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WASHINGTON, DC 20555 - 0001 
 
 

       December 10, 2010 
 
 
 
MEMORANDUM TO:  ACRS Members 
 
FROM:    Sherry Meador  /RA/ 
    Technical Secretary, ACRS 
 
SUBJECT:   CERTIFICATION OF THE MEETING MINUTES FROM 
    THE ADVISORY COMMITTEE ON REACTOR 
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 The minutes of the subject meeting were certified on November 8, 2010 as the official 

record of the proceedings of that meeting.  A copy of the certified minutes is attached. 
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I certify that based on my review of the minutes from the 576th ACRS Full Committee 

meeting, and to the best of my knowledge and belief, I have observed no substantive errors or 

omissions in the record of this proceeding subject to the comments noted below. 
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During its 576th meeting, October 7-9, 2010, the Advisory Committee on Reactor Safeguards 
(ACRS) discussed several matters and completed the following reports, letter, and memoranda: 
 

 
REPORTS 

Reports to Gregory B. Jaczko, Chairman, NRC, from Said Abdel-Khalik, Chairman, ACRS: 
 

• Report on the Safety Aspects of the General Electric-Hitachi Nuclear Energy (GEH) 
Application for Certification of the Economic Simplified Boiling Water Reactor (ESBWR) 
Design, dated October 20, 2010 
 

• Report on the Safety Aspects of the License Renewal Application for the Cooper Nuclear 
Station, dated October 26, 2010 

 
• Report on the Safety Aspects of the License Renewal Application for the Duane Arnold 

Energy Center, dated October 26, 2010 
 

• Draft Final Rule for Risk-informed Changes to Loss-of-Coolant Accident Technical 
Requirements (10 CFR 50.46a), dated October 20, 2010 

 

 
LETTER 

Letter to R. W. Borchardt, Executive Director for Operations, NRC, from Said Abdel-Khalik, 
Chairman, ACRS: 
 

• Draft Final Digital Instrumentation & Control Interim Staff Guidance-06: Licensing 
Process, dated October 20, 2010 

 

 
MEMORANDA 

Memoranda to R. W. Borchardt, Executive Director for Operations, NRC, from Edwin M. 
Hackett, Executive Director, ACRS: 
 

• Proposed Regulatory Guides DG-7007 and DG-1250, dated October 14, 2010 
 

• Draft Final Regulatory Guide 8.18, dated October 14, 2010 
 

 
 



 
MINUTES OF THE 576th MEETING OF THE 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
 

ROCKVILLE, MARYLAND 
 
 
The 576th meeting of the Advisory Committee on Reactor Safeguards (ACRS) was held in  
Conference Room 2B3, Two White Flint North Building, Rockville, Maryland, on October 7-9, 
2010.  Notice of this meeting was published in the Federal Register on September 20, 2010 
(72 FR 57302-57303) (Appendix I).  The purpose of this meeting was to discuss and take 
appropriate action on the items listed in the meeting schedule and outline (Appendix II).  The 
meeting was open to public attendance. 
 
A transcript of selected portions of the meeting is available in the NRC's Public Document Room 
at One White Flint North, Room 1F-19, 11555 Rockville Pike, Rockville, Maryland.  Copies of 
the transcript are available for purchase from Neal R. Gross and Co., Inc., 1323 Rhode Island 
Avenue, NW, Washington, DC 20005.  Transcripts are also available at no cost to download 
from, or review on, the Internet at http://www.nrc.gov/ACRS/ACNW. 
 
ATTENDEES 
 
ACRS Members:  Dr. Said Abdel-Khalik (Chairman), Dr. J. Sam Armijo (Vice-Chairman),  
Mr. John Stetkar (Member-at-Large), Dr. Sanjoy Banerjee, Dr. Dennis Bley, Mr. Charles Brown, 
Dr. Michael Corradini, Mr. Harold Ray, Dr. Michael Ryan, Dr. William Shack, and Mr. John 
Sieber.  For a list of other attendees see Appendix III. 
 
I. Chairman's Report
 

 (Open) 

[Note:  Mr. Edwin Hackett was the Designated Federal Official for this portion of the meeting.] 
 
Dr. Said Abdel-Khalik, Committee Chairman, convened the meeting at 8:30 a.m.  In his opening 
remarks he announced that the meeting was being conducted in accordance with the provisions 
of the Federal Advisory Committee Act.  He reviewed the agenda items for discussion and 
noted that no written comments or requests for time to make oral statements from members of 
the public had been received.  Dr. Bonaca also noted that a transcript of the open portions of 
the meeting was being kept and speakers were requested to identify themselves and speak with 
clarity and volume. 
 
The Chairman introduced Dr. Joy Rempe as an official Member of the ACRS.  He stated that Dr. 
Rempe brings to the Committee over 30 years of experience in nuclear engineering which 
includes a broad range of experience and extensive work with both industry and 
national laboratories.  She is recognized by her national and international peers for her work in 
the areas of severe accident phenomena, radionuclide release and transportation, high  



 
temperature testing and in-pile high temperature instrumentation.  Dr. Rempe's professional 
service activities include present membership on the Board of Directors for the American 
Nuclear Society.  Additionally, she has been on several Advisory Committees including the DOE 
Nuclear Energy Research Advisory Committee from 1998 to 2005.  Dr. Rempe has published 
over 70 journal articles and has delivered over 65 technical presentations world-wide.  Dr. 
Rempe holds both master's and doctoral degrees in nuclear engineering from MIT and a 
Bachelor of Science in nuclear engineering from the University of Missouri Rolla. 
 
II. 
 

Final Safety Evaluation Report Associated with the ESBWR Design Certification 

 
Application 

[Note:  Mr. Christopher Brown was the Designated Federal Official for this portion of the 
meeting.] 
 
The Committee met with representatives of the NRC staff and General Electric-Hitachi Nuclear 
Energy to discuss closure of the remaining open items and issues associated with the final 
safety evaluation report (SER) for the ESBWR Design Certification application. The three 
remaining open items were associated with hydrogen in the passive containment cooling 
system, digital instrumentation and control, and the NRC staff’s aircraft impact inspection and 
findings. In all cases, the ACRS agreed with the staff’s resolutions of the open items. 
 
The Committee issued a report to the NRC Chairman on this matter, dated October 20, 2010, 
concluding that the ESBWR design is robust and there is reasonable assurance that it can be 
built and operated without undue risk to the health and safety of the public. 
 
III. 
 

Final Safety Evaluation Report Associated with the License Renewal Application for the 

 
Cooper Nuclear Station 

[Note:  Mr. Kent Howard was the Designated Federal Office for this portion of the meeting.] 
 
The Committee met with representatives of the NRC staff and Nebraska Public Power District 
(NPPD or the applicant) to discuss the staff’s final SER related to the license renewal 
application for the Cooper Nuclear Station (CNS). The presentations of the applicant and the 
NRC staff primarily centered on efforts to resolve four open items and one confirmatory item. 
The open items were related to the scoping of a condensate storage tank per 10 CFR 
54.4(a)(2), inspection of socket welds under the One-Time Inspection-Small Bore Piping 
Program, the incorporation of recent operating experience related to leaks in buried piping and 
tanks, and the management of pitting corrosion in the torus under the Containment Inservice 
Inspection Program. The confirmatory item dealt with the use of NUREG/CR-6335 vs. 
NUREG/CR-6909 for metal fatigue analysis of Alloy 600 components. A new issue was 
identified after the Subcommittee meeting on May 5, 2010, dealing with the aging management 
of 480 V - 2 kV power cables. Both the applicant and the NRC staff described the resolution for 
closing this issue. The applicant demonstrated that aging would be adequately managed and 
maintained through the period of extended operation. The NRC staff concluded that the 
requirements of 10 CFR 54.29(a) have been met. 
 
The Committee issued a report to the NRC Chairman on this matter, dated October 26, 2010, 
recommending that the NPPD application for renewal of the operating license of CNS be 
approved. 



 
IV. 
 

Final Safety Evaluation Report Associated with the License Renewal Application for the 

 
Duane Arnold Energy Center 

[Note:  Mr. Girija Shukla was the Designated Federal Official for this portion of the meeting.] 
 
The Committee met with representatives of the NRC staff and FPL Energy Duane Arnold, LLC, 
(FPL Energy or applicant) to discuss the staff’s final SER related to the license renewal 
application for the Duane Arnold Energy Center (DAEC). The applicant discussed general site 
information, operating history, and license renewal application overview. The applicant made 53 
regulatory commitments for their license renewal program. The applicant also discussed the 
Subcommittee follow-up items related to buried piping, small bore socket welds, and 
inaccessible low voltage cables. The applicant concluded that they will manage aging effectively 
in the period of extended operation. The NRC staff discussed the staff’s final SER overview and 
regional inspection results. The staff provided additional information regarding its review of the 
open items related to buried piping and small bore socket welds. The staff concluded that the 
applicant’s programs and commitments are adequate to close these open items. The staff also 
provided a brief discussion of the applicant’s management of inaccessible low voltage power 
cables. The DAEC license renewal final SER contained no open items. Based on its review, 
the staff concluded that the requirements of 10 CFR 54.29(a) have been met. 
 
The Committee issued a report to the NRC Chairman on this matter, dated October 26, 2010, 
recommending that the FPL Energy application for renewal of the operating license of DAEC be 
approved. 
 
V. Draft Final Rule for Risk-Informed Changes to Loss-of-Coolant Accident (LOCA) 
 
 

Technical Requirements (10 CFR 50.46a) 

[Note:  Mr. Peter Wen was the Designated Federal Official for this portion of the meeting.] 
 
The Committee met with representatives of the NRC staff to discuss the proposed draft final rule 
for risk-informed changes to loss-of-coolant accident (LOCA) technical requirements of 10 CFR 
50.46a, “Acceptance Criteria for Emergency Core Cooling Systems for Light Water Nuclear 
Power Reactors,” (10 CFR 50.46a or the Rule). The staff presented background information, an 
overview of the proposed Rule, the technical basis associated with treatment of seismically 
induced indirect piping failures, and the applicability of the proposed Rule to new reactor 
designs. The staff also discussed the changes made to the proposed Rule after receiving 
feedback from the Regulatory Policies and Practices Subcommittee on September 22, 2010. 
 
The Committee issued a report to the NRC Chairman on this matter, dated October, 20, 2010, 
concluding the proposed draft final Rule provides an acceptable risk-informed alternative to the 
current 10 CFR 50.46(a) for operating reactors and that it is premature to extend the proposed 
Rule to new reactors at this time. If new reactors are included in the scope of the Rule, then the 
Committee agrees with the requirement that changes made possible by the adoption of the Rule 
should not result in a significant decrease in the level of safety. This requirement should be 
extended to the determination of the allowable time in configurations without a demonstrated 
capability to mitigate a beyond transition break size LOCA. 



 
VI. 
 

Digital I&C Interim Staff Guidance on Licensing Process (ISG-6) 

[Note:  Mrs. Christina Antonescu was the Designated Federal Official for this portion of the 
meeting.] 
 
The Committee met with representatives of the NRC staff to discuss Draft Final Revision 50 to 
digital instrumentation and control (DI&C) ISG-06, “Licensing Process.” DI&C ISG-06 clarifies 
the licensing criteria that the staff will use for nuclear plant license amendments in confirming 
that a proposed design meets applicable requirements. This ISG clarifies which documents are 
needed by the staff for review, at which phase in the review these documents are needed, and 
which documents need to be available for the staff to audit. ISG-06 also incorporates lessons 
learned from the staff’s review of the Oconee and Wolf Creek DI&C system modifications. The 
staff’s presentation described interactions with NEI and licensees to incorporate public 
comments as the guidance was developed. The staff highlighted changes made to ISG-06 
since the Committee last reviewed this document in August 2009. The staff concluded their 
presentation by addressing Member comments made during the September 8, 2010, 
subcommittee meeting to review this ISG. 
 
The Committee issued a letter to the EDO on this matter, dated October, 20, 2010, 
recommending that ISG-06 be issued subject to: (1) a revision of Section B to include a 
discussion that while process is important, it is not a substitute for a detailed review of the 
hardware and software architectures to ensure that they meet the fundamental principles of 
Independence, Deterministic Behavior, Redundancy, and Diversity and Defense in Depth; and 
(2) a revision of Section D to emphasize the need to review the design from an integrated 
hardware/software perspective in order to develop a clear understanding of the overall 
complexity of the system. The Committee also recommended that Software Failure Modes and 
Effects Analysis (FMEA) methods be investigated and evaluated to examine their suitability for 
identifying critical software failures that could impair reliable and predictable DI&C performance. 
Additionally, the Committee recommended that the staff develop an integrated process that 
ensures that the DI&C system will be able to meet, with reasonable assurance, the combined 
requirements associated with plant safety and cyber security threats. 
 
VII. 
 

Staff Efforts to Address Containment Liner Corrosion 

[Note:  Mr. Kent Howard was the Designated Federal Official for this portion of the meeting.] 
 
The Committee met with representatives of the NRC staff to discuss containment liner 
corrosion. The staff presented background information related to recent cases of through-wall 
liner corrosion. The staff described their activities to address containment liner corrosion since 
the most recent occurrence of containment liner corrosion at Beaver Valley Unit 1 in April 2009. 
These efforts include the following: 
 

• Issuing Information Notice 2010-012, “Containment Liner Corrosion,” in June 2010 
• Initiating a discussion of liner corrosion inspection at an American Society of Mechanical 

 Engineers (ASME) Section XI Code meeting 
• Providing additional guidance to inspectors through a change to the NRC Refueling 

 Outage Baseline Inspection Procedure 



 
• Developing a user need to request support from the Office of Nuclear Regulatory 

 Research (RES) to investigate the corrosion mechanisms 
• Assembling an expert panel to address containment liner corrosion mechanisms 

 
This was an information briefing. No Committee action was necessary. 
 
VIII. 
 

Assessment of the Quality of Selected NRC Research Projects 

[Note:  Dr. Hossein Nourbakhsh was the Designated Federal Official for this portion of the 
meeting.] 
 
The Committee discussed the status of the ACRS Panels’ review of the quality assessment of 
NRC research projects on NUREG/CR-6947, “Human Factors Consideration with Respect to 
Emerging Technology in Nuclear Power Plants,” and NUREG/CR-6997, “Modeling a Digital 
Feedwater Control System Using Traditional Probabilistic Risk Assessment Methods.”  The 
Committee plans to discuss its report on the quality assessment of the research projects 
noted above during its November 4-6, 2010, meeting. 
 
