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Duke Power Company 
A Duke Enery Company 

POWOI' ECO7H 
A e -r. 526 South Church Street 

P.O. Box 1006 
Charlotte, NC 28201-1006 

M. S. Tuckman 
Executive Vice President (704) 382-2200 OFFICE 

Nuclear Generation (704) 382-4360 FAx 

July 6, 1998 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, DC 20555 

Subject: Oconee Nuclear Station, Units 1, 2, and 3 
Docket Nos. 50-269, 50-270, and 50-287 
Application for Renewed Operating Licenses 

Dear Sir: 

Pursuant to U.S. Nuclear Regulatory Commission (NRC) regulations set forth in 10 CFR 
Parts 50, 51 and 54, Duke Energy Corporation (Duke) hereby applies for the renewal of the 
operating licenses for the Oconee Nuclear Station (Oconee), Units 1, 2, and 3, issued under 
Section 104 of the Atomic Energy Act of 1954, as amended. Duke requests that these 
operating licenses be extended for twenty (20) years beyond their current expiration dates.  
For Oconee Unit 1 (DPR-38), renewal would extend the operating license from midnight 
February 6, 2013, until midnight February 6, 2033. For Oconee Unit 2 (DPR-47), renewal 
would extend the license from midnight October 6, 2013, until midnight October 6, 2033.  
For Oconee Unit 3 (DPR-55), license renewal would extend the operating license from 
midnight July 19, 2014, until midnight July 19, 2034.  

Duke's Application for Renewed Operating Licenses, Oconee Nuclear Station, Units 1, 2, 
and 3 (the Application), is herein submitted to the NRC.' In accordance with NRC license 
renewal regulations, this Application satisfies applicable requirements in 10 CFR §§ 54.17, 
54.19, 54.21, 54.22, and 54.23. Duke also has reviewed and addressed other relevant filing 
requirements found in 10 CFR Part 2, Subpart A, and 10 CFR §§ 50.4, 50.30, and 50.33.  

Specifically, in satisfaction of 10 CFR § 54.19(a) and (b), Enclosure 1 to this submittal letter 
contains the general information required by Section 50.33(a) through (e), (h), and (i), and 
addresses possible conforming changes to the standard indemnity agreement, 10 CFR 
§ 140.92, Appendix B, to account for the expiration term of the proposed renewed licenses.  

In accordance with NRC requirements in 10 CFR §§ 54.17 and 50.4, Duke is submitting an original and 
thirteen (13) copies of this Application. A copy is also being provided to the NRC Region II Administrator.  
Twenty-six (26) copies of the Applicant's Environmental Report, Operating License Renewal Stage, are 
being provided to the NRC, pursuant to 10 CFR § 51.55.
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Summary information concerning Duke license renewal activities over the past several years 
is provided in Enclosure 2.  

Duke believes that this Application, taken in its entirety, contains information and analyses 
sufficient to support the Commission findings required by 10 CFR § 54.29. Specifically, as 
required by Part 54, actions have been identified that have been or will be taken to manage 
the effects of aging on the structures and components subject to aging management review, 
such that their intended functions will be maintained consistent with the current licensing 
basis during Oconee's renewed term of operation. Any changes made to the Oconee current 
licensing basis will be made in accordance with the Atomic Energy Act of 1954, as 
amended, and Commission regulations. 2 In addition, the demonstration resulting from the 
identification and evaluation of time-limited aging analyses and exemptions also has been 
made, in satisfaction of Section 54.21(c). Finally, the Environmental Report satisfies 
applicable provisions in 10 CFR Part 51, Subpart A.  

Overview of Application 

The Oconee license renewal Application, which consists of this submittal letter and four 
attached exhibits, contains the information required by applicable Commission regulations in 
10 CFR Part 54. This information is presented in a manner designed to allow the NRC to 
make the findings required by 10 CFR § 54.29 in a timely and efficient manner. In brief, 
Exhibit A to the Application addresses the license renewal requirements set forth in 10 CFR 
§ 54.2 1(a) and (c). Exhibit B addresses the requirements of Section 54.2 1(d). Exhibit C 
addresses the requirements of Section 54.22, and Exhibit D addresses the environmental 
requirements specified in Section 54.23 and Part 51. Each exhibit is summarily described 
below.  

2 In accordance with 10 CFR § 54.21(b), changes to the Oconee licensing basis that materially affect the 
content of this Application will be identified by Duke at least annually during the NRC's review of the 
Application. Duke currently intends to provide the first update to the Application in July 1999.
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Oconee Application for Renewed Operating Licenses, Exhibit A 
License Renewal - Technical Information (OLRP-1001) 

Exhibit A to the Application is the Oconee Nuclear Station License Renewal Technical 
Information (hereafter OLRP-1001 or Exhibit A). It contains the technical information 
required by 10 CFR § 54.2 1(a) and (c), including an Integrated Plant Assessment (IPA) 
and supporting information, demonstrations, and justifications. Exhibit A also contains 
an evaluation of time-limited aging analyses.  

The IPA identifies the structures and components within the scope of license renewal 
that are subject to aging management review, the aging effects to which these structures 
and components are subject, and new and existing plant-specific programs and activities 
that manage applicable aging effects. In addition, the IPA contains a demonstration of 
the effectiveness of existing aging management programs during the renewed term of 
plant operation. For these new and existing aging management programs, appropriate 
changes to the UFSAR have been identified. (See Exhibit B to the Application.) Also, 
Duke has provided certain flow diagrams3 to assist the NRC Staff in its review and an 
analysis of applicable Generic Safety Issues.  

In summary, the IPA demonstrates that the effects of aging on long-lived passive 
structures and components will be adequately managed such that their intended 
functions will be maintained, consistent with the current licensing basis, during the 
renewed term of plant operation.  

In making the requisite demonstration for Reactor Coolant System components, Duke 
has incorporated by reference4 several Babcock & Wilcox Owners Group (B&WOG) 
topical reports applicable to the Oconee Reactor Coolant System. Submitted to the NRC 
in 1996 and 1997, several of these B&WOG reports remain under staff review.  
Similarly, in 1996, Duke submitted a report to the NRC on the Reactor Building 
(Containment), sections of which are under active review by the Staff. This report also 
is incorporated by reference into the Application. Therefore, final disposition of the 

3 By letter dated July 1, 1998, Duke provided to the NRC "License Renewal Flow Diagrams, OLRP-1002, 
Oconee Nuclear Station, Units 1, 2, and 3, Volume r (OLRP-1002). Volume I of OLRP- 1002 contains the 
first of three sets of Oconee and Keowee mechanical system license renewal flow diagrams that have been 
marked to indicate the evaluation boundaries for license renewal. Volumes II and [H, which will contain the 
remaining marked license renewal flow diagrams, are in the process of being prepared, checked, and 
approved. Upon completion of these activities, the documents will be promptly submitted. OLRP-1002 is 
hereby incorporated by reference into the Application, pursuant to 10 CFR § 54.17(e).  

4 10 CFR § 54.17(e).
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B&WOG and Duke reports is of paramount importance to the technical analysis and 
conclusions set forth in Exhibit A.  

The second area of technical review set forth in Exhibit A is the identification and 
evaluation of plant-specific time-limited aging analyses and exemptions, which were 
performed consistent with the guidance provided in NEI 95-10, Revision 0. With respect 
to 10 CFR § 50.12 exemptions, a review of the Oconee docket identified no exemptions 
granted on the basis of a time-limited aging analysis, as defined in Section 54.3. At the 
same time, Duke identified the Oconee-specific time-limited aging analyses. As required 
by 10 CFR § 54.2 1(c)(1), Duke has demonstrated either that: (1) these analyses remain 
valid for the period of extended operation; (2) the analyses have been projected to the 
end of the renewal term of operation; or (3) the effects of aging on the intended function 
will be adequately managed for the period of extended operation. For these time-limited 
aging analyses, appropriate changes to the UFSAR have been identified. (See Exhibit B 
to the Application.) 

Oconee Application for Renewed Operating Licenses, Exhibit B 
Updated Final Safety Analysis Report (UFSAR) Supplement 

In satisfaction of Section 54.2 1(d), Exhibit B to the Application contains an Updated 
Final Safety Analysis Report (UFSAR) Supplement which provides a summary 
description of the programs and activities for managing the effects of aging and the 
evaluation of time-limited aging analyses for the renewed term of operation. The 
information in Exhibit B is derived from the technical information set forth in Exhibit A, 
and required by Section 54.21(a) and (c). Table 18-1 of Exhibit B provides a summary 
listing of the specific programs, activities and time-limited aging analyses required for 
license renewal that are included in the UFSAR Supplement. The UFSAR Supplement 
for license renewal summarizes all of the commitments contained in the Application that 
are applicable for license renewal.  

The UFSAR Supplement contained in Exhibit B will be incorporated into the Oconee 
UFSAR following issuance of the Oconee renewed operating licenses. Duke requests a 
"grace period" to accomplish this task and to make the necessary conforming changes.  
This grace period would extend from the date of issuance of the renewed operating 
licenses to the next scheduled update of the Oconee UFSAR. The duration of this grace 
period will be not less than six months nor greater than eighteen months. Upon inclusion 
of the Supplement into the Oconee UFSAR, any changes to the description of programs 
and activities will be made in accordance with the change process in effect at the time of 
the change.
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Oconee Application for Renewed Operating Licenses, Exhibit C 
Technical Specification Changes 

In satisfaction of Section 54.22, Exhibit C to the Application contains changes and 
additions to the Oconee Technical Specifications necessary to manage the effects of 
aging during the renewed term of operation, and provides the necessary accompanying 
justification. Oconee's Improved Technical Specifications (ITS) were considered in the 
preparation of this Application. ITS for Oconee are currently under review by the NRC 
staff. In preparing this Application, Duke anticipated that ITS would be in effect during 
the period of extended operation. Duke has identified only one change to the Oconee 
ITS that may be required. Currently, Oconee ITS 5.5.6 refers to Regulatory Guide 1.35, 
Revision 3, 1989, as the basis for the required tendon surveillance program. Oconee 
ITS SR 3.6.1.3 (surveillance requirement) requires the verification of containment 
structural integrity in accordance with ITS 5.5.6.  

The Oconee Integrated Plant Assessment for Containment credits the inservice 
inspection requirements of ASME Section XI, Subsections IWE and IWL, creating what 
appears to be a short-term conflict between 10 CFR § 50.55a and the Oconee ITS. NRC 
reactor licensees are required by regulation to fully implement the IWE/IWL 
requirements under Section 50.55a by September 9, 2001. In this regard, it would be 
beneficial for the Commission to issue generic regulatory guidance in the near future to 
permit changes to be made to affected Technical Specifications before this date, in order 
to eliminate the potential for conflicting regulatory requirements.  

Oconee Application for Renewed Operating Licenses - Exhibit D 
Environmental Report - Operating License Renewal Stage 

In satisfaction of Section 54.23, Exhibit D to the Application contains Duke's 
Environmental Report - Operating License Renewal Stage (ER). The ER complies with 
applicable provisions of 10 CFR Part 51, Subpart A. Through an analysis of the 
potential environmental impacts associated with the renewal of the Oconee operating 
licenses, the ER is designed to assist the NRC staff in preparing the Oconee-specific 
Environmental Impact Statement Supplement for license renewal. Based on the 
evaluations in the ER, Duke has concluded that there are no significant environmental 
impacts associated with Oconee license renewal.
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One environmental issue that must be addressed under existing NRC regulations is the 
generic and cumulative impacts of the transportation of high-level radioactive waste 
(HLW) and spent fuel in the vicinity of a HLW repository site. See 10 CFR 
§ 51.53(c)(3)(ii)(M). The Commission has stated that, for those renewal applications 
filed before the completion of the planned rulemaking to amend 10 CFR Part 51, no 
discussion of this issue is required in the plant-specific Environmental Report, unless a 
"delay due to the generic rulemaking might affect the licensing process for a license 
renewal." (SRM M970612) Although Duke's license renewal application for Oconee is 
being filed before completion of the rulemaking, it would be premature to conclude that 
a delay in the completion of the rulemaking will affect the licensing process for Oconee 
license renewal. Accordingly, Duke has not addressed the existing requirements of 
Section 51.53(c)(3)(ii)(M) in this ER. Moreover, the NRC has recently indicated its 
plans to complete the Part 51 rulemaking by August 1999, which should not delay the 
Oconee license renewal process.5 

Partial Waiver of 10 CFR Part 170 Fees 

In a February 2, 1996 letter to the NRC, Duke requested a waiver of NRC fees under 10 CFR 
Part 170 in connection with the staff's review of the plant-specific technical information 
required for the Oconee license renewal application. By letter to Duke dated August 2, 
1996, the NRC announced its decision to grant a partial fee waiver under 10 CFR § 171.21, 
footnote 4, criterion 2, on the basis that part of the agency's review of the technical 
information would be "beneficial in formulating its standard review plan guidance." That 
portion of the staff's review of Oconee license renewal information (estimated at 
approximately 50%) that supports the development of generic Standard Review Plan 
guidance is to be charged to the generic TAC. It is Duke's understanding that only the 
remaining portion (approximately 50%) will be charged to Oconee's plant-specific Part 170 
fees.  

5 See "Supplemental Analysis: Cumulative Environmental Impacts of Spent Nuclear Fuel Transport in the 
Vicinity of the Proposed Yucca Mountain High-Level Waste Repository Attributable to License Renewal, 
and Implications of Higher-Burn-Up Fuel for the Conclusions in Table S-4," April 1998, Division of Reactor 
Program Management, Office of Nuclear Reactor Regulation.
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Conclusion 

Duke has worked with the nuclear industry, the Commission, and its staff for a number of 
years to develop a stable and predictable license renewal process. This Application reflects 
the results of a considerable investment of time on behalf of Duke, the NRC, and the 
industry. Duke appreciates the collective efforts devoted to this Application to date. Our 
goal is to facilitate a thorough, yet efficient, review of this Application so as to avoid 
unnecessary delay in the issuance of the requested renewed operating licenses. We stand 
ready to provide whatever assistance and information is necessary to achieve this goal. In 
this regard, Duke would like to propose periodic meetings between its management and the 
NRC's License Renewal Project Directorate, with the goal of establishing an expeditious 
process for resolving issues arising from the license renewal application review process.  

Very truly yours, 

M. S. Tuckman
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Affidavit 

M. S. Tuckman, being duly sworn, states that he is Executive Vice President, Nuclear 
Generation Department, Duke Energy Corporation; that he is authorized on the part of said 
Corporation to sign and file with the U. S. Nuclear Regulatory Commission this Application 
to Renew the Facility Operating Licenses of Oconee Nuclear Station, DPR-38, DPR-47, and 
DPR-55; and that all the statements and matters set forth herein are true and correct to the 
best of his knowledge and belief. To the extent that these statements are not based on his 
personal knowledge, they are based on information provided by Duke employees and/or 
consultants. Such information has been reviewed in accordance with Duke Energy 
Corporation practice and is believed to be reliable.  

M. S. Tuckman, Executive Vice President 
Duke Energy Corporation 

Subscribed and sworn to before me this day of _____ 1998.  

Notary ubltc 

My Commission Expires: 

c(JA 2- OO/
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ENCLOSURE 1 

In compliance with 10 CFR § 54.19(a) and (b), the following general information (derived 
from 10 CFR § 50.33(a) through (e), (h), (i) ) is provided: 

Name of Applicant 
DUKE ENERGY CORPORATION 

Address of Applicant 
422 South Church Street 
Charlotte, North Carolina 28202-1904 

Description of Business of Applicant 

Duke Energy Corporation (Duke or the Corporation) is a global energy company with 
more than $20 billion in assets which conducts business in four principal areas of 
operations: 

Electric Operations 

The Corporation is engaged in the generation, transmission, distribution and sale of 
electricity at retail and wholesale in the central portion of North Carolina and the 
western portion of South Carolina, comprising the area in both states known as the 
Piedmont Carolinas. The service territory of the Corporation's Duke Power Unit, 
approximately two-thirds of which lies in North Carolina, covers approximately 20,000 
square miles and includes a number of cities, of which the largest are Charlotte, 
Greensboro, Winston-Salem and Durham in North Carolina and Greenville and 
Spartanburg in South Carolina. Duke Power supplies electric service to approximately 
two million residential, commercial and industrial customers in over 200 cities, towns 
and unincorporated communities. As of June 29, 1998, the Corporation owned 37 
generating facilities with a total capacity of 18,000 MW.6  In addition, the 
Corporation's Nantahala Power & Light Company subsidiary owns 11 hydroelectric 
generating facilities with total capacity of 100 MW. Nantahala serves approximately 
56,000 customers in 5 counties in western North Carolina. The Federal Energy 
Regulatory Commission has approved the merger of Nantahala into the Corporation, 
and said merger is expected to be completed in August, 1998.  

6 A group of rural cooperatives and municipal power systems owns 87.5% of the Catawba Nuclear Station, and 
the Corporation owns 12.5% of that station. Duke operates the Catawba Nuclear Station.
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Energy Transmission 

The Corporation provides electric transmission service for wholesale transactions 
through its electric transmission system pursuant to its Open Access Transmission 
Tariff, as required by the Federal Energy Regulatory Commission. The Corporation 
also is engaged in the interstate transportation and storage of natural gas. Through 
subsidiaries, it owns and operates one of the nation's largest gas transmission 
networks, delivering approximately twelve (12) percent of the natural gas consumed in 
the United States. This fully interconnected, 37,500-mile system can receive natural 
gas from most major North American producing regions for delivery to markets 
throughout the Mid-Atlantic, New England and Midwest states.  

Energy Services 

The subsidiaries of the Corporation's Energy Services group offer a broad variety of 
worldwide services in energy asset monetization, engineering, construction, liquids, 
gas and electric marketing, risk management, natural gas liquids shipping, gas 
processing and transport, ownership and operation of merchant electric generating 
facilities, and "inside-the-fence" power generation.  

Diversified Operations 

Through the subsidiaries of its Diversified Operations group, the Corporation conducts 
real estate management, forestry, and commercial and residential real estate 
development operations, develops and manages communications systems, including 
fiber optic and wireless digital network services, and provides franchised water service 
to 20,000 customers in parts of North Carolina and South Carolina.  

Legal Status and Organization 

Duke Energy Corporation is a public utility incorporated under the laws of the State of 
North Carolina. Duke's principal office is located in Charlotte, North Carolina at the 
address stated above. The principal location where Duke does business is North 
Carolina.  

Duke Energy Corporation is not owned, controlled, or dominated by an alien, a foreign 
corporation, or foreign government. Duke Energy Corporation makes this application 
on its own behalf and is not acting as an agent or representative of any other person.
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General Information 

The names and business addresses of Duke Energy Corporation's directors and 
principal officers, all of whom are citizens of the United States, are as follows: 

Directors: 

Paul M. Anderson 
Duke Energy Corporation 
P.O. Box 1642 
Houston, Texas 77251-1642 

G. Alex Bernhardt, Sr.  
Bernhardt Furniture Company 
P.O. Box 740 
Lenoir, North Carolina 28645 

Robert J. Brown 
B & C Associates, Inc.  
P.O. Box 2636 
High Point, North Carolina 27261 

William A. Coley 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, NC 28201-1244 

William T. Esrey 
Sprint Corporation 
P.O. Box 11315 
Kansas City, Missouri 64112 

Ann Maynard Gray 
1262 Rockrimmon 
Stamford, Connecticut 06903
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Dennis R. Hendrix 
Duke Energy Corporation 
P.O. Box 1642 
Houston, Texas 77251-1642 

Harold S. Hook 
American General Corporation/Wortham Tower 
2727 Allen Parkway 
Houston, Texas 77019-2125 

George Dean Johnson, Jr.  
Extended Stay America 
450 East Las Olas Boulevard 
Fort Lauderdale, Florida 33301 

W. W. Johnson 
NationsBank Corporation 
P.O. Box 448 
Columbia, South Carolina 29202 

Dr. Max Lennon, President 
Mars Hill College 
Mars Hill, North Carolina 28754 

Leo E. Linbeck, Jr.  
Linbeck Corporation 
P.O. Box 22500 
Houston, Texas 77227 

James G. Martin 
Carolinas Medical Center 
P.O. Box 32861 
Charlotte, North Carolina 28232 

Richard B. Priory 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244
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Russell M. Robinson, H 
Robinson, Bradshaw & Hinson, P.A.  
101 North Tryon Street, Suite 1900 
Charlotte, North Carolina 28246-1900 

Principal Officers: 

Paul M. Anderson, President and Chief Operating Officer 
Duke Energy Corporation 
P.O. Box 1642 
Houston, Texas 77251-1642 

Richard W. Blackburn, Executive Vice President, General Counsel and Secretary 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244 

Jeffrey L. Boyer, Vice President and Corporate Controller 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244 

William A. Coley, Group President, Duke Power 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244 

Fred J. Fowler, Group President, Energy Transmission 
Duke Energy Corporation 
P.O. Box 1642 
Houston, Texas 77251-1642 

James T. Hackett, Group President, Energy Services 
Duke Energy Corporation 
P.O. Box 1642 
Houston, Texas 77251-1642 

Richard J. Osborne, Executive Vice President and Chief Financial Officer 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244
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Richard B. Priory, Chairman of the Board and Chief Executive Officer 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244 

Ruth G. Shaw, Executive Vice President and Chief Administrative Officer 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244 

Michael S. Tuckman, Executive Vice President, Nuclear Generation 
Duke Energy Corporation 
P.O. Box 1244 
Charlotte, North Carolina 28201-1244 

Class and Period of License Sought 

Duke requests renewal of the NRC Section 104 operating licenses for Oconee Nuclear 
Station, Units 1, 2, and 3 (license numbers DPR-38, DPR-47, and DPR-55, 
respectively) for a period of twenty (20) years beyond the expiration of the current 
licenses. For Oconee Unit 1 (DPR-38), renewal would extend the operating license 
from midnight February 6, 2013, until midnight February 6, 2033. For Oconee Unit 2 
(DPR-47), renewal would extend the license from midnight October 6, 2013, until 
midnight October 6, 2033. For Oconee Unit 3 (DPR-55), license renewal would extend 
the operating license from midnight July 19, 2014, until midnight July 19, 2034.  

The use to which the Oconee facility will be put during the renewal period is the 
continued generation of electric power.  

This Application includes a request for renewal of those NRC source material, special 
nuclear material, and byproduct material licenses that are currently subsumed or 
combined with the current operating licenses.  

Duke does not propose to construct or alter any production or utilization facility in 
connection with this renewal Application.
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Conforming Changes to Standard Indemnity Agreement 

10 CFR § 54.19(b) requires that license renewal applications include "conforming 
changes to the standard indemnity agreement, 10 CFR 140.92, Appendix B, to 
account for the expiration term of the proposed renewed license." The current 
indemnity agreement for Oconee states in Article VII that the agreement shall 
terminate at the time of expiration of that license specified in Item 3 of the 
Attachment to the agreement. Item 3 of the Attachment to the indemnity agreement, 
as revised by Amendment No. 9, lists six license numbers. Duke requests that 
conforming changes be made to Article VII of the indemnity agreement, and/or Item 3 
of the Attachment to that agreement, specifying the extension of agreement until the 
expiration dates of the renewed Oconee operating licenses as set forth in this 
Application. Thus, license number DPR-38 would be extended to expire at midnight, 
February 6, 2033; DPR-47 would be extended to expire at midnight, October 6, 2033; 
and DPR-55 would be extended to expire at midnight, July 19, 2034. In addition, 
should the license numbers be changed upon issuance of the renewed licenses, Duke 
requests that conforming changes be made to Item 3 of the Attachment, and any other 
sections of the indemnity agreement as appropriate.  

