the ABWR Design

Table 4 provides a brief explanation of the estimated costs of each design alternative applicable to
the ABWR design. Details of the cost estimation methodology are provided in Section A.1.3.2 of
Attachment A, As discussed in Attachment A, rough order of magnitude costs, biased in favor of
making a modification, were assigned to each modification. The costs represent the incremental
costs that would be incurred in a new plant rather than costs that would apply on a backfit basis.

The estimated costs of design alternatives that are, at least partially, preventive in nature were
adjusted for averted onssite costs. This adjustment is included in the cost estimates in Table 4.
Design alternatives that are purely mitigative in nature are not assigned any averted on-site costs
because these modifications do not significantly affect site clean up cost nor significantly lessen
the plant invesument loss. Section A5 of Attachment A discusses the bases for assigning averted
on-site costs in detail,

Considerable uncertinties prevent precise cost cstimates because design details have not been
developed and construction and licensing delays cannot be accurately evaluated. For purpose of
this evaluation, all known or reasonably expected costs were accounted for in order thata
reasonable assessment of the minimum cost could be obtained. Using a minimum cost favors
implementation of a modification. Actual implementation costs are expected to be significantly
higher than those used in this evaluauon.
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4.5 Benefits of Potential Modifications to the ABWR Design

Table 5 summarizes the basis for assigning a benefit to each SAMDA. In general, bencefits were
estimated from the PRA results of Chapter 19 of the ABWR SSAR by considering which sequences
are affected by each modification. Deuiled discussion of the method for estimating benefit is
provided in Section A4 of Attichment A. The averted residual risk for each SAMDA is also given
in Table 5.

4.6 Cost/Benefit Comparison of SAMDAs

Table 6 summarizes the results of combining the cost estimates from Table 4 with the benefit
estimates from Table 5. As is evident from Table 6, none of the SAMDAs requires further
cvaluation since the cost/benefit standard was not met. The closest design alternative exceeds
the criteria by more than a factor of 1000,

On the basis of the small residual risk of a plant of ABWR design, 0.269 person-rem for the entire
plant life, a design modification would have to cost $269 or less in order to meet the standard of
$1.000 per person-rem averted.

5.0 SUMMARY AND CONCLUSIONS

A reasonable ar ' comprehensive set of candidate SAMDAS relevant to the ABWR design was
cvaluated in ter. of minimum costs, averted onssite costs and potential benefits. A screening
criterion of $1,000 per person-rem averted was used to determine which alternatives, if any, were
costflective. None was found to meet the criterion. In fact, the implementation cost of a
SAMDA would have to be less than $269 in order to pass. Given the low residual risk profile of
the ABWR design, SAMDAS cannot be reasonably incorporated in a cost-effective manner.

On the basis of the foregoing analysis, further incorporation of SAMDASs into the ABWR designis
not warranted. No further screening of SAMDAS is needed and no SAMDASs need be

incorporated into ABWR design in satisfuction of NEPA,
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Table 1
Radiological Consequences of ABWR Accident Sequences
Whole Body Cumulative Exposure
Probability Exposure, 50 mile Risk
Case (Event/Year)* (Person-rem) (Per-rem/60 Yr)

NCL 1.3E07 9.60E3 0.075
1. 2.1E08 1.38E4 0.017

2 7.8E-11 8.33E3 0.00004
3 : 0 3.71E5 0.000
4 0 2.06E5 0.000

5 "7.5E-12 9.34E4 0.00004
> 3.1E-12 - 2.42E6 0.004
7 3.9E-10 2.73E6 0.064
8 4.1E-10 3.20E6 0.079
9 1.7E-10 3.31E6 0.034
Towal: | =~ 0.269

* Sequences with probabilities of occurrence less than 1E-9 per year are considered
remote and speculative.

I8 Rev |



S

et e

e T D e e Tmaesin

25A568()
Table 2
Severe Accident Mitigation Design Alternatives (SAMDAs)*
Considered for the ABWR Design
Modification Category
1. ACCIDENT MANAGEMENT
a. Scvere Accident EPGs/AMGs 2
h. Computer Aided Instrumentation 2
c. Improved Maintenance Procedures/Manuals 2
d. Preventive Maintenance Features ‘ 4
¢. Improved Accident Management Instrumentation 4
f. Remote Shutdown Station ]
g. Security System 1
h. Simulator Trainirg for Severe Accident 4
2. REACTOR DrECAY HEAT REMOVAL
a. Passive High Pressure System 2
b. Improved Depressurization 2
c. Suppression Pool Jockey Pump 2
d. Improved High Pressure Systems 1
¢. Additional Active High Pressure System ]
f. Improved Low Pressure System (Firepump) 1
. Dedicated Suppression Pool Cooling 1
h. Safety Related Condensate Storage Tank 2
1. 16 hour Station Blackout Injection 4
j- Improved Recirculation Model 4
3.  CONTAINMENT CAPABILITY
a. Larger Volume Containment 2
b. Increased Containment Pressure Capacity 2
¢. Improved Vacuum Breakers 2
d. Increased Temperature Margin for Scals 1
¢. Improved Leak Detection !
f. Suppression Pool Scrubbing 1
g. Improved Botom Penctraton Design 2
* SAMDAS include both preventive and miti;,mti».'c design alternauves
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Table 2 (Continued)
Modification Category

4. CONTAINMENT HEAT REMOVAL

a. Larger Volume Suppression Pool 2

h. CUW Decay Heat Remowal 1

c¢. High Flow Suppression Pool Cooling 1

d. Passive Overpressure Relief 1
5. CONTAINMENT ATMOSPHERE MASS REMOVAL

a. High Flow Unfiltered Vent 3

b. High Flow Filtered Vent 3

¢. Low Flow Vent (Filtered) 2

d. Low Flow Vent (Unfiltered) 1
6. COMBUSTIBLE GAS CONTROL

a. Post Accident Inerting Systemn 3

b. Hydrogen Control by Venting 3

¢. Pre-inerting 1

d. Ignition Systems 3

¢. Fire Suppression System Inerting 3
7. CONTAINMENT SPRAY SYSTEMS

a. Drywell Head Flooding; 2

b. Containment Spray Augmentation 1
B. PREVENTION CONCEPTS

a. Additional Service Water Pump 2

b. Improved Operating Response ]

¢. Diverse Injection System 4

d. Operating Experience Feedback 1

¢. Improved MSIV/SRV Design 1
9.  ACPOWER SUPPLIES

a. Steam Driven Turbine Generator 2

b. Alternate Pump Power Source 9

¢. Deleted

d. Additonal Diesel Generator !

) Rev |



g e e L e

25A5680
Table 2 (Continu~d)
Modification Category

9. (Continued)

¢. Increased Electrical Divisions i

f. Improved Uninterruptable Power Supplies 1

€. AC Bus Cross-ties 1

h. Gas Turbine 1

i. Dedicated RHR (bunkered) Power Supply 4
10.  DC POWER SUPPLIES

a. Dedicated DC Power Supply 2

b. Additonal Batteries/Divisions 4

¢. Fuel Colls 4

d. DC Cross-ties 1

¢. Extended Sauon Blackout Provisions 1
11.  ATWS CAPABILITY

a. ATWS Sized Vent 2

b. Improved ATWS Capability 1
12.. SEISMIC CAPABILITY

a. Increased Sceismic Margins l

b. Integral Basemat 3
13, SYSTEM SIMPLIFICATION

a. Reactor Building Sprays 2

b. System Sumplification 1

¢. Reduction in Reactor Bldg Flooding 1
14,  CORE RETENTION DEVICES

a. Flooded Rubble Bed 2

h. Reactor Cavity Flooder |

¢. Basaluce Cements ]
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SAMDAs Evaluated Under NEPA for the ABWR

Potential lmErovcmcm .

Advantages

Disadvantages

Severe Accident
LPGs/AMGs

Improved arrest of core melt
progress and prevenuon of
containment failure.

None

Computer Aided
Instrumentition

Iimproved prevention of core
melt sequences

Additional traning

Improved Maintenance
Procedures/Manuals

Improved prevention of core
melt sequences

Increased documentation cost

Passive High Pressure
System

Improved prevention of core
melt sequences

High cost of additional system

lmpr()vcd
Depressurization

Improved utilizaton of Low
Pressure systems for
prevention of core melt
S(T(lllCHCCS

Cost o1 additional equipment

Suppression Pool Jockey
Pump

Improved prevention of core
melt scquences

Cost of additional equipment

. Safety Related

Condensate Storage Tank

Availability following Seismic
cvents '

Design and strucuural costs

Larger Volume
Containment (Double
Free Volume)

a.  Increases time before
containment failure

bh. [Increases time for
recovery

a.  High cost

b.  Continment failure not
prevented

¢.  Minor radiological benefit
stnce risks dominated by
long lived isotopes

Increased Containment
Pressure Capabihity
(Suthicient pressure to
withstand severe
acacdents)

a.  Eliminates large releases

a. Extreme costs
b. High temperature failures
not prevented

lmpruvc(l Vacuum
Breakers (Redundant
vitlves 1n cach hine)

a. Recuces probability of
sur.pression pool bypass

a.  Increased mainwenance
and equipment costs

Improved Bottom Head
Penctration Design

a4, Increased tine torin-
vessel arrest

a. Costlor cquipmcn( and
analysis )

Larger Volume

Suppression Pool (Double

ctlective liqud volume)

2. Increases heat absorption
capability within
contunment

a. High cost
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Table 3 (Continued)
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Potential Improvement

Advantages

Disadvantages

4a. (Continucd)

Increases time for
recovery of systems
ncreases time before

Minor radiological
benefit since risks
dominated by long lived

C.
containment failure isotopes
ha. Low Flow Filtered Vent a. Provides some scrubbing Probability of drywell
of fission products if head failure is low
head fails relative to the other
b.  Reduces containment conwinment failure
) leakage if movable modes
penetrations are
degraded
¢.  low cost
7a. Drywell Head Flooding Improved prevention of Additional cost of
(Firewater crossue to core melt sequences equipment
drywell head area)
Ba. Additional Service Water [mproved prevention of Additonal cost of
Pump core melt sequences cquipment
%a. Steam Driven Turbine Improved prevention of Additional cost of
Generator core melt sequences cquipment
b, Alternate Pump Power Improved prevention of Addiuonal cost of
Source core melt sequences cquipment
10a. Dedicated DC Power Additional time before Marginal benefit
Supply containment '
| overpressure
FTa. ATWS Sized Vent la. Provides scrubbing of Uncertain location