IX. 
 

Other Committee Decisions 

The Committee had no objection to the staff's proposal to issue the following Regulatory Guides 
for public comment. The Committee would like to have an opportunity to review the draft final 
version of these Guides after reconciliation of public comments: 
 

• Draft Regulatory Guide DG-7007, “Administrative Guide for Verifying Compliance with 
 Packaging Requirements for Shipment and Receipt of Radioactive Material” 
 

• Proposed Revision 1 to Regulatory Guide 1.215 (DG-1250), “Guidance for ITAAC 
 Closure Under 10 CFR Part 52” 
 
The Committee recommended that this Regulatory Guide be referred to the Advisory Committee 
on Medical Use of Isotopes (ACMUI). The Committee has no objection to the staff’s plans to 
issue this Regulatory Guide as final after obtaining comments from the ACMUI: 
 

• Draft Final Regulatory Guide 8.18, “Information Relevant to Ensuring that Occupational 
 Radiation Exposures at Medical Institutions will be As Low As is Reasonably Achievable” 
 
X. 
[Note:  Mr. Edwin Hackett was the Designated Federal Official for this portion of the meeting.] 

Executive Session 

 
 A. 
 

Reconciliation of ACRS Comments and Recommendations/EDO Commitments 

• The Committee considered the EDO's response of September 10, 2010, to comments 
 and recommendations included in the August 9, 2010, ACRS interim letter on the Safety 
 Evaluation Report with Open Items Related to the South Texas Project Combined 
 License Application Referencing the Certified Boiling Water Reactor Design. The 
 Committee decided that it was satisfied with the EDO's response. 



 
• The Committee considered the EDO's response of May 18, 2010, to comments and 

 recommendations included in the March 25, 2010, ACRS report on the Draft Final 
 Revision 1 to Digital Instrumentation and Control Interim Staff Guidance – 07: “Digital 
 Instrumentation and Control Systems in Safety Applications at Fuel Cycle Facilities.” The 
 Committee decided that it was satisfied with the EDO's response. 
 
 B. 

 
Report of the Planning and Procedures Subcommittee Meeting 

 Anticipated Workload for ACRS Members
 

  

The anticipated workload for ACRS members through January 2011 were discussed and 
the objectives were to:  

 
• Review the reasons for the scheduling of each activity and the expected work 

product and to make changes, as appropriate 
• Manage the members= workload for these meetings 
• Plan and schedule items for ACRS discussion of topical and emerging issues 

 

 
Regulatory Guides  

a) 
 
Draft Final Regulatory Guides 

The staff plans to issue the following Draft Final Regulatory Guides and would like to know 
whether the Committee wants to review these Guides prior to being issued final. 
 

• Draft Final Regulatory Guide 8.18, “Information Relevant to Ensuring that Occupational 
Radiation Exposures at Medical Institutions will be As Low As is Reasonably 
Achievable.” 
 
The proposed Revision 8 to Regulatory Guide 8.18 was issued as DG-8037 for public 
comment on January 22, 2010.  The public comment period closed on March 19, 2010.  
Comments were received and appropriate changes were made as a result of those 
comments.  Only minor formatting and editorial changes have been made since DG-
8037 was issued for public comment. 
 
Based on his review, Dr. Ryan recommends that the Committee refer this Regulatory 
Guide to the Advisory Committee on the medical Use of Isotopes (ACMUI). 

 
b) 

 
Proposed Regulatory Guides 

The staff plans to issue the following Proposed Regulatory Guides for public comment and 
would like to know whether the Committee wants to review these Guides prior to being 
issued for public comment. 
 

• Draft Regulatory Guide DG-7007, "Administrative Guide for Verifying Compliance with 
Packaging Requirements for Shipment and Receipt of Radioactive Material." 



 
The proposed Draft Guide DG-7007 is, in fact, the combination of two draft guides (DG-
7006 and DG-7007) which were developed by the staff with the main purpose of 
updating two old Regulatory Guides (Reg Guide 7.3, “Procedures for Picking Up and 
Receiving Packages of Radioactive Material,” dated May 1975, and Reg Guide 7.7, 
“Administrative Guide for Verifying Compliance with Packaging Requirements for 
Shipments of Radioactive Materials,” dated August 1977, respectively).  Both of these 
draft guides were sent to the Advisory Committee on Medical Uses of Isotopes (ACMUI) 
for their review and comments, which have resulted in the two guides being combined 
into the single guide that is provided herein. 
 
Based on his review, Dr. Ryan recommends that the Committee review the draft final 
version of this guide after reconciliation of public comments. 
 

• Regulatory Guide (DG) 1250, “Guidance for ITAAC Closure Under 10 CFR Part 52.” 
 
DG-1250 is a proposed Revision 1 of Regulatory Guide 1.215, dated October 2009.  The 
purpose of DG-1250 1.215 is to standardize the content and format of licensee 
submittals to satisfy the inspections, tests, analyses, and acceptance criteria (ITAAC) 
notification requirements specified in 10 CFR 52.99, “Inspection During Construction.”  
The proposed revision maintains consistency with anticipated rulemaking changes to  
10 CFR 52.99 and with changes in the industry guidance document Nuclear Energy 
Institute (NEI) 08-01, “Industry Guideline for the ITAAC Closure Process under 10 CFR 
Part 52”, Revision 4, issued July 2010.  The NRC will likely revise this Regulatory Guide 
a number of times based on increased experience with the implementation of the ITAAC 
process during new plant construction. 
 
Based on his review, Dr. Bley recommends that the Committee review the draft final 
version of this guide after reconciliation of public comments. 
 

 
ACRS Meeting With the Commission 

The ACRS is scheduled to meet with the Commission on Friday, November 5, 2010, to discuss 
items of mutual interest.  The following list of proposed topics has been approved by SECY. 
 
1. Overview (Abdel-Khalik) 

- Major Accomplishments 
- New Reactors Review Activities 
- License Renewal/Power Uprates 
- Major Areas of Ongoing/Future Activities 

 
2. ABWR Aircraft Impact Assessment (Abdel-Khalik) 
 
3. Design Acceptance Criteria (DAC) (Bley) 
 
4. 10 CFR 50.46(a) Rule, "Risk-Informed Changes to Loss-of-Coolant Accident Technical 

Requirements" (Shack) 



 
5. Mixed Oxide (MOX) Fuel Fabrication Facility (MFFF) (Powers) 
 
6. ESBWR – Long Term Core Cooling and Design Certification (Corradini) 
 
Item 4, 10 CFR 50.46(a) Rule, and Item 6, ESBWR Design Certification, are being considered 
by the Full Committee during the October meeting.  The respective letter reports will be 
discussed and approved at that time and so will be the set of slides supporting these 
presentations. 
 

 
Visit to Westinghouse Test Facility in Pittsburgh 

Dr. Banerjee has proposed a visit to the Westinghouse in-vessel GSI-191 and the AP1000 test 
facility(s) in the Pittsburgh area.  The proposed time for this trip is mid October or, at least, prior 
to the November full committee meeting when the ACRS is expected to write a letter report on 
how the AP-1000 design has addressed GSI-191. 
  

 
Risk Insights to Enhance Small Modular Reactors (SMRs) Reviews 

The August 31, 2010, Staff Requirements Memorandum on the use of risk insights to enhance 
the safety focus of SMR reviews tasks the staff with providing a policy paper that addresses the 
"development of a framework, implementation strategy, and plans and schedules to more fully 
integrate the use of risk insights into pre-application activities and the review of SMR 
applications, consistent with Commission Policy Statements” was discussed. 
 
The staff is requesting a meeting with the ACRS in early 2011 to get the Committee's views on 
the draft policy paper. 
 

 
NRC Operating Currently under Continuing Resolution 

On September 30, 2010, Congress passed a Continuing Resolution (CR) that will allow the 
Federal Government to work until December 3, 2010.  Once the agency receives the 
apportionment/appropriation, the OCFO will review the offices’ requests for incremental funding.  
Agency operations are scheduled to continue but funding for some contracts may be impacted.  
PMDA will continue to work with the OCFO to ensure that ACRS operations will continue with 
minimal impact. 
 

C. Future Meeting Agenda  

Appendix IV summarizes the proposed items endorsed by the Committee for the 577th ACRS 
Meeting, November 4-6, 2010.   
 
A list of documents that were provided to the Committee during the 576th ACRS Meeting is 
listed in Appendix V.  
 
The meeting was adjourned at 7:00 p.m. on October 8, 2010. 
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officer. Participants are requested not to 
include personal privacy information, 
such as social security numbers, home 
addresses, or home phone numbers in 
their filings, unless an NRC regulation 
or other law required submission of 
such information. With respect to 
copyrighted works, except for limited 
excerpts that serve the purpose of the 
adjudicatory filings and would 
constitute a Fair Use application, 
participants are requested not to include 
copyrighted materials in their 
submission. 

Petitions for leave to intervene must 
be filed no later than October 12, 2010. 
Non-timely filings will not be 
entertained absent a determination by 
the presiding officer that the petition or 
request should be granted or the 
contentions should be admitted, based 
on a balancing of the factors specified in 
10 CFR 2.309(c)(1)(i)–(viii). 

III. Opportunity To Provide Written 
Comments 

In accordance with 10 CFR 2.1305(a), 
as an alternative to requests for hearings 
and petitions to intervene, persons may 
submit written comments regarding this 
action. Written comments must be 
submitted no later than October 20, 
2010. The Commission will consider 
and, if appropriate, respond to these 
comments, but such comments will not 
otherwise constitute part of the 
decisional record. Comments should be 
submitted as described in the 
ADDRESSES section of this document. 
Comments received after 30 days will be 
considered if practicable to do so, but 
only those comments received on or 
before the due date can be assured 
consideration. 

IV. Further Information 
Documents related to this action, 

including the application for the 
proposed action, are available 
electronically through the NRC’s 
Electronic Reading Room at http:// 
www.nrc.gov/reading-rm/adams.html. 
From this site, you can access the NRC’s 
Agencywide Document Access and 
Management System (ADAMS), which 
provides text and image files of NRC’s 
public documents. The ADAMS 
accession numbers for the documents 
related to this notice are: June 21, 2010, 
letter from Uranium One re: Pending 
Transaction (ML101810535); and the 
July 20, 2010, Notice of Change of 
Control and Ownership Information and 
License Amendment Application 
(ADAMS ML102090404). If you do not 
have access to ADAMS or if there are 
problems in accessing the documents 
located in ADAMS, contact the NRC 
Public Document Room (PDR) Reference 

staff at 1–800–397–4209, 301–415–4737 
or by e-mail to pdr.resource@nrc.gov. 
These documents may also be viewed 
electronically on the public computers 
located at the NRC’s PDR, O1 F21, One 
White Flint North, 11555 Rockville 
Pike, Rockville, MD 20852. The PDR 
reproduction contractor will copy 
documents for a fee. 

Dated at Rockville, Maryland this 8th day 
of September, 2010. 

For the Nuclear Regulatory Commission. 
Keith I. McConnell, 
Deputy Director, Decommissioning and 
Uranium Recovery Licensing Directorate, 
Division of Waste Management and 
Environmental Protection, Office of Federal 
and State Materials and Environmental 
Management Programs. 
[FR Doc. 2010–23383 Filed 9–17–10; 8:45 am] 

BILLING CODE 7590–01–P 

NUCLEAR REGULATORY 
COMMISSION 

Advisory Committee on Reactor 
Safeguards; Public Meeting 

In accordance with the purposes of 
Sections 29 and 182b of the Atomic 
Energy Act (42 U.S.C. 2039, 2232b), the 
Advisory Committee on Reactor 
Safeguards (ACRS) will hold a meeting 
on October 7–9, 2010, 11545 Rockville 
Pike, Rockville, Maryland. The date of 
this meeting was previously published 
in the Federal Register on Monday, 
October 14, 2009, (74 FR 52829–52830). 

Thursday, October 7, 2010, Conference 
Room T2–B1, Two White Flint North, 
Rockville, Maryland 

8:30 a.m.–8:35 a.m.: Opening Remarks 
by the ACRS Chairman (Open)— 
The ACRS Chairman will make 
opening remarks regarding the 
conduct of the meeting. 

8:35 a.m.–10:30 a.m.: Final Safety 
Evaluation Report Associated with 
the Economic Simplified Boiling 
Water Reactor (ESBWR) Design 
Certification Application (Open/ 
Closed)—The Committee will hear 
presentations by and hold 
discussions with representatives of 
the NRC staff, General Electric— 
Hitachi (GEH), and Entergy 
Operations, Inc. regarding the final 
Safety Evaluation Report associated 
with the ESBWR design 
certification application. [Note: A 
portion of this session may be 
closed in order to discuss and 
protect information designated as 
proprietary by GEH pursuant to 5 
U.S.C. 552b(c)(4)] 

10:45 a.m.–12:15 p.m.: Final Safety 
Evaluation Report Associated with 

the License Renewal Application for 
the Cooper Nuclear Station 
(Open)—The Committee will hear 
presentations by and hold 
discussions with representatives of 
the NRC staff and the Nebraska 
Public Power District regarding the 
license renewal application and 
final Safety Evaluation Report for 
the Cooper Nuclear Station. 

1:15 p.m.–2:45 p.m.: Final Safety 
Evaluation Report Associated with 
the License Renewal Application 
and for the Duane Arnold Energy 
Center (Open)—The Committee will 
hear presentations by and hold 
discussions with representatives of 
the NRC staff and FPL Energy 
Duane Arnold, LLC regarding the 
license renewal application and 
final Safety Evaluation Report for 
the Duane Arnold Energy Center. 

3 p.m.–5 p.m.: Draft Final Rule for Risk- 
Informed Changes to Loss-of- 
Coolant Accident (LOCA) Technical 
Requirements (10 CFR 50.46a) 
(Open)—The Committee will hear 
presentations by and hold 
discussions with representatives of 
the NRC staff regarding the draft 
final rule for risk-informed changes 
to LOCA technical requirements (10 
CFR 50.46a). 