Regulatory Agencies with Jurisdiction 

The North Carolina Utilities Commission and the Public Service Commission of South 
Carolina currently have jurisdiction over the rates and services provided by Duke's 
utility operations at Oconee. The addresses of these state commissions are as follows: 

North Carolina Utilities Commission 
P.O. Box 29510 
Raleigh, North Carolina 27626-05 10 

Public Service Commission of South Carolina 
P.O. Drawer 1169 
Columbia, South Carolina 29211 

Local News Publications 

The trade and news publications which circulate in the area surrounding Oconee, and 
which are considered appropriate to give reasonable notice of the renewal application to 
those municipalities, private utilities, public bodies, and cooperatives that might have a 
potential interest in the facility, include the following:
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THE CHARLOTTE OBSERVER 
600 South Tryon Street 
Charlotte, North Carolina 28202 

THE GREENVILLE NEWS 
305 South Main Street 
P.O. Box 1689 
Greenville, South Carolina 29602 

THE ANDERSON INDEPENDENT 
1000 Williamston Road 
P.O. Box 2507 
Anderson, South Carolina 29622 

THE MESSENGER 
210 West First Street 
P.O. Box 547 
Seneca, South Carolina 29679 

Communications 

All communications to the applicant pertaining to this Application should be sent to the 
following: 

Gregory D. Robison 
Duke Energy Corporation 
Mail Stop EC-12R 
P.O. Box 1006 
Charlotte, N. C. 28201-1006 

Robert L. Gill, Jr.  
Duke Energy Corporation 
Mail Stop EC- 12R 
P.O. Box 1006 
Charlotte, N. C. 28201-1006
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William R. McCollum, Jr.  
Vice President, Oconee Nuclear Site 
Duke Energy Corporation 
P.O. Box 1439 
Seneca, S. C. 27679 

In addition, it is requested that copies be sent to Duke's Office of General Counsel and 
Washington, DC counsel as follows: 

Paul R. Newton, Esq.  
Duke Energy Corporation 
422 South Church Street 
Mail Code 
Charlotte, N. C. 28201-1006 

J. Michael McGarry, III, Esq.  
Anne W. Cottingham, Esq.  
Winston & Strawn 
1400 L Street, NW 
Washington, DC 20005
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ENCLOSURE2 

Duke's license renewal efforts date back well over a decade. In the late 1980s, Duke 
actively supported efforts by the Electric Power Research Institute and the Nuclear Utility 
Management and Resource Council (now the Nuclear Energy Institute) to develop and 
submit to the NRC several technical industry reports. These reports have been reviewed 
extensively, and their content is reflected in the NRC's draft Standard Review Plan for 
License Renewal. Several of these reports have been used in the preparation of the technical 
information portion of this Application. In addition, Duke has supported the efforts of the 
United States Department of Energy in the development of several Aging Management 
Guidelines for Commercial Nuclear Power Plants.  

In 1992, the B&W Owners Group (B&WOG) informed the Commission of its plans to 
develop a series of generic topical reports that could be used by individual owners in plant
specific applications for renewed operating licenses. It ultimately developed several topical 
reports, whose purpose was to demonstrate that the aging effects for Reactor Coolant System 
components are adequately managed for the period of extended operation under a renewed 
license. Duke actively participated in this B&WOG effort. The following B&WOG topical 
reports, applicable to the Oconee Reactor Coolant System, have been submitted to the NRC: 

* BAW-2241P, Fluence and Uncertainty Methodologies (submitted May 14, 1997; under 
review by the NRC as of June 1998) 

* BAW-2243A, Demonstration of the Management ofAging Effects for the Reactor 
Coolant System Piping (approved by the NRC March 21, 1996) 

* BAW-2244A, Demonstration of the Management of Aging Effects for the Pressurizer 
(approved by NRC November 26, 1997) 

* BAW-2248, Demonstration of the Management of Aging Effects for the Reactor Vessel 
Internals (submitted July 29, 1997; under review by the NRC as of June 1998) 

* BAW-2251, Demonstration of the Management of Aging Effects for the Reactor Vessel 
(submitted June 27, 1996; under review by the NRC as of June 1998) 

Each of the above B&WOG reports is hereby incorporated by reference into the Oconee 
Application, pursuant to the provisions of 10 CFR § 54.17(e).
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In February 1996, Duke notified the NRC of its plan to foster the development of a 
predictable and stable license renewal process by submitting for NRC review and approval a 
report containing the technical information required by 10 CFR § 54.21(a) through (c).  
Consistent with this plan, Duke prepared and submitted a report to the NRC on the Reactor 
Building (Containment) in 1996. (Sections of this report remain under active review by the 
NRC.) As of June 1998, Duke has responded to NRC staff requests for additional 
information concerning the report, hosted a site visit by NRC staff officials in April 1998, 
and revised containment-related portions of the report to incorporate additional information.  

Duke believes that sufficient information has now been provided to allow the NRC to 
complete its review of the Oconee Containment Report for license renewal. This report, 
augmented significantly with additional license renewal technical information, comprises 
OLRP-1001, Exhibit A to this Application. Thus, parts of OLRP-1001 have previously been 
reviewed by the staff.  

In addition to this interaction with the NRC on Oconee Containment issues, Duke met 
several times with the NRC staff in 1997 to provide examples of technical and 
environmental information that would be included in a license renewal application. These 
meetings, and the resulting staff feedback, were useful in the development of the format and 
content of this Application and the Environmental Report for license renewal. Duke 
appreciates the efforts of the NRC in this regard, particularly since no formal NRC 
Regulatory Guide or Standard Review Plan was available in final form as of the submittal 
date of this Application.
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Revision Summary of Revision 
0 July 1996 

Initial Issuance 

1 February 1997 
Added Section 1.4 which discusses the process for identification of Oconee time
limited aging analyses.  
Revised Section 2.3 to include additional information and figures.  
Revised Section 3.3 to include additional information and two time-limited aging 
analyses for the Oconee Containment.  
Additional background information was provided in Chapter 1.  
Place holders were provided for other sections of the report.  

2 July 1998 
Revised title of OLRP-1001 

Chapter 1 - Added a section to describe Oconee, Keowee, and the Standby 
Shutdown Facility. Also added sections to discuss the administrative control 
process following submittal and to address GSIs.  

Chapter 2 - Marked-up drawings showing the mechanical evaluation boundaries are 
incorporated by reference to OLRP-1002. The listing of mechanical systems mirrors 
the order in which they are described in the current Oconee UFSAR. This grouping of 
mechanical systems is more by function than by any other criteria. This chapter 
provides the information required §§54.21(a)(1) and (a)(2).  

Revised Section 2.3 to supplement Duke responses to RAIs 2.3-4, 3.3-3, and 3.3-9 as 
discussed during a meeting with NRC on April 29, 1998.  

Chapter 3 - Previously, Chapter 3 had both Aging Effects and Program 
Demonstrations. This new Chapter 3 discusses only Aging Effects, while new 
Chapter 4 provides the Program information.  

Revised Section 3.3 to supplement Duke responses to RAI s 2.3-3, 3.3-1, 3.3-2, 3.3-3, 
3.3-5, and 3.3-10 as discussed during a meeting with NRC on April 29, 1998.  

Chapter 4 - Provides the list of Oconee Programs that are being credited for License 
Renewal. The demonstration of the effectiveness of these credited programs is 
provided for each structure and component. The end result of this chapter is the 
§54.21(a)(3) demonstration and provides the basis for the NRC to make the finding 
required by §54.29(a)(1).  
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Revision Summary of Revision 
2 Chapter 5 - This chapter covers TLAA and exemptions. Material from previously 

developed and submitted Section 1.4 plus the TLAA reviews for each of the areas of 
reviews will be provided in here. This chapter provides the information required by 
§54.21(c) and provides the basis for the NRC to make the finding required by 
§54.29(a)(1).  

Revised Section 5.3 to supplement Duke responses to RAI 3.3-6 as discussed during a 
meeting with NRC on April 29, 1998 
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1.1 PURPOSE 
As the current operating license holder for Oconee Nuclear Station (Oconee), Duke 
Energy Corporation (Duke) has prepared this report to provide the technical information 
required by 10 CFR Part 54 for license renewal applications. This document, "Oconee 
Nuclear Station, License Renewal-Technical Information, OLRP-1001" (OLRP-1001) 
complies with the requirements of subsections (a) and (c) in §54.21. Refer to 
Sections 1.3.1 and 1.3.2 for the text of §§54.21(a) and (c).  

OLRP- 1001 is Exhibit A of the Application for Renewed Operating Licenses for Oconee 
Nuclear Station, Units 1, 2, and 3. The complete Application is intended to provide 
sufficient information for the NRC to complete its technical and environmental reviews 
and is designed to allow the NRC to make the finding required by §54.29 in support of 
the issuance of renewed operating licenses for Oconee. [Footnote 1] 

§54.29 Standards for issuance of a renewed license 

A renewed license may be issued by the Commission up to the full term 
authorized by §54.31 if the Commission finds that: 
(a) Actions have been identified and have been or will be taken with respect to 

the matters identified in Paragraphs (a)(1) and (a)(2) of this section, such 
that there is reasonable assurance that the activities authorized by the 
renewed license will continue to be conducted in accordance with the CLB, 
and that any changes made to the plant's CLB in order to comply with this 
paragraph are in accord with the Act and the Commission's regulations.  
These matters are: 

(1) managing the effects of aging during the period of extended 
operation on the functionality of structures and components that 
have been identified to require review under §54.21(a)(1); and 

(2) time-limited aging analyses that have been identified to require 
review under §54.21(c).  

(b) Any applicable requirements of Subpart A of 10 CFR Part 51 have been 
satisfied.  

(c) Any matters raised under §2.758 have been addressed.  

1. Exhibits B and C to the Application contain the UFSAR Supplement for License Renewal and Technical 
Specification changes, respectively. Exhibit D to the Application contains the Environmental Report.  
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Section 1.2 of OLRP-1001 provides brief descriptions of Oconee Nuclear Station, 
Keowee Hydroelectric Station, and the Standby Shutdown Facility. Section 1.3 provides 
a brief description of the technical information required in an application for nuclear 
power plant operating license renewal and an index to the Oconee Integrated Plant 
Assessment results. A description of the process used to update the technical information 
provided to the NRC in connection with license renewal is described in Section 1.4.  
Section 1.5 addresses Generic Safety Issues.  
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1.2 DESCRIPTION OF OCONEE NUCLEAR STATION 

Descriptions of Oconee Nuclear Station and two of its major facilities, Keowee 
Hydroelectric Station and Standby Shutdown Facility, are provided as background 
information to aid the reviewers of OLRP-1001. The description of Oconee is provided 
in Section 1.2.1. The emergency power source for Oconee is provided by Keowee 
Hydroelectric Station, which is described in Section 1.2.2. The Standby Shutdown 
Facility, which was installed after the initial plant licensing, is located adjacent to Oconee 
Unit 2 and is described in Section 1.2.3.  

The information provided in this section is general in nature. Additional information on 
Oconee, Keowee, and Standby Shutdown Facility structures and components is provided 
in Chapters 2, 3, 4, and 5 of OLRP-1001.  

1.2.1 OCONEE NUCLEAR STATION 

Oconee Nuclear Station is located in Oconee County in northwestern South Carolina and 
is situated on the shore of Lake Keowee. Lake Keowee was formed by impounding the 
water of the Little River and the Keowee River. The three-unit nuclear station was 
constructed from 1967 to 1974. Units 1 and 2 began commercial operation in 1973; 
Unit 3 began commercial operation in 1974. Each unit consists of a Babcock & Wilcox 
(B&W) pressurized water reactor nuclear steam supply system designed to generate 2568 
MW thermal, or approximately 860 MW electric.  

The facility operating license for Oconee Unit 1 (DPR-38) currently expires at midnight 
February 6, 2013; the Oconee Unit 2 operating license (DPR-47) currently expires at 
midnight October 6, 2013; and the Oconee Unit 3 operating license (DPR-55) currently 
expires at midnight July 19, 2014.  

Oconee Nuclear Station consists of three individual Reactor Buildings. A common 
Turbine Building serving all three units, a Unit 1 & 2 Auxiliary Building, and a Unit 3 
Auxiliary Building. The reactor and nuclear steam supply system for each unit are 
contained within its respective Reactor Building.  

In 1990, Duke received a Part 72 license from the NRC that permitted the construction 
and operation of an Independent Spent Fuel Storage Installation (ISFSI) at Oconee.  
Materials License No. SNM-2503 was issued to Duke on January 29, 1990 with an 
expiration date of January 31, 2010. Because Oconee's ISFSI is a separately licensed 
facility, it is not within the scope of review as defined by 10 CFR Part 54.  
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1.2.2 KEOWEE HYDROELECTRIC STATION 

The onsite emergency power source for Oconee is the Keowee Hydroelectric Station, 
which is located at the Keowee Dam on Lake Keowee. Keowee was licensed 
(Project No. 2503) by the Federal Power Commission (now the Federal Energy 
Regulatory Commission) on September 26, 1966, with a license term of fifty years.  

The station consists of two hydroelectric units that generate electricity at 13.8 kV and are 
rated at 87.5 MVA each. Electricity is supplied from both Keowee units to Oconee 
through two separate and independent power paths. One route is through buried cables to 
transformer CT4; the other route is through a 230 kV overhead transmission line, through 
the 230 kV switchyard at Oconee, to transformers CT1, CT2 and CT3.  

The Keowee hydroelectric units are located in a building that contains all of the necessary 
systems and components for the units to operate. Remote startup controls and monitoring 
instrumentation are located in the Oconee control rooms. Except for the common 
penstock, each Keowee unit is independent of the other unit including separate electrical 
and mechanical support systems. The integrated plant assessments of the Keowee 
mechanical, electrical, and civil/structural components are provided in Chapters 2.5.13, 
2.6, and 2.7.6 of OLRP-1001, respectively.  

1.2.3 STANDBY SHUTDOWN FACILITY 

The Standby Shutdown Facility is designed as a standby system for use under certain 
emergency conditions. It provides additional "defense-in-depth" protection by serving as 
a backup to existing safety systems. The Standby Shutdown Facility is designed to 
provide an alternate means to achieve and maintain hot shutdown conditions following a 
10 CFR Part 50, Appendix R fire; sabotage; turbine building flood; station blackout; and 
tornado missile events. Because the Standby Shutdown Facility is a backup to existing 
safety systems, the single failure criterion is not required. Failures in the Standby 
Shutdown Facility systems will not cause failures or inadvertent operations in other plant 
systems. The Standby Shutdown Facility requires manual activation and can be activated 
if the relevant emergency systems are not available.  

The Standby Shutdown Facility is designed to achieve and maintain the reactor in a safe 
shutdown condition for a period of 72 hours in accordance with criteria of its design basis 
events. Safe shutdown is accomplished by: 

Re-establishing and maintaining cooling of the reactor coolant pump seals to ensure 
natural circulation and core cooling by maintaining the primary coolant system filled 
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to a sufficient level in the pressurizer while also maintaining sufficient secondary-side 
cooling water and 

Maintaining the reactor sub-critical by isolating all sources of makeup water to the 
Reactor Coolant System except from the Reactor Coolant Makeup System, which 
supplies water with a sufficient boron concentration.  

The Standby Shutdown Facility is primarily comprised of the structure and the Auxiliary 
Service Water System; the Reactor Coolant Makeup System; the Heating, Ventilating, 
and Air Conditioning System; and the AC and DC Power Systems, including the diesel 
generator. These systems are described further in Section 2.5.14 of OLRP-1001 along 
with several other systems. The structure is described in Section 2.7.8.  

1.2-3 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Technical Information Required for an Application 

1.3 TECHNICAL INFORMATION REQUIRED FOR AN APPLICATION 

Current NRC regulations (§54.21) require three technical items to support an application 
for a renewed operating license. The first two items are (1) an integrated plant 
assessment and (2) an evaluation of time-limited aging analyses and exemptions in effect 
based on the time-limited aging analyses. These two items are discussed below in 
Sections 1.3.1 and 1.3.2. The third technical item is a supplement to the Oconee Updated 
Final Safety Analysis Report (UFSAR) that contains a summary of the programs credited 
as managing the effects of aging and the evaluation of the time-limited aging analyses.  
This UFSAR supplement is included in Exhibit B of the Application.  

Additionally, §54.21(b) requires that after submittal of an application, amendments 
thereto must be periodically submitted to the NRC identifying any change to the current 
licensing basis that materially affects the contents of the application. The Duke process 
for providing updated technical information to the NRC in connection with license 
renewal is described in Section 1.4.  

1.3.1 INTEGRATED PLANT ASSESSMENT 

The first item of technical information required by §54.21 to be included in an application 
for a renewed operating license is an integrated plant assessment (IPA). An integrated 
plant assessment, as defined in §54.3, is a licensee assessment that demonstrates that a 
nuclear power plant facility's structures and components requiring aging management 
review in accordance with §54.21(a) for license renewal have been identified and that the 
effects of aging on the functionality of such structures and components will be managed 
to maintain the CLB such that there is an acceptable level of safety during the period of 
extended operation. Table 1.3-1 provides an index to the results of the Oconee Integrated 
Plant Assessment.  

The Oconee Integrated Plant Assessment involves the following four major activities: 

1. Identification of the structures and components within the scope of license 
renewal that are subject to aging management review; 

2. Identification of the aging effects applicable to these structures and 
components; 

3. Identification of plant-specific programs and activities that will manage 
these identified aging effects; and 
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4. A demonstration that these programs and activities will be effective in 
managing the effects of aging during the period of extended operation.  

§54.3 Definitions 

Integrated plant assessment (IPA) is a licensee assessment that demonstrates 
that a nuclear power plant facility's structures and components requiring aging 
management review in accordance with §54.21(a) for license renewal have been 
identified and that the effects of aging on the functionality of such structures and 
components will be managed to maintain the CLB such that there is an 
acceptable level of safety during the period of extended operation.  

§54.21 Contents of application--technical information 

Each application must contain the following information: 
(a) An integrated plant assessment (IPA). The IPA must 

(1) For those systems, structures, and components within the scope of this 
part, as delineated in §54.4, identify and list those structures and 
components subject to an aging management review. Structures and 
components subject to an aging management review shall encompass those 
structures and components 

(i) That perform an intended function, as described in §54.4, without 
moving parts or without a change in configuration or properties. [...] and 
(ii) That are not subject to replacement based on a qualified life or 
specified time period.  

(2) Describe and justify the methods used in paragraph (a)(1) of this 
section.  

(3) For each structure and component identified in paragraph (a)(1) of this 
section, demonstrate that the effects of aging will be adequately managed so 
that the intended function(s) will be maintained consistent with the CLB for 
the period of extended operation.  
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The first major activity for the Oconee Integrated Plant Assessment is identification of 
the structures and components within the scope of license renewal that are subject to 
aging management review. This process is described and justified in OLRP-1001 
Chapter 2, "Identification of Structures and Components that are Subject to Aging 
Management Review," as required by §54.21(a)(2). A description of the process that 
Duke used to identify the systems, structures, and components within the scope of license 
renewal is provided in Section 2.2.  

Sections 2.3 through 2.7 identify and describe the structures and components within the 
scope of license renewal that are subject to aging management review at Oconee. Special 
attention was focused on the Reactor Building (Containment) and the Reactor Coolant 
System because they are important elements in the radioactive release defense-in-depth.  
They are described individually in Sections 2.3 and 2.4, respectively. The identification 
and description of the remaining systems, structures, and components within the scope of 
license renewal are provided in Sections 2.5, 2.6, and 2.7. These sections of OLRP-1001 
are divided along engineering discipline lines traditional to Duke (i.e., mechanical, 
electrical, and civil/structural). Specifically, Sections 2.2 through 2.7 contain the 
technical information required by §§54.21(a)(1) and (a)(2).  

The second major activity of the Oconee Integrated Plant Assessment is the identification 
of the aging effects applicable to the structures and components identified in Chapter 2 of 
OLRP-1001. The process used to perform this activity is described and the results 
provided in OLRP-1001 Chapter 3, "Identification of Applicable Aging Effects." The 
process used to identify the applicable aging effects is described in Section 3.2.  
Consistent with the presentation of information in Chapter 2, the aging effects applicable 
to the Reactor Building (Containment) and the Reactor Coolant System are presented in 
Sections 3.3 and 3.4, respectively. The aging effects applicable to mechanical, electrical, 
and civil/structural components are provided in Sections 3.5, 3.6, and 3.7, respectively.  

The third major activity of the Oconee Integrated Plant Assessment is the identification 
of plant-specific programs and activities that will manage identified aging effects. These 
programs and activities are provided in OLRP-1001 Chapter 4, "Aging Management 
Programs and Activities." 

The fourth major activity of the Oconee Integrated Plant Assessment, the demonstration 
of the effectiveness of programs and activities in managing the effects of aging for the 
period of extended operation, is also presented in Chapter 4. The program descriptions 
and demonstrations provided in Chapter 4 are deigned to satisfy the requirements in 
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§54.21(a)(3) and provide the basis for the NRC to make the finding required by 
§54.29(a)(1). (Refer to Section 1.1 for the citation to §54.29(a)(1).) 

The Oconee Integrated Plant Assessment for license renewal, along with other 
information necessary to document compliance with Part 54, is and will continue to be 
maintained at Oconee in an auditable and retrievable form, in accordance with the 
requirements of §54.37(a).  

§54.37 Additional records and record keeping requirements 

(a) The licensee shall retain in an auditable and retrievable form for the term 
of the renewed operating license all information and documentation required by, 
or otherwise necessary to document compliance with, the provisions of this part.  
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Table 1.3-1 Index of the kesults of the Oconee Integrated Plant Assessment 

jAging System, Structure, and Scoping Effect Programs 
Component Section Sect (Section) 

Section 

Oconee Mechanical Systems 

Auxiliary Building Ventilation 2.5.8 3.5.8.1 None Required 

Auxiliary Service Water System 2.5.6 3.5.6.2 Cast Iron Selective Leaching Inspection 
(4.3.2) 

Galvanic Susceptibility Inspection (4.3.3) 

Preventive Maintenance Activities (4.3.8) 

Service Water Piping Corrosion Program 
(4.25) 

System Performance Testing Activities 
(4.27) 

Breathing Air System 2.5.4 3.5.4.1 None Required 

Chemical Addition System 2.5.7 3.5.7.1 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 

Chemistry Control Program (4.6) 

Component Cooling System 2.5.4 3.5.4.2 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 

Chemistry Control Program (4.6) 

Condensate System 2.5.9 3.5.9.2 Cast Iron Selective Leaching Inspection 
(4.3.2) 

Galvanic Susceptibility Inspection (4.3.3) 

Preventive Maintenance Activities (4.3.8) 

Chemistry Control Program (4.6) 

Service Water Piping Corrosion Program 
(4.25) 
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Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

j I Aging System, Structure, and Scoping iEffect Programs 
Component Section Section (Section) 

Oconee Mechanical Systems (Continued) 

Condenser Circulating Water 2.5.6 3.5.6.3 Galvanic Susceptibility Inspection (4.3.3) 

System Preventive Maintenance Activities (4.3.8) 

Service Water Piping Corrosion Program 
(4.25) 

Containment Hydrogen Control 2.5.10 3.5.10.1 None Required 
System 
Control Room Pressurization and 2.5.8 3.5.8.2 None Required 
Filtration System 

Coolant Storage System 2.5.7 3.5.7.2 Chemistry Control Program (4.6) 

Core Flood System 2.5.5 3.5.5.1 Chemistry Control Program (4.6) 

Demineralized Water System 2.5.4 3.5.4.3 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 

Emergency Feedwater System 2.5.9 3.5.9.3 Chemistry Control Program (4.6) 

Feedwater System 2.5.9 3.5.9.4 Chemistry Control Program (4.6) 

Piping Erosion/Corrosion Program (4.21) 

Filtered Water System 2.5.4 3.5.4.4 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 

Gaseous Waste Disposal System 2.5.4 3.5.4.5 None Required 

High Pressure Injection System 2.5.5 3.5.5.2 Chemistry Control Program (4.6) 

Reactor Coolant Operational Leakage 
Monitoring (4.23) 
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Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

System, Structure, and Scoping Effn Programs 
Component Section Section (Section) 

Oconee Mechanical Systems (Continued) 

High Pressure Service Water System 2.5.6 3.5.6.4 Cast Iron Selective Leaching Inspection 
(4.3.2) 

Galvanic Susceptibility Inspection (4.3.3) 

Fire Protection Program (4.16) 

Service Water Piping Corrosion Program 
(4.25) 

Instrument Air System 2.5.4 3.5.4.6 None Required 

Leak Rate Test System 2.5.4 3.5.4.7 None Required 

Liquid Waste Disposal System 2.5.4 3.5.4.8 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 

Low Pressure Injection System 2.5.5 3.5.5.3 Galvanic Susceptibility Inspection (4.3.3) 

Preventive Maintenance Activities (4.3.8) 

Chemistry Control Program (4.6) 

Heat Exchanger Performance Testing 
Activities (4.17) 

Service Water Piping Corrosion Program 
(4.25) 