/

fission products, except
noble gases, which pass
through reactor building

Potental for inadvertent
actuation

Floods reactor building
which greatly hinders site
recovery after accident
Potenual failure of
electrical cquipmentin
reactor building

13a. Reactor Building Sprays
(Firewater crossue for
reactor building sprays)

Reduced releaese of
fission products from
Reactor Building

Uncertain location and
unknown potential
consequences from
inadvertent actuation

Rev



Table 3 (Continued)

25A5680

Potential Improvement

Advantages

Disadvantages

14a. Flooded Rubble Bed

" Prevention of core-

concrete interaction
alfects

Small benefit over passive

tflooding system.
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Table 4
Cost Estimates of SAMDAs Evaluated for the
ABWR Under NEPA
Potential Estimated
Improvement Cost Basis Minimum Cost
la. Severe Accident Plant specific procedure preparation $ 600,000
EPGs/AMGs beyond generic work by Owners’ Group.
Ih. Computer Aided Sofiware modifications and interface $ 599,600
Instrumentation hardw re. Credit for averted onsite cost
' included.
le. Improved Maintenance Procedure preparation. Credit for averted |$ 299,000
Procedures/Manuals onsite cost included.
2a. Passive High Pressure System hardware and installation $ 1,744,000
System ($1,200,000), Building modification
(8550,000). Credit for averted onsite cost
included. .
Zb. Improved Depressurization | Logic, pneumatic supplies, piping and $ 598,600
qualification. Credit for averted onsite cost
inciuded.
2¢. Suppression Pool Jockey System hardware and clectrical $ 120,000
Pump connections. Credit for averted onsite cost
included.
2d. Safety Related Condensate | Structural analysis and material. Credit for | $ 1,000,000
Storage Tank averted onsite cost included.
Ja. larger Volume Double current volume at $1200/10. $ 8,000,000
Containment (Doubie Free { Analysis notincluded.
Yolume)
3h. Increased Containment Similar to Larger Volume Continment, $ 12,000,000
- Pressure Capability but denser rebar and labor required.
(Suthicient pressure to Assumed 50% higher cost
withstand severe accidents)
3¢, Improved Vacoum Breakers Fight lines at $10,000 per line

$ 100,000

Rev 1
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Potential
Improvement

Cost Basis

Estimated
Minimum Cost

4d

. Improved Bouom Head
Penctration Design

2048 drives at $1,000/drive and $500,000 of
analysis

$ 750,000

4. Lare . Volume Suppression

Poot (Double cifective
hquid volume)

Assumed to be the same as Larger Volume
Containment

$ 8,000,000

. Low Flow Filtered Vent

Hardware and Testing program

$ 3,000,000

7a. Drywell Head Flooding

(Firewater crosstie to
drywell head area)

Minor valve and piping modification with
instrumentation

$ 100,000

a. Additional Service Water

Pump

System hardware, power supplies and
support systems.  Credit for averted onsite
cost included.

$ 5,999,000

. Steam Driven Turbine

Generator

System hardware, cabling and structural
changes. Credit for averted onsite cost
imcluded.

$ 5,994,300

Gh.

Alternate Pump Power
Source

400 kW gencerator at $300/kW. Credit for
averted onsite enst included.

$ 1,194,000

104, Dedicated DC Power

,\_’upply

5000 £t building structure addition at
$500/1 and cabling

$ 3,000,000

Pl ATWS Sized Vent

Instrumentauon and cabling

in additon to training

$ 300,000

I3a. Reactor Building Sprays

(Firewater crosstie for
reactor building sprays)

Minor valve and piping modification with
instrumentation, :

$ 100,000

I4a. Flooded Rubble Bed

1250 1t of material at $1000/1b

$ 18,750,000

Tl T S TO P
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Table 5
Benefit Estimates of SAMDAs*
Evaluated for the ABWR Under NEPA
Potential Averted Risk
Improvement Benefit Basis Person-REM

. Severe Accident 10% improvement in mitigative actions 0.015
EPGs/AMGs

Ib. Computer Aided 10% improvement in preventative actions 0.01
Instrumentation

le. Improved Maintenance 10% improvement in reliability of RCIC, 0.016
Procedures/Manuals HPCF, RHR and LPFL

2a. Passive High Pressure 90% reliable diverse additional high 0.069
System pressurc system

2b. Improved Depressurization | 50% reduction in manual depressurization 0.042

reliability

2¢. Suppression Pool Jockey 10% improvement in low pressure makeup 0.002
Pump reliability.

2d. Safety Related Condensate | Arbitrary selection due to high suppression 0.01
Storage Tank pool availability.

3a. Larger Volume Elimination of drywell head failure 0.15
Containment (Double Free | sequences :
Volume)

b, Increased Conuinment Elimination of all cases except normal 0.16
Pressure Capability continment leakage (NCL)
(Sutficient pressure to
withstand severe accidents)

3¢. Improved Vacuum Breakers | Elimination of Case 2 sequences (0.00004
{(Redundant valves in each
line)

| 3d. lmproved Bottom Hcad 50% improvement in in-vessel arrest due to 0.057

Penctration Design additional available time

4. Larger Volume Suppression | Elimination of Case 9 sequences involving 0.0002
ool (Double effecuve loss of suppression pool cooling systems
liquid volumc)

* SAMDAGS include bath preventive and mitigative design alternatives
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Table 5 (Continued)
Potential Averted Risk
Improvement Benefit Basis Person-REM
5a. lL.ow Flow Filtered Vent Elimination of sequences involving 0.014
initiation of containment rupture disc
7a. Dreywell Head Flooding Reduction in high temperature ' 0.06
(Firewater crosstie to containment failure sequences and drywell
drywell head area) head failure sequences
8a. Additional Service Water 10% improvement in reliability of RCIC, 0.016
Pump HPCF, RHR and L PFL due to improved
support systems
Ya. Steam Driven Turbine Improved effective availability of EDG 0.052
Generator :
Yh. Alternate Pump Power Similar to additional high pressure 0.069
Source for high pressure system. Sce 2a.
systems
10a. Dedicated DC Power Similur to additional high pressure 0.069
Supply system. See 2a.
1Ta. ATWS Sized Vent Reduction in Case 9 sequences 0.03
13a. Reactor Building Sprays 10% reduction in consequence of 0.017
(Firewater crosstie for sequences involving containment leakage
reactor building sprays)
14a. Flooded Rubble Bed Elimination of sequences involving core- 0.001
concrete interaction.

q)H
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Table 6
Comparison of Estimated Costs and Benefits on SAMDAs*
Evaluated for the ABWR Under NEPA
Cost-Benefit
Estimated Ratio
v Minimum Cost Averted Risk ($K per Person-
Potential Improvement %) Person-rem rem)
la. Severe Accident EPGs/AMGs $ 600,000 0.015 £ 40,000
Ib. Computer Aided Instrumentation $ 599,600 0.01 € 59,600
le. Improved Maintenance £ 299,000 0.016 £18,700
Procedures/Manuals
2a. Passive High Pressure System $ 1,744,000 0.069 $ 25,270
2b. Improved Depressurization $ 598,600 0.042 $ 14,250
2¢. Suppression Pool Jockey Pump $ 119,800 0.002 $ 59,900
2d. Safety Related Condensate Storage | $ 1,000,000 0.01 $ 100,000
Tank
$a. Larger Volume Containment $ 8,000,000 0.15 $ 53,300
(Double Free Volume) )
3b. Increased Containment Pressure $ 12,000,000 0.16 $ 75,000
Capability (Sufficient pressure o
withstand severe accidents)
3¢, lmproved Vacuum Breakers $ 100,000 0.00004 £ 2,500,000
(Redundant valves in each line) ‘
3d. Improved Bottorn Head $ 750,000 0.057 $13160
Penetration Design
4a. Larger Volume Suppression Pool $ 8,000,000 0.0002 $ 40,000,000
(Double effective liquid volume) '
Aa. L.ow Flow Filiered Vent $ 3,000,000 0.014 $ 214,300
7a. Drywell Head Flooding (Firewater $ 100,000 0.06 . $ 1,700
crosstie to drywell head area)

* SAMDASs include both preventive and mitigative design alternatives
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Table 6 (Continued)
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Cost-Benefit
Estimated Ratio
Minimum Cost Averted Risk (3K per Person-
Potential Improvement (%) Person-rem ‘rem)
Ba. Additional Service Water Pumnp $ 5,999,000 0.016 $ 375,000
Y9a. Steam Driven Turbine Generator | $ 5,994,300 0.052 $ 115,300
9b. Alternate Pump Power Source $ 1,194,000 0.069 $ 17,300
10a. Dedicated DC Power Supply $ 3,000,000 0.069 $ 43,500
Ila. ATWS Sized Vent $ 300,000 0.03 $ 10,000
13a. Reactor Building Sprays $ 100,000 0.017 $ 5,900
(Firewater crosstie for reactor
building sprays)
l4a. Flooded Rubble Bed $ 18,750,000 0.001 $ 18,750,000

30
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ATTACHMENT A*
Evaluation of Potential Modifications to the ABWR Design

-t Al INTRODUCTION AND SUMMARY

This attachment provides a description of an evaluation of potential changes to the ABWR design
in order to determine whether further modifications can be justified.

A.1.1 Background

f£--- . TheU.S. Nuclear.Regulatory Commission’s policy related to severe accidents requires, in part,

‘ thatan .npphuuun for a design approval comply with the rcqunrcmcnts of 10CFR50.34(f). Item

_ (H (l)(l) rcqunru: performance of a plant site-specific [PRA] the aim of which is to seck

1 improvements in the reliability of core and continment heat removal systems as are significant

¥ “and practical and do not impact excessively on the plant. Chapter 19 of the ABWR SSAR provides
the. h‘uc PRA of the ABWR plant.