5:15 p.m.–7 p.m.: Preparation of ACRS 
Reports (Open)—The Committee 
will discuss proposed ACRS reports 
on matters discussed during this 
meeting. 

Friday, October 8, 2010, Conference 
Room T2–B1, Two White Flint North, 
Rockville, Maryland 
8:30 a.m.–8:35 a.m.: Opening Remarks 

by the ACRS Chairman (Open)— 
The ACRS Chairman will make 
opening remarks regarding the 
conduct of the meeting. 

8:35 a.m.–10:30 a.m.: Digital I&C 
Interim Staff Guidance on Licensing 
Process (ISG–6) (Open)—The 
Committee will hear presentations 
by and hold discussions with 
representatives of the NRC staff and 
Nuclear Energy Institute (NEI) 
regarding Digital I&C Interim Staff 
Guidance on Licensing Process 
(ISG–6). 

10:45 a.m.–12:15 p.m.: Staff Efforts to 
Address Containment Liner 
Corrosion (Open)—The Committee 
will hear presentations by and hold 
discussions with representatives of 
the NRC staff regarding staff efforts 
to address containment liner 
corrosion. 

1:15 p.m.–2:45 p.m.: Future ACRS 
Activities/Report of the Planning 
and Procedures Subcommittee 
(Open/Closed)—The Committee 
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Package Services 3 Negotiated Service Agreements 
and Application For Non–Public Treatment of 
Materials Filed Under Seal, September 10, 2010 
(Notice). 

will discuss the recommendations 
of the Planning and Procedures 
Subcommittee regarding items 
proposed for consideration by the 
Full Committee during future ACRS 
Meetings, and matters related to the 
conduct of ACRS business, 
including anticipated workload and 
member assignments. [Note: A 
portion of this meeting may be 
closed pursuant to 5 U.S.C. 552b (c) 
(2) and (6) to discuss organizational 
and personnel matters that relate 
solely to internal personnel rules 
and practices of ACRS, and 
information the release of which 
would constitute a clearly 
unwarranted invasion of personal 
privacy] 

2:45 p.m.–3 p.m.: Reconciliation of 
ACRS Comments and 
Recommendations (Open)—The 
Committee will discuss the 
responses from the NRC Executive 
Director for Operations to 
comments and recommendations 
included in recent ACRS reports 
and letters. 

3:15 p.m.–4:15 p.m.: Assessment of the 
Quality of Selected NRC Research 
Projects (Open)—The Committee 
will hold discussions with members 
of the ACRS Panels performing the 
quality assessment of the NRC 
research projects on: NUREG/CR– 
6947, ‘‘Human Factors 
Consideration with Respect to 
Emerging Technology in Nuclear 
Power Plants,’’ and NUREG/CR– 
6997, ‘‘Modeling a Digital 
Feedwater Control System Using 
Traditional Probabilistic Risk 
Assessment Methods.’’ 

4:15 p.m.–5:45 p.m.: Preparation for 
Meeting with the Commission on 
November 5, 2010 (Open)—The 
Committee will discuss the topics 
for meeting with the Commission 
on November 5, 2010. 

6 p.m.–7 p.m.: Preparation of ACRS 
Reports (Open)—The Committee 
will continue its discussion of 
proposed ACRS reports. 

Saturday, October 9, 2010, Conference 
Room T2–B1, Two White Flint North, 
Rockville, Maryland 

8:30 a.m.–3 p.m.: Preparation of ACRS 
Reports (Open)—The Committee 
will continue its discussion of 
proposed ACRS reports. 

3 p.m.–3:30 p.m.: Miscellaneous 
(Open)—The Committee will 
discuss matters related to the 
conduct of Committee activities and 
specific issues that were not 
completed during previous 
meetings. 

Procedures for the conduct of and 
participation in ACRS meetings were 
published in the Federal Register on 
October 14, 2009, (74 FR 52829–52830). 
In accordance with those procedures, 
oral or written views may be presented 
by members of the public, including 
representatives of the nuclear industry. 
Persons desiring to make oral statements 
should notify Ms. Ilka Berrios, 
Cognizant ACRS Staff (Telephone: 301– 
415–3179, E-mail: Ilka.Berrios@nrc.gov), 
five days before the meeting, if possible, 
so that appropriate arrangements can be 
made to allow necessary time during the 
meeting for such statements. In view of 
the possibility that the schedule for 
ACRS meetings may be adjusted by the 
Chairman as necessary to facilitate the 
conduct of the meeting, persons 
planning to attend should check with 
the Cognizant ACRS staff if such 
rescheduling would result in major 
inconvenience. 

Thirty-five hard copies of each 
presentation or handout should be 
provided 30 minutes before the meeting. 
In addition, one electronic copy of each 
presentation should be emailed to the 
Cognizant ACRS Staff one day before 
meeting. If an electronic copy cannot be 
provided within this timeframe, 
presenters should provide the Cognizant 
ACRS Staff with a CD containing each 
presentation at least 30 minutes before 
the meeting. 

In accordance with Subsection 10(d) 
Public Law 92–463, and 5 U.S.C. 
552b(c), certain portions of this meeting 
may be closed, as specifically noted 
above. Use of still, motion picture, and 
television cameras during the meeting 
may be limited to selected portions of 
the meeting as determined by the 
Chairman. Electronic recordings will be 
permitted only during the open portions 
of the meeting. 

ACRS meeting agenda, meeting 
transcripts, and letter reports are 
available through the NRC Public 
Document Room at 
pdr.resource@nrc.gov, or by calling the 
PDR at 1–800–397–4209, or from the 
Publicly Available Records System 
(PARS) component of NRC’s document 
system (ADAMS) which is accessible 
from the NRC Web site at http:// 
www.nrc.gov/reading-rm/adams.html or 
http://www.nrc.gov/reading-rm/doc- 
collections/ACRS/. 

Video teleconferencing service is 
available for observing open sessions of 
ACRS meetings. Those wishing to use 
this service for observing ACRS 
meetings should contact Mr. Theron 
Brown, ACRS Audio Visual Technician 
(301–415–8066), between 7:30 a.m. and 
3:45 p.m. (ET), at least 10 days before 

the meeting to ensure the availability of 
this service. 

Individuals or organizations 
requesting this service will be 
responsible for telephone line charges 
and for providing the equipment and 
facilities that they use to establish the 
video teleconferencing link. The 
availability of video teleconferencing 
services is not guaranteed. 

Dated: September 14, 2010. 
Andrew L. Bates, 
Advisory Committee Management Officer. 
[FR Doc. 2010–23380 Filed 9–17–10; 8:45 am] 

BILLING CODE 7590–01–P 

POSTAL REGULATORY COMMISSION 

[Docket Nos. CP2010–105 through CP2010– 
115; Order No. 535] 

New Postal Product 

AGENCY: Postal Regulatory Commission. 
ACTION: Notice. 

SUMMARY: The Commission is noticing a 
recently–filed Postal Service request to 
add 11 Global Expedited Package 
Services 3 contracts to the Global 
Expedited Package Services product. 
This notice addresses procedural steps 
associated with this filing. 
DATES: Comments are due: September 
20, 2010. 
ADDRESSES: Submit comments 
electronically via the Commission’s 
Filing Online system at 
http://www.prc.gov. Commenters who 
cannot submit their views electronically 
should contact the person identified in 
FOR FURTHER INFORMATION CONTACT by 
telephone for advice on alternatives to 
electronic filing. 
FOR FURTHER INFORMATION CONTACT: 
Stephen L. Sharfman, General Counsel, 
stephen.sharfman@prc.gov or 202–789– 
6820. 
SUPPLEMENTARY INFORMATION: 

Table of Contents 

I. Introduction 
II. Notice of Filing 
III. Ordering Paragraphs 

I. Introduction 

On September 10, 2010, the Postal 
Service filed a notice announcing that it 
has entered into 11 additional Global 
Expedited Package Services 3 (GEPS 3) 
contracts.1 The Postal Service believes 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
WASHINGTON, DC 20555 – 0001  

 
     

October 13, 2010 
 

AGENDA 
577th ACRS MEETING 

November 4-6, 2010 

 
THURSDAY, NOVEMBER 4, 2010, CONFERENCE ROOM T-2B1, 11545 ROCKVILLE PIKE, 
ROCKVILLE, MD 

1) 8:30 AM - 8:35 AM 

 
 

Opening Remarks by the ACRS Chairman
1.1) Opening Statement 

 (Open) (SAK/EMH) 

1.2) Items of Current Interest 
 
2) 8:35 AM - 10:00 AM Standard Review Plan for Renewal of Independent Spent Fuel 

Storage Installation Licenses and Dry Cask Storage System 
Certificates of Compliance
2.1)  Remarks by the Subcommittee Chairman 

 (Open) (MTR/CLB) 

2.2)  Briefing by and discussions with representatives of the 
NRC staff regarding the Standard Review Plan for renewal 
of Independent Spent Fuel Storage Installation Licenses 
and dry cask storage system Certificates of Compliance. 

 
10:00 AM - 10:15 AM  *** BREAK *** 
 
3) 10:15 AM - 12:00 PM Draft Final Revision 2 of NUREG-1801, "Generic Aging Lessons 

Learned (GALL) Report," and NUREG-1800, "Standard Review 
Plan for Review of License Renewal Applications for Nuclear 
Power Plants
3.1)  Remarks by the Subcommittee Chairman 

” (Open) (MVB/PW) 

3.2)  Briefing by and discussions with representatives of the 
NRC staff regarding Draft Final Revision 2 of NUREG-
1801, "Generic Aging Lessons Learned (GALL) Report," 
and NUREG-1800, "Standard Review Plan for Review of 
License Renewal Applications for Nuclear Power Plants." 

 
12:00 PM - 1:00 PM  *** LUNCH *** 
  



 
 

-2- 
 
4) 1:00 PM - 4:00 PM Long-Term Core Cooling Approach for the Revised AP1000 

Design
4.1)  Remarks by the Subcommittee Chairman 

 (Open/Closed) (HBR/WW) 

4.2)  Briefing by and discussions with representatives of the 
NRC staff and Westinghouse regarding the long-term core 
cooling approach for the revised AP1000 design.  

 
[NOTE: A portion of this session may be closed to protect 
information that is proprietary to Westinghouse and its 
contractors pursuant to 5 U.S.C. 552b (c)(4).] 
 

4:00 PM - 4:15 PM  *** BREAK *** 
 
5) 4:15 PM - 5:15 PM Discussion of Topics for Meeting with the Commission

Discussion of the following topics for meeting with the 
Commission: 

 
(Open)(SAK, et al./EMH, et al.) 

5.1) Overview 
5.2) ABWR Aircraft Impact Assessment 
5.3) 10 CFR 50.46(a), “Risk-Informed Changes to Loss-of-

Coolant Accident Technical Requirements” 
5.4) Mixed Oxide Fuel Fabrication Facility 
5.5) ESBWR – Long-term Core Cooling 
5.6) Design Acceptance Criteria (DAC) 

 
6) 5:15 PM - 7:00 PM Preparation of ACRS Reports

6.1) Standard Review Plan for Renewal of Independent Spent 
Fuel Storage Installation Licenses and Dry Cask Storage 
System Certificates of Compliance (MTR/CLB) 

 (Open) 

6.2) Draft Final Revision 2 of NUREG-1801, "Generic Aging 
Lessons Learned (GALL) Report," and NUREG-1800, 
"Standard Review Plan for Review of License Renewal 
Applications for Nuclear Power Plants" (MVB/PW) 

6.3) Long-Term Core Cooling Approach for the Revised 
AP1000 Design (HBR/WW) 

 
FRIDAY, NOVEMBER 5, 2010, CONFERENCE ROOM T-2B1, 11545 ROCKVILLE, PIKE, 
ROCKVILLE, MD 

7) 8:30 AM - 9:15 AM 

 
 

Discussion of Topics for Meeting with the Commission

Continuation of the discussion of the topics for meeting with the 
Commission listed in item 5. 

 (Open) 
(SAK, et al./EMH, et al.) 

 
9:15 AM - 9:30 AM  *** BREAK *** 
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8) 9:30 AM - 12:15 PM Meeting with the Commission

Meeting with the Commission to discuss topics listed under Item 
5, Commissioners’ Conference Room, One White Flint North.   

 (Open) (SAK, et al./EMH, et al.) 

 
12:15 PM - 1:15 PM  *** LUNCH *** 
 
9) 1:15 PM - 2:45 PM Future ACRS Activities/Report of the Planning and Procedures 

Subcommittee
9.1)  Discussion of the recommendations of the Planning and 

Procedures Subcommittee regarding items proposed for 
consideration by the Full Committee during future ACRS 
meetings 

 (Open/Closed) (SAK/EMH) 

9.2)  Report of the Planning and Procedures Subcommittee on 
matters related to the conduct of ACRS business, including 
anticipated workload and member assignments. 

 
[NOTE: A portion of this meeting may be closed pursuant to 5 
U.S.C. 552b (c) (2) and (6) to discuss organizational and 
personnel matters that relate solely to internal personnel 
rules and practices of ACRS, and information the release of 
which would constitute a clearly unwarranted invasion of 
personal privacy.] 

 
10) 2:45 PM - 3:00 PM Reconciliation of ACRS Comments and Recommendations

Discussion of the responses from the NRC Executive Director for 
Operations to comments and recommendations included in recent 
ACRS reports and letters. 

 
(Open) (SAK, et al./CS/AFD) 

 
3:00 PM - 3:15 PM  *** BREAK *** 
 
11) 3:15 PM - 4:15 PM Assessment of the Quality of Selected NRC Research Projects

11.1) Remarks by the Subcommittee Chairman 

 
(Open) (DAP/HPN) 

11.2) Discussions with members of the ACRS Panels performing 
the quality assessment of the NRC research projects on: 
NUREG/CR-6947, “Human Factors Consideration with 
Respect to Emerging Technology in Nuclear Power 
Plants," and NUREG/CR-6997, “Modeling a Digital 
Feedwater Control System Using Traditional Probabilistic 
Risk Assessment Methods” 

 
12) 4:15 PM - 7:00 PM Preparation of ACRS Reports

12.1) Standard Review Plan for Renewal of Independent Spent 
Fuel Storage Installation Licenses and Dry Cask Storage 
System Certificates of Compliance (MTR/CLB) 

 (Open) 
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12.2) Draft Final Revision 2 of NUREG-1801, "Generic Aging 

Lessons Learned (GALL) Report," and NUREG-1800, 
"Standard Review Plan for Review of License Renewal 
Applications for Nuclear Power Plants" (MVB/PW) 

12.3) Long-Term Core Cooling Approach for the Revised 
AP1000 Design (HBR/WW) 

12.4) Assessment of the Quality of Selected NRC Research 
Projects (DAP/HPN). 