Low Pressure Service Water System 2.5.6 3.5.6.5 Galvanic Susceptibility Inspection (4.3.3) 

Preventive Maintenance Activities (4.3.8) 

Chemistry Control Program (4.6) 

Service Water Piping Corrosion Program 
(4.25) 

System Performance Testing Activities 
(4.27) 

Main Steam System 2.5.9 3.5.9.1 Chemistry Control Program (4.6) 

Piping Erosion Control Program (4.21) 

1.3-7 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Technical Information Required for an Application 

Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

System, Structure, and Scoping En Programs 
Component Section EfSect (Section) 

Section 

Oconee Mechanical Systems (Continued) 

Nitrogen Purge and Blanket System 2.5.4 3.5.4.9 Reactor Building Spray System Inspection 
(4.3.9) 

Chemistry Control Program (4.6) 

Penetration Room Ventilation 2.5.8 3.5.8.3 None Required 
System 

Post Accident Monitoring System 2.5.10 3.5.10.2 None Required 

Reactor Building Cooling System 2.5.3 3.5.3.1 Preventive Maintenance Activities (4.3.8) 

Heat Exchanger Performance Testing 
Activities (4.17) 

Reactor Building Purge System 2.5.4 3.5.4.10 None Required 

Reactor Building Spray System 2.5.3 3.5.3.2 Reactor Building Spray System Inspection 
(4.3.9) 

Chemistry Control Program (4.6) 

Reactor Coolant System 2.4 3.4 Alloy 600 Aging Management Program 
2.5.12 3.5.12 (4.3.1) 

OTSG Upper Lateral Support Inspection 
(4.3.6) 

Pressurizer Examinations (4.3.7) 

Reactor Vessel Internals Aging 
Management Program (4.3.11) 
Small Bore Piping Inspection (4.3.12) 

Boric Acid Wastage Surveillance Program 
(4.5) 
Chemistry Control Program (4.6) 

CRDM Nozzle and Other Vessel Closure 
Penetrations Inspection Program (4.10) 

Inservice Inspection Plan (4.18) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 

1.3-8 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Technical Information Required for an Application 

Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

System, Structure, and Scoping Effec Programs 
Component Section Sect (Section) Section 

Oconee Mechanical Systems (Continued) 

Reactor Coolant System 2.4 3.4 Program to Inspect the HPI Connections 
(Continued) 2.5.12 3.5.12 to the RCS (4.22) 

Reactor Coolant System Operational 
Leakage Monitoring (4.23) 

Reactor Vessel Integrity Program (4.24) 

Steam Generator Tube Surveillance 
Program (4.26) 

Reactor Coolant Pump Motor Oil 2.5.11 3.5.11 Reactor Coolant Pump Motor Oil 
Collection System Collection System Inspection (4.3.10) 

Spent Fuel Cooling System 2.5.6 3.5.6.1 Chemistry Control Program (4.6) 

Keowee Mechanical Systems 

Carbon Dioxide 2.5.13 3.5.13.1 Keowee Air and Gas Systems Inspection 
(4.3.4) 

Depressing Air System 2.5.13 3.5.13.2 Keowee Air and Gas Systems Inspection 
(4.3.4) 

Generator High Pressure Oil System 2.5.13 3.5.13.3 None Required 

Governor Air System 2.5.13 3.5.13.4 Keowee Air and Gas Systems Inspection 
(4.3.4) 

Governor Oil System 2.5.13 3.5.13.5 Keowee Oil Sampling Program (4.3.5) 

Service Water System 2.5.13 3.5.13.6 Cast Iron Selective Leaching Inspection 
(4.3.2) 

Galvanic Susceptibility Inspection (4.3.3) 

Fire Protection Program (4.16) 

Service Water Piping Corrosion Program 
(4.25) 
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Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

JAging 
System, Structure, and Scoping Effect Programs 

Component Section EfSect (Section) Section 

Keowee Mechanical Systems (Continued) 

Turbine Generator Cooling Water 2.5.13 3.5.13.7 Galvanic Susceptibility Inspection (4.3.3) 
System Preventive Maintenance Activities (4.3.8) 

Service Water Piping Corrosion Program 
(4.25) 

System Performance Testing Activities 
(4.27) 

Turbine Guide Bearing Oil System 2.5.13 3.5.13.8 Keowee Oil Sampling Program (4.3.5) 

Turbine Sump Pump System 2.5.13 3.5.13.9 Galvanic Susceptibility Inspection (4.3.3) 

Service Water Piping Corrosion Program 
(4.25) 

System Performance Testing Activities 
(4.27) 

SSF Mechanical Systems 

Air Intake and Exhaust System 2.5.14 3.5.14.1 None Required 

Diesel Generator Fuel Oil System 2.5.14 3.5.14.2 Chemistry Control Program (4.6) 

Drinking Water System 2.5.14 3.5.14.3 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 

HVAC System 2.5.14 3.5.14.4 Heat Exchanger Performance Testing 
Activities (4.17) 

Reactor Coolant Makeup System 2.5.14 3.5.14.5 Chemistry Control Program (4.6) 

Sanitary Lift System 2.5.14 3.5.14.6 Treated Water Systems Stainless Steel 
Inspection (4.3.13) 
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Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

IAging System, Structure, and Scoping Effect Programs 
Component Section EfSect (Section) Section 

SSF Mechanical Systems (Continued) 

SSF Auxiliary Service Water 2.5.14 3.5.14.7 Galvanic Susceptibility Inspection (4.3.3) 
System Heat Exchanger Performance Testing 

Activities (4.17) 

Service Water Piping Corrosion Program 
(4.25) 

System Performance Testing Activities 
(4.27) 

Starting Air System 2.5.14 3.5.14.8 None Required 

Structures 

Auxiliary Building 2.7.3 3.7.3 Battery Rack Inspections (4.4) 

Chemistry Control Program (4.6) 

Crane Inspection Program (4.11) 

Fire Protection Program (4.16) 

Inservice Inspection Plan (4.18) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 

Earthen Structures 2.7.4 3.7.4 FERC Five Year Inspection (4.15) 

Intake Structure 2.7.5 3.7.5 Inservice Inspection Plan (4.18) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 
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Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

System, Structure, and Scoping Effec Programs 
Component Section Sect (Section) 

Section 

Structures (Continued) 

Keowee Structures 2.7.6 3.7.6 Battery Rack Inspections (4.4) 

Crane Inspection Program (4.11) 

Duke Power Five-Year Underwater 
Inspection of Hydroelectric Dams and 
Appurtenances (4.12) 

FERC Five Year Inspection (4.15) 

Inservice Inspection Plan (4.18) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 

Penstock Inspection (4.20) 

Reactor Buildings (Containment) 2.3 3.3 Coatings Program (4.7) 

Containment Inservice Inspection Plan 
(4.8) 

Containment Leak Rate Testing Program 
(4.9) 

Reactor Building Internal Structures 2.7.7 3.7.7 Boric Acid Wastage Surveillance Program 
and Unit Vent (4.5) 

Chemistry Control Program (4.6) 

Crane Inspection Program (4.11) 

Inservice Inspection Plan (4.18) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 
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Table 1.3-1 Index of the Results of the Oconee Integrated Plant Assessment 
(Continued) 

System, Structure, and Scoping E Effn Programs 
Component Section EfSect (Section) Section 

Structures (Continued) 

Standby Shutdown Facility 2.7.8 3.7.8 Battery Rack Inspection (4.4) 

Crane Inspection Program (4.11) 

Inservice Inspection Plan (4.18) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 

Turbine Buildings 2.7.9 3.7.9 Crane Inspection Program (4.11) 

Fire Protection Program (4.16) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 

Yard Structures 2.7.10 3.7.10 Battery Rack Inspections (4.4) 

Elevated Water Storage Tank Civil 
Inspection (4.14) 

Inspection Program for Civil Engineering 
Structures and Components (4.19) 

230 kV Keowee Transmission Line 
Inspection (4.29) 

Electrical 2.6 3.6 None Required 
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1.3.2 TIME-LIMITED AGING ANALYSES AND EXEMPTIONS 

Section 54.21 requires that an application for a renewed operating license identify and 
evaluate plant-specific time-limited aging analyses and exemptions.  

The time-limited aging analyses are those licensee calculations and analyses identified by 
applying the six criteria presented in §54.3. In addition, pursuant to §54.21(c)(2), a list 
must be provided of plant-specific exemptions granted pursuant to §50.12 and in effect 
that are based on the time-limited aging analyses defined in §54.3. Based on a review of 
the docket, Duke has determined that no Oconee exemptions meet this criterion.  

54.3 Definitions 

Time-limited aging analyses, for the purposes of this part, are those licensee 
calculations and analyses that: 

(1) Involve systems, structures, and components within the scope of license 
renewal, as delineated in §54.4(a); 

(2) Consider the effects of aging; 

(3) Involve time-limited assumptions defined by the current operating term, 
for example, 40 years; 

(4) Were determined to be relevant by the licensee in making a safety 
determination; 

(5) Involve conclusions or provide the basis for conclusions related to the 
capability of the system, structure, and component to perform its intended 
functions, as delineated in §54.4(b); and 

(6) Are contained or incorporated by reference in the CLB.  
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54.21Contents of application-technical information 

Each application must contain the following information: 

(c) An evaluation of time-limited aging analyses.  

(1) A list of time-limited aging analyses, as defined in §54.3, must be 
provided. The applicant shall demonstrate that 

(i) The analyses remain valid for the period of extended operation; 
(ii) The analyses have been projected to the end of the period of 

extended operation; or 
(iii) The effects of aging on the intended function(s) will be adequately 

managed for the period of extended operation.  

(2) A list must be provided of plant-specific exemptions granted pursuant to 
10 CFR 50.12 and in effect that are based on time-limited aging analyses as 
defined in §54.3. The applicant shall provide an evaluation that justifies the 
continuation of these exemptions for the period of extended operation.  

The technical review of time-limited aging analyses is provided in OLRP-1001 Chapter 5, 
"Time-Limited Aging Analyses and Exemptions Review." The processes that Duke used 
to identify the Oconee-specific time-limited aging analyses and to identify exemptions are 
described in Section 5.2. For each identified time-limited aging analysis, an evaluation is 
provided for continued operation during the license renewal period. Consistent with the 
information provided in Chapters 2, 3, and 4, the evaluation of time-limited aging 
analyses for the Reactor Building (Containment) and the Reactor Coolant System are 
provided in Sections 5.3 and 5.4, respectively. The evaluation of time-limited aging 
analyses for mechanical, electrical, and civil/structural components are provided in 
Sections 5.5, 5.6, and 5.7, respectively. The time-limited aging analyses described and 
evaluated in Chapter 5 are designed to satisfy the requirements contained in §54.21(c) and 
to provide the basis for the NRC to make the finding required by §54.29(a)(2). Refer to 
Section 1.1 for the citation to §54.21(a)(2).  

The Oconee Time-Limited Aging Analyses and Exemptions Review for license renewal, 
along with other information necessary to document compliance with Part 54, is and will 
continue to be maintained at Oconee in an auditable and retrievable form, in accordance 
with the requirements of §54.37(a).  
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1.4 PROCESS TO UPDATE TECHNICAL INFORMATION 

The process by which Duke will periodically update technical information that has been 
submitted to the NRC in the Oconee license renewal application is provided in this 
section. The process addresses the timing and content of revisions to OLRP-1001 
(Exhibit A) and the other components of the Application for a renewed operating license, 
including the UFSAR update. This process is designed to meet the requirements of 
§54.21(b) to periodically update the contents of the Application by identifying any 
changes to the current licensing basis that materially affect the contents of the license 
renewal Application.  

54.21 Contents of application-technical information 

Each application must contain the following information: 

(b) CLB changes during NRC review of the application. Each year following 
submittal of the license renewal application and at least 3 months before 
scheduled completion of the NRC review, an amendment to the renewal 
application must be submitted that identifies any change to the CLB of the 
facility that materially affects the contents of the license renewal application, 
including the FSAR supplement.  

Each year following the submittal of the Application and at least three months before the 
scheduled completion of the NRC review, Duke will submit amendments to the 
Application. The revision will identify any changes to the current licensing basis that 
materially affect the contents of the Application, including OLRP-1001 (Exhibit A), the 
Oconee Updated Final Safety Analysis Report Supplement, and any other aspects of the 
Application. The amendments will be submitted on a replacement page basis, 
accompanied by a list that identifies the current pages in the document following the page 
replacement.  

Duke has prepared Oconee License Renewal Flow Diagrams (OLRFD) to facilitate the 
review of the Oconee license renewal technical information. Updates to these diagrams 
will be provided concurrently with the amendments to the Application as described 
above. Upon issuance of an NRC safety evaluation report covering the license renewal 
technical information for Oconee, no further revisions of the Oconee License Renewal 
Flow Diagrams or the Application will be submitted.  
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1.5 GENERIC SAFETY ISSUES 

1.5.1 BACKGROUND 

The NRC Staff evaluates the safety requirements used in its reviews against new 
information as it becomes available. Information related to the safety of nuclear power 
plants comes from a variety of sources including experience from operating reactors, 
research results, NRC staff and Advisory Committee on Reactor Safeguards (ACRS) 
safety reviews, and vendor, architect/engineer, and utility design reviews. Each time a 
new concern or safety issue is identified from one or more of these sources, the NRC 
assesses the need for immediate action to ensure safe operation. This assessment includes 
consideration of the generic implications of the issue.  

In some cases, immediate action is taken to ensure safety. In other cases, interim 
measures, such as modifications to operating procedures, may be sufficient to allow 
further study of the issue before licensing decisions are made. In most cases, however, 
the initial assessment indicates that immediate licensing actions or changes in licensing 
criteria are not necessary. In any event, further study may be deemed appropriate to 
determine whether existing NRC requirements should be modified to address the issue 
for new plants or whether backfitting is appropriate for the long-term operation of 
existing plants.  

These issues have been called "generic safety issues." Generic safety issues (GSIs) are 
safety concerns that may affect the design, construction, or operation of all, several, or a 
class of nuclear power plants and that may result in safety improvements and 
promulgation of new or revised requirements or guidance. NUREG-0933, A 
Prioritization of Generic Safety Issues, describes the NRC program to identify, prioritize, 
and ultimately resolve GSIs. NUREG-0933 was initially issued in 1983 and has been 
revised frequently since then.  

In 1995, in the Statements of Consideration (SOC) for the amended license renewal rule 
(60 Federal Register 22484, May 8, 1995), the Commission stated that: 

"Resolution of a USI or GSI generically for the set of applicable plants is not 
necessary for the issuance of a renewed license. GSIs and USIs that do not 
contain issues related to the license renewal aging management review or time
limited aging evaluation are not a subject of review or finding for license 
renewal. However, designation of an issue as a GSI or USI does not exclude the 
issue from the scope of the aging management review or time-limited aging 
evaluation." 
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"For an issue that is both within the scope of the aging management review or 
time-limited aging evaluation and within the scope of a USI or GSI, there are 
several approaches which can be used to satisfy the finding required by section 
54.29." 

The Nuclear Energy Institute (NEI), on behalf of the nuclear industry, submitted 
an October 21, 1996, letter that described a review of NUREG-0933 (through 
Revision 19, dated June 1995) that had been performed by the industry. Table II 
of NUREG-0933 lists all unresolved safety issues (USIs) and GSIs and identifies a 
safety priority ranking for each one. The legend accompanying Table II explains 
the ranking system. For GSIs, the rank is either high, medium, or low or the item 
has one of the following five notes: 

* Note 1: Possible Resolution Identified for Evaluation 
* Note 2: Resolution Available 
* Note 3: Resolution Resulted in either: (a) The Establishment of New 

Regulatory Requirements, or (b) No new Requirements 
* Note 4: Issue to be Prioritized in the Future 
* Note 5: Issue that is not a Generic Safety Issue but should be Assigned 

Resources for Completion 

The conclusions of the NEI review were that items with a status of either Note 1 
or Note 4 are the only GSIs that may be considered concurrently with the aging 
management reviews and time-limited aging analysis evaluation being performed 
to meet the requirements of license renewal.  

The NEI review of NUREG-0933 through Revision 19 initially identified 
unresolved GSIs that meet the above criteria. Each GSI was subsequently 
reviewed to determine if it is concerned with aging effects associated with 
structures and components within the scope of license renewal. This review 
identified two GSIs that NEI considers applicable to license renewal: 

* GSI 166 - Adequacy of Fatigue of Metal Components, and 
* GSI 168 - Environmental Qualification of Electrical Equipment 
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In a January 29, 1998, letter to NEI, the NRC staff described its review of the NEI 
criteria for performing the review and the list of GSIs identified by NEI as 
applicable to license renewal. On the basis of this review and further evaluation 
of the NUREG-0933 process, the staff determined that the criteria for reviewing 
GSIs should be different from those proposed by NEI. Specifically, the NRC 
determined that all issues listed in NUREG-0933, Appendix B with the following 
Safety Priority/Status classifications should be reviewed to identify any generic 
concerns that may be related to the effects of aging or time-limited aging analyses 
for system, structures, or components within the scope of license rule: 

* USI 
* High Priority 
* Medium Priority 
* Note 1: Possible Resolution Identified for Evaluation 
* Note 2: Resolution Available (Documented in NUREG, NRC Memorandum, 

SER [safety evaluation report], or equivalent) 

To illustrate the application of these criteria, the staff reviewed NUREG-0933, 
updated through Revision 21 (December 1996) and identified the following five 
GSIs involving potential aging effects that should be evaluated in a license 
renewal application: 

* GSI 23 - Reactor Coolant Pump Seal Failures 
* GSI 78 - Monitoring of Fatigue Transient Limits for [Reactor Coolant System] 
* GSI 166 - Adequacy of Fatigue Life of Metal Components 
* GSI 168 - Environmental Qualification of Electrical Equipment 
* GSI 173.A - Spent Fuel Storage Pool: Operating Facilities 

Subsequent to the above NRC letter, Revision 22 of NUREG-0933 
(December 31, 1997) was released by the NRC. Among the changes included in 
Revision 22 are the following that are pertinent to license renewal: 

* GSI 78 is now resolved 
* GSI 166 is now resolved 
* GSI 190 has been established to address the impact of a license renewal period 

of 20 years on fatigue of metal components.  
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In consideration of the above guidance, Duke has addressed the following list of 
GSIs concurrently with the license renewal review for Oconee: 

(1) GSI 23 - Reactor Coolant Pump Seal Failures 
(2) GSI 168 - Environmental Qualification of Electrical Equipment 
(3) GSI 173.A - Spent Fuel Storage Pool: Operating Facilities 
(4) GSI 190 - Fatigue Evaluation of Metal Components for 60-Year Plant Life 

The following discussion reflects Duke's understanding of the current 
descriptions of the above four GSIs and our position with respect to the operation 
of Oconee during the period of extended operation (2013 - 2034) pending generic 
resolution of these four GSIs.  

1.5.2 GSI 23 - REACTOR COOLANT PUMP SEAL FAILURES 

As stated in NUREG-0933, "This issue deals with the high rate of reactor coolant 
pump seal failures that challenge the makeup capacity of the ECCS in PWRs." 
[Footnote 1] The failures of these seals may be age related; however, reactor 
coolant pump seals are generally replaced prior to the detection of excessive 
leakage. For Oconee Units 2 and 3 (Bingham reactor coolant pumps) and the first 
stage of the Westinghouse reactor coolant pumps on Unit 1, the reactor coolant 
pump seals are replaced approximately every four operating cycles. The second 
and third stages of the Westinghouse reactor coolant pump seals on Unit 1 are 
replaced approximately every two operating cycles. Because replacement of 
reactor coolant pumps seals occurs routinely, they are not subject to aging 
management review for the license renewal period of extended operation.  

In addition, by letter dated November 30, 1990, Duke submitted to the NRC the 
Individual Plant Examination (IPE) for Oconee. As part of the IPE process, Duke 
proposed the resolution of several GSIs, one of which was GSI 23. By letter dated 
March 24, 1995, the NRC staff provided the results of its review of the resolutions 
of the GSIs proposed by Duke. The NRC concluded that GSI 23 had been 
adequately addressed for Oconee Units 1, 2, and 3. Duke concludes that GSI 23 is 
resolved for Oconee.  

1. NUREG-0933 description of GSI 23 dated 11/30/83.  
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1.5.3 GSI 168 - ENVIRONMENTAL QUALIFICATION OF ELECTRICAL COMPONENTS 

As discussed in SECY-93-049, the staff reviewed significant license renewal issues and 
found that several were related to environmental qualification (EQ). A key aspect of 
these issues was whether the licensing bases should be reassessed or enhanced in 
connection with license renewal, and whether this reassessment should be extended to the 
current license term. In late 1993, the Commissioners instructed the staff that the current 
EQ licensing basis must be used in the license renewal period and that any EQ concerns 
identified by the staff during the review of EQ for license renewal should be evaluated for 
the effect on current licenses, independent of license renewal.  

The NRC Staff's EQ Task Action Plan (EQ-TAP) was initiated to address the adequacy 
of current EQ practices. Upon completion of the EQ-TAP review, the focus of Staff 
concerns was limited to issues related to the adequacy of accelerated aging practices in 
existing qualifications, and the lack of a "feedback mechanism" in EQ programs (i.e., 
programmatic requirements to determine the current condition of EQ equipment so that it 
can be evaluated against the assumptions and parameters for qualification). The EQ-TAP 
was subsequently closed [Footnote 2] and six remaining open issues were incorporated 
into GSI 168 for management tracking purposes. The EQ-TAP review did not identify 
any generic safety issues related to these six open issues. [Footnote 3] NRC research on 
these six topics is in progress and expected to be completed in 1999.  

NRC guidance for addressing GSI 168 for license renewal is contained in a June 1998 
letter to NEI [Reference 1.5-1]. In this letter, the NRC states: 

"With respect to addressing GSI 168 for license renewal, until completion of an ongoing 
research program and staff evaluations, the potential issues associated with GSI 168 and 
their scope have not been defined to the point that a license renewal applicant can 
reasonably be expected to address them at this time. Therefore, an acceptable approach 
described in the SOC is to provide a technical rationale demonstrating that the current 
licensing basis for EQ pursuant to 10 CFR 50.49 will be maintained in the period of 
extended operation. Although the SOC also indicates that an applicant should provide a 
brief description of one or more reasonable options that would be available to adequately 
manage the effects of aging, the staff does not expect an applicant to provide the options 
at this time." 

2. Memorandum from L. Joseph Callan, Executive Director for Operations, USNRC, to Chairman and 
Commissioners, USNRC, Subject: Report on the Status of the Environmental Qualification Task Action 
Plan (WITS ITEM 9300107), February 5, 1998.  

3. Issues which are no longer generic safety issues but which should be assigned resources to complete 
may be prioritized as "Note 5" and should not be subject to review by license renewal applicants.  
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Environmental qualification evaluations of electrical equipment are identified as time
limited aging analyses for Oconee. The evaluations of these time-limited aging analyses 
are considered to be the technical rationale that the current licensing basis will be 
maintained during the period of extended operation. These evaluation are provided in 
Section 5.6 of OLRP-1001. Consistent with the above NRC guidance, no additional 
information is required to address GSI 168 in a renewal application at this time.  

1.5.4 GSI 173.A - SPENT FUEL STORAGE POOL: OPERATING FACILITIES 

As stated in NUREG-0933: 

"The principle concerns included in Part A of the generic action plan 
[Memorandum to A. Thadani from G. Holahan, Task Action Plan for Spent Fuel 
Storage Pool Safety, October 13, 1994] involve the potential for a sustained loss 
of spent fuel pool cooling capability, which was identified through the report 
filed with the NRC relating to Susquehanna, and the potential for a substantial 
loss of spent fuel pool coolant inventory, which was given renewed emphasis 
following the Dresden 1 special inspection. Postulated adverse conditions that 
may develop following a LOCA or a sustained loss of power to spent fuel pool 
cooling system components could prevent restoration of spent fuel pool decay 
heat removal. [Footnote 4]" 

0 In a memorandum to the Commission dated July 26, 1996, the NRC staff reported the 
findings from the Spent Fuel Pool Action Plan. In that memorandum, the staff concluded 
that existing structures, systems and components related to the storage of irradiated fuel 
provide adequate protection for public health and safety. Concurrent with these activities, 
the staff also performed an independent review of all operating reactor licensees and 
found that each licensee was operating its spent fuel storage system in compliance with 
its operating license or would be before the next refueling outage. The results of this 
compliance review are documented in a memorandum to the Commission dated 
May 21, 1996. Notwithstanding these findings, the NRC staff also performed plant
specific evaluations of regulatory analyses to determine whether safety enhancement 
backfits could be justified at certain plants, including Oconee.  