To addrcss this rcqunrcmcm a review of potential modifications to the ABWR design, beyond

_.thoseiincliuded in_the. Probabilistic Risk.Assessment (PRA), was conducted to evaluate whether |
pulcnlml severe ac udun design k.uur«.s Lould bCJusuﬁcd on Lhc basxs of cost pcr person-rem
'.WL ru.d : ce

Tlm dw\chmcnl summdrlzcs the results of GE's review. and cvaluauon of thc ABWR design.
lmprovcmcms h.xvc been reviewed against conservative estimates of risk. reduction based on the
PRA and rmmmum order of magnitude costs, to dctcrmmc what modifications are potentially
_ Juractwc L

Al 2 Evaluanon Cntem

] _Thc hcncht o! a p.xrmular modlhcauon was dchncd to bc is rcducuon in lhe nsk to thc general
o puhlu..z :

S e {: uoﬁ evaluated were limited to health effects to the general public based on total
l ' cxpmurc (ln pcrson -rem) to the pnpulauon within 50 miles of the site. Five representative US
regions were evaluated for selected individual ABWR sequences by the CRAC2 code. The
regional results were then averaged to determine the exposures. Consistent with the standard
used by the NRC to evaluate radiological impacts, health effect costs were evaluated based on a

[- ~value of $1,000 per-offsite person-rem averted due to the design moditication.

! *Attachment A is updated version of ABWR SSAR Appendix 19P of the same title.
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The offsite costs for other items such as relocation of local residents, elimination of land use and
decontamination of contaminated land were not considered. Reductions in the risk of incurring
onsite costs including economic losses, replacement power costs and direct accident costs are
considered in this evaluation as credits against in the cost of the modification.

Based on the PRA results (Section A.2), 82% of the offsite risk results from very low probability
cvents which have high consequence. The maximum justifiable cost of a modification was
determined 1o be $269. Therefore, based on this methodology, no modifications are justifiable.
However, a varicty of modifications were reviewed to establish the relative attractiveness of
potential changes.

The overall approach was to estimate the benefit of modifications in terms of dollar cost per total

person-rem averted. Underestimated costs and overestimated benefits were assessed in order to
favor modifications. Because of the uncertainties in the methodology and the desire to address

severe auulcnl.\ with scnsnhlc modifications, this basis lSJudng to be dcccpwblc for purpuscs of

.lpplu.nblc to (hc ABWR dcslgn .md
(2) . m)l mdudcd in Lhc rcfcrcnu' I’RA
.-\(l(lilioh'.:il dcmil on the selection of modifications is provided in Section A.3.

&L&LC@Gﬁgmf

Rnugh m‘dc T u! m.\gmmdc costs were assigned for each modification based on the costs of
systems and system improvements determined by GE. These costs represent the estimated
incremental costs that would be incurred in a new plant rather than costs that would apply on a
hackfit basis. Section A5 defines the cost estimates for cach of the modifications.

Fven for a new plant such as the ABWR, relatively large costs (sevei.a million dollars) can be
expected tor some modifications if they involvs maodifications of the building structures or
arrangement. This is because the cost of labor and material is often a function of the building
area required. For other modificatons which involve minor hardware additon, the cost is often
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“A.1.3.3 Benefit Basis

2hARGH0

dominated by the need for proccdurc and training additions which can amount to hundreds of
thousands of dollars.

The costs estimates were intentionally biased on the low side, but all known or reasonably
expected costs were accounted for in order that a reasonable assessment of the minimum cost
would be obtained. Actual plant costs are expected to be higher than indicated in this evaluation.
All costs are referenced to 1991 ULS. dollars. For modifications which reduce the core damage
frequency, the costs of madifications (Section A.B) were further reduced by an amount
proportional to the reduction present worth of the risk of averted onsite costs. Onsite costs
include rcpluccmcm power costs, direct accident costs (including onsite cleanup) and the

¢ umumu Ims of Lh(_ l.ulhty l'.vulu.uum of this credit included the following consldcmm)ns

Lo _ uhnmu rlsk of such onsite costs was wulu‘ucd as a function of time based on the
o nnsuc costs and the core damage frequency determined by the PRA. The plant core
N (l.unagc frequency was considered to be constant over the life of the plant. The economic

“risks. were \hcn LV'.llUdlCd based on Lhc prcscnt W()rlh of the time dcpcndcnl economic risks.

, "pl.ucmcm pnwcr w.\.s hasul on a rate nfS ()H/kW h rhﬂcrenual as ba.r cost. The .
L »(lulfcrcnu.xl rate was .-mumcd to be constant over the remaining life of the planl

(3) 'onnnm vulm of lhv. facihity at the ume of the ucudcnt was based on a straight line
S -',(lcprcu‘ucd v.aluc The initial invested cost was taken at $1.4 Billion based on DOE cost
’guulclmc

(4) Ai_:cidcnt costs for onsite cleanup and facility were evaluated based on escalated costs to the

ume of the accident. Relerence accident costs to the facility were assumed to be $2 Billion.

(7)) Th c¢eonomic evaluations were based on a discount rate of 8% and escalation factor of 3%.

The cumulative risk of accidents occurring during the life of the plant was used as a basis for
estimating the maximum benetit that could be derived from modifications. A particular
modification’s benefit was based on its effect on the frequency of events or associated offsite dose
summarized in Tables A-1 and Table A-2. Dominant contributing failure probabilities were
identified based on the PRA. Changes in these probabilities were estimated to evaluate the
benetit of modifications. This basis is consistent with the approach taken in previous NRCG
evaluations, The cumulative offsite risk was evaluated over a 60 year plant life with no escalation
in the evaluation criteria of $1,000/person-rem. '

Section A summarizes cach concept and estimated benetit for cach individual potential

modification. For cach modification the cost per person-rem averted was eviluated to obtain the
results of the individual evaluations. These conclusions are provided i Section A7,
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A.1.4 Summary of Results

Potentially attractive modifications were selected based on previous evaluations of potential
prevention and mitigation concepts applicable during severe accidents. Of the modifications
applicable to the ABWR design and whi: h were not already implemented, twenty one were
sclected for additional review.

None of the mudifications considered met the $1,000/person-rem averted criteria. The low
cvaluated frequency of core damage and subscqucnt release of radioactive material does not
support modification to the ABWR based on costs in relationship to the benefit of averted
exposures.

Since the most beneficial modification was evaluated to be several orders of magnitude higher
than the criteria, it was concluded that no additional modifications are warranted in the ABWR
design to address severe accidents. Furthermore, due to its magnitude it can be calculated that
this conclusion will no: be sensitive to variations in the assumptions used in the PRA results.

A.2 SEVERE ACCIDENT RISK OF ABWR

" The refcrence design for this study was the ABWR PRA as presented in the internal cvents PRA’

(Sccuon 19.3 of the ABWR SSAR). This evaluation accounts for features which were included in
the current ABWR design-specifically to addrcss severe accidents. Thesc features and the
rcfcrcncc dcscnotlon mc.ludc

| D‘_es_igy‘_seame v : SSAR References -
(l.)'- F:irc;wagcr'pu}np'c'fossﬁc" ' 5.4.7.1.1.10
(2) Passive containment flooder - 95.12
(3) Gas turbine generator 9.5.11
(4) ’(;_)vcrprcssurc l’[()tcction - 6.2.5.2.C

A summdry’ol the core damagc frequency and offsnc cxposurc frequency with these features
included is shown.in Table A-1. Event frequencies used in this evaluation were the same as
assumed in thc hase PRA. The offsite exposures shown in Table A-1 were calculated by the
CRAC2 code for release cases with similar consequences. The cases can be characterized as
follows:

Case ] - Core Meltarrested in vessel or in Contzinment with actuation of containment
" rupture disk.

" Case2  Low Pressure Core Melt with suppression pool bypass and actuation of containment

rupture disk.
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Casc 3 High Pressure Core Melt with drywell Head failure and fire water spray initiation.

Case 4 Suppression Pool Decontamination reduction (Not used).

Case 5 Large Break LOCA without recovery and with actuation of containment rupturé
disk.

Case 6 High Pressure Core' Melt with Drywell Head failure and no firewater spray
initiation.

Case 7 Low Pressure Core Melt with Dr) vell Head failure and no mitigation

Case 8 High Pressure Core Melt with Early Contain.ent failure.

Case9. . ATWS event with Drywell Head failure.

NCL _-: .Nurmal'(}ohminmcn.t Leakage to Reactor Building.

R _Thc oﬂ‘suc [ xposurcs for cach casc shuwn in Tablc A-l were calculatcd by thc CRAC? code for

five rcprcscnmuvc US regions for the selected individual ABWR sequences as discussed in Section
9F 3 ()f t.h(. ABWR SSAR.

: ;,provxdcs additional detail on the individual contributors to the total core damage

y:. As indicated on Tab)-. A-2, the.core damage frcqucncy is dominated by low pressure
.lramlcn 3 'cnts (L CLP) (61.4%), followed: by high.pressure transncm events (LCHP) (28. 1%)
_}md smtum‘ blackout sequences (QBR(,) (10.3%).

Rcwcw ofTablc A-1 also indicates that the dommant conmbulors to the ABWR offmc exposure
risk are the relatively low probability (less than 4E-10/yr), high consequence events (Cases 6
throu h-9) 'whlch conmbulc about 82% of the offsite exposure nsk ‘

TENTIAL ABWR MODIFICATIONS

: Potcnual;modlhcauons to Lhc ABWR dcsugn were derived from a survey of various studies

indicated in.References A-1 through A-7 and the ABWR design process discussed in Section 19.7
of the ABWR SSAR. From these, a composite list of modifications was established. This list of
potential modifications was reviewed to identify concepts which were already included in the

. AB%dc;ugn or which are not.applicable.

Tahle A-3 summarizes the complete list of modifications and their classification ~ccording to the
following categonies:
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(1) Modification is applicable to ABWR and already mcorporatcd in the ABWR design. No
further evaluation is needed.

(2) Modification is applicable to ABWR and not incorporated in ABWR design. (Table A4 lists
the Category 2 modifications which are evaluated further in this attachment.)