 
SATURDAY, NOVEMBER 6, 2010, CONFERENCE ROOM T-2B1, 11545 ROCKVILLE PIKE, 
ROCKVILLE, MD

13) 8:30 AM - 1:00 PM 

 
 

Preparation of ACRS Reports
Continue discussion of the proposed ACRS reports listed under 
Item 12. There may be a 15 minutes break at some point during 
this activity. 

 (Open) 

 
13) 1:00 PM - 1:30 PM Miscellaneous

Discussion of matters related to the conduct of Committee 
activities and specific issues that were not completed during 
previous meetings, as time and availability of information permit. 

 (Open)(SAK/EMH)  

 

 
NOTES: 

• When appropriate, members of the public and representatives of the nuclear industry 
may provide their views during the briefings. 
 

• During the days of the meeting, phone number 301-415-7360 should be used in order to 
contact anyone in the ACRS Office. 
 

• Presentation time should not exceed 50 percent of the total time allocated for a given 
item. The remaining 50 percent of the time is reserved for discussion. 
 

• Thirty five (35) hard copies and one (1) electronic copy of the presentation materials 
should be provided to the ACRS in advance of the briefing. 
 

• One (1) electronic copy of each presentation should be emailed to the Designated 
Federal Official 1 day before the meeting. If an electronic copy cannot be provided within 
this timeframe, presenters should provide the Designated Federal Official with a CD 
containing each presentation at least 30 minutes before the meeting. 
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RAI 6.2-202; Hydrogen/Oxygen Accumulation
Summary from RAI question:
“Explain how ESBWR would address possible accumulation of 
combustible concentrations of hydrogen and oxygen in the 
PCCS and the ICS.”

Summary of GEH Response:
PCCS: Portions of the condenser now designed to withstand 
detonation.  In addition, catalyst added to vent line to 
mitigate accumulation and RTNSS igniters added for severe 
accident scenarios. 

ICS: Isolate during LOCA and continuously vent during non-
LOCA events to mitigate accumulation.
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Non-LOCA
• Vent continuously with existing lower header vent lines

– Vent valves automatically open after ICS is initiated with a six hour 
time delay

– Flow restricting orifice limits RPV inventory losses
• High ICS Steam Fraction Keeps Condenser Outside Flammability Limits for 

Non-LOCA Events
LOCA 
• Isolate the condenser after stored condensate drains to RPV.

- Automatically close ICS containment isolation valves after DPVs are 
confirmed open

• Isolation minimizes accumulation of radiolytic gas.
• ICS design pressure bounds postulated detonations at these conditions.

ICS Gas Accumulation Summary
Contains GEH Proprietary Information
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PCCS robustly designed to withstand hydrogen/oxygen 
detonation
• Bounding mixture of hydrogen and oxygen was used to conservatively 

determine bounding detonation load which includes a factor for reflections 
and factor for dynamic interaction.

• Detonations are assumed in tubes, lower header, and drain line.
• Catalyst module added to entrance of vent line to mitigate gas 

accumulation.
• For the bounding case, a total of 600 cycles has been analyzed.
• Material changed from 304L to high strength XM-19 for upper header, 

tubes, lower header, drain line, and support saddles and increased wall 
thickness of these components.

• All ASME Class MC PCCS components meet Service Level C acceptance 
criteria for combination of detonation, seismic, thermal, and dead weight 
loads.

• Performed dynamic analysis of detonation wave in lower header to
account for lower header support reactions loads.

PCCS Summary
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PCCS Configuration

Connection to floor 
flange, XM-19

Upper Headers, XM-19

Tubes added and 
thickened, XM-19

Drain Line thickened, XM-19

Vent Line thickened, 316
Steam Line Inlet, 304L

Steam Line, 304L

Lower Headers lengthened 
and thickened, XM-19

Support Saddles 
thickened, XM-19
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Back Up Slides
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• Hydrogen and oxygen are produced through radiolysis in the 
reactor

• BWR components that continuously condense RPV steam 
while removing condensate are subject to potential 
accumulation of radiolytic gas (H2 and O2)

• For ESBWR, two components meet above criteria - the PCCS 
and ICS condensers

• PCCS condenses steam during LOCA

• ICS condenses steam during non-LOCA (e.g. station blackout) 
and during LOCA if not isolated

Accumulation of Radiolytic Gas
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• PCCS detonation pressure for stoichiometric hydrogen and oxygen at 1 atm and 
25 oC is 19 atm: ratio of detonation pressure to initial pressure, PCJ/Po, of 19.

Detonation Pressures

Data from p. 5.1.32, COMBUSTION OF BWR-TYPICAL RADIOLYTIC GAS 
MIXTURES, W. Breitung et al, FZK Report 2007

Hydrogen-Oxygen-Steam Mixtures
Initial Pressure of 1 atm and Temperature of 110 Celcius

6
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• PCJ/Po will decrease with 
increasing steam dilution 
while maintaining 
hydrogen and oxygen at
stoichiometric ratio at 
constant temperature.

• Hydrogen-Oxygen-Steam 
mixtures are flammable 
below 80% steam1.

• Detonation pressure load 
used for PCCS design is 
38.7 MPa (19*0.407*2.5*2)

1. Y. N. Shebeko et al., “The Influence of Inert 
Retardants on the Combustion of Hydrogen-Oxygen 
Mixtures Under Elevated Temperatures and 
Pressures”.  Combustion, Explosion, and Shock 
Waves Vol. 30, No. 2, 1994.



1

Presentation to the ACRS

General Electric Hitachi Nuclear Engineering Company 
ESBWR Design Certification

Aircraft Impact Assessment (AIA) Inspection

Presented by NRO/DCIP, NRO/DSRA, and NRO/DE

October 07, 2010



GEH AIA Inspection
Presentation Outline

• Inspection Overview
• Inspection Bases and Guidance
• Inspection Objective 
• Inspection Activities
• Inspection Outcome
• Inspection Closure Activities

2



• Conducted July 26-28 and August 30 to September 
1, 2010 at the GEH Corporation Facility in 
Wilmington, NC.

3

GEH AIA Inspection
Inspection Overview



• Inspection Basis 

– 10 CFR 50.150, Aircraft Impact Assessment

• Guidance Documents

– IP 37804, Aircraft Impact Assessment (4/27/10)
– Draft Regulatory Guide 1176 which endorses NEI 07-13, 

Methodology for Performing Aircraft Impact Assessments for 
New Plant Designs

4

GEH AIA Inspection
Inspection Bases and Guidance



• Verify that GEH implemented the provisions of 10 CFR 
50.150 such that, with reduced use of operator action, 
the applicant’s design can withstand the effects of a 

large commercial aircraft impact.

5

GEH AIA Inspection
Inspection Objective



GEH AIA Inspection
Inspection Activities

• Verify through sampling that the AIA meet s 10 CFR 50.150 
requirements and the guidance set forth in Draft Regulatory 
Guide (DG) 1176

• Evaluate any deviation from the approach described in      
DG-1176

• Verify that the AIA includes an assessment of the following 
technical elements: 

– aircraft impact characteristics
– plant functions, structures, systems, components, and locations 
– damage mechanisms (physical, shock and vibration, and fire 

assessments) 
– potential responsive actions and strategies
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GEH AIA Inspection
Inspection Activities

• Verify that the AIA adequately evaluates design-specific 
structural damage consistent with IP 37804, Appendix A, 
“Structural Inspection Guidance” 

• Verify that the AIA adequately assesses fire-damage 
consistent with IP 37804, Appendix B, “Fire Damage 

Inspection Guidance”

• Verify that the AIA adequately evaluates system-loss and the 
plant’s capability consistent with the guidance in IP 37804, 

Appendix C, “Specific Systems-Loss Inspection Guidance”

• Verify that AIA documentation and records are being properly 
maintained
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GEH AIA Inspection
Inspection Outcome

• Multiple examples of a single violation:

– GEH did not use realistic analyses for certain aspects of its 
AIA: 

• accurately determine fire-damage footprints 
• adequately consider finite element analyses boundary 

conditions, initial conditions, and the time duration 
• perform mesh refinement sensitivity analyses 
• provide a technical justification for the preliminary impact 

scenarios selected and not selected for the final structural 
analyses using the NRC specified loading and the material 
properties given in NEI 07-13, Rev. 7 

8



GEH AIA Inspection
Inspection Outcome

• Multiple examples of a single violation:

– GEH did not use realistic analyses for certain aspects of its 
AIA:

• include in the AIA the basis for not performing an analysis for an 
aircraft impact on the gantry crane and the corresponding potential 
effects of the crane dropping on the drywell head 

• consider non-local effects from an aircraft impact
• GEH did not fully identify and incorporate some design features 

and functional capabilities into its design such as fire barrier 

design features

9



• Based on the examples noted, the NRC staff determined that 
one violation of 10 CFR 50.150(a)(1) occurred.

• The violation cites that GEH, in certain aspects of its AIA, failed 
to use realistic analyses and did not identify and incorporate into 
the design those design features and functional capabilities 
credited to show that the reactor core remains cooled, or the 
containment remains intact; and spent fuel cooling or spent fuel 
pool integrity is maintained.

• With the exception of the issues identified in the NOV, the 
portions of the ESBWR AIA reviewed by the NRC inspection 
team met the requirements of 10 CFR 50.150 and was 
conducted consistent with the guidance provided in NEI 07-13

10

GEH AIA Inspection
Inspection Outcome



Presentation to the ACRS
ESBWR Design Certification Review:

Chapter 6 – Engineered Safety Features:
Hydrogen Accumulation in PCCS and ICS 

(RAI 6.2-202)

Hanry Wagage

October 7, 2010



Staff Review Team

• Project Manager
– Bruce Bavol

• Technical Staff 
– NRO/DSRA/SBCV Reviewer – Hanry Wagage
– NRO/DSRA/SRSB Reviewer – George Thomas
– NRO/DE/EMB1 Reviewer – Tuan Le
– NRO/DE/SEB2 Reviewer – Samir Chakrabarti
– NRO/DE/CIB2 Reviewer – Robert Davis
– Consultant – Joe Shepherd – Caltech
– Consultant – Mano Subudhi – BNL
– Consultant – Manuel Miranda – BNL

2
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Background

• ACRS raised a concern on the possibility of 
hydrogen accumulation in PCCS at a 
November 2009 meeting

• The staff expanded the issue to ICS
• Regulatory Criteria: 10 CFR 50.46(b)(5), and 

GDC 38 and 50 of 10 CFR 50 Appendix A
• Staff issued RAI 6.2-202 and supplements and 

discussed concerns in public meetings
• The staff consulted experts in detonations and 

structural analysis
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• GEH enhanced the design of PCCS to perform its 
safety function after undergoing multiple 
hydrogen detonations

• GEH conservatively assumed limiting conditions 

in calculating detonation pressure loading and its 

dynamic effects

• PCCS components serving as the containment 

boundary meet the requirements of ASME Code, 

Class MC components; the remaining 

components meet Subsection NC requirements

• An ITAAC will confirm PCCS heat transfer 

capability using a type test

Passive Containment

Cooling System
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• LOCA sequences:  ICS is not credited, except for its 

condensate inventory; ICS will be isolated before 

significant hydrogen accumulation

• During non-LOCA sequences:  venting into the 

suppression pool after 6 hour time delay prevents 

building hydrogen in ICS to detonable levels

• Steam supply piping to the venturi and the drain 

piping from the Tee in pool meet ASME Subsection 

NB requirements; the remaining components meet 

ASME Subsection NC requirements

• ESBWR ICS design capacity bounds loading from 

possible hydrogen detonations

Isolation Condenser System
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Conclusions

• ESBWR PCCS is designed to perform its 

intended safety function after undergoing 

multiple hydrogen detonations

• ESBWR ICS design capacity bounds 

loading from possible hydrogen 

detonations

• Issues on hydrogen accumulation in 

PCCS and ICS are resolved and 

RAI 6.2-202 is closed



GEH AIA Inspection
Inspection Closure Activities

• GEH has 30 days from the date the inspection report 
was issued to respond

• NRC will review GEH’s response to:

– Verify complete response to each individual finding
– Verify that GEH extended its review, where applicable, 

beyond the specific examples identified and that GEH 
provides appropriate oversight

– Determine if a follow-up inspection needs to be performed

11
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Discussion / Questions

GEH AIA Inspection



Presentation to the ACRS
ESBWR Design Certification Review:

Chapter 7 – Instrumentation and Controls

Dinesh Taneja

October 7, 2010
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1) In which modules of the RTIS/NMS platform are watchdog 
timers located?

2) Can a watchdog timer reset (re-boot) a processor without it 
being detected?

The DCD states:

• The RTIF-NMS hardware has watchdog timers for various logic processors 
and logic functions that monitor the execution of the software

• If the software stops executing (suspending the self diagnostics), its watchdog 
timer resets the affected logic processor or logic function 

• Any watchdog timer reset results in a channel trip and alarm while the logic 
processor or logic function is resetting

• RTIF-NMS design complies with IEEE-603 Criteria 5.2 and 7.3, “Completion 

of Protective Actions”

Watchdog Timer
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• IEEE-603 Criteria 7.3 in parts states:

– The design of the execute features shall be such that once initiated, 
the protective actions of the execute features shall go to completion. 
When the sense and command features reset, the execute features 
shall not automatically return to normal; they shall require separate, 
deliberate operator action to be returned to normal. 

• ESBWR DCD Tier 1 DAC/ITAAC items 9a1, 9a2, 9b1, and 9b2 require 
verification of compliance to IEEE-603 Criteria 5.2 and 7.3

Watchdog Timer (cont.)
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Staff finding

– Any watchdog timer initiated reset will result in a trip in the effected 
channel and the condition alarmed in the control room. A deliberate 
operator action is required to manually reset this divisional trip 
condition.  Therefore, any watchdog initiated rest/reboot of any of 
the RTIS/NMS modules is designed to be fully detectable.