The details of the NRC staff's follow-up activities, results of the plant-specific 
evaluations, and status of other spent fuel pool actions, are documented a memorandum 
to the Commission dated September 30, 1997. By letter dated November 6, 1997, from 
the NRC to Duke, the staff stated that based on the probabilistic screening analysis, which 
indicated a low likelihood of fuel to be uncovered and relatively low risk-significance, no 
further regulatory action associated with the issues identified in the staff's July 26, 1996 
memorandum to the Commission is necessary at Oconee [Reference 1.5-2].  

4. NUREG-0933 description of GSI 173A dated 12/31/95.  
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Another concern identified in GSI 173A is spent fuel pool criticality control (Boraflex 
degradation). Generic Letter 96-04 has been issued by the NRC and Duke has responded 
to this generic letter (Reference 1.5-3). Degradation of Boraflex at Oconee is considered 
to be a time-limited aging analysis and is addressed in Section 5.7 of OLRP-1001. Duke 
has implemented a program to monitor the Boraflex to ensure that reactivity control is 
maintained for the spent fuel storage racks consistent with the licensing basis for the 
period of extended operation. Accordingly, Duke concludes that GSI 173.A is resolved 
for Oconee.  

1.5.5 GSI 190 - FATIGUE EVALUATION OF METAL COMPONENTS FOR 60-YEAR 
PLANT LIFE 

SECY-95-245 [Reference 1.5-4] and the latest draft of the Standard Review Plan for 
License Renewal [Reference 1.5-5] require that the license renewal applicant offer a 
technical rationale for concluding that the effects of fatigue are adequately managed for 
the extended period of operation or until the resolution of GSI 166 (now GSI 190). The 
following discussion reflects Duke's understanding of the current scope of GSI 190 and 
our position with respect to the operation of Oconee during the period of extended 
operation (2013 - 2034) pending resolution of GSI 190.  

1.5.5.1 Background 
In SECY-95-245, the NRC staff informed the Commission that it had concluded its 
efforts on the Fatigue Action Plan (FAP). That SECY paper cited the NRC staff finding 
that "no immediate staff or licensee action is necessary to deal with the fatigue issues 
addressed by the FAP." This belief applies to currently licensed and operating plants.  
However, with respect to license renewal, SECY-95-245 states: 

"The conclusions discussed above [in SECY-95-245, p. 5] are based on the results of the 
component sample evaluation for a current facility design life [in NUREG/CR-6260].  
For facility operation beyond the current design life, the conclusions are less certain. It 
would be more difficult to demonstrate that all components in the FAP sample, including 
components from both old and new plants, will not exceed the ASME Code fatigue 
usage factor limit using environmental fatigue curves for an extended plant life. In 
addition, the RES risk study used the results of previous technical studies to obtain 
estimates of the probability of through-wall cracking or failure of the reactor vessel and 
reactor coolant loop piping. These previous estimates were developed considering a 
current facility design life. The staff also notes that the evaluation of one vessel location 
below the top of the core indicated that the current ASME Code CJF limit may be 
exceeded for a 60-year design life when the environmental fatigue data were used.  
Therefore, the staff believes that the FAP fatigue issues should be evaluated further, 
focusing mainly on components in the RCPB with high fatigue usage for any proposed 
extended period of operation. The staff will consider, as part of the resolution of GSI 
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166, Adequacy of Fatigue Life of Metal Components, the need to evaluate a sample of 
components with high fatigue usage, using the latest available environmental fatigue 
data, to ensure that RCPB components will continue to perform their intended functions 
and maintain a high level of reliability during the extended period of operation for 
license renewal. If GSI 166 has not been resolved before the issuance of a renewal 
license, the applicant would have to submit (60 FR 22484, May 8, 1995) its technical 
rationale for concluding that the effects of fatigue are adequately managed for the 
extended period or until the resolution of GSI 166 becomes available." 

Based on discussions in an EPRI/NRC meeting on December 12, 1996, it appears that the 
purpose of SECY-95-245 was to provide a regulatory justification for the position that no 
backfitting of the current designs to consider environmental effects is required. The 
purpose was not to provide a technical justification that the current design codes do 
indeed manage environmental effects.  

Further, SECY-95-245 could not provide a regulatory justification for not needing to 
backfit to new standards for the license renewal period. As stated above, the NRC left it 
to the license renewal applicant to provide the technical rationale for concluding the 
environmental effects of fatigue are adequately managed for the extended period or until 
the resolution of GSI 190 (formerly GSI 166). The methodology to be followed here 
assumes that resolution of GSI 190 will occur following the issuance of the Oconee 
renewal license.  

1.5.5.2 Generic Industry Technical Rationale 
The industry, through the efforts of the Electric Power Research Institute (EPRI), the 
owners groups, and individual utilities, has undertaken to resolve the staff concerns 
expressed in SECY-95-245 [Reference 1.5-4 1 generically, by evaluating many of the 
same fatigue-sensitive locations contained in the NUREG/CR-6260 [Reference 1.5-6] 
study for a variety of reactor types. Rather than apply reactor water environmental effects 
indiscriminately through the interim fatigue curves of Reference 1.5-7, a methodology 
based on selective application of reactor water environmental effects was used 
[Reference 1.5-8]. This approach involves the adjustment of the ASMiE Code Section In, 
Subsection NB-3000 cumulative usage factor calculations only when all of the 
environmental variables lie within significance thresholds. For example, no 
environmental adjustment is applied when the temperature is less than or equal 150oC 
(302 0 F), or the reactor water dissolved oxygen content is less than 0.05 ppm. The 
thresholds were taken from the Pressure Vessel Research Council Committee on Cyclic 
Life Environmental Effects, as determined through the consensus process 
[Reference 1.5-9].  
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This selective environmental fatigue methodology was used by EPRI contractors on four 
separate projects: 

(1) a older vintage, two-unit Combustion Engineering pressurized water reactors 
[Reference 1.5-10]; 

(2) an older vintage, two-unit Westinghouse pressurized water reactors 
[Reference 1.5-11]; 

(3) a older vintage, single-unit boiling water reactors [Reference 1.5-12]; and 
(4) a newer vintage, two-unit boiling water reactors[Reference 1.5-13].  

The methodology will also be used in a study that remains to be completed for Oconee 
Nuclear Station.  

This application of the latest available information on reactor water environmental effects 
produces much lower effective environmental fatigue multipliers, Fen, than does the 
indiscriminate application of an environmentally-adjusted design fatigue curve 
(NUREG/CR-5999) in NUREG/CR-6260. As a result, the industry has determined that 
actual reactor water environmental effects are more than compensated for by the two 
existing sources of conservatism contained in the ASME Code fatigue design process 
the portion of the low-cycle fatigue design margin factor of 20 that is attributed to 
moderate environmental effects and the conservatism embodied in the definition of 
design-basis thermal transients.  

For example, the proposed industry technical position, including the selective application 
of appropriate reactor water environmental effects, was applied to three systems at the 
Calvert Cliffs Nuclear Power Plant (CCNPP) and the results documented in 
EPRI TR-107515 [Reference 1.5-10]. The selective environmental fatigue methodology 
produced much lower effective environmental fatigue multipliers, Fen, than did the 
indiscriminate application of an environmentally-adjusted design fatigue curve 
(NUREG/CR-5999) in NUREG/CR-6260. The maximum Fen applied to the limiting 
fatigue-sensitive component locations was found to be in the range of 1.4 to 1.6, well 
below the fraction of the low-cycle factor of 20 (e.g., 3 to 4) contained in the ASME Code 
Section III design fatigue curves to account for moderate environmental effects.  

As an example, for the older vintage Combustion Engineering plant study, the maximum 
Fen applied to the limiting fatigue-sensitive component locations was found to be in the 
range of 1.4 to 1.6, well below the fraction of the low-cycle factor of 20 contained in the 
ASME Code Section III design fatigue curves to account for the conversion of smooth 
specimen laboratory fatigue data obtained in air to design applications. Because of the 
low environmental multipliers, the projected fatigue usage for both the 40-year design life 
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and the 60-year license renewal period was found to be less than unity for the limiting 
fatigue-sensitive component locations in the pressurizer surge line and the Chemical 
Volume Control System, even with the effects of the reactor water environment applied 
appropriately during thermal transients.  

A related part of the older vintage Combustion Engineering plant study included the 
parametric evaluation of the effects of actual plant transients relative to the definition of 
design-basis transients. In this case, the design-basis transient definition is described 
typically in terms of steep or discontinuous changes in temperature, whereas actual 
transients are characterized by more gradual changes in temperature. The conservatism 
implied by the definition of design-basis thermal transients was found to have an effect 
on the calculated fatigue usage equal to or greater than the maximum calculated Fen, with 
a typical CUF ratio on the order of 20 to 100, compared to environmental multipliers of 
1.4 to 1.6 in the worst case.  

The results of this study, and the similarity of results in the other three completed studies, 
[References 1.5-11, 1.5-12 and 1.5-13] confirmed that the industry technical position on 
fatigue evaluation for metal components contains the essential steps needed to 
demonstrate that the effects of fatigue are managed adequately for both the current and 
any license renewal term, including fatigue-sensitive component locations and the effects 
of reactor water environments. Furthermore, these findings provide evidence that 
selective application of the effects of reactor water environments, in accordance with an 
industry consensus approach, produces worst-case environmental multipliers that are 
already compensated for by two existing sources of conservatism in Class 1 ASME Code 
fatigue analysis procedures. These conservatisms are (1) the low-cycle portion of the 
design fatigue curve margin factor of 20 that is appropriately ascribed to moderate 
environmental effects and (2) the design-basis definitions of thermal transients. The 
combination of these two existing conservatisms is such that explicit treatment of reactor 
water environmental effects in fatigue design analysis may not be necessary.  

1.5.5.3 Oconee Confirmatory Research 

In addition to the results of the four industry studies, additional confirmatory research is 
ongoing in 1998 at Oconee in support of the generic resolution of issues associated with 
GSI 190. Consistent with these other studies, the Oconee study, being done in 
conjunction with EPRI, will apply the industry evaluation methodologies of 
Reference 1.5-8 to selected locations as a part of the Reactor Coolant System Branch Line 
Piping reanalysis [References 1.5-14, 1.5-15, and 1.5-16]. The calculations developed to 
meet this NRC commitment consider the various environmental factors.  

1.5-10 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Generic Safety Issues 

1.5.5.4 Oconee License Renewal Position for GSI 190 
The results of the four industry studies previously mentioned provide a generic technical 
rationale for concluding that the effects of fatigue are adequately managed for the 
extended period, and that GSI 190 should be considered resolved on the basis of these 
research findings. Oconee plans to continue to participate with EPRI in additional 
confirmatory research on this issue in order to support any further industry initiatives that 
may be required in this area.  

On the basis of the above considerations, Duke concludes that there is reasonable 
assurance that Oconee can be safely operated during the period of extended operation 
pending ultimate resolution of GSI 190.  
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2. IDENTIFICATION OF STRUCTURES & COMPONENTS 
SUBJECT TO AGING MANAGEMENT REVIEW 
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2.1 INTRODUCTION 

This chapter describes the first major activity of the Oconee Integrated Plant Assessment, 
the identification of structures and components subject to aging management review. The 
information provided in this chapter is intended to meet the requirements of 
§§54.21(a)(1) and (a)(2). [Footnote 1] 

For those systems, structures, and components within the scope of license renewal 
(defined by §54.4), §54.21(a)(1) requires a license renewal applicant to identify and list 
the structures and components subject to aging management review. Section 54.21(a)(2) 
further requires that the methods used to identify and list these structures and components 
be described and justified. The technical information in this chapter serves to satisfy 
these requirements. Overall, the technical information provided in Chapters 2, 3, and 4 
will provide the basis for the NRC to make the finding required by §54.29(a)(1).  
[Footnote 2] 

The Oconee Integrated Plant Assessment is divided into the engineering disciplines 
traditional to Duke; i.e., mechanical, civil/structural, and electrical. The assessment of 
Oconee mechanical systems, structures, and components consists of both the 
identification of systems within the scope of license renewal (scoping) and the 
identification of the components subject to aging management review (screening). The 
methodology used by Duke to identify the mechanical systems and components within 
the scope of license renewal is described in Section 2.2. The resultant list of in-scope 
mechanical systems used to identify the mechanical components subject to aging 
management review is described in Section 2.5. The screening results for the Reactor 
Coolant System, an important element in the defense-in-depth against radioactive release, 
are described in Section 2.4.  

Similarly, the methodology used by Duke to identify the structures within the scope of 
license renewal is described in Section 2.2. These structures are then screened to 
determine the structural components subject to aging management review; the results are 
described in Section 2.7. The Reactor Building (Containment), an important element in 
the defense-in-depth against radioactive release, is described in Section 2.3.  

1. Refer to Sections 1.3.1 and 1.3.2 for the text of the requirements in §§54.21(a)(1) and (a)(2).  

2. Refer to Section 1.1 for the text of the requirements in §54.29(a)(1).  
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The Oconee Integrated Plant Assessment for the electrical area begins with component 
screening which is then followed by scoping. The identification of electrical components 
that are subject to aging management review is described in Section 2.6.  

§54.4 Scope 

(a) Plant systems, structures, and components within the scope of this part 
are

(1) Safety-related systems, structures, and components which are those 
relied upon to remain functional during and following design-basis events 
(as defined in 10 CFR 50.49 (b)(1)) to ensure the following functions

(i) The integrity of the reactor coolant pressure boundary; 
(ii) The capability to shut down the reactor and maintain it in a safe 
shutdown condition; or 
(iii) The capability to prevent or mitigate the consequences of accidents 
that could result in potential offsite exposure comparable to the 
guidelines in §50.34(a)(1) or §100. 11 of this chapter, as applicable.  

(2) All nonsafety-related systems, structures, and components whose failure 
could prevent satisfactory accomplishment of any of the functions identified 
in paragraphs (a)(1)(i), (ii), or (iii) of this section.  

(3) All systems, structures, and components relied on in safety analyses or 
plant evaluations to perform a function that demonstrates compliance with 
the Commission's regulations for fire protection (10 CFR 50.48), 
environmental qualification (10 CFR 50.49), pressurized thermal shock (10 
CFR 50.61), anticipated transients without scram (10 CFR 50.62), and 
station blackout (10 CFR 50.63).  

(b) The intended functions that these systems, structures, and components must 
be shown to fulfill in §54.21 are those functions that are the bases for including 
them within the scope of license renewal as specified in paragraphs (a)(1) - (3) 
of this section.  
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2.2 IDENTIFICATION OF SYSTEMS, STRUCTURES, AND COMPONENTS 
WITHIN THE SCOPE OF LICENSE RENEWAL 

The methodology used to identify structures and mechanical systems at Oconee that are 
within the scope of license renewal is described and justified in this section, consistent 
with the guidance provided by NEI 95-10, Revision 0 [Reference 2.2-1, Section 3.1]. In 
August 1996, the NRC issued Draft Regulatory Guide DG-1047, Standard Format and 
Content for Applications to Renew Nuclear Power Plant Operating Licenses, for public 
comment. Therein, the NRC proposed to endorse NEI 95-10, Revision 0, as an 
acceptable method for complying with the requirements of 10 CFR Part 54 [Reference 
2.2-2 ]. The methodology utilized to identify the electrical components within the scope 
of license renewal and subject to aging management review is described in Section 2.6 of 
OLRP-1001.  

Section 2.2.1 discusses the review performed to identify structures and mechanical 
systems that satisfy the criteria contained in §§54.4(a)(1) and (a)(2). Section 2.2.2 
describes the review performed to satisfy the criteria contained in §54.4(a)(3).  
[Footnote 1] 

2.2.1 REvIEw To CRITERIA IN §§54.4(a)(1) AND (a)(2) 

The following sections describe the methodology and results associated with the 
identification of structures and mechanical systems within the scope of license renewal.  
This methodology covers the design basis event mitigation scoping requirements of both 
§§54.4(a)(1) and (a)(2).  

2.2.1.1 Mechanical Systems 

The mechanical systems at Oconee, Keowee Hydroelectric Station (Keowee), and the 
Standby Shutdown Facility (Standby Shutdown Facility), as identified on Oconee and 
Keowee engineering drawings and documents, were the subject of this review. For the 
purpose of mechanical system scoping, Duke carried out the following activities: 

(a) Identify all systems and their functions that are listed in design basis event mitigation 
calculations at Oconee.  

As defined by §§54.4(a)(1) and (a)(2), all safety-related systems, structures, and 
components required to mitigate design basis events and nonsafety-related systems, 
structures, and components whose failure would prevent the successful mitigation of 
design basis events are within the scope of license renewal.  

1. Refer to Section 2.1 for the text of §54.4.  
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Because Oconee was licensed before terms such as "safety-related" were more 
precisely defined by the NRC, a list of the Oconee safety-related systems, structures, 
and components, in and of itself, will not meet the intent of §54.4(a)(1). Because the 
criteria in §54.4(a)(1) are the scoping criteria for many modem-day, regulatory
required programs, Oconee conducted a design study that validated all functions 
required for the successful mitigation of Oconee design basis events and identified the 
systems and components relied upon to complete those functions. The individual 
design basis event mitigation calculations produced as a result of the study contain a 
list of the system functions required to successfully mitigate each event. Duke 
determined that the systems that perform these functions are within the scope of 
license renewal.  

(b) Identify all passive pressure boundaries required for the systems identified in 
step (a).  

As part of the design basis event mitigation calculations, the validated functions were 
mapped onto Oconee system flow diagrams. These functional boundaries then 
required the additional identification of piping and components to complete the 
physical piping boundary. In some instances, the pressure boundary for one system 
may cross the system boundary into another system. Since the additional system does 
not perform a specific function, but serves only as a pressure boundary for the system 
that does serve a function, the additional system is not specifically stated as a system 
within scope. For the purposes of license renewal, the additional components are 
considered an extension of the functional system that is within scope.  

(c) Identify portions of selected mechanical systems whose failure to maintain their 
pressure boundary or to remain structurally intact would result in impacting the 
function of any essential system and component. Oconee essential systems and 
components include the Reactor Coolant System, reactor vessel internals, Reactor 
Building, Engineering Safeguards System, and electric emergency power sources 
[Reference 2.2-4, Section 3.1.1].  

In this activity, two types of physical interactions must be considered for the purposes 
of scoping systems, structures and components into license renewal. The first type of 
interaction to consider is the structural integrity of mechanical components that must 
remain in place such that they do not fall onto equipment that is performing a safety
related function and prevent it from performing that function. In this case, structural 
integrity for these mechanical components is the responsibility of the component 
support which is required to remain intact in order to fulfill the function.  
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The other type of physical interaction is the leakage of fluid from the mechanical 

system components onto nearby equipment that is performing a safety-related 
function which could prevent it from performing that function. In this case, the 

pressure boundary and the structural integrity of the mechanical component is of 

concern.  

Oconee is licensed to consider the effects of physical interactions on essential systems 

and components consistent with the original licensing basis. This list of essential 

systems is in UFSAR, Section 3.1.1. These essential systems and components are not 

necessarily the systems, structures and components that meet the first scoping criteria 

of license renewal, 10 CFR 54.4(a)(1)(i), (ii), and (iii). However, they are the 

systems, structures and components that Oconee is required to protect from postulated 

failures (due to physical interactions) of nonsafety-related systems, structures and 

components.  

Oconee System Piping Class D [Footnote 2] piping is the nonsafety-related piping 
whose pressure boundary loss may adversely affect essential systems or components.  

Systems containing Oconee System Piping Class D piping are within the scope of 

* license renewal.  

(d) Some mechanical systems at Oconee contain mechanical safety-related piping and 

components and seismic-related piping and components that do not meet the criteria 

of §54.4(a)(1) or (a)(2). To ensure completeness in mechanical scoping, systems or 

portions of systems containifig this piping were evaluated for inclusion in the scope of 
license renewal, whether or not they meet the criteria of §54.4(a)(1) or (a)(2).  
Individual components or sets of components are included within the scope of license 

renewal based on this evaluation and are included within the marked license renewal 

evaluation boundaries in OLRP-1002 [Reference 2.2-3].  

2.2.1.2 Structures 

The list of Oconee structures within the scope of license renewal was created by 
reviewing the Oconee UFSAR, Oconee site plans and general arrangement drawings and 

other plant-specific documents. The identification of safety-related structures and 
nonsafety-related structures whose failure could prevent safety-related systems, 
structures, or components from fulfilling their safety-related functions was based on the 

classification of each Oconee structure as documented in the Oconee UFSAR, Section 3.2 
[Reference 2.2-4].  

2. Table 2.5-1 in Section 2.5 contains a list of Oconee System Piping Classifications.  
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Oconee structures are designated as either Class 1, 2, or 3. Oconee Class I structures are 
those which prevent uncontrolled release of radioactivity and are designed to withstand 
all loadings without loss of function as defined in the Oconee UFSAR. This Oconee 
classification is consistent with the intent of §54.4(a)(1). Therefore, Duke has determined 
that Oconee Class 1 structures are within the scope of license renewal and meet the 
criteria contained in §54.4(a)(1).  

Oconee Class 2 structures are those whose limited damage (1) would not result in a 
release of radioactivity, (2) would permit a controlled plant shutdown, but (3) could 
interrupt power generation. The Oconee UFSAR, Chapter 3.2 states that Class 2 
structures do not perform any nuclear safety-related function but that their failure could 
reduce the function of a safety-related system to an unacceptable level. This Oconee 
classification is consistent with the intent of §54.4(a)(2). Therefore, Duke has determined 
that Oconee Class 2 structures are within the scope of license renewal and meet the 
criteria contained in §54.4(a)(2).  

Oconee Class 3 structures are those structures whose failure could inconvenience 
operation but are not essential to power generation, orderly shutdown, or maintenance of 
the reactor in a safe shutdown condition. Oconee Class 3 structures do not meet the 
criteria in either §54.4(a)(1) or §54.4(a)(2) and, therefore, are outside the scope of license 
renewal.  

2.2.2 REvIEw To CRITERIA IN §54.4 (a)(3) 
Oconee structures and mechanical systems were also evaluated to determine whether they 
are required to demonstrate compliance with NRC regulations for events identified in 
§54.4(a)(3). Each of the following sections includes a brief discussion of the regulated 
event and the associated Oconee documents which identify the Oconee structures and 
mechanical systems relied upon in the safety analyses or plant evaluation to demonstrate 
compliance with the regulated event.  

Structures and mechanical systems which are relied upon to perform or support 
performance of a function that demonstrates compliance with the NRC regulations 
described in §54.4(a)(3) are within the scope of license renewal.  

2.2.2.1 Fire Protection 

Section 54.4(a)(3) requires that all systems, structures, and components relied upon in 
safety analyses or plant evaluations to demonstrate compliance with §50.48, the NRC 
regulation governing fire protection, be included within the scope of license renewal. The 
Oconee Fire Protection Program is based on compliance with General Design Criteria 
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(GDC) 3 [Reference 2.2-5]. Oconee conforms to GDC 3, as described in NRC Safety 
Evaluation Reports dated August 11, 1978 and April 28, 1983 [Reference 2.2-6, 
Sections L.G, III.J, and 11.O].  

The Oconee fire protection program is based on an evaluation of the potential fire hazards 
throughout the plant and the effect of postulated design basis fires relative to maintaining 
the ability to perform safe shutdown functions and minimize radioactive releases to the 
environment. As part of the response to BTP 9.5-1, Oconee proposed a dedicated 
Standby Shutdown Facility (see Section 1.2.3 of OLRP-1001) to comply with more recent 
separation and protection requirements than those addressed in the original Oconee 
design. The NRC Safety Evaluation for the Standby Shutdown Facility identifies the 
systems and structures required for the fire protection program.  

Pre-1979 plants, including all three Oconee units, were required to comply with the 
backfit provisions of 10 CFR 50, Appendix R. The following documents were reviewed 
to determine the Oconee structures and mechanical systems relied upon to meet the 
requirements of 10 CFR 50, Appendix R: 

* U. S. Nuclear Regulatory Commission, Fire Protection Safety Evaluation 
Report by the Office of Nuclear Reactor Regulation U. S. Nuclear 
Regulatory Commission in the Matter of Duke Power Company Oconee 
Nuclear Station, Units 1, 2, & 3, dated August 11, 1978.  