(3)  Madification is not applicable to the ABWR design due to the basis provided.
(4) Modification is applicable to ABWR and is incorporated with the referenced modification.
A4 RISK REDUCTION OF POTENTIAL MODII-'ICATIONS
_This section provides evaluations of the benefits. of potcnual modifications to the ABWR dcsngn
identificdin Table A4. For each modification the basis for the evaluiion and the concept is

described, Table A-5 summarizes thc benefit in terms of person-rem averted risk for each of the
eviluated: mudllu.mum

AA l Accxdem M.magemenl

: Accrdt.nl man.igcmun is a (urru‘\( l()plC under generic dwclopmcnl wnhm the Industry lhrough
. (hc; ev ()pmcnl of Accident Mdnagum.m Guidclines (AMGs) and revisions to Emergency
Prnccdun (;uldchnu (FI'(;s) Thc fnlluwmg modifications are based on lmplcmcnmuon ‘of such™

Thre g"?lélnnd Unlt 2. (,urrcntly the EPGs are under revision and accident management

. gmdclmcs (AMGs) are being developed for severe accidents. These should provide a significant
nnprnvcmcnl which reduces the likelihood of a severe accident. Elements of these guidelines

‘as containment pressure and temperature control- gwudclmcs) also deal with mitigating the

5f accidents.

Inthe ABWR PRA, Emcrgcncyv Operating Procedures (EOPs) are based on these guidelines.
Addmonal extensions of the EPGs and EOPs could be made to address arrest of a core melt,
eme rgcncy pl.mnmg radiological release assessment and other areas rclated to severe accidents.
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Since the existing EPGs cover preventive actions and some mitigative actions, the incremental
henefit of this item would be primarily mitigative. It was judged that the reliability of manual
actions associated with mitigation could be improved by 10%, especially in use of core melt arrest
processes. Failure rates for manually initiated mitigative systems were decreased by 10%, to
estimate the benefit. The resulting ofTsite risk reduction is about 0.015 person-rem over 60 years.

A.4.1.2 Computer Aided Instrumentation

Computer aided artificial intelligence can be added which provides attention to risk issues in
man-machine interfaces. Significant computer assisted display and plant status monitoring is
already part of the ABWR control room dc.sngn Additional artificial intelligence could be
desigred-which would display procedural upuons for the operator to evaluate during severe
accidents. The system would be an extension of ERIS to provide human engineered displays of
lhc |mp0rmnl v.lrmhlcs in the EPGs .md AMGs.

()pcratur actions arc made sn;,mlhc.mtly more reliable by new fcalurcs such as Emcrgcncy
l’roccdurc (.uulclmcq. Safety Plant Parameter Dnsplays (SPDS), and trammg on simulators. If the
' ,mum described in Subsection A.4.1.1 are assumed to be implemented, the incremental

| buwﬁ of .uldumn.ll improvements is expected to be low. The reliability of manually mmatcd
prcvcnu : Systems was increased by 10% to estimate the benefit. The estimated incremental

hcncht”ovér severe acudcnt EP(;s (Subsection A4.1. 1) is about 3% in core damagc frequency

Fnr thc G % scnpc ol supply thls item wuuld provxdc additional mk)rmauun on the wmponcnh
unpurum to'the risk of the plant. As a result uf:mprovcd maintenance manuals and information
it wquld he cxpcclul that increased reliability of the important equipment would occur. This
item would be a preventative improvement which would address scvcrnl system or components Lo

(lntTcrcnl dcgrct.s

Based.on.a l()% |mprovcmcm in the rclmblllty of the High Pressure Core Flooder (HPCF),
Reactor Core Isolation Cooling (RCIC), Residual Heat Removal (RHR) and Low Pressure Core
Floodcr (LPFL.) systems, the CDF is reduced by about 9% which hasa u.)rrcspond'ng estimated
puson rem reduction of about 0.016.

Significant improvements in the reliability of ABWR high pressure systems have been made.
Among these are RCIC restart (NUREG 0737, [1.LK.3.13) and isolation reliability improvements
(NUREG 0737, 11.K.3.15). Additionally, the redundant HPCF is an improvement over early
product lines which used the single HPCF system.
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A4.2.1 ﬁ_Pmivc High Pressure System

This concept would provide additional high pressure capability to remove decay heat through a
diverse isolation condenser type system. Such a system would have the advantage of removing not
only decay heat, but containment heat if a similar system to that undcr consideration for the .-
\lmphrc(l BWR (SBWR) is employed.

The bencfit of this syslcm would be equivalent to an additional diverse RCIC system in addition to
an additional conwinment heat removal system. The added system was assumed to be 90%
reliable, designed to operate independent of offsite power and to be capable of in-vessel core
melt arrest. Based on a reduction-in the RCIC failure rate, the benefit is estimated at about 0.069
person=rem averted.

A.‘4,._2._'2'_ hprqvcd Depressurization

Thus ucm wnuld prnvndc an improved dcprcssunuuon syw. m which would allow more reliable

access to low pressure systems. Additional dcpruwrmuun capability may be achieved through

m.mually controlled, scismically protected, air powered operators which permit dcprcssunzaunn
C m.mu.nlly Munnphshul in the event of loss of DC control powcr or control air  events.

trcqucncy, but about. 4()% of the offsite: cxpusurc risk. The success of manual initiation was
ed to be im pruvcd by 50% and therefore the dcprcssunzauon failure rate was reduced by a

:of2 B.ucd on lhls estimate of benefit offsite person-rem is is rcduccd by about 23% and the

A;i ‘.3.‘"Suppression Pool]ockcy Pump

I'}m mo(ln!v ation would prowdc a sm.xll m.xkcup pump to prowdc low prcssurc dccay heat
rcmov-ll from the Reactor Pressure Vessel (RPV) using supprcssnon pool water as a source. The
return:path to the supprcmon pool'would be through existing piping such as shutdown cooling
rcu;m lines. ‘ . S :

Thi be 'chl ()I lhn mndxf'c:uum would be similar o that provxdcd by the ﬁrcwatcr injection and
spray capability, but it would have the advantage that long term containment inventory concerns

wotild not occur.
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If the system could make low pressure coolant makeup systems 10% more reliable, significant
reductions in CDF would not be achieved because other low pressure systems are already highly
reliable. The estimated benefit is that CDF is reduced 2% and the averted risk would be

0.002 person-rem.

A.4.2.4 Safety-Related Condensate Storage Tank

The current ABWR design consists of 4 standard non-seismically qualified Condensate Storage
Tank (CST). This modification would upgrade the structure of the CST such that it would be
available to provide makeup to the reactor following a seismic event.

T}u&m(xhﬁcatwnunly bcncﬁt.s the risks of core damage following scismic events. However, ..
because the supprcsslon pool provides an alternate suction source and the HCLPF for the
suppression pool is relatively high (Appendix 191 of the ABWR SSAR), the dominant failure
modes are not limited by water availability. Therefore the benefit of this modification is
umsndcrcd small A benefit of 0.01 person-rem averted was arbltranly chosen for an upgraded
( ST : :

A43 "(i@'_mam'x_ném,capabmzy

ABWR containment is dc:ugm:d for about 45 pslg ‘internal prcssurc and mclutlcs a’
ummmmcnl rupture disk which would relieve excessive pressure if it dcvclups during a severe
ace dcli( By providing the release point from the wetwell airspace, mitigation of rclca.scs are
hmugh suubbmg 0( lhc fission produu.s in thc supprcssmn pool

Ixrger Volume Conuunmcnt

Thls mmhhuuon would prowdc a l.lrgcr volume containment as a means to mmg'uc thc effects
of severe accidents. By increasing the size the conminment could be able to absorb additional
nnnumdcmnhlc gas generation and delay activation of the continment rupture disk or early
umulnmcm f,ulurc ‘

wnuld mmgmc the conscqucncc of an accident by delaying the time before the severe
source term is released and dlluwmg more time for radioactive decay and recovery of
temns.. However, if recovery does not occur, eventual release is not prevented and if operation
of Lhc. containment overpressure rupture disk does not occur, ultimately the containment will fail
(luc o, thc hmg term pressurization caused by core concrete interaction and steam generation.

It se ucmcs involving drywell head failure were eliminated (Cases 3, 6, 7, 8 and 9), the ofsite
rmks_would be reduced by about 82% and about 0.15 person-rem would be averted.
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A.4.3.2 Increased Containment Pressure Capacity

The design pressure of the ABWR containment is 45 psig. The containment rupture disk
pressure and ultimate capability are significantly higher. By increasing the ultimate pressure
capability of the conainment (including seals), the effects of a severe accident could be reduced
or eliminated by delaying the time of release. If the strength exceeded the maximum pressure
obtainable in a severe accident, only normal containment leakage would result.

This modification would mitigate the event, not change the core damage frequency and the
increased pressure capability may not be sufTicient to contain the long term pressurization caused
by core concrete interaction and steam generation. However, if it were able to prevent all severe
source term release except for normal containment leakage, the person-rem risk would be about
0. 02 person- -rem/60 years. Therefore, the benefit would be about 0. 16 person-rem.

AA 3 3 lmproved Vacuum Brcakers

Thc A‘BWR design contains single vacuum breaker valves in each of eight drywell to wetwell
vacuum. breaker lines. The PRA included. failure of vacuum breakers in Case'2 assuming

_()pcmtmn of wetwell spray. This modification would reduce the probability of a stuck open
; vacuum hrcakcr by making the valves redundant in each line and eliminate the necd for operator

.lcllon.

,-C’hs 2 scqucnccs were cllmmatcd lhc benefit of this modlhcatmn would be about 0.06004

3"' ;-lmprovcd Bottom Head Penetmtmn Desngn

Thc ABWR dcslgn lndudcs a 2inch stainless stccl dr.unlmc from the bottom of the RPV which is
used to prevent thermal stratification in the RPV during npcrauon and to provide cleanup of the
bottor;head by the CUW system. A carbon steel transition piece connects the drain line to the
RPV. Durlng a severe accident this transition piece may be susceptible to melting and may
prnwde the carhcst path fur release of moltcn core matcrul from Lhe RPV to the containment.

nurauons lnr the hnc motion comrol rod drives in the ABWR also may provide a pathway

for: rclcasc from the RPV following a severe accident. Failure of the internal blowout supports on

the lnwcr core plate, provided to eliminate the support structure in current generation BWRs,
and wclds of the drives at the bottom of the vessel may allow the CRDs to be partially ejected into
the- dryyvcll during the severe accident which would provide a small pathway for release to the

containment. - . -

The modification is to change the transition piece material to Inconel or Stainless Steel which has
a higher mehting point. By so doing, additional time would be available for recovery of core '
cooling systems. This modification also would establish external welds or restraints on the CRDs
external to the vessel so that the drives would not be ¢jected following failure of the internal
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welds. The concept would be to make such external welds and supports small enough that the
benefitis not lost from climinating the support beams in current generation BWRs. The benefit
of these modifications would be to reduce the probability of in-vessel arrest failure (NO V).
Based on consideration of the heatup rate of the bottom head, it has been estimated that making
these changes could provide up to two hours additional time for recovery of systems. Itis
estimated, based on engineering judgment, that this time could result in the in-vessel arrest
failurc probabilities being reduced by a factor of two. The rcsulung benefit is about 0.057 person-
rem averted.