– The staff finds that ESBWR RTIF/NMS design meets the applicable 
regulation in IEEE-603 based on the review of staff guidance in SRP 
and BTP 7-21, and review of NUREG/CR-6083.

Watchdog Timer (cont.)



GEH Nuclear Energy

ESBWR Design Certification
Chapter 7 I&C

Advisory Committee on
Reactor Safeguards

Skip Butler

October 7, 2010

Copyright 2010, GE-Hitachi Nuclear Energy Americas LLC
All Rights Reserved
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Open Question from ACRS Meeting on 24 Sept.

Watchdog Timers in RTIF-NMS Platform…

• What is the system response if there are 
problems with the watchdog timers?

• What is the time associated with a reboot?
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In alignment with… BTP HICB-21 and NUREG-6083
Guidance on Digital Computer Real-Time Performance

Watchdog Timers… A Generic Definition

Watchdog timer is a monitoring and corrective action function that triggers a 
system reset or reboot if the application program being monitored neglects to 
regularly service the watchdog timer.  Servicing the watchdog timer is usually 
achieved by writing a digital pulse to it from the program being monitored.

Watchdog timer will reboot the application program when a fault condition 
occurs in the program causing it to become non responsive (e.g.; hang).

Objective of a recovery using a reboot is to bring the system back from the 
unresponsive into an available or operational state.

Watchdog timers may be implemented in hardware only or software. They 
may be implemented in a segmented portion of the same microchip or on a 
separate chip.  In any case, the watchdog timer is independent from and 
external to the application processor.

Watchdog timers MAY be used, as one of several methods, to trigger “fail-
safe” control systems which command specific actions thereby putting 
equipment into a “safe state” until the fault is cleared.
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Q-DCIS Does NOT use Watchdog Timers to initiate “Fail-Safe” action
Q-DCIS Does NOT use Software based Watchdog Timers

Watchdog Timers… Q-DCIS Description in DCD
7.1.3.4 Q-DCIS Testing and Inspection Requirements
4th Para.:

The RTIF-NMS hardware has watchdog timers for various logic processors and logic functions that 
monitor the execution of the software.  If the software stops executing (suspending the self-
diagnostics), its watchdog timer resets the affected logic processor or logic function.
This results in a channel trip and alarm while the logic processor or logic function is resetting.

5th Para.:
The SSLC/ESF platform is a Triple Modular Redundant (TMR) system, with three main processors.  
The main processors are monitored by individual watchdog timers that reset or fail a main processor 
depending on the severity of the problem.  A single or double main processor failure causes alarms, 
but the division continues to function to provide the required automatic protective actions.

6th Para.:
Both RTIF-NMS and SSLC/ESF are cyclically tested from the sensor input point to logic contact 
output.  The self-diagnostic capabilities include power supply checks, microprocessor checks, system 
initialization, watchdog timers, memory integrity checks, I/O data integrity checks, communication 
bus interfaces checks, and checks on the application program (checksum). Cyclically monitored items 
include:

6th Para., 4th Heading – Response Time Test:
The response time test is performed by a series of sequential, overlapping, or total steps to 
measure the entire response time.  The logic processor or logic function self-diagnostics and the 
TSM support the performance of the response time test for the safety-related platforms.  Watchdog 
timers monitor logic processor or logic function internal clocks and alarms for out-of-limit conditions 
and the completion of application code per logic processor or logic function cycle.  Since the clocks 
set the response time, there is no mechanism for the response time to change without alarm or trip.
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Any RMU, DTM, or TLU Processor reboot Does NOT prevent…
Completion of Protective Action – IEEE Std. 603 Criteria 5.2 and 7.2 

Watchdog Timer resets RTIF (RPS)… What is cycle time?

Based on existing designs (e.g.; GEH ABWR Lungmen), 
reasonable expectations for the reboot behavior and 
performance of processors in ESBWR’s RTIF (RPS) are:
• Application program loop cycle time is ~20 milli-seconds 

Therefore…
• Watchdog timer is pulsed once ~20 milli-seconds
• After adjustable time (<200 milli-sec.)…

If there is no service pulse to watchdog timer, then
it will time out and initiate a reset of the processor’s program

• Nominal reset or reboot time for the application processor is
several seconds (<5 sec.) before program comes back on line
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Any RMU, DTM, or TLU Processor reboot does
NOT prevent Completion of Protective Action per

IEEE Std. 603 Criteria 5.2 and 7.2 

Watchdog Timer affect… Conclusion

• Processor reboot triggered by Watchdog Timer does 
NOT affect downstream interpretation of “Loss of 
Communication” as a TRIP

• Interpretation of TRIP happens in 1 cycle time

• Rebooted processor comes on line in TRIP Status

• TRIP Status shall only be reset by Manual
Operator Action



7

Back-Up
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Figure 7.2-1
RPS Simplified Functional Block Diagram

DCD Figure 7.2-1
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DCD Figure 7.2-11a

Figure 7.2-11a
Reactor Trip and Isolation Function (RTIF) Simplified Functional Block Diagram
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Figure 7.2-11b
Reactor Trip and Isolation Function (RTIF) Simplified Functional Block Diagram – Output Logic Unit Detail

DCD Figure 7.2-11b
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Watchdog Timers do NOT represent a credible failure mode in SSLC/ESF 

Watchdog Timers in… SSLC/ESF Platform

SSLC/ESF uses a different hardware / software architecture from RTIF-NMS
• Is NOT “Fail Safe” but rather “Fail As Is”
• Does NOT distribute programs into different modules, cards and chassis
• Does use Triple Modular Redundant (TMR) processors each with their 

own monitoring, diagnostics, and Watchdog Timers
• Any single processor failure will be identified, diagnosed, and “out voted” 

by the remaining “2-out-of-3” TMR processors
• Function will be performed even with “1-out-of-3” TMR processors
• Loss of communication between divisions will NOT cause erroneous 

safety action
• If all SSLC/ESF divisions fail simultaneously, then…

• Diverse Protection System (DPS) will perform the safety function
• Failure condition will be alarmed in N-DCIS in general and Technical 

Specification Monitor (TSM) system specifically
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End



Cooper Nuclear Station
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ACRS License Renewal Subcommittee
March 4, 2009

ACRS Committee Meeting
October 7, 2010

Cooper Nuclear Station 
License Renewal



Cooper Nuclear Station 
Personnel in Attendance
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Brian O’Grady Site Vice President and Chief Nuclear Officer

Art Zaremba Director, Nuclear Safety Assurance

Dan Buman Director, Engineering

Dave Bremer Project Manager, License Renewal

Technical Staff and Project Support Personnel



Agenda

• Background

– Current Status

– Site Description 

• Technical Items of Interest

– SER Open Items and Emergent Request for Additional 

Information (RAI)

• Concluding Remarks
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Background

• Current plant status

• General Electric (NSSS), Burns & Roe (A/E)

• Westinghouse turbine and generator

• BWR-4, Mark-I Containment

• 2419 MW thermal power, 830 Mwe

• Once-through cooling from Missouri River

• Staff complement: approximately 725
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Background

• Submitted LRA, September 30, 2008

• ACRS Sub Committee Meeting, May 5, 2010

• Received Final SEIS, August 30, 2010

• Received Final SER, September 1, 2010

• Next refuel outage March 2011

• End of current license term, January 18, 2014

5
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• OI 2.3.4.2-1 Steam and Power Conversion Systems 
In-Scope for 10 CFR 54.4(a)(2)

• OI 3.0.3.1-1 One-Time Inspection, Small Bore Piping 
Program

• OI 3.0.3.1.2-1 Buried Piping and Tanks Inspection

• OI 3.0.3.2-1 Containment Inservice Inspection 
Program

• RAI B.1.25-2 Non-EQ Inaccessible Medium-Voltage 
Cable Program

Technical Items of Interest
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Open Item 2.3.4.2-1
Steam and Power Conversion Systems In-Scope

for 10 CFR 54.4(a)(2)
• Background

– Condensate storage tank (CST) 1A and flow path were not 
included within initial scoping for license renewal

• Resolution [Closed in SER Section 2.3.4.2.2]
– CST 1A and associated piping within have been added to  

the scope of license renewal and subject to aging 
management review
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Open Item 3.0.3.1-1
One-Time Inspection, Small Bore Piping Program

• Background
– Application included one-time inspection of small bore 

socket welds 
• Did not include periodic inspections or socket weld 

volumetric exams

• Resolution [Closed in SER Section 3.0.3.1.11]
– CNS will perform periodic volumetric exams 

• Three Class-1 socket welded connections each 10 year 
interval
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Open Item 3.0.3.1.2-1
Buried Piping and Tanks Inspection

• Background
– NRC Staff had requested information regarding Buried 

Piping and Tanks Inspection Program 
• Changes in response to recent industry events

• Resolution [Closed in SER Section 3.0.3.1.2]
– NPPD will develop and implement BP&T Program per 

industry initiative 
– NPPD will inspect a minimum of 2% total linear feet of all 

high-risk in-scope buried piping prior to PEO

– NPPD will inspect at least once every 10 years a minimum 
of 2% linear feet of all high-risk buried pipe   
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Open Item 3.0.3.1.2-1
Buried Piping and Tanks Inspection

• Resolution (con’t)

– NPPD will perform annual testing and maintain the cathodic
protection system in accordance with industry standards

– NPPD will upgrade cathodic protection system
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Containment Inservice Inspection Program
• Background

– Applicant has not demonstrated that the effects of the torus 
degradation will be adequately managed for the period of 
extended operation

• Resolution [Closed in SER Section 3.0.3.2.6]
– NPPD will remove sludge and inspect wetted portion of the 

torus every refueling outage until torus is recoated 
– NPPD will verify torus design margin after each inspection
– NPPD will recoat wetted portion of the torus within 3 years 

of entering the PEO

Open Item 3.0.3.2-1
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Non-EQ Inaccessible Medium-Voltage Cable Program
• Background

– Based on industry OE the staff concluded that low-voltage 
power cables should be included in an AMP

• Resolution [Closed in SER Section 3.0.3.1.7]

–NPPD enhanced the inaccessible medium-voltage cable 
program to include low-voltage power cables (480 V to 2 kV) 
that have a license renewal intended function

–NPPD will test inaccessible low-voltage power cables prior to 
PEO and at least once every 10 years thereafter

RAI B.1.25-2
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Non-EQ Inaccessible Medium-Voltage Cable Program
• Resolution (con’t)

– NPPD will inspect in-scope manholes at least once every 
two years

– NPPD will perform condition-based inspections of the 
manhole without an automatic sump pump based on:

a) potentially high water table conditions

b) after periods of heavy rain 

RAI B.1.25-2



Closing Remarks

• Conclusion
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Safety Evaluation Report (SER)

October 7, 2010

Tam Tran, Project Manager
Office of Nuclear Reactor Regulation

Advisory Committee on Reactor Safeguards (ACRS) 
License Renewal

Cooper Nuclear Station (CNS)
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Presentation Outline

• Overview of CNS license renewal review

• SER Section 2: Scoping and Screening Review 
Results

• SER Section 3: Aging Management Review 
Results

• SER Section 4: Time-Limited Aging Analyses 
(TLAAs)
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Overview (SER)

• Safety Evaluation Report (SER) with Open Items was 
issued on April 6, 2010. 
- 4 Open Items (OIs): 

OI 2.3.4.2-1 - scoping of condensate storage tank 
OI 3.0.3.1-1 - management of small bore piping socket welds
OI 3.0.3.1-2 - management of buried piping and tanks 
OI 3.0.3.2-1 - management of pitting corrosion in the torus

- 1 Confirmatory Item (CI): 
CI 4.3.3.2-1 - use of NUREG/CR 6335 vs. 6909 for metal 
fatigue analyses of alloy 600 components
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Overview (SER) – con’t

• Final Safety Evaluation Report (SER) was 
issued to the applicant September 1, 2010. 
- Closure of 4 OIs and 1 CI
- One new issue was identified and resolved,

related to the management of  480 V – 2 kV 
low voltage power cables.
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OI 2.3.4.2-1 is closed.
• License Renewal Application (LRA) did not include 

Condensate Storage Tank (CST) 1A and flow path 
within scope for license renewal.

• Staff’s position is that CST 1A should be in scope, in 
accordance with 10 CFR 54.4(a)(2), because it is a 
viable and allowable source of coolant for Emergency 
Core Cooling System (ECCS) operation during 
shutdown.

• Closure: Applicant amended LRA to include CST 1A 
within the scope of license renewal.

Section 2.3.4.2: Steam and 
Power Conversion Systems 
In-Scope for 10 CFR 54.4(a)(2)
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OI 3.0.3.1-1 is closed.
• CNS proposed to use visual (VT-2) examination in 

accordance with ASME Code Section XI for socket 
welds.

• Given previous operating experience (OE) of socket 
weld failures at CNS, staff determined that periodic 
volumetric examinations would be consistent with 
GALL AMP XI.M35.

• Closure: Applicant committed to provide periodic 
volumetric examination in addition to visual, every  
10-year interval.

Section 3.0.3.1.11: One-Time 
Inspection, Small Bore Piping 
Program
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Section 3.0.3.1.2:  Buried 
Piping and Tanks Inspection 
Program

OI 3.0.3.1.2-1 is closed.
• Given recent industry OE related to leaks from buried 

and underground piping, staff is interested in efforts to 
incorporate such OE into aging management program 
at CNS. 

• Staff requested late RAI B.1.3-3 on April 13, 2010, 
regarding buried and underground piping at CNS.

• Closure: Applicant manages the aging effect via a 
combination of preventive program element (i.e., 
cathodic protection upgrade) and condition monitoring 
consistent with current industry and plant operating 
experience.
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Section 3.0.3.2.6:  Containment 
Inservice Inspection Program

OI 3.0.3.2-1 is closed.

• Staff questioned CNS’s management of pitting 
corrosion in the torus for long term consideration 
(period of extended operation or PEO) and preventive 
measures (e.g., recoating).

• Staff has concerns about the cumulative effect of over 
2000 pits that may affect containment integrity during 
PEO.

• Closure: Applicant committed to manage the aging 
effect via a combination of engineering control (i.e., 
recoating of the torus) and compensatory measures  
(i.e., material condition inspections and removal of 
sludge prior and during PEO).