* U. S. Nuclear Regulatory Commission, Exemption from the Fire 
Protection Requirements of Section III.G of 10 CFR Part 50, Appendix R, 
dated August 21, 1989.  

* U. S. Nuclear Regulatory Commission, Safety Evaluation of the Office of 
Nuclear Reactor Regulation, Oconee Nuclear Station Standby Shutdown 
Facility, dated April 28, 1983.  

The structures and mechanical systems required to demonstrate compliance with 
BTP 9.5-1 and 10 CFR 50, Appendix R, are identified by reviewing the Oconee-specific 
documents addressing each topic. A structure or mechanical system is within the scope 
of license renewal when a portion is relied upon for compliance with the NRC fire 
protection regulations.  
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2.2.2.2 Environmental Qualification (EQ) 
Section 54.4(a)(3) requires that all systems and structures relied upon in safety analyses 
or plant evaluations to perform a function that demonstrates compliance with §50.49, the 
NRC regulation governing environmental qualification, be included within the scope of 
license renewal. A master list of all equipment contained in the Environmental 
Qualification (EQ) Program has been compiled for each of the Oconee units. The 
identification of structures and mechanical systems containing environmentally qualified 
equipment required a review of the components in the EQ list.  

Based upon a review of these documents, Duke determined that no Oconee structures are 
required to demonstrate compliance with the environmental qualification requirements in 
§54.4(a)(3). Furthermore, no systems at Keowee Hydroelectric Station or the Standby 
Shutdown Facility contain EQ equipment.  

2.2.2.3 Pressurized Thermal Shock (PTS) 
Section 54.4(a)(3) requires that all systems, structures, and components relied upon in 
safety analyses or plant evaluations to demonstrate compliance with §50.6 1, the NRC 
regulation governing pressurized thermal shock, be included within the scope of license 
renewal. Pressurized thermal shock [Footnote 3] is a phenomenon limited to the reactor 
vessel in the Reactor Coolant System. The identification of mechanical systems relied on 
to demonstrate compliance with §50.61, other than the Reactor Coolant System, required 
a review of docketed licensing correspondence.  

Duke determined that the only mechanical system required to demonstrate compliance 
with §50.61 is the Reactor Coolant System. None of the Oconee reactor vessels will 
exceed the PTS screening criteria during their current operating licenses. Therefore, no 
systems or components other than the reactor vessels are required to comply with §50.61.  
Since the vessels are a part of the Reactor Coolant System, the Reactor Coolant System is 
within the scope of license renewal.  

Oconee structures are not required to demonstrate compliance with §50.61. If future 
Pressurized Thermal Shock analyses require the addition of other systems and 
components to comply with §50.61, these systems and components will be evaluated in 
accordance with the regulatory requirements in effect at that time.  

3. Pressurized Thermal Shock is an Oconee time-limited aging analysis which is evaluated in Section 5.4.2 
of OLRP-1001.  
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2.2.2.4 Anticipated Transient Without Scram (ATWS) 
Section 54.4(a)(3) requires that all systems, structures, and components relied upon in 
safety analyses or plant evaluations to perform a function that demonstrates compliance 
with §50.62, the NRC regulation governing anticipated transient without scram, are 
required to be included within the scope of license renewal. The Duke response to this 
regulation was the installation at Oconee of a dual-purpose control system as outlined in 
§50.62. Although this is not a mechanical system, it monitors and actuates mechanical 
systems. Oconee installed the Diverse Scram System and the ATWS Mitigation System 
Actuation Circuitry to address the requirements of this regulation. Systems that provide 
input into this control system or respond to an output of this control system are part of the 
commitment to §50.62 and are within the scope of license renewal.  

Duke reviewed the design of these systems to identify structures and mechanical systems 
relied upon to demonstrate compliance with §50.62. This review identified the required 
Oconee mechanical systems. However, structures or mechanical systems at Keowee or 
the Standby Shutdown Facility are not required to demonstrate compliance with the 
ATWS requirements in §54.4(a)(3).  

2.2.2.5 Station Blackout 
Section 54.4(a)(3) requires that all systems, structures, and components relied upon in 
safety analyses or plant evaluations to demonstrate compliance with §50.63, the NRC 
regulation governing station blackout, be included within the scope of license renewal.  

The Duke response to §50.63 for Oconee was approved by an NRC Safety Evaluation 
Report (SER) dated March 10, 1992, and NRC Supplemental SER dated December 3, 
1992 [References 2.2-7 and 2.2-8]. Oconee complies with §50.63 by conforming to 
NUMARC Report 8700 and Nuclear Regulatory Guide 1.155. The equipment relied 
upon to comply with this regulation is within the scope of license renewal. Based upon a 
review of these documents, as well as other Oconee-specific documents, Duke identified 
the structures required to demonstrate compliance with the station blackout requirements 
in §54.4(a)(3) and their intended functions.  

The mechanical systems relied upon to meet the requirements of station blackout were 
included as a part of the Oconee design study discussed in Section 2.2.1.1 (a).  
Mechanical systems at Keowee Hydroelectric station are not required for station blackout.  
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2.2.3 RESULTS 

The Reactor Building (Containment) has been determined to be within the scope of 
license renewal and subject to aging management review; it is described in Section 2.3 of 
OLRP-1001. All other Oconee, Keowee, and Standby Shutdown Facility structures that 
have been determined to be within the scope of license renewal and subject to aging 
management review are listed and described in Section 2.7 of OLRP-1001. The intended 
functions of the Reactor Building and other Oconee structures are listed in Sections 2.3 
and 2.7, respectively.  

The Reactor Coolant System has been determined to be within the scope of license 
renewal and subject to aging management review; it is described in Section 2.4 of 
OLRP-1001. All other Oconee, Keowee, and Standby Shutdown Facility mechanical 
systems, or portions thereof, which have been determined to be within the scope of 
license renewal and subject to aging management review are listed and described in 
Section 2.5 of OLRP-1001. The intended functions of the Reactor Coolant System and 
other Oconee mechanical systems are listed in Sections 2.4 and 2.5, respectively.  

The Oconee, Keowee, and Standby Shutdown Facility electrical components that are 
included in the aging management review, along with their intended functions, are listed 
and identified in Section 2.6 of OLRP- 1001.  
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2.2.4 REFERENCES FOR SECTION 2.2 

2.2-1. NEI 95-10 Revision 0, Industry Guideline for Implementing the Requirements of 
10 CFR Part 54--The License Renewal Rule, Nuclear Energy Institute, 
March 1996.  

2.2-2 Draft Regulatory Guide; Issuance, Availability, 61 Federal Register 43792, 
August 26, 1996.  

2.2-3 OLRP-1002, Oconee License Renewal Flow Diagrams, Duke Energy, transmitted 
by W. R. McCollum (Duke) letter dated July 1, 1998 to Document Control Desk 
(NRC), Docket Nos. 50-269, 50-270, 50-287.  

2.2-4. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  

2.2-5. 10 CFR Part 50 - General Design Criteria for Nuclear Power Plants, 
Appendix A, Criteria 3, Fire Protection.  

2.2-6. 10 CFR Part 50 Appendix R - Fire Protection Program for Nuclear Power 
Facilities Operating Prior to January 1, 1979.  

2.2-7. L. A. Weins (NRC) letter dated March 10, 1992 to J. W. Hampton (Duke), Safety 
Evaluation for Station Blackout (10 CFR 50.63) - Oconee Nuclear Station, 
Units 1, 2, and 3 (TACS M68574/M68575/M68576).  

2.2-8. L. A. Weins (NRC) letter dated December 3, 1992 to J. W. Hampton (Duke), 
Supplemental Safety Evaluation for Station Blackout (10 CFR 50.63) - Oconee 
Nuclear Station, Units 1, 2, and 3 (TACS M68574/M68575/M68576).  

2.2-9 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Reactor Building (Containment) Structural Components 

2.3 REACTOR BUILDING (CONTAINMENT) STRUCTURAL COMPONENTS 

2.3.1 DESCRIPTION OF THE PROCESS TO IDENTIFY REACTOR BUILDING 
CONTAINMENT) STRUCTURAL COMPONENTS 

The determination of Oconee structures within the scope of license renewal is made by 
initially identifying all Oconee structures and then reviewing each structure to determine 
which ones satisfy one or more of the criteria contained in §54.4. This process is 
described in Section 2.2 of OLRP-1001. Section 2.3 contains the information required by 
§§54.21(a)(1) and (a)(2) for the Oconee Reactor Building (Containment) structural 
components that are subject to aging management review for license renewal.  

The Oconee Reactor Buildings are identified as Class 1 structures in the Oconee UFSAR 
[Reference 2.3-1, Section 3.8]. Class 1 structures are those which prevent uncontrolled 
release of radioactivity and are designed to withstand all loadings without loss of 
function. Accordingly, Class 1 structures have been determined to meet the intent of 
§54.4(a)(1) and are within the scope of license renewal. Therefore, the Oconee Reactor 
Buildings are within the scope of license renewal. A portion of the Reactor Building, the 
Containment, serves as an important element in the radioactive release line-of-defense 
and therefore receives special focus in the integrated plant assessment. The Containment 
includes the concrete Containment structure, liner, and all penetrations. This section of 
OLRP-1001 covers the Containment. The interior structures of the Reactor Building are 
addressed in Section 2.7 of OLRP-1001.  

The intended functions of the Containment were determined by reviewing information 
contained in the Oconee UFSAR [Reference 2.3-1, Section 3.8] and Oconee engineering 
documents, as well as NEI 95-10, Revision 0 [Reference 2.3-2, Section 4.1, Table 4.1-1].  
These functions are listed in Table 2.3-1.  
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Each Oconee Containment is a composite structure consisting of a post-tensioned, 
reinforced concrete structure with cylindrical wall, a flat foundation slab, and a shallow 
dome roof. An illustration of the Oconee prestressed concrete Containment is shown in 
Figure 2.3-1. The Containment completely encloses the reactor and the associated 
Reactor Coolant System along with other vital electrical, mechanical and structural 
components. The cylinder wall integrity is provided by a post-tensioning system 
consisting of horizontal and vertical tendons in the cylinder wall. The dome integrity is 
provided by three sets of tendons, each set oriented 120 degrees from the other. The 
concrete foundation slab is conventionally reinforced. The entire structure is internally 
lined with a steel liner plate to assure a high degree of leaktightness. The principal 
dimensions of the Containments are provided in the UFSAR [Reference 2.3-1, 
Chapter 3.8 and Figure 3-19].  

The Containment structure is subdivided into component groupings in preparation for the 
aging management review. Many structural components are not typically associated with 
unique equipment identifiers and thus are not individually identified during the 
identification of components subject to aging management review. Specific structural 
component identifiers are not needed because the aging management review process and 
any resulting programmatic oversight will be performed across an entire component 
grouping.  

A list of Containment structural components was developed based upon a review of 
NUMARC PWR Containment Industry Report [Reference 2.3-3], NEI 95-10, Revision 0, 
Appendix B [Reference 2.3-2], and Oconee specific documents. The functions of each of 
the Containment structural components were determined by reviewing information 
contained in the Oconee UFSAR [Reference 2.3-1], Oconee engineering documents, as 
well as NEI 95-10, Revision 0 [Reference 2.3-2, Section 4.1, Table 4.1-1]. These 
functions are the same as the Containment functions and serve to provide specific 
component-level focus which will be needed for the component aging management 
review. Components which do not perform an intended function are not within the scope 
of license renewal. The list of Containment component groups within the scope of 10 
CFR Part 54 and their intended functions is provided in Table 2.3-2. This list has been 
derived from individual Containment components identified in Oconee specific 
documents maintained onsite.  
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The Oconee Containment structural components within the scope of 10 CFR Part 54 were 
reviewed to determine those components which are subject to aging management review 
in accordance with §54.21(a)(1). The aging management review of a structural 
component is directly related to whether the component performs an intended function 
without moving parts or without a change in configuration or properties (i.e., passive) and 
whether it is subject to replacement based on a qualified life or specified time period 
(i.e., long-lived). Consistent with the guidance provided in NEI 95-10, Revision 0 
[Reference 2.3-2, Section 4.1], the Containment structural components within the scope 
of the Rule are long-lived and passive and will require an aging management review.  

The Containment structural components have been divided into three groups based on 
material of construction and component-level function. These component groups are 
described in the following sections.  

0 
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2.3.2 CONCRETE COMPONENTS 

2.3.2.1 Dome and Cylinder Walls 
The reinforced concrete dome and cylinder walls are prestressed by a post-tensioning 
system, as shown in Figure 2.3-2. The combined strength provided by the concrete, 
conventional reinforcing steel, and the post-tensioning system is used to satisfy the design 
loads. Although these three material components act together as one composite system, 
the post-tensioning system is addressed as a separate component because it is installed 
and stressed after the reinforced concrete components are complete and because of the 
unique tendon surveillance program.  

Conventional reinforcing is provided near the surface of the cylinder walls and dome 
primarily to resist local moment and shear loads at discontinuities and for temperature 
and shrinkage crack control. The conventional reinforcing is accounted for in the strength 
design of the concrete sections for the internal shear forces and moments resulting from 
the design loadings.  

The concrete sections are thickened and the conventional reinforcing steel is increased at 
the structural discontinuities to account for the increased stresses in those local areas.  
Primary structural discontinuities occur at the base of the cylinder and at the transition of 
the cylinder walls and dome to the ring girder. The ring girder serves as the anchorage 
area for the upper end of the vertical tendons and for both ends of the dome tendons. Six 
vertical buttresses are provided along the exterior face of the cylinder to serve as the 
anchorage points for the hoop tendons. The hoop tendons extend for 120 degrees of arc.  
Supplementary reinforcing steel is provided at tendon anchorage zones to account for the 
local forces at the anchorages. The concrete cylinder walls are also thickened and 
additional reinforcing is provided locally at the equipment hatch to account for the flow 
of forces in the walls around the relatively large diameter opening required for the hatch.  
Additionally, the concrete dome is coated with silicone rubber on the exterior to protect 
the dome from weathering conditions.  

2.3.2.2 Floor 
A reinforced concrete floor is provided in the Containment above the embedded portion 
of the liner plate to protect the liner plate from punctures and corrosion that could breech 
the essentially leaktight barrier.  

2.3-4 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Reactor Building (Containment) Structural Components 

2.3.2.3 Foundation Slab 
The conventionally reinforced concrete foundation slab serves as the structural foundation 
support for the Containment. The vertical tendons extend through the foundation slab 
thickness and are anchored on the underside of the slab. A reinforced concrete enclosure, 
the lower tendon access gallery, shown in Figure 2.3-1, is provided at the underside of the 
foundation slab for access to the lower vertical tendon anchorages for tendon installation 
and surveillance purposes. The lower tendon access gallery and the foundation slab are 
constructed of separate concrete pours with horizontal and vertical isolation joints 
provided. The lower tendon access gallery does not support the intended functions of the 
Containment and is therefore not within the scope of license renewal.  
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2.3.3 STEEL COMPONENTS 

2.3.3.1 Liner Plate 
The interior of the Containment is lined with steel liner plates that are welded together.  
The liner plate covers the dome, the cylinder wall and also runs between the floor and the 
foundation slab to form an essentially leaktight barrier. The Oconee Containment liner 
plate is ASTM A36 or A516 plate attached to the concrete by means of an angle grid 
system of ASTM A36 material stitch welded to the liner plate and embedded in the 
concrete. The liner plate is anchored in both the longitudinal and hoop direction. The 
anchor spacing and welds are designed to preclude failure of an individual anchor. The 
frequent anchoring is designed to prevent significant distortion of the liner plate during 
accident conditions and to ensure that the liner maintains its essentially leak tight 
integrity.  

All penetrations were continuously welded to the liner plate before the concrete in which 
they are embedded was placed. The entire length of every seam was leak tested following 
fabrication. Radiographs were taken for at least one foot in each fifty feet of welding 
completed by each welder during fabrication.  

* The liner plate is coated [Footnote 1] on the inside with inorganic zinc primer and 
Phenoline 305 for corrosion protection. There is no coating on the side in contact with the 
concrete. At all penetrations, the liner plate is thickened to reduce stresses in accordance 
with the ASME Code, 1965 [Reference 2.3-4]. The liner was designed as a free standing 
vessel for erection loads including use of the liner as the internal form for the concrete.  
The liner plate is thickened at large attachments such as the polar crane brackets to 
accommodate strength and welding requirements for the attachment and anchorage. The 
general liner configuration is shown in Figure 2.3-2.  

ASME Section In [Reference 2.3-4] is used as the basis for establishing allowable liner 
plate strains and stresses. ASME Section III requires that the liner material be prevented 
from experiencing significant distortion due to thermal loads and that stresses be 
considered from a fatigue standpoint.  

1. The Oconee Coatings Program is described in Chapter 4 of OLRP-1001.  
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2.3.3.2 Anchors/Embedments/Attachments 
Anchors/embedments are steel commodities, such as angles and anchor studs, that are 
welded to the liner and serve to anchor the liner to the Containment concrete shell. The 
liner anchors are shown in Section 1-1 of Figure 2.3-2. In addition, other 
anchors/embedments are provided that serve to transfer loads into the concrete cylinder 
wall or foundation mat from attachments to the liner. Figure 2.3-3 provides a detail of the 
anchors for major equipment. In these cases a thickened insert plate is welded to the liner 
and is used as the point of attachment for the anchorages. The polar crane bracket as 
shown in Figure 2.3-2 is anchored to the concrete shell by a welded plate assembly that is 
embedded in the concrete.  

The anchors/embedments serve to maintain the essentially leaktight barrier by preserving 
the integrity of the liner. The structural integrity of the liner insert part of other 
anchorages, such as shown in Figure 2.3-3, is also necessary to maintain the essentially 
leaktight barrier of the liner. The load carrying capacity of these anchorages is also 
required to assure that the supported equipment, such as the polar crane or the steam 
generators, can continue to perform safely as required.  

Attachments to the liner that are integral with the liner and concrete structure (i.e., 
attachment has corresponding anchor in concrete), include those equipment or system 

supports that are connected to the inside face of the liner and thus exposed to the interior 
of the Containment. The polar crane brackets are examples of attachments to the liner.  
These attachments are shown in Figure 2.3-2. The polar crane brackets consist of welded 
carbon steel plate construction of the same material and fabrication, and were inspected 
using similar requirements for the liner. Other miscellaneous attachments to the liner 
include structural steel attachments which are welded directly to the liner to support 
various structures and components.  

Attachment welds are not considered to be within the evaluation boundary of the Reactor 
Building (Containment). However, these attachment welds are considered to be within 
the evaluation boundary of Reactor Building internal structural components which are 
addressed in Section 2.7.7 of OLRP-1001. [Footnote 2] 

2. This section has been revised to supplement the initial Duke response to RAI 2.3-4 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 2.3-4 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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2.3.3.3 Personnel Hatch 
Two hatches are provided into each Containment for personnel access and egress (See 
Figure 2.3-4). The larger personnel hatch is used as the primary access point into the 
Containment. The smaller personnel hatch is used for emergency egress.  

The personnel hatch consists of a double-door, welded steel assembly. The hatch is 
designed to withstand all Containment design conditions with either or both doors closed 
and locked. The doors open toward the center of the Containment which prevents 
unseating of the door during Containment pressurization. The personnel hatch may be 
individually pressurized to demonstrate leaktightness. Quick acting equalizing valves 
connect the personnel hatch with the interior and exterior of the Containment for the 
purposes of equalizing pressure between the two systems when entering or leaving the 
Containment. The equalizing valves are active components of the hatches and do not 
require an aging management review. Functionality of the equalizing valves is verified 
periodically when the hatches are pressurized and tested for leakage.  

The personnel hatches contain operating mechanisms, which include gears, latches, 
hinges, linkages, etc. which operate to open and close the doors of the hatch to allow 
passage into and out of Containment. These operating mechanisms perform their 
intended function with moving parts and with a change of configuration. Operation of the 
hatches is governed by Oconee ITS 3.6.3, Containment Air Locks. Both the personnel 
hatch and the emergency hatch are required to be operable in Modes 1, 2, 3, and 4 (as 
define by Improved Technical Specifications). Surveillance requirements are also 
included in ITS 3.6.2. Actions are required to be taken up to and including plant 
shutdown in the event one or more of the hatch doors become inoperable. Furthermore, 
the Statement of Considerations of the final Part 54 rule states that: 

... many licensee programs that ensure compliance with technical specifications are 
based on surveillance activities that monitor performance of systems, structures, and 
components that perform active functions. As a result of the continued applicability of 
existing programs and regulatory requirements, the Commission believes that active 
functions of systems, structures, and components will be reasonably assured in any 
period of extended operation.  

Accordingly, because the hatch operating mechanisms perform their intended functions 
with moving parts and a change of configuration, and because §54.21(a)(1)(i) states that: 

structures and components subject to an aging management review shall encompass 
those structures and components that perform an intended function, as described in 
§54.4, without moving parts or without a change in configuration or properties...  
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Duke has determined that the Containment hatch operating mechanisms are not subject to 
an aging management review. [Footnote 3] 

The two personnel hatch doors are interlocked to prevent both being opened 
simultaneously and to ensure that containment integrity is always maintained by one door 
being completely closed before the other door can be opened. The interlocking system 
has the capability to be bypassed allowing the doors to be left open during plant cold 
shutdown. The interlock system is also an active component of the personnel hatch and is 
not within the scope of this report. Serviceability of the interlock system is verified 
during periodic personnel hatch leakage testing as well as during the periodic 
maintenance.  

Each personnel hatch door is provided with flexible seals. The exterior door is provided 
with double seals to allow for local leakage testing between the seals. The seals are 
replaced when warranted by their condition. The seals are not long-lived components and 
therefore do not require an aging management review.  

Hatches are designed and fabricated in accordance with the ASME Section m 
requirements for Class B vessels [Reference 2.3-4].  

The plate materials that comprise the personnel hatch pressure vessel components are 
painted carbon steel complying with ASME material specification A-516, Grade 70, 
made to ASTM A300 specification, for fine grained materials with ductile material 
properties suitable for low temperature use.  

2.3.3.4 Equipment Hatch 
A single equipment hatch as shown in Figure 2.3-5 is provided for each of the 
Containments. The equipment hatch design and fabrication conform to the ASME Code 
[Reference 2.3-4] for Class B vessels. As with the personnel hatches, the equipment 
hatch is fabricated using A-516 Grade 70, painted carbon steel made to ASTM A300 
specification.  

3. This section has been revised to supplement the initial Duke response to RAI 3.3-9 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-9 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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The equipment hatch is furnished with a double sealed flange and bolted, dished head.  
The barrel portion of the equipment hatch is thicker than required based on permissible 
stresses. The space between the double seals on the equipment hatch flange can be 
pressurized for local leakage testing. As with the personnel hatches, the flexible seals are 
tested and replaced when warranted by condition. The seals are not long-lived, passive 
components and do not require an aging management review.  

2.3.3.5 Mechanical Penetrations 
All penetrations through the Containment pressure boundary are designed to maintain the 
essentially leaktight barrier to prevent uncontrolled release of radioactivity. In addition to 
supporting the essentially leaktight barrier function, each penetration performs service 
related functions depending on the particular type of penetration. Penetrations may also 
serve as support points for systems such as piping passing through the Containment 
boundary.  

Penetration plate and sleeve material is ASTM A516 Grade 70 material. The plate 
material is also fabricated to firebox quality and ASTM A300 [Reference 2.3-5].  

Mechanical penetrations provide the means for passage of process piping transmitting 
liquids or gases across the Containment boundary. A typical mechanical piping 
penetration is shown in Figure 2.3-6 which shows a single barrier piping penetration with 
a single closure between the process pipe and the Containment liner. The penetrations 
are solidly anchored to the Containment wall or foundation slab precluding any 
requirements for expansion bellows. In accordance with the design requirement of 
ASME Section III, piping penetration reinforcing plates and the weldment of the pipe 
closure to it were stress relieved, UFSAR [Reference 2.3-1, Section 3.8.1.4.5 ].  