A potential negative aspect of the modifications is that RPV failure could occur at another
unknown location such as the bottom head itself. Although the time of vessel failure would be

~extended;the-faiture mode from these other Iocauons could be potentially more ¢nergeticand

lead to umv.xluaud consequences.
AAA Containm‘ent Heat Removal
The ABWR (lcslgn contains 3 dmslons of suppression pool cooling and provisions for a

containment rupture disk for decay heat removal. In addition, modifications have been madc to
use the.CUW heat exchangers o the maximum extent possible. Consequently, loss-of :

umuunmcnt hcat removal events.contribute only 0.1% of the total core damage frequency and

uﬂmc X

) pusur(_s Additional mndlhc.muns are not likely to show substantial safety benefits.

A.4 4.1 ’larger Volume Suppressnon Pool

_nuld;_mucasc Lhe size of the suppressmn pool 5O Lha( the heatup rate in the pool is
Thc mcrcascd size would allow more time for recovery of a heat removal system.

o Smcc this. modmcauon pnmanly aﬂ'cct.s LHRC events (Tablc A-2), the maximum benefit would

be clnmmauon ‘of the LHRC contribution to the Case 9 sequences. These events are mitigated by
the con,mmmcnt rupture disk and only contribute about 0.0002 person-rem to the base case risk.
Thc s 'csud maximum hcncﬁt is therefore about 0.0002-person-rem. ‘

Thc ABWR rlcsxgn contains a containment rupture disk which provides containment overpressure
proluuon from the wetwell airspace and utilizes the suppression pool scrubbing feature of the
suppression pool to reduce the amount of radioactive material released. One additional
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A.4.5.1 Low Flow Filtered Vent

Some BWR facilities, especially in Europe, recently have added a filter system external to the
containment to further reduce the magnitude of radioactive release. The systems typically use a
multi-venturi scrubbing system to circulate the exhaust gas and remove particulate material. In
the ABWR because of the suppression pool scrubbing capability, a significant safety improvement
is not expected due to this modification.

The release of radioactive isotopes from the ABWR following severe accidents occurs through the
containment rupture disk for Cases 1, 2 and 5. These sequences total about 8% of the exposure
risk. The remaining sequences involve drywell head failure or early containment failure which

- would notbeaffecied by this modification: The maximum benefit of the external vent system is

therefore aboul 0. 014 pcrson rem assuming pcrfcct initiation of the ﬁltcred conummcm vent
syﬂcm

A.4 6 Combusuble Gas Control

mal mn(hhuuom to thc AB\N’R were |d<.nuf'cd in this gr()up

o ovcrprcssunnuon ot the drywcll some scrubbmg of thc released fission products
wnuld 0 ur; Thn syﬂcm would be dulgncd to operate passxvcly or use an AC-independent water

suurcc. ‘

If an uctumon uf the hrc pump to drywell spray crosstic were considered for manual initiation of
uppcr hcad ﬂnodmg. additonal reduction in the high temperature containment failure

_ es (Case 8) would result. Additionally, a reduction in the high consequence drywell head
failure sé(]ucnccs ((,ases 6 and 7) could be achieved. If Case 8 sequences were eliminated and
Case 6-and 7 source terms were reduced to a level similar to Case 3, the conservative benefit
would be 0.12 person-rem. The estimated benefit of this is about 0.06 person-rem assuming a
50% reliability of initiation.

A48 Prevention Conccpts

Thc ABWR design contains an additional division of high pressure makcup caqulhty to improve
its capability to prevent severe accidents other feaiiires such as the fire pump injection capability

and the comb.asuon gas turbine have been included in the design o enhance the plant Lapablhv'
to prevent core damage. The following additional concepts were considered:
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A4.8.1 Additional Service Water Pumps

This item addresses a reduction in the common cause dependencies through such items as
nmpmvcd manufacturer diversity, separation of equipment and support systems such as service
water, air supplies, or heating and ventilation (HVAC). The HPCF, RCIC, and LPFL pumps are
diverse in the ABWR design since they are cither supplied by different manufacturers or have
different low characteristics. Equipment is separated in the ABWR design in accordance with

Regulatory Guide 1.75. Thus, no turther improvement is expected with regard to separation.

A reduction in common cause dependencies from support systems such as service water systems,
could conceivably reduce the plant risk through an improvement in system reliability. The
concept for this item would be to provide an additional cooling water system capdblc of

suppnrtmg eac h of the four (lnvmmml systems identified .1b(wc

- T he currt‘nl dmgn pruvulcs support to these systems from one of lhrt.c dwmuns Thus, thc

cHect of this change would be to include a diverse and additional support system. In addition,
diversity in instrumentation which controls these systems.could be included so that redundant

indi(';uiun :md lrip channels would rely on diverse instrumentation.

CA. l()‘/, increase in  the rclmhnluy of the four sy\tcms w.xs ‘mumcd whnch is.the same. lmprovcmcm
. that may be dcrlvcd from improved maintenance (Subsccuon A4l 3). This rcﬁult.s in an
v \um.ilcd hcm'hl ul .lh()lll (0.016 person-rem.

‘ulru.\l design s unprovcd through applu.mun of a gds-turhmc generator
to augment the offsite clectrical grid. The tollowing concepts were umsldcrui for addiuonal

onsite power supphc

gAA.S.l Sté'a_m, Dﬁ.ven Turbine Generator

A steam drwcn (u=rh|nc g,cncmu)r umld hc msl.nllcd whuh uses reic mr stc.\m and Lxhdu‘sls to the

penerator

The benefit of this item would be similar w the addition of another gas turbine gencerator, but
would be somewhat less due to the relative unreliability of the steam turbine compare-! with a
diesel generator and its unavailability after the RPV is depressurized. If it were sized 1 ge

“enough, it could have the advantage of providing power to additional equipment.
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If the system has a 80% availability for all events, the benefit is similar to an 80% reduction in the
diesel generator common mode failure rate. Evaluation of the PRA indicates that the resulting
benefitis about 0.052 person-rem.

A.4.9.2 Alternate Pump Power Source

The ABWR provides separate diesel driven power supplies to the HPCF and LPFL pumps. Offsite

power supplies the feedwater pumps. This modification would provide a small dedicated power
source such as a dedicated diesel or gas turbine for the fccdwau:r. or condensate pumps so that.
they do not rely on uﬂsuc power.

The benefitwould bedess.dependence on low pressure systems during loss of offsite power events
and station blackout events. I the fecdwater system vere made to be 90% available during loss of

offsite power eventsand station blackouts, the benefit would be similar to adding an additional
R(C l( systcm (Suhscumn A.4.2.1). The resulting benefit would be about 0.069 person-rem.

A.-i. lO DC Power Supplies

The ABWR cnnt.um 4 DC divisions with sufficient capacity to sustain 8 hours of station blackout

. {with some |n.ul shcddmg) _This represents an lmprovcmcm over currcm opcmung plant

(l( slgm »

AA 10 l Dedlcated DC Powcr Supply

ry u)uld be used to power a DC molur/pump comhmauon and provide hlgh
pressure RPVi mjuuon und containment cooling. With proper starting controls such a system
could be ,su.td to pmwde several days upahlhty.

P rnvuim;, a scp.nrau l)( puwcrcd high pressure injection capability has a hcnehl of further
reducing the station blackout and loss of offsite power event risks which represent about 75% of
lhc total CDF, but only a small fraction.of the offsite risk. If the effective unavailability of the
RCIC s rtdu(ul by'a factor of 10 due to the availability of a diverse system, one benefit would be
similar to .ndrlmg apower supply tor teedwater (Subsection A4.9.2) .md the bcncht would be
about 0. ()b‘) pcrsnn rem.

A4.11 A'I'WS Capabiiity
The 'r("\frrél"ii.AlWVR'”dcsi;,m ptj(ivi(lcs unprovements in containment heat removal and detection of
ATWS events to fimit the impact of this class of events.. The PRA indicates that ATWS cvents

contribute about 0.1% of the core damage frequency (Table A-2) and about 17% of the offsite
risk (Chase 9).
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A.4.11.1 ATWS Sized Vent

This modification would be available to remove reactor heat from ATWS events in addition to
severe accidents and Class [ events. It would be similar to the containment rupture disk (which is
currently sized to pass reactor power consistent with that generated during RCIC injection), but it
would be of the larger size required to pass the additional steam associated with LPFL injection.
The system would need to be manually initiated.

The benefit of this venting concept is to prevent core damage and to reduce the source term
available for release following ATWS cevents. The evaluation shows that an ATWS sized vent
manually inivated with a 100% rclmblhty would have a maximum benefit of reducing the oﬂ’sxtc
dose by abour0:03 person-rem by reassigning the consequences from Case 9 to Case 1. '

A4.12 Seismic Capability
The current ABWR is designed for a Safe Shutdown Earthquake of 0.3g acceleration. The seismic

m.nrgms .malyws (Appendix 191 of the ABWR SSAR) addresses the margins associated with the
scismic design and concludes that there is 2 95% confidence that existing equipment has less

~than a 5% prabability of failure at twice the SSE level. This capabnhly is cunsldcrccl adtquatc for
) Lhc ABWR dcslgn an(l no .ul(htmn.tl changes are umsldcrcd S '

AA. 13 Syslcm Sunphﬁcauan

This l(cm" ' ldcd tu .uldrcss system: \nmpllht ation by the elimination ol unnecessary -
aticinitiation of manual actions or rcdundanq as a mcans to reduce ovcrall

plant risk." Flnmndtinn of seismic and pipe whip restraints is included in the concept.