Management of Low Voltage 
Cables (480 V – 2 kV)

• Recent industry operating experience identified in 
responses to Generic Letter (GL) 2007-01 shows that 
the presence of water or moisture could lead to 
inaccessible low voltage (480 V to 2 kV) power cable 
failures.

• Staff issued RAI B.1.25-2 on August 18, 2010, 
regarding in-scope inaccessible low voltage power 
cable operating experience at CNS.

• Applicant enhanced E3 AMP to:
- include inaccessible low voltage power cables.
- implement tests and inspections consistent with plant-

specific operating experience.

9
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CI 4.3.3.2-1 is closed.
• Staff requested confirmation regarding the use of 

1995 NUREG/CR as opposed to 2007 NUREG/CR, for 
calculating the environmental correction factor for 
nickel alloy components.

• Closure: Applicant committed to perform analyses 
using 2007 NUREG/CR, two years prior to PEO, or 
repair or replace the affected component before 
exceeding an environmentally-adjusted CUF of 1.0 as 
appropriate.

Section 4.3: Metal Fatigue
Analyses
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Conclusion

On the basis of its review, the staff 
determines that the requirements of license 
renewal (10 CFR 54.29(a)) have been met 
for the license renewal of Cooper Nuclear 
Station.



Duane Arnold Energy Center

ACRS License Renewal Presentation
October 7, 2010
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Personnel in Attendance

Christopher Costanzo Site Vice President
Ken Kleinheinz Engineering Director
Ken Putnam License Renewal Project Manager
Curt Bock License Renewal Mechanical Lead
Ken Chew License Renewal Civil Lead
Mike Fairchild License Renewal Electrical Lead
Clara Rushworth License Renewal Licensing Lead
Eric Sorenson Program Engineering
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Agenda

• Background
• Operating History
• License Renewal Project Overview
• ACRS LR Subcommittee Follow-Up Items

– Buried Piping
– Small Bore Piping

• Low Voltage Cable Testing
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Background – Site

• Approximately 6 miles NW of Cedar Rapids, Iowa
• General Electric (NSSS & Turbine Generator)
• Bechtel (AE and Constructor)
• BWR- Mark I Containment
• 1912 MWt Thermal Power; ~ 630 MWe
• Cedar River is ultimate heat sink and water makeup 

source.  Forced draft cooling towers for condenser 
cooling

• Staff Complement: approximately 610
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Background – Plant Status

• Startup from Refuel Outage 21 – March 2009
• Current Plant Status
• Next Refuel Outage – October 23, 2010
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Operating History – Licensing

Construction Permit June 17, 1970

Operating License February 22, 1974

Commercial Operation February 1, 1975

Uprated Power License (~5%) March 27, 1985

Extended Power Uprate License (~15%) November 6, 2001
License Transfer to FPL Energy (NextEra) January 27, 2006

LR Application Submitted September 30, 2008

Operating License Expires February 21, 2014
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Project Overview – Scoping

• Scoping process consistent with requirements of 10CFR 
54 and the guidance of NEI 95-10

• Utilized site component database, controlled drawings, 
design and licensing documents

• Non-Safety Affecting Safety (a)(2)
– Reviewed safety related equipment locations
– Conservative “spaces” approach
– Performed walk-downs for verification

• Commodity groups used when evaluations were best 
performed by component type rather than SSC
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Project Overview – TLAA

• Design and Licensing Basis reviewed for potential Time Limited 
Aging Analysis

• Neutron fluence was determined for DAEC operation out to 54 
EFPY using RAMA methodology.  
– Extended operation to 60 years will be bounded by 54 EFPY.  
– Fluence determined for vessel and internals.
– Pressure/Temperature Curves created for 54 EFPY.

• Thermal Cycle projections updated for 60 year life
– Used to evaluate fatigue for 60 year life.

• Environmental Fatigue evaluated for locations identified in 
NUREG/CR-6260 using NUREG/CR-6583 and 5704

• Environmental Qualification files and calculations updated to 
60 year life, preplanned tasks initiated for component 
maintenance and replacement
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Project Overview – Application
of GALL Programs

• 43 Aging Management Programs
– 19 Programs in place with out Enhancements
– 10 Programs will be Enhanced
– 14 New Programs

• GALL Consistency
– 28 Consistent
– 11 Consistent with Exceptions
– 4 Plant Specific

Electrical Connections Program
Electrical Penetration Assembly Program
ASME Code Class 1 Small-bore Piping Inspection Program
Boral Surveillance Program
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Project Overview – Commitment Process

• 53 Regulatory Commitments for License Renewal
• Commitments entered into site commitment tracking 

system
• Implementation activities underway to ensure completion 

well in advance of Period of Extended Operation
• Retain portion of project core team to support  

implementation activities with program owners
• Specific projects for larger items 
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ACRS LR Subcommittee Follow-up Items –
Buried Piping

• Issue
– Recent industry events involving leakage from buried and 

underground piping may warrant changes to the Buried Piping 
and Tanks Inspection Program beyond requirements in GALL 
Rev. 1

• Resolution
– Program enhanced to specify periodic inspection of each 

material environment combination and prioritizes piping 
containing hazardous material

– Program enhanced due to DAEC recent operating experience 
with leak on fire protection header to incorporate additional 
inspections of ductile cast iron

– Program enhanced to specify cathodic protection target reliability 
of >90% and periodic NACE surveys
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ACRS LR Subcommittee Follow-up Items –
Small Bore Socket Welds

• Issue
– NUREG-1801 recommends a volumetric examination of Small 

Bore Class 1 Piping using qualified techniques
– No industry accepted qualified volumetric exam technique for 

socket welds exists
• Resolution

– Perform periodic volumetric exams of 10 percent of Class 1 
socket welds using industry qualified exam technique if it is 
available at time of exam

– If no industry qualified examination technique is available at time 
of inspections, a plant procedure for volumetric examination will 
be used

– Sample selection based on susceptibility, ability to inspect, dose 
considerations, operating experience and limiting locations
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Generic Industry RAI
Cable Testing

• Issue
– Industry experience from Generic Letter 2007-01 indicates that  

power cables energized to 480V and higher can experience 
failures where extended exposure to water is a contributing factor

– GALL Rev. 1 Inaccessible Medium Voltage Cable program does 
not require testing for inaccessible cables less than 2kV and does 
not require testing of inaccessible cables that are not normally 
energized.

• Resolution
– Expanded scope of Inaccessible Medium Voltage Cable Program 

to include inaccessible 480 V to 2 kV power cables
– Expanded scope of Inaccessible Medium Voltage Cable Program 

to include all inaccessible 2 to 35 kV power cables (not just 
normally energized)

– DAEC has not experienced any 480 V to 35 kV power cable 
failures due to aging
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Questions?



Advisory Committee on Reactor Safeguards 
License Renewal Full Committee

Duane Arnold Energy Center
Safety Evaluation Report

October 7, 2010
Brian K. Harris, Project Manager

Office of Nuclear Reactor Regulation
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Outline

• Overview

• Open Items

• Additional Issue

• Conclusion
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• Safety Evaluation Report with Open Items 
was issued May 7,2010

• 2 Open Items
OI-3.0.3.3.3 Socket Welds
OI-3.0.3.1.7 Buried Piping

• Additional Issue 
3.0.3.1.19 Inaccessible Power Cables

Overview
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OI-3.0.3.3.3 
• DAEC proposed to use visual (VT-2) examination for 

socket welds
• GALL AMP XI.M.35 recommends volumetric 

examination
• Given previous operating experience of socket weld 

failures, GALL recommends that periodic volumetric 
examination is necessary for managing cracking in 
socket welds

• Closure:  DAEC committed to perform periodic 
volumetric inspections of socket welds

Section 3.0.3.3.3  Small Bore Piping

Section 3:  Aging Management
Review Results
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OI-3.0.3.1.7:
• Given recent industry OE related to leaks from buried and 

underground piping, staff is interested in efforts to incorporate 
OE into AMPs at DAEC 

• Staff issued an RAI on May 2, 2010, regarding buried and 
underground piping at DAEC

• Closure: Applicant manages the aging effect via a combination 
of preventive program element (i.e., cathodic protection 
upgrade) and condition monitoring consistent with current 
industry and plant operating experience.

Section 3.0.3.1.7  Buried Piping and Tanks 
Inspection Program

Section 3:  Aging Management
Review Results
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Additional Issue:
• Recent industry operating experience identified in responses to 

Generic Letter (GL) 2007-01 shows that the presence of water or 
moisture could lead to inaccessible low voltage (480 V to 2 kV) 
power cable failures.

• Staff issued RAI B 3.27-7 on August 16, 2010, regarding in-scope 
inaccessible low voltage power cable operating experience at 
DAEC.

• Closure:  Applicant enhanced E3 AMP to:
- include inaccessible low voltage power cables.
- implement tests and inspections consistent with 

plant-specific operating experience.

Section 3.0.3.1.19 Management of Low Voltage 
Cables (480 V – 2 kV)

Section 3:  Aging Management
Review Results
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• On the basis of its review, the staff 
determines that the requirements 
of 10 CFR 54.29(a) have been met 
for the license renewal of Duane 
Arnold Energy Center

Conclusion
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Seismically Induced Indirect Piping 
Failures in 10 CFR 50.46a and DG-1216

Rob Tregoning
Nuclear Regulatory Commission

Advisory Committee for Reactor Safeguards Meeting
Rockville, Maryland

October 7, 2010



Presentation Objectives

• Technical basis associated with treatment of seismically 
induced indirect failures

• Existing requirements and guidance associated with 
seismically induced indirect failures

• Feedback received from ACRS Subcommittee on 
Regulatory Policies and Practices (9/22)

• Staff’s response to feedback and proposed path forward

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 2 of 8



Indirect Piping Failures:  
Background

• Failure of a structure, support, or component (SSC) due to a seismic 
event which subsequently causes the failure of a reactor coolant 
system (RCS) pipe primary pressure boundary piping component
– RCS piping system support failures

– Excessive deformation or failure of in-line components (e.g., valves)

– Failure of major components or their supports acting as anchor points

– Failure of non-attached SSC which impacts the RCS piping

• Only RCS failures greater than TBS are a consideration for 10 CFR 
50.46a
– Smaller breaks regulated by existing 10 CFR 50.46 requirements

– Ensure that these failure do not invalidate the technical basis supporting 
the transition break size (TBS) development

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 3 of 8



Indirect Piping Failures:
Prior Study

• Lawrence Livermore Study (NUREG/CRs – 3660, 3663, 4290, 4792) 
findings and recommendations
– Seismically induced support failure is the most likely cause of indirectly 

induced double-ended guillotine breaks

– Strength of component supports, currently designed for the combination of 
SSE and DEGB loads, should not be reduced

• NUREG-1903 review  of seismic PRAs, seismic safety margin research 
program, and IPEEE submittals confirmed LLNL recommendations
– Valves, non-degraded piping, and pipe supports have a significantly higher 

capacity than other RCS components

– Other RCS components
 These components, especially component supports, are more vulnerable than 

the piping and pipe supports.

 Most significant NSSS failure modes are attributable to failures of major 
components or their supports.

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 4 of 8



Indirect Piping Failures: 
Updated Estimates

• Subsequent efforts have used the original LLNL approach, updated for 
more recent understanding of plant-specific factors

• NUREG-1903
– Analyzed large component support failures that may lead to piping failure 

(i.e., indirect piping failure) associated with rare seismic events

– Two cases:  Westinghouse rock site, CE soil site

– Used NUREG-1488 hazard curves (1994)

– Results:  mean piping failure probability for both cases ≈ 10-6/yr

• EPRI
– Three cases:  Westinghouse rock site,  CE rock site, and GE soil site

– Used updated seismic hazard curves developed for early site permits

– Results:  mean piping failure probabilities from  6 x 10-6/yr - 10-8/yr

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 5 of 8



Indirect Piping Failures: 
Existing Requirements

• Federal Register Notice (Vol. 74, No. 152, 8/10/09) for 10 CFR 50.46a 
– No requirements to demonstrate that the frequency of indirect failures 

greater than the TBS is acceptable

– No generic changes allowed to seismic design, testing, analysis, 
qualification, and maintenance requirements (i.e., seismic design basis)

– Justify any proposed changes by plant-specific analysis

• DG-1216, “Plant-specific applicability of Transition Break Size Specified 
in 10 CFR 50.46a” contains no guidance to demonstrate acceptable 
indirect failure frequencies

• Original basis for staff position
– No basis for allowing generic changes in rule

 NUREG-1903 evaluated one failure mode for two plants

 EPRI considered the effect of updated seismicity estimates on three plants

– Frequency of failures would remain less than TBS frequency (i.e., < 10-5/yr) 
because original design basis retained

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 6 of 8



Indirect Piping Failures:
ACRS Feedback

• Relaxation of mitigation requirements for breaks beyond the TBS could 
result in an unacceptable risk due to indirect failures, even if the 
frequency of these failures does not change

– Possibility that indirect seismic failure frequency may be equal to or 
greater than direct seismic failure frequency

– Limited studies show that highest frequency estimation approaches 
the frequency used to select the TBS (i.e., 10-5/yr)

• Licensee should have to demonstrate that the frequency associated 
with seismically induced indirect RCS piping failures is acceptable

– Consistent with treatment of seismically induced direct failures

– Ensures that indirect failures are not a significant risk contributor

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 7 of 8



Indirect Piping Failures: Staff 
Response and Path Forward

• Staff agrees with ACRS feedback that indirect failures should be 
demonstrated to be insignificant risk contributors
– Updated seismic hazard information (GI-199)

– Smaller allowable risk increase in draft final rule (i.e., changed from “small” 
to “very small”)

• Path forward
– Modified the FRN/rule language for the draft final rule

– Add guidance in DG-1216 for seismically induced indirect piping failures
 Initial ideas and concepts discussed during recent public meeting

 Use pilot plant study to evaluate the acceptability of the planned guidance

– Request that ACRS document recommendations in letter to Commission 
 Require 10 CFR 50.46a applicants to demonstrate that the frequency associated 

with seismically induced indirect RCS piping failures is acceptable

 Request that staff provide guidance for conducting these demonstrations

October 7, 2010 ACRS Meeting on 10 CFR 50.46a 8 of 8



1

Draft Final§50.46a Rule

Risk-Informed ECCS Requirements

Staff Presentation to the Advisory 
Committee on Reactor Safeguards

Rockville, Maryland
October 7, 2010
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Staff Presentation