The mechanical penetration boundaries for this report include the entire penetration 
assembly including the weld to the process piping but exclusive of the process piping 
within the penetration. Penetrations are designed to maintain the adjacent concrete within 
an acceptable temperature range. Bellows are not installed in Containment penetrations 
at Oconee. The Containment evaluation boundary is shown on Figure 2.3-6. [Footnote 4] 

Spare penetrations consist of a sleeve with welded end cap closure(s) or bolted blind 
flange plate(s) with gaskets at both ends of the penetration sleeve. Spare penetrations can 
readily be converted during an outage into additional permanent mechanical or electrical 

4. This section has been revised to supplement the initial Duke response to RAI 3.3-3 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-3 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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penetrations, if required, during the life of the plant. The entire spare penetration 
assembly is included in the boundary of this report.  

The Containment sump penetrations provide passage of the Low Pressure Injection 
System (LPI) and Containment spray piping across the Containment boundary. The LPI 
system serves to remove heat from the Containment in the event of an accident. The sump 
penetration detail is shown in Figure 2.3-7. During normal operation, the inside end of 
the sump piping is open. The Containment evaluation boundary is shown in Figure 2.3-7 
is at the weld to the inside end of the piping excluding the piping.  

2.3.3.6 Electrical Penetrations 
Electrical penetrations provide the means for electrical and instrumentation conductors to 
cross the Containment boundary while maintaining the essentially leaktight barrier.  
An electrical penetration through the Containment is shown in Figure 2.3-8. The scope of 
the evaluation in this section includes all metallic components of the electrical 
penetration that are part of the Containment essentially leaktight barrier. The inside steel 
header plate for the electrical terminals are included in the scope. The wiring, sealing 
compound, fixtures to hold the sealing compound, and seal welds of the fixtures to the 
header plate are addressed in Environmental Qualification reports. The associated 
electrical wiring and sealing materials addressed in the Environmental Qualification 

reports will be addressed separately in Section 5.6 of OLRP-1001. The electrical 

penetration evaluation boundary is shown in Figure 2.3-8.  

2.3.3.7 Fuel Transfer Tube 
Two fuel transfer tubes penetrate the Containment and link the refueling canal inside the 
Containment with the fuel transfer canal in the fuel handling building. They serve as the 
underwater pathway for moving the fuel assemblies into and out of the Containments as 
part of the refueling operations occurring during plant shutdown. As part of the 
Containments, the tubes must assure the essentially leaktight barrier function for the 
design basis conditions.  

The fuel transfer tube arrangement through the Containment is shown in Figure 2.3-9. As 
shown in the figure, the closure between the transfer tube and the sleeve that is integrally 
welded to the Containment liner, consists of a circular plate shop welded to the tube and a 
short segment of pipe to mate with the sleeve. During normal operation, a blind flange is 
in place on the fuel transfer tube penetration and serves as part of the Containment 
essentially leaktight barrier. Closure on the Fuel Handling Building end outside of the 
Containment consists of a gate valve supported from the end of the transfer tube.  
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The boundary of this report includes the closure detail between the Containment liner and 
the transfer tube as shown in Figure 2.3-9. The transfer tube, blind flange, and gate valve 
are part of the spent fuel pool system and are not within the scope of this report. The 
transfer tube, blind flange, gate valve and other spent fuel pool cooling system 
components are addressed in Sections 2.5 and 3.5 of this report.  
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2.3.4 POST-TENSIONING SYSTEM 

For information, an elevation section of the Oconee Containment is provided in 
Figure 2.3-2 which shows the orientation of the tendons. A section of a typical post
tensioned tendon assembly is also shown in Figure 2.3-10.  

The Containment cylinder wall is prestressed by 176 vertical tendons anchored at the top 
surface of the upper ring girder at the top of the concrete cylinder and at the bottom of the 
foundation slab and six groups of 105 hoop tendons plus two additional tendons 
enclosing 1200 of arc for a total of 632 tendons anchored at the six vertical buttresses.  
The dome is prestressed by three groups of 54 tendons oriented at 1200 to each other for a 
total of 162 tendons anchored at the vertical face of the upper ring girder. Each tendon 
consists of 90 wires bundled together. The design of the tendon system provides for the 
loss of any three adjacent tendons in any of the groups without significantly affecting the 
load carrying capacity of the Containment. Conduits and bearing plates are cast into the 
concrete shell to receive the tendons which are installed after construction of the 
reinforced concrete is complete. The tendons are continuous from anchorage to 
anchorage, being deflected around penetrations.  

A tendon assembly consisting of the buttonheaded tendon wires (Birkenmeier 
Brandestinin Ros Vogt or BBRV system), anchorage and conduit is shown in 
Figure 2.3-10. The BBRV system uses parallel wires with cold-formed buttonheads at 
the ends which bear upon a perforated steel anchor head, thus providing a positive 
mechanical means for transferring the prestress force into the concrete shell. Extensive 
prototypical static, dynamic, and low-temperature testing have been performed on the 
BBRV anchorage system to assure that the ultimate capacity of the tendons can be 
developed. This testing is described in detail in the Oconee UFSAR [Reference 2.3-1].  
The testing and evaluation of tendon prestress as a function of time is a TLAA and is 
discussed in Section 3.3 of this report.  

The post-tensioning system is the primary means of satisfying the controlling design 
loads of the structure, although the conventional mild steel reinforcing is taken into 
account when checking representative sections of the structure internal forces and 
moments resulting from the load combinations. The tendon stress remains in the elastic 
range for the controlling design load combinations.  
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Table 2.3-1 Reactor Building (Containment) Intended Functions 

1. Provides essentially leaktight barrier to prevent uncontrolled release of radioactivity.  

2. Provides structural and/or functional support to safety related systems, structures, and 
components. More specifically for the post-tensioning systems, this function means 
to impose compressive forces on the concrete containment structure to resist the 
internal pressure resulting from a design basis accident with no loss of structural 
integrity.  

3. Provides shelter/protection to safety related systems, structures, and components 
(including radiation shielding).  

4. Provides rated fire barrier to confine or retard a fire from spreading to or from 
adjacent areas of the plant.  

5. Serves as an external missile barrier.  

6. Provides structural and/or functional support to non-safety related systems, structures, 0s and components where failure of this structure could directly prevent satisfactory 
accomplishment of any of the required safety related functions.  

7. Provides heat sink during design basis accidents or station blackout.  
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Table 2.3-2 Reactor Building (Containment) Structural Components and Their 
Intended Functions 

Key: Structural function numbers identified in table correspond to functions listed following the 
table. Shaded cells indicate that the component is not required to perform an intended function.  

Intended Functions 

(Identified in the note below) 

Concrete Components 

Cylinder Wall 2 3 4s5 6 7 

Dome 2 3 5 6 7 
Floor Ifl 2 3 5 6 7 
Foundation Slab 2 3 5 6 7 

Steel Components 

Anchorage/Embedments/Attachments 1 2 6 

Electrical Penetratin ion 

Emergency Personnel Hatch 2 

Equipment Hatch 1 
Fuel Transfer Tubes 1 
Liner Plate 1 7 
Mechanical Penetrations 1 2 
Personnel Hatch 1 
Post Tensioning System 

Reactor Building Containment Component Intended Functions: 
1. Provides essentially leaktight barrier to prevent uncontrolled release of radioactivity.  
2. Provides structural and/or functional support to safety-related SSCs. More specifically for the post-tensioning 

system, this function means to impose compressive forces on the concrete containment structure to resist the 
internal pressure resulting from a design basis accident with no loss of structural integrity.  

3. Provides shelter/protection to safety-related SSCs (including radiation protection).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Serves as external missile barrier.  
6. Provides structural and/or functional support to non-safety related SSCs where failure of this structural component 

could directly prevent satisfactory accomplishment of any of the required safety-related fuinctions.  
7. Provides heat sink during design basis accidents or station blackout.  
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Figure 2.3-1 Oconee Prestressed Concrete Containment 
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Figure 2.3-2 Containment - Tendon Locations 
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Figure 2.3-3 Attachments - Anchorages Across Liner 
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Figure 2.3-4 Personnel Hatch 
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Figure 2.3-5 Equipment Hatch 
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Figure 2.3-6 Mechanical Penetrations - Single Barrier 
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Figure 2.3-7 Sump Penetration 
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Figure 2.3-8 Electrical Penetration 
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Figure 2.3-9 Fuel Transfer Tube Penetration 
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Figure 2.3-10 Typical Post-Tensioned Tendon Assembly 
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2.4 REACTOR COOLANT SYSTEM MECHANICAL COMPONENTS AND 

CLASS 1 COMPONENT SUPPORTS 

2.4.1 DESCRIPTION OF THE PROCESS TO IDENTIFY REACTOR COOLANT SYSTEM 

COMPONENTS AND CLASS 1 COMPONENT SUPPORTS SUBJECT TO AGING 

MANAGEMENT REvIEw 

The determination of Oconee mechanical systems within the scope of license renewal is 
made by initially identifying all Oconee mechanical systems and then reviewing them to 
determine which ones satisfy one or more of the criteria contained in §54.4. This process 
is described in Section 2.2 of OLRP-1001. Section 2.4 contains the information required 
by §§54.21(a)(1) and (a)(2) for the Oconee Reactor Coolant System components that are 
subject to aging management review for license renewal.  

The Oconee Reactor Coolant System is within the scope of license renewal because it is 
relied upon to remain functional during and following design bases events, and is relied 
upon to perform a function that demonstrates compliance with the NRC regulations for 
fire protection, environmental qualification, pressurized thermal shock, anticipated 
transients without scram, and station blackout in safety analyses or plant evaluations.  
Reactor Coolant System components are designed to maintain their functional integrity 
during seismic events.  

The list of those Reactor Coolant System components that are subject to aging 
management review was made by reviewing Oconee flow diagrams for the Reactor 
Coolant System and marking the Duke ISI [Footnote 1] Class A boundary. For the 
purpose of license renewal, Class A ISI and Class 1 are hereafter equivalent. Evaluation 
boundaries for the portions of the Reactor Coolant System that are within the scope of 
license renewal (e.g., §54.4) are shown on the flow diagrams listed in Table 2.4-1 and 
provided in OLRP-1002 [Reference 2.4-1].  

The Reactor Coolant System mechanical components subject to aging management 
review were identified by reviewing the following documentation: marked-up Oconee 
flow diagrams, Chapters 3.0, 4.0 and 5.0 of the Oconee UFSAR [Reference 2.4-2], and 
Oconee design documents. Reactor Coolant System mechanical components subject to 
aging management review include B&W designed vessels (i.e., reactor vessel and control 
rod drive mechanism pressure boundary, pressurizer, and once through steam generator) 
and reactor vessel internals, reactor coolant pumps, and all Oconee Class 1 piping and 
valves. Oconee Class 1 piping includes B&W-supplied piping (i.e., main coolant, 

1. ISI = Inservice Inspection 
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pressurizer surge, pressurizer spray, and incore monitoring system) and Bechtel-supplied 
piping (i.e., vents, drains, instrumentation lines, and Class 1 portions of ancillary systems 
attached to the B&W scope of supply and the reactor coolant pumps). Ancillary systems 
include low pressure injection, core flood, high pressure injection, and chemical addition.  
In addition to pressure retaining items, reactor vessel internals and Reactor Coolant 
System Class I component supports are subject to aging management review.  

The Class 1 Reactor Coolant System boundary extends to either the first or second 
isolation valve within the Bechtel-supplied piping attached to the B&W scope of supply.  
Bechtel-supplied piping includes vent lines, drain lines, instrumentation lines, and 
ancillary system piping. Ancillary system piping includes low pressure injection/core 
flood injection, decay heat drop line (including dump-to-sump), high pressure injection 
(emergency injection and normal makeup), high pressure injection letdown piping, and 
chemical addition and sampling piping.  

In addition, Class 1 Reactor Coolant System component supports that support Class I 
mechanical components and that are subject to aging management review include Reactor 
Coolant System Class 1 piping supports, pressurizer support plate assemblies and support 
frame assembly, reactor vessel support skirt, control rod drive service structure, once 
through steam generator support skirt, once through steam generator upper lateral support 
structure, and reactor coolant pump lateral and vertical support assemblies.  

Other Reactor Coolant System components that are within the scope of license renewal 
include the non-Class 1 instrumentation tubing, piping, valves and the non-Class 1 
reactor coolant pump oil collection system. These are addressed in Section 2.5 of 
OLRP-1001.  

Supports for the letdown heat exchanger, the non-Class 1 instrumentation tubing, piping, 
and valves and the non-Class 1 reactor coolant pump oil collection system are addressed 
in Section 2.7 of OLRP-1001.  

The B&W-supplied vessels were designed in accordance with ASME Section III, 1965 
Edition, with Addenda through the Summer of 1967. Reactor coolant pumps were 
designed in accordance with ASME Section III, 1965 Edition, with Addenda through 
Summer 1967; however, the pumps were not code stamped. Oconee Reactor Coolant 
System piping supplied by B&W was designed to Nuclear Piping Code, USAS B31.7 
Class I; this classification corresponds to Regulatory Guide 1.26 Class 1 and Duke Piping 
Class A. Bechtel-supplied piping was designed to Nuclear Piping Code, USAS B31.7, 
Class II. This classification corresponds to Duke Piping Class AC, which is Class 1 in 
material, fabrication, and erection, but Class 2 in design. The design of the reactor vessel 
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internals meets the intent of ASME Section III with qualification of the design 
accomplished through a combination of analysis and testing. Class I component supports 
were designed to either ASME Section III, 1965 Edition, with Addenda through 1967, or 
the AISC Manual of Steel Construction. Additional descriptions of the Oconee reactor 
coolant system components are contained in the Oconee UFSAR, Chapters 3, 4 and 5 
[Reference 2.4-2].  

Component intended functions have been determined based on a review of the Oconee 
UFSAR and design documents. Components within the boundary of the Reactor Coolant 
System that perform their intended functions without moving parts or without a change in 
configuration or properties are listed in Table 2.4-4, along with the intended functions 
they must maintain. The method used to determine the Reactor Coolant System 
structures and components subject to aging management review is consistent with the 
guidance contained in NEI 95-10, Revision 0 [Reference 2.4-3, Section 4.1].  

Duke actively participated in a B&W Owners Group (B&WOG) effort that developed a 
series of topical reports whose purpose was to demonstrate that the aging effects for 
Reactor Coolant System components are adequately managed for the period of extended 
operation. The following is a list of the B&WOG topical reports applicable to the Reactor 
Coolant System at Oconee that have been submitted to the NRC: 

* BAW-2243A , Reactor Coolant System Piping [Reference 2.4-4] (submitted and 
approved by the NRC) 

* BAW-2244A, Pressurizer [Reference 2.4-5] (submitted and approved by NRC) 

* BAW-225 1, Reactor Vessel [Reference 2.4-6] (submitted, under review by the NRC 
as of June 1998) 

* BAW-2248, Reactor Vessel Internals [Reference 2.4-7] (submitted, under review by 
the NRC as of June 1998) 

NRC approved reports may be incorporated by reference pursuant to §54.17(e) provided 
the conditions of approval contained in the safety evaluation of the specific report are 
met.  

Each of the components of the Oconee Reactor Coolant System that are subject to aging 
management review are described in the following sections.  

0 
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2.4.2 PROCESS TO INCORPORATE APPROVED B&WOG TOPICAL REPORTS BY 

REFERENCE 

Duke used the following process to incorporate approved B&WOG Topical Reports by 
reference into OLRP-1001: 

(1) Comparison of the component intended functions for the Reactor Coolant 
System components under review. The Oconee-specific component screening 
review first identifies the component intended functions and then compares these 
functions to those identified in the generic B&WOG Topical Reports. Differences are 
noted and justification for the variances provided.  

(2) Identification of the items that are subject to aging management review. Oconee 
drawings and pertinent design and field change data are reviewed. The process 
establishes the full extent to which the scope of the generic B&WOG Topical Reports 
bound the Oconee Reactor Coolant System components.  

(3) Identification of the applicable aging effects. An independent assessment of the 
applicable aging effects is performed by reviewing plant operating environment, 
operating stresses (qualitative), and plant-specific operating experience. This reveals 
potential aging effects not identified in the generic B&WOG Topical Reports. Aging 
effects for items that are determined to be subject to aging management review that 
were not identified in the generic B&WOG Topical Reports are evaluated.  

The results of performing Steps (1) and (2) are provided in Section 2.4 of OLRP-1001, 
while the results of performing Step (3) are provided in Section 3.4 of this report.  
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2.4.3 REACTOR COOLANT SYSTEM PIPING 

For Oconee, the following components are within the reactor coolant pressure boundary: 
reactor vessel, once-through steam generators (primary side), pressurizer, reactor coolant 
pump, main coolant piping and portions of systems attached to these components. The 
attached systems that contain Class I components include the Core Flood System, High 
Pressure Injection System, Low Pressure Injection System, and Chemical Addition 
System. In addition, vents, drains, and instrumentation lines also contain Class 1 
components. The non-Class 1 portions of all of these attached systems are addressed in 
Section 2.5 of this report. Reactor coolant system piping includes piping (including 
fittings, branch connections, safe ends, and thermal sleeves); valve bodies (pressure 
retaining parts of Reactor Coolant System isolation/boundary valves); and bolted closures 
and connections. Additional descriptions of the Oconee Reactor Coolant System piping 
are contained in the Oconee UFSAR [Reference 2.4-2, Section 5.4.3].  

Non-Class 1 portions of the Reactor Coolant System are included in the following 
sections of OLRP-1001: 

Section 2.5.5.1 - Core Flood 
Section 2.5.5.2 - High Pressure Injection 
Section 2.5.7.1 - Chemical Addition 
Section 2.5.4.9 - Nitrogen Purge and Blanket 

As noted in Section 2.4.1, one of the B&WOG topical reports that has been approved by 
the NRC for use by applicants for a renewed operating license is BAW-2243A 
[Reference 2.4-4]. As a result of NRC review of this report, several Renewal Applicant 
Action Items were identified. These Action Items are described in Section 4.1 of the 
Safety Evaluation issued by the NRC concerning BAW-2243A [Reference 2.4-8]. The 
Oconee-specific responses to these Action Items relevant to the identification of Reactor 
Coolant System piping components subject to aging management review are provided in 
Table 2.4-1.  
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2.4.4 PRESSURIZER 

The pressurizer is a vertical cylindrical vessel with a bottom surge line penetration 
connected to the hotleg piping by the surge line piping. The pressurizer contains electric 
heaters in its lower section and a water spray nozzle in its upper section. Since all 
sources of heat in the Reactor Coolant System are interconnected by piping with no 
intervening isolation valves, relief protection is provided on the pressurizer.  
Overpressure protection consists of two code safety valves and one power operated relief 
valve. Piping attached to the pressurizer is Class 1 up to and including the first isolation 
valve and is discussed in Section 2.4.3 of OLRP-1001. Additional descriptions of the 
Oconee pressurizer are contained in the Oconee UFSAR [Reference 2.4-2, Section 5.4.6] 
and BAW-2244A [Reference 2.4-5]. The pressurizer is shown on Figure 2.4-1.  
Pressurizer supports are addressed in Section 2.4.11.2.  

The following items support the Oconee pressurizer spray function but are not within the 
scope of BAW-2244A: spray line piping (stainless steel pipe and stainless steel fittings) 
and spray head (cast austenitic stainless steel).  

As noted previously in Section 2.4.1, one of the B&WOG topical reports that has been 
approved by the NRC for use by applicants for a renewed operating license is 
BAW-2244A. As a result of NRC review of this report, several Renewal Applicant 
Action Items were identified. These Action Items are described in Section 4.1 of the 
Safety Evaluation issued by the NRC concerning BAW-2243A [Reference 2.4-9]. The 
Oconee-specific responses to the Renewal Applicant Action Items relevant to the 
pressurizer are provided in Table 2.4-3 Renewal Applicant Action Items Associated with 
BAW-2244A.  
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2.4.5 REACTOR VESSEL 

The reactor vessel consists of the cylindrical vessel shell, lower vessel head, closure head, 
nozzles, interior attachments and all associated pressure retaining bolting. Coolant enters 
the reactor through the inlet nozzles, passes down through the annulus between the 
thermal shield and vessel inside wall, reverses at the lower head, passes up through the 
core, turns around through the plenum assembly, and leaves the reactor vessel through the 
outlet nozzles. The reactor vessels for Units 1, 2, and 3 are shown on Figures 2.4-2, 
2.4-3, and 2.4-4, respectively.  

The reactor vessel has two outlet nozzles through which the coolant is transported to the 
steam generators and four inlet nozzles, through which coolant enters the reactor vessel 
from the discharge of the reactor coolant pumps. Two smaller nozzles located between 
the inlet nozzles serve as inlets for decay heat removal and emergency core cooling water 
injection. The reactor vessel is vented through the control rod drives. Instrumentation 
nozzles penetrate the lower vessel head. Piping attached to the reactor vessel is discussed 
in Section 2.4.3 of OLRP-1001. The reactor vessel support skirt is addressed in 
Section 2.4.11.3.  

Control rod drive mechanisms are attached to flanged nozzles which penetrate the closure 
head. The control rod drive mechanisms are not within the scope of license renewal; 
however, the control rod drive motor tube housings are subject to aging management 
review and are discussed in Section 2.4.9 of OLRP-1001. Additional descriptions of the 
Oconee reactor vessels are contained in the Oconee UFSAR, Section 5.3 
[Reference 2.4-2] and BAW-2251 [Reference 2.4-6].  

As noted previously in Section 2.4.1, one of the B&WOG topical reports that is currently 
under NRC review is BAW-225 1. Duke has reviewed the current design and operation of 
the Oconee reactor vessels using the process described in Section 2.4.1 and has confirmed 
that they are bounded by the description contained in BAW-225 1.  
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2.4.6 REACTOR VESSEL INTERNALS 

The reactor vessel internals consist of two structural subassemblies that are normally 
located within the reactor vessel. The reactor vessel internals can be removed during 
refueling outages when necessary. These two subassemblies of the internals are the 
plenum assembly and the core support assembly. Descriptions of the reactor vessel 
internals for Oconee are contained in BAW-2248 [Reference 2.4-7] and in the Oconee 
UFSAR [Reference 2.4-2, Section 4.5]. The reactor vessel internals are shown on 
Figure 2.4-5.  

As noted previously in Section 2.4.1, one of the B&WOG topical reports that is currently 
under NRC review is BAW-2248. Duke has reviewed the current design and operation of 
the Oconee reactor vessel internals using the process described in Sections 2.4.1 and 
2.4.2, and has determined that they are bounded by the description contained in 
BAW-2248, with the exception of the thermal shield and thermal shield upper restraint.  

The thermal shield and thermal shield upper restraint were omitted from the generic 
report; however, these items support an Oconee reactor vessel internals intended function 
and are subject to aging management review. The thermal shield surrounds the core 
barrel and is constructed of austenitic stainless steel. The thermal shield upper restraint is 
also constructed of austenitic stainless steel. The aging effects evaluation of the thermal 
shield and thermal shield upper restraint is contained in Chapter 3.4.6 of OLRP- 1001.  
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2.4.7 ONCE THROUGH STEAM GENERATORS 

Each Oconee unit has two once through steam generators. Each is a vertical, straight 
tube, once through, counterflow, shell-and-tube heat exchanger with shell-side boiling.  
The steam generator consists of upper and lower hemispherical heads welded to 
tubesheets that are separated by a seven-course shell assembly. Over 15,000 straight 
Alloy 600 tubes are held in alignment by fifteen tube support plates. The once through 
steam generator is shown on Figure 2.4-6.  

Primary coolant from the reactor enters the steam generator through a single inlet nozzle 
in the top of the upper head. Coolant flows downward through the straight parallel tubes, 
is cooled by the secondary coolant on the shell side, and then exits through two outlet 
nozzles in the lower head.  

Secondary coolant enters through a ring of ports that penetrate the shell approximately 
midway up the shell assembly. The feedwater travels downward through an annulus 
between the lower baffle and the shell. Near the lower tubesheet the feedwater turns 
inward, and then flows upward around the tubes and through the tube support plates. As 
the feedwater absorbs heat from the primary coolant, it boils and then becomes 
superheated. The dry steam exits the steam generator through two steam outlet nozzles 

just above the feedwater inlet ports.  