While there 'éré several examples of redundant systems, valves and features on the ABWR design
which muld concelmbly be simplified, there are several areas in which the ABWR design alrcndy
has been |mpr(wcd and simplified, cspcually in the area of controls and logic. System

interac tions. durmg accidents were included in this category. One area was ldcnuﬁcd in whuh
cation’ oi an cxxsung system could provide some benefit. ©

AA 13. l Rcactor Buxldmg Sprays

This cnnc("pt would use the firewater sprays in the reactor building to mitigate releases of fission
products into the reactor building following an accident. The concept would require additional
vilves and. nuulu . separate from the lire protection fusible links, to spray in areas vulnerable to
release, such as.near the continment overpressure relief line routing. :
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The benefit of this modification could be to reduce the impact of events which do not involve the
operation of the continment rupture disk. Such events reiease fission products from the
containment into the reactor building. Releases from normal containment leakage and cases 3,
6, 7, B and case 9 sequences could potentially be reduced. If 107 of these releases from these
cases were arbitrarily mitigated by this method, the benefit would be about 1.7E-04 person-rem.

A.4.14 Core Rctepﬁon Devices

Core retention features are incorporated into the ABWR Design. As discussed in Subscction
19E..2.2(paragraph FS) of the ABWR SSAR, if a severe accident has resulted in a loss of RPV

_integrity, accident management guidance specifies that drywell sprays be initiated which will

cause the s mpprcssmn pool to overflow into the lower drywell after a few hours and qucnch the
debris bed. After the molten core has been quenched, no further ablation of concrete is

'cxpcucd and the dcuy heat can be removed by normal containment cooling methods such as

suppression pool cooling. If sprays can not be initiated, the Lower Drywell Flooder System
described.in Subsection 9.5.12 of the ABWR SSAR cools a debris bed by flooding over the molten
core in the lower drywell with water from the suppression pool. This system is similar to the Post
Accident Fl(mdmg comcpt mcludcd in Reference A4. Onc addmonal concept lrom Rcfcrcncc

___ A~4 is mgludcd

AA 14.1 Flooded Rubblc Bed

"sls ul a bed of refractory pebbles which fill the Iuwcr drywcll cavity and are
The bed impedes the low of molten corium and increases the available heat
a:_whuh cnhdnus debris L()()ldhlllly The usc of thoria (ThO2) pellets ina multiple

transfer:

, I.1ycr gcomclry has béen shown to stop melt penetration; thus, preventing core<concrete

interaction. Drawbacks to using thorium dioxide include cost, toxicity, and the radiological
impact of radon gas release into the lower drywell via the radioactive decay of thorium. Other
refractories such as alumini. slow corium penetration but may fail to stop core-concrete contact.
Other rcfractoncs may be susceptible to chemical attack by the corium and may melt at lower
umpcraturcs Pcbblcs composed of refractories other than thoria also may be susceptible to
cause lhcy have lower density than the corium. A major drawback common to all
Nooded rubble bed core retention systems is the need for further cxpcnmemal tesung in order to
validate Lhc umccpl m BWR applications. :

The be nch( nt thns mndll -ation lies in the potential elimination of core<concrete interaction and

a (()rrc\pundmg decrea 1 non-<ondensable gas generation. Attachment 19EC to Appendix

Nl- of the ABWR SSAR indicates a 90% cerainty that dcbns on a concrete floor covered with
water will’ bc coolablc in the current ABWR design. S :

Only sequences in which no liquid injection to the drywell occurs will result in core<oncrete

interaction. A conservative esumate of the bencefit of this concept over the existing design would
be elimination of sequences with coreconcrete interaction except those with containment
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cooling failure. A review of Subsection 19E.2 of the ABWR SSAR indicates that this would cffect
about 1% of Cases 1, 6 and 7. This corresponds to about 0.001 person-rem averted. '

A5  COST IMPACTS OF POTENTIAL MODIFICATIONS

As discussed in Subsection A.1.3.1, rough order of magnitude costs were assigned to each
modification based on the costs of systems determined by GE. These costs represent the
incremental costs that would be incurred in a new plant rather than costs that would apply on a
backfit basis. Credit for the onsite costs averted by the modification are discussed in Subsection
A.1.3.2. For cach modification which reduces the core damage frequency an estimate of the
impact was made and then applied to the potential averted offsite cost. This section summarizes

“the cost basis for-each-of the modification evaluated in Secuon A.4. This basis is generally the

cost csum.uc less lhc credit for onsite averted costs. Table A6 summarizes the results.

The costs were hu_scd on lhc low side, but all known or reasonably expected costs were accounted
for in order that a reasonable assessment of the minimum cost would be obained. Actual plant
COStS are cxpcﬂcd to be higher than'indicate? in this evaluation. All costs are referenced to 1991

: U S dnll.srs b‘x.sul on th.xm,cs in lhc onsumer Price Index.

[PRRIES PR L T B RO P ¥ S U T TR ST R I

A.5 1. l Sevcre Accxdem EPGs/AMGs

ng the: H’(n would be largely a one-time cost which should be prorated over
ymplished by the BWROG. Currentindustry activity is addressing this as part
U M.m.lgcmcnt Guidelines (AMG). If plant specific, symptom based, severe accident
eme rgcxuy procedures were to he prepared based on AMGs, the cost would be a least $600,000
tur plant spulh( mmhhmu()ns to EOPs. ¢

several- pl

A.") l 2. Compu(cr-Axdcd Instmmenumm

Add'ilum" ' _n,d dcvch)pmcnl costs associated with modifying existing Safety Plant Display
‘Systems'a estimated:to cost at least $600,000 for a new plant. This estimate 1s based on assumed
additions’ )f)m)l.mun devices o transmit data to the computer and in-plant wiring. Because this
modification reduces the lrcqucmy of core damage events, a present worth of $400 onsite costs
are averted and the cost basis is $599,600.
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A5.13 lmprov"ed Maintenance Procedures/Manuals

The cost of at least $300,000 would be required to identify components which should receive
cnhanced maintenance attention and to prepare the additional dewiled procedures or
recommended information beyond that currently planned. Credit for reduction in onsite costs
recluces the cost basis to $299,000.

A.5.2 Decay Heat Removal

A.5.2.1 Passive High Pressure System

“The costof ar-additional high pressure system f. r core cooling would be extensive since it would
“not only require additional system hardware which would cost at least $1,200,000, but it would
-also require additional building costs for space available for the system. Assuming the system

could be located in the reactor building without increasing its height, building costs are estimated

~ to be another $550,000. The credit for averted onsite costs is about $6,000 which brings the cost
h;mis o Sl 744,()()().

A.5 2 2 lmproved Depressunuuon - e

.'Thc cost uf(hc addllmnnl logic Lhangcs pncumalnc supphcs. plpmg .md quahﬁcauon was

estimated for the (,LSSAR II design (Reference A-1). A similar cost would be expected for the
ABWR dcsagn Thc cost is estimated to be at least $600,000 for an unprovcd system for

e pressurization. ThlS estimate assumes no building space increase for the added equipment.
"~ Thec rcdu fur JVCI‘lLd unsm costs was evaluated to be $1,400 which makes the cost basis
: S")()H h()() ‘

A 5 2.3 Supprcssnon Pool_]ockcy Pump

The cost of an additional small pump and associated piping is estimated at more than $60,000
including installation of the equipment. Itis assumed that increases in power supply capacity and
building space. are. n()t required. Controls and associated wiring could cost an additional $60,000
for a total ¢ost of’ at lcast $120,000. A credit of $200 for averted onsite costs makes the cost basis

- $119,800.

A5. 2 4 S'\fety Rclated Condensate Storage Tank™
l'_,sumalmg.__l.hc_ cost of upgrndmg the CST structure to withstand scismic events requires a detailed

structural analysis and resultant material. Itis judged that the final cost increase would be in
excess of $1,000,000. No credit for onsite cost averted was assumed for this modification.
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A.5.3 Containment Capability
A.5.3.1 Lafger Volume Containment

Doubling the containment volume requires an increase in the concrete and rebar. If structural
costs of the containment can be made for $1,200/1, doubling the continment volume without
increasing its height, the cost would be at least $8,000,000. This estimate doces not include
reanalysis and other documentation costs. Since this modification is mitigative, no credit fo.
onsite averted costs was assumed.

e - .

The cost of a stronger containment design would be similar in magnitude to increasing its size
(Subsection A5.8.1). If the costs are primarily due to denser.rebar required during installation
and additional analysis, an estimate of at least $12,000,000 could be required. Since this
modification is mitigative, no credit for onsite averted costs was assumed.

A.5 33 lmproved Vacuum Breakers

' T'Iu cost.of rulun(l.ml vacuum breakers mcludmg installation and hardware is estimated at more * -

than $10,000 per line. Instrumentation associated with this modification is not included. For the
cight lines: the cost-of this modification is more than $100,000." Since this modification 1s
mmg.u.vc no ¢ rcdll ‘h)r unsltc .wcrlcd COSLS was .lssumcd

- -A.5 3 4 lmproved Bottom Pcnetrauon Desxgn

Tm cost increase uf usmg a sumlc\s or inconel transition piece as opposcd to carbon steel would
he expected to be sm.xl‘l in comparison to the engineering and documentation change costs

sciated with the change. Cosu, associated with external welds and support for the CRDs is

o 1 1o be at least $1000 per drive. In addition, ahout $500,00C of analysis would be required

. levelop the. dmngcs ‘This would dominate the cost of this mndlhcallon when applied to all
2()5 drives. Such Lhangcs are estimated to be at least $750,000.

S_incc lhi}s mod‘iﬁcauon s mmga(ivc. no credit for averted onsite costs applies.
A.5.4 Containment Heat Removal
A.5 4.1 Largcr Volumc Suppressxon Pool

This umupl would re sult in sunilar costs as item Subsection A.5.3.1 for providing a l.lrgu
containment. An (ks_um.m. of $8,000.000 i, .L\sngncd to this item

A.5.5 Containment Atmosphere Mass Removal
A.5.5.1 Low Flow Filtered Vent

1 , Rev |
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The cost of added equipment associated with the FILTRA system (excluding a test program) was
estimated to be about $5,000,000 in Reference A4, Although a deuiled estimate was not
prepared for the ABWR, an estimate of $3,000,000 has been assuined for the purpose of this

evaluation,

Since his modification is mitigative, no credit for averted onsite costs applies.