• Background                                                            5 min.
Richard Dudley

• Summary of §50.46a rule concept               10 min.
Richard Dudley

• Effects of indirect seismic failures 25 min.
Robert Tregoning

• 14 day outage time for > TBS mitigation 20 min.                     
Steve Dinsmore

• Applying§50.46a to new reactor designs            20 min. 
Don Dube
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§50.46a Rule Background

• Commission SRM (March 2003) directed staff to 
prepare proposed rule

• Additional Commission direction provided in July 
2004 SRM

• Proposed rule published November 2005
• Industry commented that excessive rule burden 

would prevent implementation
• Two public meetings to discuss public comments 

and ways to reduce unnecessary burden        
• Met with ACRS on draft final rule in Oct./Nov. 2006
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§50.46a Rule Background

ACRS Nov. 16, 2006 Letter 
• Rule to risk-inform§50.46 should not be issued in 

its current form 
– Insufficient defense-in-depth for pipe breaks 

larger than the TBS
– Concerns with risk-informed assessment 

process
– Concerns with plant specific applicability of 

expert elicitation and seismic analysis
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§50.46a Rule Background

Response to ACRS Letter 
• Staff requested additional Commission guidance 
• Commission SRM - August 2007

– increase overall defense-in-depth for breaks >TBS 
• After staff completed revisions to rule, OGC 

determined re-notice is necessary
• May 2009 – Staff briefed ACRS on changes made 

in supplemental proposed rule
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§50.46a Rule Background

• Supplemental proposed rule published 
Aug. 2009

• Public comment period ended Jan. 2010
• Staff evaluated public comments and 

prepared draft final rule language
• Public meeting held on June 4, 2010
• Draft final rule Federal Register notice 

provided to ACRS August 30
• ACRS subcommittee meeting – Sept. 22
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§50.46a Final Rule

Subcommittee Meeting Issues:

• Evaluation of seismically-induced indirect piping failures 
….....………………….……………………..Rob Tregoning

• 14 day outage time for > TBS mitigation                     
…………..………………………….…..….. Steve Dinsmore

• Risk acceptance criteria for new reactors                     
…………………............................................... Don Dube
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§50.46a Rule Path Forward

Completion Schedule:

• ACRS full committee meeting                    
…….……………………………….. October 7, 2010

• Provide final rule package to EDO                      
…............................................ November 29, 2010

• Provide final rule to Commission                       
…………………………….....… December 13, 2010
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Summary of §50.46a Rule Concept



10

§50.46a Final Rule Concept

• Alternative to existing ECCS req’ts (§50.46)
• LOCAs divided into 2 regions based on break 

frequency – transition break size (TBS)
• Requirements unchanged for 1st region (≤ TBS)
• In 2nd region (> TBS) LOCA mitigation requirements 

relaxed for lower frequency breaks
• Plant changes “enabled” by new requirements must 

be evaluated by a risk-informed process
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§50.46a Final Rule Concept

ECCS Analysis Requirements
• Breaks < TBS 

– No change from current §50.46
• Breaks > TBS

– No single failure assumption 
– Credit for offsite power 
– Credit for non-safety equipment
– Alternative metrics for “coolable geometry” may 

be used if justified
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§ 50.46a Final Rule Concept

• Transition break size
– PWRs – largest attached pipe to the main 

coolant piping
– BWRs – largest attached feedwater or residual 

heat removal line inside containment
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• Demonstrate applicability of elicitation report 
• Demonstrate applicability of staff seismic 

study or provide a plant specific study (direct 
& indirect failures)

• Evaluation of leak detection capability
• If self-approval process is desired, describe 

risk informed process for evaluating future 
changes

§50.46a Final Rule Concept

Initial Conversion to §50.46a
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§50.46a Final Rule Concept

• Proposed in initial application (and later)
• For enabled changes:

– Re-analyze ECCS for 2 regions using NRC-
approved methods

– For any non-safety equipment that is credited 
in analysis of breaks >TBS:

• List equipment in Tech Specs
• Provide on-site power (manual connection OK)

– Demonstrate by risk-informed analysis that 
risk-informed acceptance criteria are met

Plant Changes Enabled by§50.46a
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§50.46a Final Rule Concept

Risk-Informed Acceptance Criteria
• For changes submitted for NRC review

– “very small” cumulative risk increase

• For self-approved changes
– “minimal” risk increase
–§50.59 is satisfied

• For all changes:
– defense-in-depth
– safety margins
– monitoring program

• For certified designs:
– No significant decrease in level of safety 



16

Operational Requirements
• All future plant changes (enabled/not) must be reviewed 

to ensure continued applicability of 2 TBS studies
• Sufficiently sensitive leak detection capability must be 

maintained for piping larger than TBS
• Operation is limited to short time (≤14 days/12 mo. or 

NRC approved alt.) if breaks > TBS not shown to meet 
acceptance criteria

• PRA methods must be of sufficient scope and quality
• Periodically confirm ≤ “very small” cumulative risk 

increase via PRA update

§50.46a Final Rule Concept
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Effects of Indirect Seismic Failures 

(See slides in separate package)
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Allowable Out-of-Service Time (14 days) for 
Equipment Credited in LBLOCA Analysis

Stephen Dinsmore  415-8482
ACRS Meeting
October 7, 2010
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Probabilistic Risk Analyses

• Commission direction indicated that the rule:
– should include requirements for licensees to maintain 

capability to mitigate the full spectrum of LOCAs 
– capabilities for beyond design-basis events should be 

controlled by NRC requirements commensurate with 
the safety significance of these capabilities

• Initial published rule had  “no operation in 
unanalyzed condition” but this has proven to be 
undesirable (e.g., need to reduce power if LPSI 
pump becomes unavailable) and not necessarily 
commensurate with safety significance

Overview of Requirement  History
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Probabilistic Risk Analyses

• Current Tech Specs and risk-informed operational 
controls (MRule and TS initiatives) deal with degraded 
functions, not loss of function.

• TS initiative 6 does deal with loss of function but differs 
from  current controls and not yet fully implemented

• Rule modified to add flexibility and  reflect near-term risk-
informed method advances

• Current proposed rule provides: 
– a fixed time (to provide a fully vetted acceptable alternative) 

or 
– an alternative proposed by the licensee and approved by 

the staff (to provide flexibility)

Overview of Requirement History (cont.)
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Probabilistic Risk Analyses

• RG 1.177, “An Approach for Plant-Specific, Risk-Informed Decisionmaking: 
Technical Specifications “

– Acceptance guideline integral conditional core damage probability ≤ 5 X 10 -7

integral conditional large early release frequency ≤ 5 X 10 -8

– Assume LOCA leads to core damage (and large LOCA, low pressure core damage places 
little stress on containment)

– Use LOCA frequency of 10-5/year frequency with no mitigation 
– Yields allowed AOT of 18 days 

• SRP Chapter 2.2.1 and 2.2.2 identifying external events that need to be design basis 
events (that need to be mitigated) 

– External events with a frequency < 10-7/year need not be design basis events
– Assume LOCA leads to core damage (and large LOCA, low pressure core damage places 

little stress on containment)
– Use LOCA frequency of 10-5/year with no mitigation 
– Yields allowed outage time of  3.6 days 

• 14 days is 
– In between 4 days and 18 days
– A “fairly long” AOT that industry indicated that it would normally be sufficient

Development of 14 days/year
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Probabilistic Risk Analyses

• Assuming LOCA frequency of 10-5/year leads to core 
damage frequency from full utilization of this 14 days of 
3.8 X 10-7/year

• Assume LOCA arithmetic mean frequency of 
5 X 10-6/year reduces risk (increases AOT) by factor of 2

• Assume LOCA geometric mean frequency of 10-6/year 
reduces risk (increase AOT) by factor of 10

• If unanalyzed condition LOCA > TBS (12 inches), may be 
possible to use frequency of larger breaks

PWR Risk-informed intervals
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Application of Risk Acceptance 
Criteria to New Reactors

Don Dube
NRO/DSRA
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Application of Risk Acceptance Criteria to New 
Reactors

Subcommittee Concerns

• August 10, 2009 FRN:
– Staff in early stages of addressing “risk metrics” for 

new reactors
– NRC requested comments on:

• Use of large release frequency (LRF) vs. LERF
• “Very small” and “minimal” one decade lower for 

new reactors
• Discussions on “modifying risk-informed regulatory 

guidance” for new reactors ongoing
• Awaiting Commission decision on SECY-10-0121 
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New Reactors (cont.)

Subcommittee Concerns

• Staff agrees with external stakeholder comments 
that it is premature to address risk metrics of CDF 
and LRF/LERF pending Commission direction on 
SECY-10-0121

• The following was added to SOC and rule to be 
consistent with Option 2 of SECY-10-0121: 
“Applicants referencing a certified design may 
need to supplement these criteria to also meet the 
requirement that implementing the proposed 
changes will not result in a significant decrease in 
the level of safety otherwise provided by the 
certified design.”
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New Reactors (cont.)

Subcommittee Concerns

• If, as a result of Commission direction, different 
guidance is promulgated that describes new 
metrics to be used for new reactors, appropriate 
changes will be made to §50.46a.
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Agenda

• Introduction
– Purpose 
– Stakeholder involvement
– Changes to ISG-6

• Licensing process
• ACRS comments (2009 & 2010)
• Path forward
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Introduction

• Purpose of ISG-6  
– Describe the Part 50 licensing process (per  current SRP guidance)

• Provide consistency in LAR submittals
• Provide consistency in LAR approval

– Describe the expectations for information to be docketed in order to 
address SRP criteria

– Knowledge management

• Capture lessons learned from recent digital I&C reviews
• Modeled after RS-001 for EPUs
• “Fast Lane” approach
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Introduction -
Stakeholder Involvement

• 9 public meetings held to develop ISG-6.
– Held over the course of almost 2 years

• Over 200 industry comments have been compiled by 
NEI and resolved by the NRC staff. 

• Comments received:
– Clarification of description of information to be provided
– Licensing process proposals retained for consideration

• Reducing regulatory burden
– Level of detail required
– Where does licensing stop

• Adopting license conditions to complete review
• Portal technology



Slide 5

Introduction - ACRS Review

• April 2, 2009 – Full Committee meeting
• April 21, 2009, recommendation

“Draft ISG-6 should not be issued until Sections C and D are revised to 
specify that sufficient design detail be provided to ensure deterministic 
behavior and independence of each DI&C safety train.”

• August 21, 2009 – Subcommittee on Digital I&C
– Partially addressed ACRS recommendation
– Focus on integrating various guidance documents
– Independence, Determinism, Complexity, Defense-in-Depth and 

Diversity
• September 8, 2010 – Subcommittee on Digital I&C

– Provided full draft of ISG-6, Including Sections C & D
– Additional comments received
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Introduction – Changes

• ISG-6 changes include (since Aug 2009):
– 3 new enclosures added

• Sample SE, 
• LAR Table of Contents, & 
• Glossary

– Cross referencing Enclosure B and body of the ISG
– Addition of Table of Recommended Inspection items
– Four software plans addressed by the regions 

(SInstP, SOP, SMaintP, & STrngP)
– Significant detail added to the body of the ISG
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Licensing Process Overview

Digital I&C Licensing Process Flow Chart
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Tiers of Review

• Each Tier corresponds to an expected review effort:
– Tier 1:  Previously approved system, no deviations from 

topical report, review to focus on plant specific aspects, least 
review effort expected.  

• E.g.: Diablo Canyon RTS & ESF
– Tier 2: Previously approved system, with deviations, 

moderate review effort expected.
• E.g.: Oconee RPS/ESPS, WBN2 Common Q PAMS

– Tier 3: Totally new system, extensive review effort expected.  
Thorough review of all technical areas.

• E.g.: Wolf Creek MSFIS
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ACRS Comments (2009)

• Defense-in-Depth and Diversity ( D.6: D3)
• Independence (D.7: Communication)
• Deterministic behavior

– D.4.4.3.2: “The [software architecture description] must 
explain how the software works, the flow of data, and the 
deterministic nature of the software.”

– D.9.4.3.1: “The description should confirm that the system’s 
real-time performance is deterministic and known.”