Once through steam generator items that are subject to aging management review include 
the hemispherical heads, secondary shell, tubes, plugs, mechanical sleeves, tubesheets, 
primary nozzles, main and auxiliary feedwater nozzles, steam outlet nozzles, 
instrumentation nozzles, drain nozzles, all associated pressure retaining bolting, and 
integral attachments inspected in accordance with ASME Section XI, Subsections IWB 
and IWC. Class 1 Reactor Coolant System piping attached to the primary once through 
steam generators nozzles, including the welded joints, is addressed in Section 2.4.3.  
Secondary piping attached to the once through steam generators nozzles, including the 
main and auxiliary feedwater headers and riser piping, is addressed in Section 2.5.9, 
"Steam and Power Conversion Systems" in OLRP-1001. The steam generator supports 
are addressed in Section 2.4.11.5.  
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Once through steam generator items fabricated from low-alloy steel include the 
hemispherical heads, tubesheets, and pressure retaining bolting. Items fabricated from 
carbon steel include primary inlet and exit nozzles, secondary shell, secondary outlet 
nozzles, primary and secondary manway covers, secondary hand hole covers, secondary 
vent and level sensing nozzles, and main and auxiliary feedwater nozzles. Items 
fabricated from Alloy 600 include the primary drain nozzle, nozzle dam support rings, 
tubes, plugs, sleeves, and secondary temperature sensing connections.  

The once through steam generators were designed as Class A vessels in accordance with 
ASME B&PV Code Section III "Rules for Construction of Nuclear Vessels," 1965 
Edition, with Addenda through Summer of 1967, using Section II "Materials 
Specifications" and Section IX "Welder Qualifications." 

2.4-10 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Reactor Coolant System Mechanical Components and Class 1 Component Supports 

2.4.8 REACTOR COOLANT PUMPS 

The reactor coolant pump provides the head required to transport the reactor coolant 
through the reactor core, piping and steam generators. All four reactor coolant pumps of 
each Oconee unit are required during normal operation. The four reactor coolant pumps 
installed on Oconee Unit 1 are Westinghouse Model 93A, while those installed on 
Oconee Units 2 and 3 are Bingham. The reactor coolant pumps were designed, 
fabricated, tested, and inspected as Class A vessels in accordance with ASME Section III 
1965 Edition and Summer 1967 Addendum [Reference 2.4-12]. The reactor coolant 
pumps were not code stamped.  

The reactor coolant pump items that are subject to aging management review include the 
casing, cover, and associated pressure-retaining bolting. Non-class I piping, flexhose, 
instrumentation, and similar components attached to the reactor coolant pump are 
addressed in Section 2.5. Class I piping connected to the pump, including the welded 
joints, are not within the scope of this report and are included in Section 2.4.3. The 
portion of the reactor coolant pump rotating element above the pump coupling, the 
electric motor, and the flywheel are not subject to aging management review in 
accordance with §54.21(a)(1).  

The reactor coolant pump casings include not only the casings themselves, but also the 
bolted closures and connections. These are constructed of stainless steel, except for the 
pressure retaining bolting which is fabricated from low-alloy steel.  

The upper and lower halves of the Westinghouse pump casings are cast austenitic 
stainless steel joined using electroslag welding. In addition, the Westinghouse pump 
casings received two heat treatment cycles. The first was a solution annealing where the 
pump casing halves were furnace heated to approximately 2020-2050'F, held for a 
specified period of time, and then water quenched. The second heat treatment was a 
stabilizing treatment in which the welded pump casing was heated to approximately 
740-760oF, held for a specified period of time, and then air cooled.  

The Bingham pump casing is a cast austenitic stainless steel design that utilizes a quad
volute inner case permanently welded to a pressure containing outer case. Electroslag 
welding was used to make the circumferential butt weld which joins the upper and lower 
halves of the outer casing. This weld was performed in accordance with ASME Code 
Case 1355-2, which permits electroslag welding of Class A pressure vessels. The pump 
casing received two heat treatment cycles. The first was a solution annealing treatment 
where the pump casing halves were furnace heated to approximately 1900-2050 0 F, held 
for a specified period of time, and then water quenched. The second heat treatment was a 
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stabilizing treatment in which the welded pump casing was heated to approximately 
750'F for a specified period of time and then air cooled.  

The pump cover is a generic term used to describe the pressure-retaining closure to the 
pump casing. The cast austenitic stainless steel cover (stuffing box for Bingham pumps) 
serves as a housing for the mechanical seals, radial bearing, thermal barrier, and 
recirculating impeller for the Sulzer-Bingham pumps. The cover is clamped between the 
carbon steel driver mount (motor stand for Sulzer-Bingham pumps) and the stainless steel 
pump casing. The main flange serves as the cover for the Westinghouse design. The 
Westinghouse cover closure includes the main flange, thermal barrier, and pump casing.  

Bolting used to secure the cover to the case includes cover-to-case studs and nuts for the 
Westinghouse and Sulzer-Bingham designs. All cover-to-case studs are greater than 
2 inches in diameter and are fabricated from low-alloy steel. Bolting used to secure the 
seal housing and/or seal glands to the cover includes studs and nuts that secure the upper 
seal gland to the stuffing box in the Sulzer-Bingham design, and cap screws used to 
secure the lower seal housing to main flange in the Westinghouse design. These bolting 
materials are less than 2 inches in diameter and are fabricated from low alloy-steel and 
martensitic stainless steel.  

Each reactor coolant pump is supported by the cold leg piping during all modes of 
operation; the weight of each reactor coolant pump motor is supported by two vertical 
constant load supports. The piping and heat exchangers attached to the reactor coolant 
pump are discussed in Section 2.4.3 of OLRP-1001. Additional descriptions of the 
Oconee reactor coolant pumps are contained in Oconee UFSAR [Reference 2.4-2, 
Section 5.4.1]. A drawing of the Unit 1 reactor coolant pump design is contained in the 
Oconee UFSAR [Reference 2.4-2, Figure 5-17]. A drawing of the reactor coolant pumps 
for Units 2 and 3 is provided in the Oconee UFSAR [Reference 2.4-2, Figure 5-19].  
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2.4.9 CONTROL ROD DRIVE MECHANISM MOTOR TUBE HOUSINGS 

Control rod drive mechanism motor tube housings provide the reactor coolant pressure 
boundary around the control rod drive mechanisms. During normal operation, the control 
rod drive mechanism motor tube housings are filled with borated reactor coolant at the 
system operating pressure. Thermal barriers in the lower motor tube mechanism, the 
control rod drive mechanism cooling system, and vessel head cooling fans maintain the 
temperatures in the housings below system temperature.  

Control rod drive mechanism motor tube housings were designed, fabricated, tested, and 
inspected in accordance with ASME Section 1111965 Edition and Summer 1967 
Addendum [Reference 2.4-12]. The material of construction is stainless steel or 
Alloy 82/182 clad low-alloy steel (motor tube center section only for Type A and B 
drives).  

Two different designs of control rod drive mechanisms are currently in use at Oconee: 
Type A at Oconee Units 1 and 2, and Type C at Oconee Unit 3. Control rod drive 
mechanisms themselves are active and not considered to be subject to aging management 
review for license renewal.  
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2.4.10 LETDOWN COOLERS 
The letdown coolers are used during normal operation to cool the letdown flow from the 
Reactor Coolant System to prevent damage to the purification system ion exchange 
resins. The coolers are of the shell and spiral tube design. Borated water from the 
Reactor Coolant System is on the tube side and treated water from the Component 
Cooling system is on the shell side. The tubes, tubesheets, and channel heads in the 
coolers are stainless steel. The cooler shell is carbon steel. Each unit has two letdown 
coolers.  
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2.4.11 CLASS 1 COMPONENT SUPPORTS 

The following component supports are included within the Reactor Coolant System 
evaluation boundary: 

* Reactor Coolant System Class 1 Piping Supports 
* Pressurizer Supports 
* Reactor Vessel Support Skirt 
* Control Rod Drive Service Structure 
* Once Through Steam Generator Supports 
* Reactor Coolant Pump Supports 

Anchorages and embedments of these structural components are addressed in Sections 
2.3.3.2 and 2.7.7 of OLRP-1001.  

2.4.11.1 Reactor Coolant System Class 1 Piping Supports 

Supports associated with the Reactor Coolant System piping include standard unit pipe 
supports, LOCA restraints, and snubbers. Snubbers are active and are not subject to 
aging management review in accordance with §54.21 (a)(1). Pins that are used to connect 
the snubbers to the piping are addressed in this section of OLRP-1001. Connections of 
the snubbers to the Reactor Building structure are addressed in Section 2.7 of 
OLRP-1001.  

Reactor Coolant System piping supports provide structural support of the Class 1 piping 
during seismic events, specifically to provide structural and functional support in 
accordance with design basis loads. LOCA restraints provide structural support during 
seismic events and prevent pipe whip in the event of a postulated rupture of a pipe.  
Piping supports and LOCA restraints may be classified according to the size of the pipe 
that they support or protect. Class 1 piping supports and LOCA restraints were 
constructed in accordance with the AISC Manual of Steel Construction 
[Reference 2.4-10].  

Class 1 piping greater than 14-inch NPS [Footnote 2] include the 36-inch and 28-inch hot 
and cold leg piping. The hot and cold leg piping is supported by the once through steam 
generator and the reactor vessel. Two LOCA restraints surround each hot leg: one at the 
90-degree elbow that directs coolant flow to the vertical riser section, and the second that 
envelops the vertical riser. Each cold leg contains a LOCA restraint at the reactor coolant 

2. NPS = Nominal Pipe Size 
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pump inlet. All LOCA restraints are shimmed such that a gap exists between the restraint 
and the piping during all modes of operation.  

Class 1 piping less than or equal to 14-inch NPS includes the decay heat drop line, core 
flood/decay heat injection lines, pressurizer surge line, pressurizer spray and auxiliary 
spray lines, high pressure injection/makeup lines, letdown lines, vent and drain lines, 
instrumentation lines, and incore monitoring system piping. Piping supports associated 
with these lines (with the exception of the pressurizer surge line which is supported by 
the hot leg and the pressurizer) include the following standard support units: variable 
spring hangers, constant load supports, threaded rods with fasteners, pipe clamps, U
bolts, and swing sway braces. Items that support the intended function include the 
standard support units and the exposed portion of the connection to the building structure.  

2.4.11.2 Pressurizer Supports 
Pressurizer supports consist of the support plate assemblies, support frame assembly, and 
a loss-of-coolant accident (LOCA) restraint. The pressurizer support plate assemblies 
and the support frame assembly provide structural support for the pressurizer. The LOCA 
restraint minimizes the movement of the pressurizer following a postulated break of the 
surge line.  

Eight support plate assemblies are welded to the exterior shell of the pressurizer and each 
support plate assembly is bolted to the support frame assembly. The support frame 
assembly is attached to and supported by the secondary shield wall. In addition, a LOCA 
restraint surrounds the pressurizer surge nozzle to limit motion of the vessel following a 
postulated rupture of the pressurizer surge line. The LOCA restraint is hung from the 
support frame assembly. One end of the LOCA restraint is clamped around the 
pressurizer surge nozzle and the other end is suspended with its end very close to the 
secondary shield wall.  

The support plate assemblies were fabricated from carbon steel. Structural members that 
support the intended functions of the support frame assembly and LOCA restraint include 
beams, brackets, stiffeners, plates, hanger rods, and structural bolting. Support frame and 
LOCA restraint structural members were fabricated from carbon steel and alloy steel. In 
addition, the exposed portion of the connection to the building structure is within the 
scope of this section. The integrity of the connection that transfers the load from the 
support frame assembly to the secondary shield wall is addressed in Section 2.7 of 
OLRP-1001.  

The support plate assemblies were constructed in accordance with ASME Section n, 
1965 Edition, Summer 1967 Addenda [Reference 2.4-12]. The support frame assembly 
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and LOCA restraint were constructed in accordance with the AISC Manual of Steel 
Construction [Reference 2.4-10] and the AEC publication entitled Nuclear Reactors and 
Earthquake, AEC Publication TID 7024 [Reference 2.4-11].  

2.4.11.3 Reactor Vessel Support Skirt 

The reactor vessel supports include a support skirt and support flange. The reactor vessel 
support skirt is a cylindrical structure that supports each reactor vessel. The support skirt 
rests on a sole plate that is supported by a reinforced concrete pedestal and is fixed to the 
pedestal through a steel flange that is bolted to the pedestal by prestressed bolts. The 
reactor vessel support skirt is shown on Figure 2.4-7. The evaluation boundary of the 
reactor vessel support skirt begins at the weld of the skirt to the reactor vessel transition 
forging and terminates at the bottom of the skirt flange. The evaluation boundary also 
includes the exposed surface of the anchor bolts and shear pins. The sole plate, grout, 
and concrete are addressed in Section 2.7 of OLRP-1001.  

The reactor vessel support skirt was designed, fabricated, tested, and inspected in 
accordance with ASME Section 111, 1965 Edition, with Addenda through Summer 1967 
[Reference 2.4-12]. The support skirt consists of two carbon steel semi-circular rings 
welded together longitudinally to form a cylinder. This cylinder is welded to the bottom 
of the reactor vessel transition forging. The cylinder has holes for ventilation of the 
reactor vessel cavity. The anchor bolts are prestressed to accommodate the loads of a 
design basis seismic event.  

Information on the reactor vessel support skirt is contained in the Oconee UFSAR 
[Reference 2.4-2, Section 5.4.8].  

2.4.11.4 Control Rod Drive Service Structure 
The control rod drive service structure is located on top of the reactor vessel and 
functions to support the control rod drive mechanisms from excessive lateral motion to 
ensure that the control rods can drop into the core under design basis loading conditions.  
The control rod drive service structure consists of five major assemblies: 

* Lower Control Rod Drive Service Structure Skirt - A slotted carbon steel cylinder that 
is welded to the upper surface of the reactor vessel closure head. A mating flange is 
welded to the to skirt and provides a seating surface to which the upper control rod 
drive service structure is bolted.  

* Upper Control Rod Drive Service Structure Skirt - A carbon steel cylindrical shell 
with a lower flange that connects to the lower control rod drive service structure skirt 
and an upper flange that connects to the closure head service structure shell flange.  

2.4-17 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Reactor Coolant System Mechanical Components and Class 1 Component Supports 

* Closure Head Service Structure Shell - A carbon steel cylinder that is attached to the 
upper control rod drive service structure skirt and supports the control rod drive 
service structure platform assembly.  

* Control Rod Drive Service Structure Strut Support Assembly - Horizontal carbon 
steel beams oriented in a radial direction which are welded to the closure head service 
structure shell on one end and supported on the other by angled beams.  

* Control Rod Drive Service Structure Platform Assembly - A horizontal platform 
made of carbon steel beams that is attached to the top of the closure head service 
structure shell and the control rod drive service structure strut support assembly.  
Control rod drive service structure platform assembly restrains the top ends of the 
control rod drive mechanisms from lateral movement during design basis loadings.  

The control rod service structure is shown on Figure 2.4-8. A detail of the attachment of 
the service structure to the closure head is shown in Figure 2.4-9.  

2.4.11.5 Once Through Steam Generator Support Skirt and Upper Lateral Support 
Structure 

Once through steam generator supports that are subject to aging management review 
include the support skirt and upper lateral support structure. The intended function of the 
steam generator support skirt is to transfer lateral and vertical loads from the once 
through steam generator to the reinforced steam generator foundation. The intended 
function of the upper lateral support structure is to provide support during seismic events 
or, specifically, to transmit pipe rupture forces and dynamic forces to the secondary 
concrete shield wall. The once through steam generator support skirt is shown on Figure 
2.4-10.  

The once through steam generator support skirt consists of a perforated alloy steel 
cylinder that is welded to a carbon steel support plate. Reinforcement of the joint that 
connects the cylinder to the support plate is provided through equally-spaced carbon steel 
gusset plates that are welded to the inside of the cylinder and the support plate. The 
support plate contains holes that are equally spaced around the support plate. These holes 
match up with the anchor bolts embedded in the steam generator foundation that supplies 
the vertical support of the steam generator. The exposed portion of the anchor bolts and 
nuts that connect the steam generator support skirt to the steam generator foundation is 
addressed in this section. The imbedded portion of anchor bolts and reinforced concrete 

2.4-18 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Reactor Coolant System Mechanical Components and Class 1 Component Supports 

that transfers the load from the steam generator support skirt to the steam generator 
foundation is addressed in Section 2.7 of OLRP- 1001.  

The steam generator support skirt is attached to the lower steam generator head by means 
of a rolled low-alloy steel plate transition ring, which is welded to the exterior of the 
lower head. For Oconee Units 1 and 2 , the support skirt is welded to the transition 
forging with full penetration welds. The transition ring at Oconee Unit 3 is a low-alloy 
steel ring forging that is part of the lower head pressure boundary assembly and includes a 
shaped transition that projects out to accept the support skirt attachment weld.  

The upper lateral support structure surrounds each steam generator at the elevation of the 
upper tube sheet. The structure consists of five lateral support sub-assemblies that are 
attached to the secondary shield wall at five azimuthal locations surrounding the steam 
generator. Each subassembly extends from the secondary shield wall to the steam 
generator, and each subassembly is connected to an adjacent sub-assembly with tie plates 
(Figure 2.4-11). Attached to the end of each sub-assembly is a spring head that consists 
of a carbon steel backing plate, carbon steel shims, and a machined lubrite pad fabricated 
from bridge bearing bronze. The external face of each lubrite pad is concave and faces a 
convex carbon steel bearing plate that is bolted to the exterior shell of the steam 
generator. The bearing plates were machined to dimensions for the cold position and the 
lubrite pads were machined to dimensions for the hot position. The lubrite pads were 
shimmed in the field to ensure proper fit-up with the bearing plates during cold and hot 
conditions. The lateral support sub-assemblies and tie plates were fabricated from carbon 
steel and alloy steel fasteners.  

All structural members used to construct the upper lateral support structure, including the 
exposed portion of the anchor bolts and nuts that connect the upper lateral support sub
assemblies to the secondary shield wall, are subject to aging management review. The 
integrity of the connection that transfers the load from the upper lateral support to the 
secondary shield wall is addressed in Section 2.7 of OLRP-1001.  

The steam generator support skirt was constructed in accordance with ASME Section III, 
1965 Edition, Summer 1967 Addenda [Reference 2.4-12], while the upper lateral support 
structure was constructed in accordance with the AISC Manual of Steel Construction 
[Reference 2.4-10] and the AEC publication entitled Nuclear Reactors and Earthquake, 
AEC Publication TID 7024 [Reference 2.4-11].  

2.4.11.6 Reactor Coolant Pump Supports 

Reactor coolant pump supports consist of vertical support assemblies and lateral support 
assemblies. Two vertical support assemblies are provided for each reactor coolant pump 
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motor. Each vertical assembly consists of: (1) two coated constant load supports; (2) two 
galvanized rods manufactured from alloy steel; and (3) galvanized washers and nuts that 
connect the rods to the motor and the constant load support to the rods. The constant load 
supports are designed to accept the weight of the reactor coolant pump motor at normal 
operating temperature.  

The reactor coolant pump lateral support assemblies include snubbers and turnbuckles.  
Snubbers are not subject to aging management review in accordance with §54.21(a)(1).  
However, the pins that connect the snubbers to the pumps and the secondary shield wall 
are addressed in Section 2.7 of OLRP-1001. Turnbuckles (two per pump) limit lateral 
displacement of the pump and motor following a postulated loss-of-coolant accident.  
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2.4.12 REFERENCES FOR SECTION 2.4 

2.4-1. OLRP-1002, Oconee License Renewal Flow Diagrams, Duke Energy, transmitted 
by W. R. McCollum (Duke) letter dated July 1, 1998 to Document Control Desk 
(NRC), Docket Nos. 50-269, 50-270, 50-287.  

2.4-2. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  

2.4-3. NEI 95-10, Revision 0, Industry Guideline for Implementing the Requirements of 
10 CFR Part 54 - The License Renewal Rule, Nuclear Energy Institute, 
March 1996.  

2.4-4. BAW-2243A, Demonstration of the Management of Aging Effects for the Reactor 
Coolant System Piping, The B&W Owners Group Generic License Renewal 
Program, June 1996.  

2.4-5. BAW-2244A, Demonstration of the Management of Aging Effects for the 
Pressurizer, The B&W Owners Group Generic License Renewal Program, 
December 1997.  

2.4-6. BAW-225 1, Demonstration of the Management ofAging Effects for the Reactor 
Vessel, The B&W Owners Group Generic License Renewal Program, June 
1996.  

2.4-7. BAW-2248, Demonstration of the Management of Aging Effects for the Reactor 
Vessel Internals, The B&W Owners Group Generic License Renewal Program, 
July 1997.  

2.4-8. D. M. Crutchfield (NRC) letter dated March 21, 1996 to Don Croneberger 
(BWOG/GLRP), Acceptance for Referencing of Topical Report BAW-2243A, 
"Demonstration of the Management of Aging Effect for the Reactor Coolant 
System Piping." 

2.4-9. C. I. Grimes (NRC letter dated November 26, 1997 to D. J. Firth 
(BWOG/GLRP/FTI), Clarification in the Final Safety Evaluation Report for 
BAW-2244A, "Demonstration of the Management of Aging Effects for the 
Pressurizer." 
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2.4-10. Manual of Steel Construction, 6h Edition, American Institute of Steel 
Construction.  

2.4-11. Nuclear Reactors and Earthquake", AEC Publication TID 7024.  

2.4-12. ASME Boiler and Pressure Vessel Code, Section III, Rules for Construction of 
Nuclear Vessels, American Society of Mechanical Engineers, 1965 Edition with 
Addenda through Summer 1967.  
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Table 2.4-1 Flow Diagrams Indicating Evaluation Boundaries of the Reactor 
Coolant System 

Flow Diagram Revision Unit 

OLRFD-100A-1.1 0 1 

OLRFD-100A-1.2 0 1 

OLRFD-100A-1.3 0 1 

OLRFD-100A-2.1 0 2 

OLRFD-IOOA-2.2 0 2 

OLRFD-100A-2.3 0 2 

OLRFD-100A-3.1 0 3 

OLRFD-100A-3.2 0 3 

OLRFD-100A-3.3 0 3 

OLRFD-1O1A-1.1 0 1 

OLRFD-101A-1.4 0 1 

OLRFD-O1A-2.1 0 2 

OLRFD-101A-2.4 0 2 

OLRFD-101A-3.1 0 3 

OLRFD-101A-3.4 0 3 

OLRFD-102A-1.1 0 1 

OLRFD-102A-1.2 0 1 

OLRFD-102A-1.3 0 1 

OLRFD-102A-2.1 0 2 

OLRFD-102A-2.2 0 2 

OLRFD-102A-2.3 0 2 

OLRFD-102A-3.1 0 3 

OLRFD-102A-3.2 0 3 

OLRFD-102A-3.3 0 3 

OLRFP-l lOA-1.1 0 1 

OLRFD-11OA-2.1 0 2 

OLRFD-110A-3.1 0 3 
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Table 2.4-2 Renewal Applicant Action Items Associated with BAW-2243A 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2243A, Section 4.1) 

When incorporating the B&WOG topical report in Duke participated in the development of 
its renewal application, the license renewal BAW-2243A by providing Oconee-specific design 
applicant is to verify that the plant is bounded by and operational information. Duke has reviewed 
the topical report. the current design and operation of the Oconee 

Reactor Coolant System piping using the process 
as described in Section 2.4.1 and confirms that this 
piping is bounded by the description contained in 
BAW-2243A.  

Further, the renewal applicant is to commit to Program descriptions contained in the Oconee 
programs described as necessary in the report to UFSAR are considered by Duke to be 
manage the effects of aging during the period of commitments.  
extended operation on the functionality of the RCS 
piping components.  
A summary description of these programs is to be Descriptions of these programs are provided in 

provided in the license renewal FSAR supplement Exhibit B (UFSAR Supplement) of the Application 
in accordance with 10 CFR §54.21(d). for Renewal Operating Licenses, Oconee Nuclear 

Station Units 1, 2, and 3.  
Any deviations from the aging management No deviations from the aging management 
programs described within this report as necessary programs described in BAW-2243A or other 
to manage the effects of aging during the period of information presented in the report have been 
extended operation to maintain the functionality of identified by Duke.  
RCS piping components or other information 
presented in the report, such as materials of 
construction, and edition of the ASME Section XI 
code (including mandatory appendices), will have 
to be identified by the renewal applicant and 
evaluated on a plant specific basis in accordance 
with 10 CFR §54.21c(a)(3).  
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Table 2.4-2 Renewal Applicant Action Items Associated with BAW-2243A 
(continued) 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2243A, Section 4.1) 

Further, the B&WOG defers the development of Descriptions of these programs are provided in 
details of Chapter 4 of OLRP- 1001, which is Exhibit A of 

the Application for Renewal Operating Licenses, 
(1) the inspection of the Alloy 82/182 clad hot leg Oconee Nuclear Station Units 1, 2, and 3.  

segment and plant selection for that 
inspection, and 

(2) the sample inspection of small bore RCS 
piping, to the renewal applicant referencing 
this topical report.  