A.5.6 Combustible Gas Control

Nu .nldmun.\l mudlhulmns o the ABWR were 1dcn'1ﬁcd in this group

A5.7 Comammcnt Spray Systems
A.5.7.1 Drywell Head Flooding

An additional line to flood the drywell head using existing firewater piping would be a relatively
inexpensive addition to the current system. Instrumentation and controls to permit manual

“control from thc u)mrol room waould be needed. Itis estimated that the Lotzl modification cost

wnul(l hc. st lc.ul Sl()() 00() for.the cngmccrmg p:pmg. valvcs and Lablmg

o "A.5 8 Prevenuon Concepts

‘A.S s 1 AdJmonal s'

_liu ause’ lhm mudllu.mun is mlugdlwe no credit f()r avcrtcd onsite (osts has bcen apphcd

:'I hc. use ()l (hvu‘sc instrumentation would not presumably have a slgmhum Lqmpmcm cost, but
there would be an increased cost of maintenance and spare parts due to less interchangeability

.\nd less \l.mdar(llmlmn of procedures.

Tth( cuals hchVcr Arc probably low in comparison with the extra support systems for air

- supply and ﬁcrvuc walcr Equxpme'u power supplies and structural changcs to include these new
Csystenes are csumau:d to cost at least $6,000,000. A small credit for averted onsite costs makes the
_cost basis for this llcm S‘: 999,000, based on the benefits discussed in Quchcuons A4.13and

AL 1.3,
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. A.5.9 AC Power Supplies

A5.9.1 S(éam—Drivcn Turbine Generator

The cost of the system should be similar to that for the RCIC system, but additional cost would be
needed for structural changes to the reactor building plus the generator and its controls. This
item is expected to cost at Jeast $6,000,000.

‘With credit for averted ongite costs, the cost basis for this item becomes $5,994,300.

A.5.9.2 Al(emalc Pump Powcr Sourcc

A typical feedwater pump for an ABWR sized plant could rcqu:rc a 4000 kWe sized generatoy, at
$300 per kWe, a separate diesel generator and the supporting auxiliaries could cost at least
$1.200,000. This rost would include wiring and installation of the alternate generator, but does

- not nss.um,c ndditiunal.slructural COSLS.

\hth cre (]ll h)r ave rlui uus:u u)sLs lhc cost h ms h)r this item bu()mcs Sl P94 0()()

A.5 lO DC Power Supphcs

o A.5 lO 1 Dedncaled DC Powcr Supply

Fucl cclls are largcly a dcvclopmcnml technology, at least in Lhc large size rangc required for this

..1pp|u.m(m 1In additon.the process involves some risk of fire. To address these concerns.a cost
of at least $6,000,000 would be expected. A scparatc battery would be less: expensive than fuel
cells, but would involve additional space requiréments which could make this modification more
cxpcnswc. than addmg a dicsel gcncrator as discussed in Subsection A.5.9.2.

: A ha.ucry hank capnble of supplymg 400 kWe would Le about 50 times largcr in capacity than the

emergency batteries. This number of batteries would require at least 5,000 fi’ of space, assuming

-+ ‘extensive stacking and without concern for seismic response. At $500/ft’ construction cost, the

dddnmnal space. rcqunrcd would amount to $2,500,000 for this modification. Additional costs
wirtild be- required for DC pumps, cabling and instrumentation and controllers. A total cost
would be at I_L.ul $3,000.000. el

5 Rev |



g e -

o 25A5680

A5.11 ATWS Capability
A5.11.1 ATWS Sized Vent

Larger piping and additional training would be required to extend the existing rupture disk
feature (o be availuble during an ATWS event. Additional instrumentation and cabling would be
required to make the vent operable from the control room. It is estimated that the incremental
cost would be at least $300,000.

R L

A.5.12 Seismic Capability

'?‘ : “No'modifications were considered for this group:

i  A.5.13 System Simplification

A5.13.1 'Reacmrnuﬁdmg Sprays

:3%',.‘ - The cost of this madification is judged to be sxmll.;r to the concept of drywell head flooding

e L Subsec Lmn AB5 ) if it nly involves plpmg and valvcs whuh are txcd into Lhc hrcwatcr systcm '
£ S An umn.m ul SH)() ()()() v heen assigned Lu lhlb item. T e -
3

()mlu Llc.mup cosls alsn could be affected by this modification. 1f the dcanup COSts were
L Llnnnmtul an, d»ulul cost wnuld umscr\amvcly be dbuul S‘o ()00 S

‘--»*'~~'*:A.5."l4 »Core- Ret'émio'niDevices
A.5 14.1 Flooded Rubble Bed

Reference A4 csum.xlul that the refractory material ncedcd tor this modification would cost

approximately $1,000/1b. If the lower drywell were filled with about 1.5 ft of this material, which
would remain well below the service platform, at least 1250 £ of malcrml would be required. If it

wughs 15 Ih/fl lhc ndlcnal cust alone would amount to 518 750 000 '

v,

i ;gé EVALUATION OF POTENTIAL MODIFICATIONS

A r:mkmg of the mo(hh_caunns by $/person-rem averted is shown in Table A-7 bused on the
results and estimates provided in Sections Aldand A5,

A ey R

The lowest cost/person-rem averted modification is more than 1600 times the target criteria of
S1.000 per person-rem averted. Clearly none of the modifications is justifiable on the basis of
o costs for person-rem averted. This can be atributed to the low probability of core damage in the
‘ ABWR with the modifications to reduce risk already insulled.
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A7 SUMMARY OF CONCLUSIONS

Potentially attractive modifications were identificd from previous evaluations of potential
prevention and mitigation concepts applicable during severe accidents and discussion with the
NRC swaff. Potential modifications were reviewed to select those which are applicable to the
ABWR design and which have not already been implemented in the design. Of these
modifications, twenty one were selected for additional review.

The low level of risk in the ABWR is demonstrated by the total 60 year offsite exposure risk of
0.269 person-rem. At this level only mudiﬁcations which cost less Lhan $269 can be justified.

- Based on-this: lowlcvcl no modlhc.mom are justified for the ABWR. Based on.the PRA results,

none of the modifications provided a substantial improvement in plant safcty
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Table A-1
Radiological Consequences of ABWR Accident Sequences
Whole Body Cumulative Exposure
Probability Exposure, 50 mile Risk
Case (Event/year)* (person-rem) (per-rem/60 yr)
NCL 1.3E407 9.60E3 0.075
1 2.1E08 1.38E4 0.017
2 7.8E-11 8.33E3 0.00004
13 0o 3.71E5 0.000
4 0 - - 2.06E5 0.000
5 7.5E-12 ' 9.34E4 10.00004
6 ’ 3.0E-12 2.42E6 0.0004 |
17 A9E-10 2.73E6 10.064
R - 4.1E-10 3.20E6 0.079
19"  L7E-10 3.31E6 0.034
| . o R " Towl:” 70.269

* chmncu wnh prnhabllmc:s of occurrence lcss Lhan 1E-9 pcr ycar are consxdcrcd runmc
And spu ulauvc e : ~ j
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Table A-2
Core Damage Frequency Contributors*
Event Sequence
Init : %
Event 1A 1B1 1B2 1BS 1D I 111D v Total | Cont
Scram | 1L1F08 ' 4.3E-10 | 9.5E-13 1.IE08 |73
Turbine | 6.8E40 2.7E-10 | $.7E-11 ' 7.1E09 |45
Trip i ' ’
Isolation | 1.8E08 71E-10 | L1E-11 19E08 |[119
LOOP2 | 4.1E40 : 1.5E-11 | 4.2E-18 41E09 |26
S leoors eagee [ [ 9.6E-12 | 1.4E-12 | . l24E09 |15
LOOPS+ | 5.8E-10 - LIED9 | 6.0E-11 1.7E09 [ 1.1
SBOY 6.6E-12 | R 6.7E08 6.7E-08 | 42.9
SBOS . |2.6E08 | : 2.6E08 |16.7
SBOR+ '. 1.5E-08 | 8.9E-10 : 1.6E08 |10.3
IORV 1LIE09 | ' ‘ 2.0E-10 | 9.5E-13 13609 |08
SB B U R 2.5E-10 2.5E-10 [0.2
ATWS S - o 1.5E-10 | 1.5E-10 [0
1 TFOTAL | 4 4E08 [26E08 | 1L5E-08 [ BOE-10 | 7.0E-08 | 11E-10 [ 2.5E-10 | 1.5E-10 | 1.57E07 | 100

o S Offsite Release Group _ , : _ :
|- LcHP " | sBRC | LaLP LHRC | LBLC | ATWS | Total Case

Case 177 | 3.4F40 7.9E-10 1.GE08 51E-11 .| 2.0E08
| Case2 TUor o [ T8ET A < | 7.8E-11
Case $ L8Ea2: 4. - : : 1.3E-12
(ased | _ o 0
T Case 5 . b _ 6.3E-12 6.3E-12
o i Case b 12BN ) D L Lo 1.2E-10
o ose 7 - |1aEd0 26E10 ‘ | - $.70E-10
Case 8 | 21E-10. - - : 2.1E-10
Case 9 o ' 11E-12 1.5E-10 1.5E-10
NCL(N) | 40ED8 | 15E48 | 8.UE08 2.0E-10 L4ED7 |
| Toat 44F08 | 16EOR 0. GE8 1IE-12 2 5E-10 1.5E-10 1.57E407
U Comrin w LU0 10 Gl4 002 0.9 0.1 100

* SAMDAs include both preventive and mingauve design alternatives
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| | Table A-3