• Redundancy (D.9.4.2.1: Single Failure Criterion)
• Complexity 

– Addressed in ISG-6 and discussed later in slides
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 1
The tone of Sections B and C should be revised to match the 
review described in Section D
– The revision is in process to the following section

• Section B.1, “Background”
– Tone of Introduction will match the body of the ISG

» Significant detail required
» Review against licensing criteria

– Examples of regulatory requirements will be expanded
» Defense-in-Depth and Diversity
» Independence / Redundancy
» Deterministic behavior
» Complexity

– “While the NRC staff does not do an independent design review …there will be a 
detailed review done of the fundamental areas (e.g., Deterministic Behavior, 
Independence / Redundancy, Defense-in-Depth and Diversity. …).”
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 2: 
The ISG should make a clear distinction between software, 
hardware, and integration.  Further, it should be clear that the 
NRC reviews more than just the process.  
– ISG-6 addresses all regulatory criteria, e.g.: 

• Independence (D.9.4.2.6)
• Redundancy (D.9.4.2.1)

– ISG-6 emphasizes aspects unique to digital I&C (software), e.g.: 
• Section B.1.1, “Principles of Review”

– Explains basis for reviewing process
• Review of the process is based on industry standards 

– V&V per RG 1.168 & IEEE 1012, 1028
– Digital Computers per RG 1.152 & IEEE 7-4.3.2
– CM per RG 1.169 & IEEE 828, 1042
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 3
Since the licensing process ends at factory acceptance testing 
(FAT), how are revisions made after the factory acceptance 
testing controlled?  
– The need for prior NRC approval is governed by 10 CFR  50.59
– Changes after approval are controlled and implemented by licensee programs 

which, in turn, are governed by 10 CFR Appendix B and other requirements
– HQ staff available to provide assistance to regional inspectors

• Oconee RPS/ESPS SE had suggestions for inspections
– Regional inspections

• Site Acceptance Testing
• Installation Inspection
• Site Configuration Management (under Appendix B)
• IP-52003, Digital Instrumentation and Control Modification Inspection
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 4
Who reviews software configuration management and what is 
regional involvement?  
– Vendor’s CM reviewed during licensing process
– The licensee’s control of software configuration management is 

governed by 10 CFR, Appendix B and other documents required in the 
license or Technical Specifications (e.g., Regulatory Guide 1.33)

• Regional inspection staff review these programs and their implementation 
under Reactor Oversight Process

– HQ staff can review changes implemented without prior NRC review and 
approval (via 10 CFR 50.59), after being reported to the NRC 

• A sample of changes are reviewed
• A digital I&C upgrade may be a likely candidate for further review by PM
• Any problems identified are brought to the region’s attention
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 5
The discussion of Phase 0 only mentions defense-in-depth 
and diversity as a topic of discussion.  This should be revised 
to clarify that there are other important topics and areas to be 
discussed during these meetings as well.  
– All topics may be discussed during Phase 0 meetings
– List will be augmented to include other examples

• Tier 1 – Application Specific Issues
– Communication Independence
– Diversity and Defense-in-Depth
– Deterministic Behavior
– Secure Development and Operational Environment
– Enclosure B Documentation

• Tier 2 – Description of Platform Changes
• Tier 3 – Deterministic Platform Behavior
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 6
What would trigger a source code review?
– Deviation from NRC accepted approach that relied upon software

• Oconee RPS/ESPS ISG-4
– Software inhibit of communication vs. physical disconnect
– Non-Safety-related data diode

• Engineering judgment
– If something isn’t logical or understandable
– Previous experience
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 7
What is the division between Cyber Security and Secure 
Development and Operational Environment (SDOE)?  How 
does this correlate to licensing and inspection?
– SDOE addressed during licensing review 

• Approved in SE
• RG 1.152 

– System Integrity
– Control of Access
– Reliability

– Cyber Security addressed programmatically (NSIR) 
• Addressed via inspections
• Addresses malicious actors
• RG 5.71
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 8
How does a licensee demonstrate deterministic performance 
and how do we reach reasonable assurance of this?
– Review platform characteristics using guidance in SRP

• E.g., deterministic behavior
– Application based on a deterministic platform

• Cyclic processing
• No dynamic memory allocation
• Failsafe behavior

– Application poling vs. interrupts
• No system-state based processing
• Date communications defined by design
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 9
How does the staff determine the complexity of a platform and 
does that influence the depth of the NRC staff’s review?  Are 
there any metrics to measure the level of complexity of a 
platform?
– Staff guidance requires comprehensive review of all system attributes
– Complex system require more effort for reviews (i.e., scope & resources) 
– Currently no generally effective measures of complexity
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 10
Why is there no requirement to perform and submit an FMEA 
for software?  How are software failure modes reviewed by the 
staff?  
– Typically FMEA is performed to demonstrate that the single failure 

criterion is satisfied
– Systematic failure of software addressed by Diversity and Defense-in-

Depth analysis
– Branch Technical Position 7-14, Section B.3.1.9, “Software Safety Plan”

• Software hazards analysis are typically performed
• No specific software hazards analysis technique is endorsed

– Additional guidance on software failure analysis may be addressed in the 
research program on failure analysis
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 11
Why was the phrase regarding the ability of the licensee to 
delegate establishing and executing the quality assurance 
program deleted from the section on reviewing the software 
quality assurance plan?
– The information was removed because it was duplicative of a statement 

in Section D.4.4.[1.]3.  Additionally, this responsibility is codified in 
Appendix B to 10 CFR 50.  
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 12
Section D.6.4.1, “Adequate Safety System Diversity and 
Manual Actions,” should be reworded to emphasize what we 
do verses those documents we don’t need to see.  
– Will reference criteria for D3 analysis
– A D3 analysis is reviewed and addressed in SE
– ISG-6 summarizes favorable outcomes of the D3 analysis

• Sufficient diversity exists in safety system
• Diverse Actuation System is provided
• Manual actions are credited
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 13
The ACRS would like to see ISG-6 again before it is finalized.
– We will follow the agreed upon processes
– ACRS will be included as part of the formal review processes for final 

product (e.g., review standard or SRP update)
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 14
How will “portal” technology be implemented with respect to 
the ISG?
– ISG-6 acknowledges the potential for use of Portals
– Interest in using portal technology
– Develop this process outside of the ISG
– Basis of Safety Evaluation must be docketed
– Allows the staff to better focus information requests
– Reduce regulatory burden
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ACRS Subcommittee Comments 
(September 8, 2010)

Question 15
Originally, the FMEA was required during Phase 0.  Why has 
this been moved to Phase 2?
– Originally, the staff planned to review the draft/preliminary FMEA that 

was developed prior to the solidification of all the specifics of the 
platform.  

– The staff would also review the final FMEA during Phase 2.  
– Best application of resources is to only review the final FMEA in Phase 2.  
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Path Forward

• Digital I&C Steering Committee will review ISG-6 after 
ACRS comments are addressed

• Currently scheduled issue date for ISG-6
– November, 2010

• Diablo Canyon is the pilot plant for use of ISG-6
– Docket LAR Spring 2011
– Requested approval Spring 2013
– Install system Spring 2014

• ISG-6 may be updated as a result of the pilot
• ISG-6 planned to become a permanent staff guidance
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Background 

 A few cases of through-
wall liner corrosion 
initiating from the outside 
surface  

 Most recent experience 
was Beaver Valley Unit 1, 
April 2009

 September 2009 ACRS 
letter requested a brief 
on NRC staff efforts 
related to liner corrosion
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Steel in Concrete

 Concrete pH ≈ 12.5 to 13
 Basic environment at the liner/concrete interface 

should prevent corrosion by passivating the steel
 Disruption of this basic environment at the 

concrete/liner interface (e.g., embedded foreign 
material, cracks allowing ingress of 
contaminants) can increase liner corrosion 
susceptibility 
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Containment Liner Corrosion  
Challenges

 NRC staff focusing on OD initiated through-wall liner 
corrosion

 Visual exams performed in accordance with ASME 
B&PV Code Section XI, Subsection IWE, are unable to 
identify liner corrosion initiating from the outside until it 
penetrates the liner wall

 Large scale screening to look for foreign objects at the 
interface between the concrete and the liner not 
possible with current NDE techniques

 UT sampling can identify corrosion initiated at the liner 
OD but a full liner UT inspection is not practical   
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Containment Liner 
Corrosion - NRR Activities

 Issued Information Notice 2010-012 “Containment Liner 
Corrosion” in June 2010

 Discussed at ASME Section XI, Subsection IWE/IWL meeting 
and being tracked under generic containment degradation issue

 Enhanced NRC Refueling and Outage Activities Baseline 
Inspection Procedure to provide additional guidance regarding 
liner items that may be indicative of a larger problem, such as 
blistered paint and/or rust 

 Issued a user need to request support from the Office of 
Nuclear Regulatory Research 

 Monitoring the results of the Beaver Valley 1 UT inspections
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NRR User Need Request
 Task 1 - Evaluate historical information related to 

liner corrosion 
 Task 2 – Determine the corrosion mechanism related 

to through-wall liner corrosion
 Is a foreign object needed for through-wall OD corrosion?
 How do key parameters (e.g., oxygen, moisture, plant 

operation) affect the corrosion mechanism?

 Task 3 – Using knowledge from Task 2, determine if 
certain plant designs or construction practices result 
in greater susceptibility to liner corrosion
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Nuclear Regulatory Research 
Activities – Task 1

 Reviewed operating experience with containment 
liner corrosion
 Licensee inservice inspection (ISI) reports
 Licensee event reports (LER)
 NRC inspector reports during PWR RPVH and/or SG replacement 
 NRC inspections during license renewal

 Obtained foreign plants liner corrosion experience 
from colleagues in France, Japan and Sweden 

 Summary report produced in June 2010 in response 
to NRR UNR 2010-002 Task 1
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Containment Construction

Reactor type Total 
number

Free standing
steel primary 
containment 

Reinforced 
concrete with 
a steel liner

Post tensioned
concrete with 
a steel liner

Boiling water 
Reactor 35 24 9 2

Pressurized 
water reactor 69 14 19 36

October 8, 2010 Advisory Committee on Reactor Safeguards 9



Liner Corrosion History

 4 cases in U.S. plants where corrosion penetration of the 
containment liner associated with embedded foreign material in 
the reinforced concrete containments
 Brunswick-2 (1999) wood and a worker’s glove
 North Anna-2 (1999) wood 
 D.C. Cook-2 (2000) wire brush with a wood handle 
 Beaver Valley-1 (2009) wood  

 1 case of liner corrosion associated with voids/poorly consolidated 
concrete 
 Barsebeck -2 (1999) Sweden

 1 case where cause of external corrosion was not identified 
(concrete was removed for steam generator replacement) 
 Beaver Valley-1 (2006)
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Liner Corrosion History (cont)

 3 additional cases where embedded foreign 
material was found without liner corrosion
 Arkansas Nuclear One – 1 (2000) wood near the exterior 

surface of the concrete 
 North Anna – 1 (2001) 6 pieces of wood visible from the 

exterior surface of the concrete; 1 piece contacted the steel 
liner

 Point Beach – 1 (2001) wood near the exterior surface of 
the concrete 
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User Need Task 2 Activities 

 During analysis of historical liner corrosion and discussions with 
RES-NRR task force, an expert panel was determined to be the 
best method to inform Task 2 of the user need      

 RES contracted Sandia National Laboratories to assemble an 
expert panel and conduct a workshop on containment liner 
corrosion

 Areas of expertise:
 Corrosion of steel in concrete 
 NPP Containment structure design, construction, and operation 
 Concrete aging and degradation 
 Concrete/steel NDE, characterization  testing, and sampling
 Concrete repair and corrosion mitigation 
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Expert Panel Members

Member Affiliation Expertise

Dr. Jason Petti Sandia National Laboratories Containment structural integrity

Bryan Erler ASME Board of Nuclear Codes 
and Standards

Containment design and 
construction

Professor Alberto
Sagues

University of South Florida Corrosion, concrete degradation

Dr. Dan Naus Oak Ridge National Lab Aging management, containment
design and construction, NDE

Professor Richard 
Weyers

Virginia Tech Corrosion, concrete degradation 
and repair

Dr. Neal Berke W.R. Grace Concrete aging and 
characterization

Henry Stephens * EPRI Containment design, NDE

Nathan Muthu * EPRI Containment liner NDE
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Expert Panel Tasking

 Expert panel provided with the Task 1 summary report and 
asked for input to the following:
 Identification of the liner corrosion mechanisms
 Aging and environmental factors that affect the degradation of concrete 

containment structures and corrosion of steel 
 Methods to evaluate aging effects and degradation of concrete structures 
 Non-destructive evaluation methods to detect construction defects, and 

corrosion of the steel containment liner 
 Evaluation of construction practices and concrete defects on concrete 

degradation and steel corrosion 
 Summary of industrial experience using methods to prevent or mitigate 

concrete degradation and corrosion of steel in concrete 
 If applicable, future research to evaluate containment liner corrosion 

mechanisms 
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Containment Wall Cross-
Section Schematic

Advisory Committee on Reactor SafeguardsOctober 8, 2010 15



Expert Panel Discussions

 Liner surface and rebar provides ample 
passive surface for cathodic reaction

 Even limited oxygen presence may provide 
enough cathodic action for corrosion

 Foreign body could promote early 
corrosion initiation with even moderate 
pH decrease and minor chloride presence

 Concrete can provide moisture needed for 
macrocell 

 Initial calculations are consistent with 
time frames for  through-wall corrosion 
penetration 
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Expert Panel – Preliminary Insights

 Construction defects (i.e., foreign objects) create the localized 
conditions that result in corrosion of the liner  

 Local environment at liner, not global conditions (e.g., plant 
operation, climate) determine corrosion susceptibility

 Reinforced concrete containment construction more prone to 
have foreign materials left in place due to rebar congestion

 Current NDE methods not capable of detecting foreign objects 
at the liner/concrete interface

 Aging and concrete degradation have not been important 
factors in liner corrosion events to date

 No condition found resulted in the containment failing to meet 
the 10CFR50 Appendix J integrated leak rate test  
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Path Forward

 Expert panel final report expected in late 
December 2010

 NRR-RES task force meetings to discuss expert 
panel report conclusions and recommendations

 Determine if additional research is necessary
 Continue to monitor plant operating experience 
 Stay cognizant of potential EPRI program to 

evaluate NDE methods 
 Re-evaluate and update NRC regulatory positions 

as appropriate
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Back-up Slides
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OD Liner Corrosion History 

reactor-unit year of 
incident

age at time 
of incident

construction liner/metal 
thickness 

corrosion 
penetration

average 
corrosion rate

observations

Barsebeck-2
BWR Sweden

1993 16 reinforced 
concrete

7 mm
0.275”

7 mm
0.275”

0.44 mm/yr
[17 mpy]

void in the concrete 
from initial 
construction and 
water accumulation

Brunswick 2
BWR Mark 1 
GE 4

1999 24 reinforced 
concrete

8 mm
0.312”

8 mm
0.312”

0.33 mm/yr
[13 mpy]

foreign materials in 
concrete

North Anna-2
PWR W-3LP

1999 19 reinforced 
concrete
sub-atmospheric

10 mm
0.375”

10 mm
0.375”

0.5 mm/yr
[20 mpy]

foreign material in 
concrete

D.C. Cook 2
PWR W-4LP

2000 22 reinforced 
concrete
ice condenser

10 mm
0.375”

10 mm
0.375”

0.43 mm/yr
[17 mpy]

foreign material in 
concrete. unclear if 
penetration was 
exclusively from 
corrosion

Beaver Valley-1
PWR W-3LP

2006 30 reinforced 
concrete
sub-atmospheric

10 mm
0.375”

1.1 - 5.8 mm
0.045 - 0.227 
in

0.04 - 0.2 mm/yr
[1.5 – 7.5 mpy]

3 areas of corrosion 
concrete pH < 11

Beaver Valley-1
PWR W-3LP

2009 33 reinforced 
concrete
sub-atmospheric

10 mm
0.375”

10 mm
0.375”

0.29 mm/yr
[11 mpy]

foreign material in 
concrete
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Reinforced Containment 

liner rebar concrete

October 8, 2010 Advisory Committee on Reactor Safeguards 21