Modifications Considered
Modification 'Category
b 1. ACCIDENT MANAGEMENT
a. Severe Accident EPGs/AMGs 2
, h. Computer Aided Instrumentation 2
¢. hinproved Maintenance Procedures/Manuals 2
‘ d. Preventive Maintenance Features ' 4
: ¢. Improved Accident Management Instrumentation 4
4o - |1 Remote Shutdown Station 1
" g. S;:-:l:r;l): Syslcm 1
h. Simulator Training for Severe Accident 4
i 12 RI’.A(TI'('.)R_ DECAY HEAT REMOVAL "~
' 3 . Passive High Pressure System ' 2
"l Improved Dcprcssunmuon ' : ‘ . 2
| Suppruaum Podl Jockey Pump ‘ , ‘ 2
' -(l Impmvcd High Prcssun Systems vt cm e
¢. Additional-Active High Pressure System _ 1
4 . lmprovcd Low Pressure System (Flrcpump) 1
g DtdlCdlLd Supprusmn Pool Cooling _ ]
h. S.xlely Rcl.m. d Condensite Storage Tank o 2
016 hour’ Smuon Bld(kmu Injection o ' ' 4
Y lmpnwul Recirculation Model 4

13 (‘()NTAINMENT CAPABILITY |

' Largcr Vulumc Containment | ‘ 2
lncrca.scd (,ommnmcnt Pressure (,apauty . 2
lmpmvcd Vacuum Breakers )

‘d. lru reased Temperature Margin for Séals

¢, lmproycd Leak Detection

{. Suppression Pool Scrubbing

RN — = == ND

g. lmproved Bottom Penetration Desigm

! At Rev |
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Modification

Category

L N~ s S

CONTAINMENT HEAT REMOVAL

a. Larger Volume Suppression Pool

b. CUW Decay Heat Removal

¢. High Flow Suppression Pool Cooling
d. Passive (_')vcrprcssurc Relief

C ()NTAlNMENT ATMOSPHERE MASS REMOVAL

-a. High Flow Unfiltered Vent

b. High Flow Filtered Vent

“¢. Low Flow Vent (Filtered)
d.. Low Flow Vent (Unfiltered)

'GOMBUSTIBLE GAS CONTROL

a. Post:Accident Inerting System

-b. Hydrogen.Control by Venting

S C. l’ré'incrting

d. Igm,u()n Sy\lcms v
L Fnrc' 'upprcssmn Sysltm lnuung

| ( ONTAINMENT SPRAY SYSTEMS

a. [)rywcll Head Flooding

b (onummuuSprav Augnumauon

'I’REVENTK)N C()NCEPTS

. a. 'Addili@,nlal Service Water Pump
b l_m,p_m_ycd Operating Response

c. Diverse Injection System
d. Operating Experience Feedback
¢. Improved MSIV/SRV Design

 ACPOWER SUPPL IES

a. Steam Driven Turbine Generator

“ho Al‘lcrnaui['ump Power Source

¢. Deleted
d. Addivonal Diesel Generator

— e e NS

— N L W

LI W — WD o
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Table A-3 (Continued)
!.‘ Modification Category
‘;' 9, (Continued)
¢. Increased Flectrical Divisions 1
f. Improved Uninterruptab.c Power Supplies 1
g. AC Bus Cross-ties 1
i h. Gas Turbine 1
= : i. Dedicated RHR (bunkered) Power Supply 4
doe 10, .,U(;_L’.()WER.‘.SU;P.PLU-Z.S‘ ,;
1 : . Dedicated DC Power Supply 2
h Adduunal Ballcnu/[)msums B 4
: «c. Fuel Cells ' i 4
d. hC Cross-ties . 1
T . le:,ndcd Station Bldcknut Provisions 1
' BRI .,ATWS (.APABILITY | -
1 ©a. ATWS Sized Vent e T
SS::'-: L "‘j:b.:ll'x‘n r_ogg_t_} ATWS Capability l
[ . “.al Increase Scnsmlc M.xrg‘ms 1
' 'Ah. ln Lgml Bascmnl 3
’ 13. , 'YS'TEM S'lMPLlFl(lATK)N
: Rc.u tor: Bmldmg bprays 2
é - o -‘,h Syﬂlcm Slmphﬁcauon : 1
' BT Rcduumn in Reactor Bldg Floodlng S l
14, CORE RETENTION DEVICES
i o Fl(mdcd Rubble Bed 2
b, Reactor ( avity Flooder ]
¢. Basaltic Cements ]
AR Rev |
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Table A4
Modifications Evaluated
I.  Acadent Management la. Severe Accident EPGs/AMGs
Ib. Computer Aided Instrumentation
lc. Improved Maintenance Procedures/Manuals
2. " Decay Heat Removal 2a. Passive High Pressure System
' 2h. Improved Depressurization
2¢. Suppression Pool Jockey Pump
il 2d. Safety Related Condensate Storage Tank
3. Continment Capability 3a. Larger Volume Contain. nent '
. 3b. Increased Containment Pressure. (‘apablhty_
%¢. Improved Vacuum Breakers 4 '
_ 3d. Improved Bottom Head Penetration Dcsign'
4. (,unl‘unnunl Huu 4a. Larger Volume Suppression Pool
. "~ Remowal: - ” . . 3
165 ( untammcmAlmosphcre ; ‘53" Low Flow Filtered Vent =+ - i v diwomee obl e o] o cei
» Gas Removal - . ‘
[ 7. (,()ntannmanSpray .- | 7a. Drywell Head Flooding
8 'l’kcyc,fif_ii(}n’Cuﬁ;éé'p'ls | Ba. Additional Service Water Pump
9. AC Power Supplies -+ " | 9a. Steam Driven Turbine Generator
. ::‘.::f"'::. R 9b. Alternate Pump Power Source
10, DC Power Supplics 10a. Dedicated DC Power Supply '
11. ATWS Capability 11a. ATWS Sized Vent v
13. System Simplification 13a. Reactor Building Sprays
14. Core Rc(cx_it_i(‘)vn.Dcvices‘ 14a. Flooded Rubble Bed
A4 Rev |
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Table A-5
! Summary of Benefits
Averted Risk
Potential Improvement Person-rem
la. Severe Accident EPGs/AMGs 1.5E-2
Ib. Computer Aided Instrumentation 1.0E-2
? lc. Improved Maintenance Procedures/Manuals 1.6E-2
2a. Passive High Pressure System 6.9E-2
._ B 2b. Improved Depressunization ™ ™ 77 B U4 QE T
: 2c.. Suppression Pool jJockey Pump 0.2E-2
& 2d. . Safety Related Condensate Storage Tank 1.0E-2
i : %a. . Larger Volume Containment 15E-2
3h. Increased Containment Pressure Capability 16E-2
Si _; ‘ 3c.. .lm;')r()'\/._c_(l._,\/.a_'éft'nuxm Breakers  0.004E-2
J | 3d: Improved Botiom Head Penetration Design = . i | e W BUTE2:
: 4a. lglrgc'f'yt)I.u.mc.'.Su'pprcssi(m lfonl 0.02E-2
5a. .Low Flaw Filtered Vent U 14E2
3 { 7a. Drywell Head Flooding - O B.0E-2 .
8a. Additional Service Water Pump - C1.6E-2 .
9a Sté'am'liﬁ'%:i{ Turbine Generator _ 5.2E-2
i; . 9bh. Alernate P{urb Power Source for high pressure systems - B69E-2
f ' 10a. Dedicated DG Power Supply ' 6.9E-2
f L Ha ATWS Sized Vent . 3.0E-2
L [T13a. Reactor Building Sprays 17EQ
q “[14a: Flooded Rubble Bed ' C00E2
.
!
i
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Potential Improvement

Estimated Minimum
Cost:

L. Severe Accident EPGs/AMGs

$ 600,000

th. Computer Aided Instrumentation

$ 599,600

lImproved Maintenance Procedures/Manuals

$ 299,000

 Passive High Pressure System

$ 1,744,000

i ‘SF&')CZ'}]“-m'i)"r'ckSijﬂri'I.Elii‘}h 7

. $598,600

. Suppression:Pool Jockey Pump

$ 119,800

Sifety Related Condensate Storage Tank

$ 1,000,000 -

LargerVolume Continiment

$ 8.000,000

Increased Containment Pressure Capability

$ 12,000,000

3¢, Improved Vaicuum Breakers

$ 100,000

lmpmwd Bortom Head Penéetration Design: = =it s ani o

a ol |rg( r Voluine Supprt ssion- l'nul

$ 8,000,000

‘l OW! Flnw Fllu red Vun o

$ 3.000,000

' vFlrm(lmg

S 100000

~Addinonal'Service Water Pump

$5:999,000

~Steam Driven Turbine Generator

'ssmm%m)

Alternate Pump Power Source

$ 1,194,000

De du ated DC Power \upply

£ 3,000,000 |

. ATWS \ugd Vent

$ 300,000

~Reac mr Bunlrlmg Spr.xys

$ 100,000

$ 18,750,000

~{-ﬂmﬂui\mM(&d
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Table A-7
Summary of Results
Cost (XK' /Person-
‘ Modificaton rem Averted
7a.  Drywell Head Flooding $1,667
%4, Reactor Building Sprays ) $5,882
' Fha, ATWS Sized Vent $10.,000
3d.  Improved Bottom: Penetration Design $13,158
‘ . BT ~fmproved Pepressurization: - $14,252
9b.  Alternate Pump Power Source $17.304
b T Improved Mainténinee Prodedures/Manuals, . $18,688 -
i | 2. Passive High Pressure System: - $25,275
g Fa..  Severe Accident FPGs $40,000
% Sloa. Dedicated DC Power Supply $43.478°
f ; B ,l‘.'.nrgcr‘\ft-rllimc Continment $53,333
; 2, St_j;')|.).vr('-s'.§ii‘)‘r'\}l."unl:]()“Cki'y Pump $59.990
i b Computer Aided Instrumentation $59,960
% - 'f'-f”.’,-‘; 'lnC'rt'z;'é;i'('l'_-,(f;;ﬁmt_;iimncnll'rcssurc (Inpucily—'--au—»v $75.000
f ‘f,-..,er'.?’fi;'-,S:iféLy»:ggal;_x_(.é:(_j.;f(.}(-)n(iclfwéw-Sl‘nrugc- Tank« @+ 00 S$100.000 -
‘: Ya. Sl(';.’riin‘lv)r'i\_"'é'n Turbine Generator ‘ $115,275
" 4a. Low Flow Filtered Vent . $214.286
f" -~ Kao Additonal Service Water Pump $374,93%
! 3¢, Improved Vacuum Breakers | $2,500,000
| | s Flooded Rubble Bed. ‘ - $18,750,000
i . Larger Volume Suppression Pool $40.000,000
:
\
hy

, FINAL
& .
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