The renewal applicant will have to provide details 
of these two augmented inspection programs in its 
renewal application for staff review and approval.  

The B&WOG elected to exclude TLAAs Evaluations of Oconee-specific TLAAs are 
applicable to the RCS piping components from the provided in Chapter5 of OLRP-1001, which is 
scope of the topical report and indicated that they Exhibit A of the Application for Renewal 
will be resolved on a plant specific basis. Thus, Operating Licenses, Oconee Nuclear Station Units 
any renewal applicant referencing this report will 1, 2, and 3.  
have to evaluate TLAAs applicable to the RCS 
piping components in its renewal application in 
accordance with the requirements in 
10 CFR §54.21(c).  

Additionally, since the staff does not make any The list of structures and components of the 
finding relative to whether the B&WOG report Reactor Coolant System that are subject to an 
constitutes the complete list of RCS piping aging management review is provided in Section 
components subject to an aging management 2.4 of OLRP-1001. The identification of 
review or the adequacy of the scoping individual components are also contained in 
methodology, the individual applicants will need to Oconee specific documents maintained onsite.  
identify and list the structures and components The methodology for developing and maintaining 
subject to an aging management review and a this list of components is consistent with the 
methodology for developing this list as part of their guidance contained in NEI 95-10, Revision 0 
license renewal application. [Reference, Sections 4.1 and 4.3].  
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Table 2.4-3 Renewal Applicant Action Items Associated with BAW-2244A 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2244A, Sections 4.1 and 4.2) 

4.1 Renewal Applicant Action Items 
When licensees participating in the B&WOG GLRP reference BAW-2244 in their license renewal 
application, these applicants must address the action items listed below: 

(1) When incorporating the B&WOG topical Duke participated in the development of 
report in its renewal application, the license BAW-2244A by providing Oconee-specific design 
renewal applicant is to verify that its plant is and operational information. Duke has reviewed 
bounded by the topical report This includes the current design and operation of the Oconee 
confirming that the design of the pressurizer is pressurizers using the process described in 
consistent with that described in the report such Sections 2.4.1 and 2.4.2 and has determined that 
that no important pressurizer components exist that they are bounded by the description contained in 
have not been addressed in the report. BAW-2244A with the exception of the internal 

spray line and spray head. The internal spray line 
and spray head were omitted from the generic 
report; however, these items are credited with 
mitigation of a steam generator tube rupture in the 
Oconee UFSAR and are subject to aging 
management review. Aging management review of 
the internal spray line items is addressed in Section 
3.4 and Chapter 4 of OLRP- 100 1.  

(2) The renewal applicant is to commit to Program descriptions contained in the Oconee 
programs identified as necessary in the report to UFSAR are considered by Duke to be 
manage the effects of aging on the functionality of commitments.  
the pressurizer.  

(3) A summary description of these programs is to Summary descriptions of these programs are 
be provided in the license renewal final safety provided in Exhibit B of the Application for 
analysis report supplement in accordance with Renewal Operating Licenses, Oconee Nuclear 
10 CFR §54.21(d) Station Units 1, 2, and 3.  
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Table 2.4-3 Renewal Applicant Action Items Associated with BAW-2244A 
(continued) 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2244A, Sections 4.1 and 4.2) 

(4) Any deviations from the aging management No deviations from the aging management 
programs described within this report as necessary programs described in BAW-2243A have been 
to manage the effects of aging during the period of identified by Duke. Duke has identified the 
extended operation to maintain the functionality of Oconee internal spray line and spray head as 
the pressurizer or other information presented in within the scope of license renewal and subject to 
the report, such as materials of construction, and aging management review.  
edition of the ASME Section XI code (including 
mandatory appendices), will have to be identified 
by the renewal applicant and evaluated on a plant 
specific basis in accordance with 10 CFR 
§54.21(a)(3).  

(5) Since the B&WOG defers the development of Descriptions of these programs are provided in 
details of the additional sample volumetric Chapter 4 of OLRP-l001, which is Exhibit A of 
inspection program of small-bore nozzles and safe the Application for Renewal Operating Licenses, 
ends to the renewal, applicant referencing this Oconee Nuclear Station Units 1, 2, and 3.  
topical report, the renewal applicant will have to 
provide details of the additional sample inspection 
program in its renewal application for staff review 
and approval.  

(6) Since the B&WOG elected to exclude TNAAs Evaluations of Oconee-specific TLAAs are 
applicable to the pressurizer from the scope of the provided in Chapter 5 of OLRP-1001, which is 
topical report and indicated that they will be Exhibit A of the Application for Renewal 
resolved on a plant-specific basis, any renewal Operating Licenses, Oconee Nuclear Station 
applicant referencing this report will have to Units 1, 2, and 3.  
evaluate TLAAs applicable to the pressurizer in its 
renewal application in accordance with the 
requirements of 10 CFR §54.2 1 (c).  

4.2 Open Items 
When licensees participating in the B&WOG GLRP reference BAW-2244 in their license renewal 
application, these applicants must address the open items listed below: 

(1) Cracking of Stainless Steel Cladding inside the 
pressurizer vessel (discussed in Section 3.2.1 of 
this SER)eferencingthisreportwillhaveto 
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Table 2.4-3 Renewal Applicant Action Items Associated with BAW-2244A 
(continued) 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2244A, Sections 4.1 and 4.2) 

The staff notes that cracking in cladding could Description of this program is provided in 
potentially propagate into the base metal material Chapter 4 of OLRP-1001, which is Exhibit A of 
and should be addressed by an aging management the Application for Renewal Operating Licenses, 
program. Industry experience at one site has Oconee Nuclear Station Units 1, 2, and 3.  
shown that this is a potential aging effect. The 
staff maintains that cracking of the stainless steel is 
a potential aging effect that must be addressed by 
an aging management program for the period of 
extended operation. A program to provide a 
reasonable demonstration of the integrity of the 
pressurizer cladding could be a one-time 
inspection for license renewal. The inspection 
should include the cladding and any attachment 
welds to the cladding. The additional inspection 
would provide information on the condition of the 
cladding or, if cracking is discovered, the 
condition of the underlying base metal as a result 
of the cracked cladding. The staff notes that the 
inspection technique chosen (e.g. visual, surface, 
or volumetric) must be capable of determining the 
condition of the cladding and must be submitted 
for staff review and approval. Without such 
additional aging management program activities, 
the staff cannot conclude that all aging effects 
applicable to the pressurizer vessel cladding have 
been adequately addressed by the aging 
management programs delineated in BAW-2244.  

(2) Aging management of pressurizer heater Description of this program is provided in 
penetration welds (discussed in Section 3.3.2.2.3 Chapter 4 of OLRP-1001, which is Exhibit A of 
of this SER) the Application for Renewal Operating Licenses, 

Oconee Nuclear Station Units 1, 2, and 3.  
The staff regards the provision for examination of 
pressurizer heater penetration welds in ASME 
Code, Section XI, ISI Examination Category B-E 
as applicable to pressurizer heater 
partial-penetration welds. The B&WOG considers 
the Examination Category B-E requirement not 
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Table 2.4-3 Renewal Applicant Action Items Associated with BAW-2244A 
(continued) 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2244A, Sections 4.1 and 4.2) 

applicable to the B&W design because 
Examination Category B-E concerns 
pressure-retaining partial-penetration welds in 
vessels. The B&WOG stated that, "Although the 
'Parts Examined' listing under Item B4.20 of 
Examination Category B-E uses the term 'Heater 
Penetration Welds,' the 'Extent and Frequency of 
Examination' specifically requires only 'All 
Nozzles' to have examination." "There are no 
heater penetration nozzles or pressure-retaining 
heater nozzle partial-penetration welds in the 
vessels of the B&W pressurizer design." 

The staff disagrees with the B&WOG assessment.  
The B&W pressurizer heaters are inserted through 
holes in the pressurizer heater bundle diaphragm 
plates and the heater sheaths (or heater sleeves at 
ONS- 1 and TMI- 1) are attached to the diaphragm 
plates on the inside by partial-penetration welds.  
The staff does not believe that the B&W heater 
penetrations are sufficiently different from other 
vendor designs, except that the B&W heaters are 
mounted horizontally on the diaphragm plates 
inserted through the side of the pressurizer shell, 
while other vendor designs mount the heaters 
vertically, inserted through the bottom of the 
pressurizer. In addition, Examination Category 
B-E explicitly states that the pressurizer heater 
penetration welds are to be examined. Therefore, 
the staff considers the pressurizer heater 
partial-penetration welds pressure-retaining, and 
subject to the requirements set forth in ASME 
Code, Section XI, ISI Examination Category B-E.  
Operating experience has also shown that 
pressurizer heater partial-penetration welds are 
susceptible to cracking. To provide reasonable 
assurance that cracking of the heater penetration 
welds and the heater sheath-to-sleeve welds 
(ONS-1 and TMI-1) will be managed during the 
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Table 2.4-3 Renewal Applicant Action Items Associated with BAW-2244A 
(continued) 

Renewal Applicant Action Item Oconee-Specific Response 
(BAW-2244A, Sections 4.1 and 4.2) 

period of extended operation, the staff is 
requesting an additional, more intrusive inspection 
technique. Specifically, the staff will consider 
ASME Code, Section XI, ISI Examination 
Category B-E together with an inspection program 
consisting of surface examinations (the criteria and 
technique of which would be developed at a later 
date and subject to staff approval) for the 
pressurizer partial-penetration heater 
sheath-to-heater bundle diaphragm plate welds, 
heater sleeve-to-heater bundle diaphragm plates 
welds and heater sheath-to-heater sleeve welds 
acceptable for managing the effects of cracking for 
the period of extended operations.  
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Table 2.4-4 Reactor Coolant System Components and Their Intended Functions 

Component Intended Function(s) 

Reactor Coolant System Piping (Class 1) Maintain primary pressure boundary so the Reactor 
Coolant System can perform its system functions.  

Pressurizer Maintain primary pressure boundary so the Reactor 
Coolant System can perform its system functions.  

Provide Reactor Coolant System pressure control 
[Footnote 1].  

Reactor Vessel Maintain the reactor vessel pressure boundary.  

Provide structural support for the reactor vessel 
internals and the reactor core.  

Reactor Vessel Internals Provide support and orientation of the reactor core.  

Provide support, orientation, guidance, and 
protection of the control rod assemblies.  

Provide a passageway for the distribution for the 
reactor coolant flow to the reactor core.  

Provide a passageway for support, guidance, and 
protection for incore instrumentation.  

Provide a secondary core support for limiting the 
core support structure downward displacement.  

Provide gamma and neutron shielding. [Footnote 2] 

1 The pressure control function was not identified as an intended function in BAW-2244A.  
2 Provide gamma and neutron shielding was not identified as an intended function in BAW-2248.  
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Table 2.4-4 Reactor Coolant System Components and Their Intended Functions 
(continued) 

Component Intended Function(s) 

Once Through Steam Generator Maintain primary pressure boundary so the Reactor 
Coolant System can perform its system functions 

Provide decay heat removal under design basis 
conditions.  

Reactor Coolant Pumps Maintain primary pressure boundary so the Reactor 
Coolant System can perform its system functions.  

Control Rod Drive Motor Tube Housings Maintain primary pressure boundary so the Reactor 
Coolant System can perform its system functions.  

Letdown Coolers Maintain primary pressure boundary so the Reactor 
Coolant System can perform its system functions.  

Class 1 Component Supports 

Reactor Coolant Piping Supports Provide support to the Class 1 components during 
design basis events.  

Pressurizer Supports Provide support to the Class 1 components during 
design basis events.  

Reactor Vessel Support Skirt Provide support to the Class 1 components during 
design basis events.  

Control Rod Drive Service Structure Provide lateral support for the top of the control rod 
drive mechanisms so that proper alignment is 
maintained and control rod insertion into the core 
will be achieved.  

Once Through Steam Generator Supports Provide support to the Class 1 components during 
design basis events.  

Reactor Coolant Pump Supports Provides structural and/or functional support to 
non-safety related equipment where failure of this 
structural component could directly prevent 
satisfactory accomplishment of any safety-related 
function.  
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Figure 2.4-1 Pressurizer 
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Figure 2.4-2 Reactor Vessel, Unit 1 eIee 
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Figure 2.4-3 Reactor Vessel, Unit 2 
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Figure 2.4-4 Reactor Vessel, Unit 3 
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Figure 2.4-5 Reactor Vessel Internals 
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Figure 2.4-6 Once Through Steam Generator 
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Figure 2.4-7 Reactor Vessel Support Skirt 
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Figure 2.4-8 Control Rod Drive Service Structure 
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Figure 2.4-9 Control Rod Drive Service Structure (Detail) 

Upper CRDSS Skirt 

Lower CRDSS Skirt 

W eld 

Closure Head 

2.4-41 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Reactor Coolant System Mechanical Components and Class 1 Component Supports 

Figure 2.4-10 Steam Generator Support Skirt 
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Figure 2.4-11 Once Through Steam Generator Upper Lateral Support 
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2.5 MECHANICAL SYSTEM COMPONENTS 

2.5.1 PROCESS USED To IDENTIFY MECHANICAL COMPONENTS SUBJECT TO AGING 
MANAGEMENT REVIEW 

The license renewal evaluation boundaries of the Oconee Nuclear Station (Oconee) 
mechanical systems, including those contained in Keowee Hydroelectric Station 
(Keowee) and in the Standby Shutdown Facility were determined on the basis of the 
mechanical systems review described in Section 2.2 of OLRP-1001. The methodology 
used to identify the individual mechanical components subject to aging management 
review is described in the following paragraphs.  

Mechanical components are considered to be those installed components that contain a 
fluid, including air or gas. Supports and anchorage are considered structural components 
and are addressed in Section 2.7 of OLRP-1001.  

The methodology used to identify the mechanical components subject to aging 
management review at Oconee is consistent with the guidance provided in NEI 95-10, 
Revision 0 [Reference 2.5-1]. Specifically, Section 4.1 of NEI 95-10, Revision 0, 
describes an acceptable method for the identification of structures and components that 
are subject to aging management review. It is a two step process: (1) Section 4.1.1 
describes establishing evaluation boundaries; and (2) Section 4.1.2 describes determining 
structures and components within these boundaries subject to aging management review.  

The mechanical components that are subject to aging management review are determined 
in the following manner: 

* An evaluation boundary is established for each Oconee, Keowee, and Standby 
Shutdown Facility mechanical system that has been determined to be in scope; and 

* The mechanical components and their intended functions within the evaluation 
boundary that are subject to aging management review are identified.  

Each of these steps is described further in the following section.  
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2.5.2 DETAILED PROCESS DESCRIPTION 

2.5.2.1 Establishment of Evaluation Boundaries for License Renewal 
Oconee and Keowee flow diagrams were used to clearly indicate the evaluation 
boundaries for license renewal. Flow diagrams are process functional drawings, as 
distinguished from plant physical layout drawings. A separate set of flow diagrams 
specifically for use in the license renewal process was produced for Oconee, including 
Keowee mechanical systems and the Standby Shutdown Facility mechanical systems.  
The evaluation boundaries of mechanical systems are indicated on these Keowee license 
renewal flow diagrams and Oconee license renewal flow diagrams [Reference 2.5-2]. For 
the purpose of this document, they will be collectively referred to as the Oconee license 
renewal flow diagrams.  

2.5.2.2 Identification of Mechanical Components Subject To An Aging 
Management Review 

The first step in the identification of the mechanical components subject to aging 
management review was to develop a menu of mechanical component types at Oconee.  
This step provides a basis for identifying the mechanical components within the license 
renewal evaluation boundary (the Oconee and license renewal flow diagrams) that are 
subject to aging management review.  

The Oconee license renewal flow diagrams and Appendix B of NEI 95-10, Revision 0 
[Reference 2.5-1] have been reviewed to determine the mechanical component types that 
exist in Oconee. The hydrogen recombiner (NEI 95-10, Revision 0, Appendix B, 
Item 68) requires a plant-specific determination of whether or not it is subject to aging 
management review. The Oconee-specific determination is provided in Section 2.5.10.1 
of OLRP-1001.  

The second step is the identification of mechanical components and component types 
within the evaluation boundaries that are subject to aging management review, along with 
their component intended functions. Component intended functions include only those 
functions that are required to enable the system intended function(s) to be performed.  
This step results in the identification of the component intended functions for each 
component in each system. This step is described within each system description and the 
results are summarized in a table for each system at the end of this chapter.  
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The mechanical components subject to aging management review at Oconee, Keowee, 
and Standby Shutdown Facility resulting from the application of this process are 
identified in Sections 2.5.3 through 2.5.14. The results are presented by system in an 
order that parallels the system descriptions contained in the Oconee UFSAR 
[Reference 2.5-3]: Containment Heat Removal, Containment Isolation, and Emergency 
Core Cooling Systems are described in Chapter 6 of the Oconee UFSAR; Auxiliary 
Systems, Process Auxiliaries, Air Conditioning, Heating, Cooling and Ventilation are 
described in Chapter 9; and Steam And Power Conversion Systems are described in 
Chapter 10.  

In addition, Post-Accident Hydrogen Control, Reactor Coolant Pump Motor Oil 
Collection System, and Reactor Coolant System Vents, Drains, and Instrument Lines are 
described in Sections 2.5.10, 2.5.11, and 2.5.12, respectively. Keowee mechanical 
systems are described in Section 2.5.13 and Standby Shutdown Facility mechanical 
systems are described in Section 2.5.14 

0 
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2.5.3 CONTAINMENT HEAT REMOVAL SYSTEMS 

The Containment heat removal systems are those systems designed to remove heat from 
the Reactor Building following a design basis event. Chapter 6 of the Oconee UFSAR, 
Engineered Safety Features, provides additional descriptions of Containment heat 
removal systems. The following systems are addressed in this section: 

* Reactor Building Cooling System 
* Reactor Building Spray System 

The license renewal flow diagrams listed in Table 2.5-2 show the evaluation boundaries 
for the portions of the Containment heat removal systems that are within the scope of 
license renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 
[Reference 2.5-2]. The mechanical components and their intended functions for the 
systems in this section are identified within Table 2.5-3.  

2.5.3.1 Reactor Building Cooling System 
The Reactor Building Cooling System is designed to provide cooling to the Reactor 
Building during both normal plant operation and following a loss-of-coolant accident.  
Following a loss-of-coolant accident, the steam-air mixture within the Reactor Building 
passes over the cooling coils in one of three Reactor Building cooling units to transfer 
heat from the containment atmosphere to the Low Pressure Service Water System.  
Ductwork directs the cooled air to the heat sources inside the Reactor Building. The 
heated air rises by convection and re-enters the Reactor Building cooling units to be 
subsequently cooled and redistributed.  

The Reactor Building Cooling System is capable of withstanding a design basis 
earthquake from the inlet of each Reactor Building cooling fan through the cooling coils.  
The seismic portion is designed such that a postulated collapse or deformation of the non
seismic portion would not prevent airflow. The materials of construction for the Reactor 
Building Cooling System are stainless steel, aluminum, and galvanized steel. The 
internal environment of the applicable portions of the system is air. The external surfaces 
of these same portions of the system are exposed to the Reactor Building environment.  
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2.5.3.2 Reactor Building Spray System 

The Reactor Building Spray System is designed to remove heat from the containment 
atmosphere after a design basis accident. The system also removes the fission product 
iodine from the post-accident containment atmosphere. The Reactor Building Spray 
System consists of two redundant trains, each including a pump with associated valves 
(bodies only) and piping, and an array of spray nozzles located on spray headers in the 
upper containment. The Reactor Building Spray System takes suction from the header in 
the Low Pressure Injection System suction upstream of the low pressure injection pumps 
(casings) and delivers borated water through the spray nozzles to the containment 
atmosphere during an accident. The borated water sprayed through the spray nozzles is 
collected in the Reactor Building sump and is recirculated for long-term cooling of 
Containment atmosphere.  

Piping for the Reactor Building Spray System located outside the Reactor Building that is 
required to handle recirculated Reactor Building sump water following a loss-of-coolant 
accident is Oconee System Piping Class B. [Footnote 1] Reactor Building Spray System 
piping and equipment downstream of the check valve inside the Reactor Building 
including the spray headers and nozzles are Class C. The portions of the Reactor 
Building Spray System applicable to license renewal are designed to withstand a design 
basis earthquake without a loss of function. The material of construction in this system is 
stainless steel. During normal unit operation, the system is wetted upstream of the pump 
discharge valve and is an air environment downstream of the discharge valve. The 
Reactor Building Spray System external surfaces are exposed to the Auxiliary Building 
and Reactor Building environments.  

1. Refer to Table 2.5-1 Oconee System Piping Classifications for further information about the Oconee 
System Piping Class designations.  
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2.5.4 CONTAINMENT ISOLATION SYSTEM 

The containment isolation system is an engineered safety feature that provides for the 
closure of all fluid penetrations not required for operation of the Engineered Safeguards 
System to prevent the leakage of uncontrolled or unmonitored radioactive materials to the 
environment. Containment isolation is described further in Section 6.2.3 of the Oconee 
UFSAR. The following mechanical systems are included in this section: 

* Breathing Air 
* Component Cooling 
* Demineralized Water 
* Filtered Water 
* Gaseous Waste Disposal 
* Instrument Air 
* Leak Rate Test 
* Liquid Waste Disposal 
* Nitrogen Purge and Blanketing 
* Reactor Building Purge 

The license renewal flow diagrams listed in Table 2.5-4 show the evaluation boundaries 
for the portions of the systems relevant to Containment isolation that are within the scope 
of license renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 
[Reference 2.5-2]. The mechanical components and their intended functions for the 
systems in this section are identified in Table 2.5-5.  

2.5.4.1 Breathing Air System 
The purpose of the Breathing Air System is to provide a source of air inside the Reactor 
Building for use by plant personnel. The only portion of the Breathing Air System 
applicable to license renewal, however, is the containment isolation portion. This 
includes the containment isolation valves (bodies only) and associated piping.  

The portions of the Breathing Air System piping within the scope of license renewal are 
designed and constructed to the requirements of Oconee System Piping Class F, and are 
thus required to remain operable after a design basis earthquake. The material of 
construction of the license renewal portion of this system is stainless steel. The internal 
environment of the Breathing Air System is air. The system external surfaces are 
exposed to the Auxiliary Building and Reactor Building atmosphere.  
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2.5.4.2 Component Cooling System 
The Component Cooling System provides cooling water to various components in the 
Reactor Building, including the control rod drives, letdown heat exchangers, quench tank 
coolers, and reactor coolant pump coolers and jackets. Only containment isolation 
portions of the system are within the scope of license renewal.  

The portions of the Component Cooling System piping within the scope of license 
renewal are designed and constructed to the requirements of Oconee System Piping 
Class F. The Class F piping is capable of withstanding a design basis earthquake without 
loss of function. The materials of construction in this system are stainless steel and 
carbon steel. The internal environment of the Component Cooling is treated water. The 
system external surfaces are exposed to the Auxiliary Building and Reactor Building 
atmosphere.  

2.5.4.3 Demineralized Water System 

The Demineralized Water System provides demineralized water to equipment in the 
Reactor Building that is not used during power operation. The only part of the 
Demineralized Water System within the scope of license renewal is the containment 
isolation portion. This includes the containment isolation valves (bodies only) and 

, associated piping.  

The portions of the Demineralized Water System piping within the scope of license 
renewal are designed and constructed to the requirements of Oconee System Piping 
Class F. With the exception of the containment isolation portion of the system, the 
Demineralized Water System is not required to remain operable after a design basis 
earthquake. The material of construction of the license renewal portion of this system is 
stainless steel. The internal environment of the Demineralized Water System is treated 
water. The system external surfaces are exposed to the Auxiliary Building and Reactor 
Building atmosphere.  

2.5.4.4 Filtered Water System 

The Filtered Water System provides filtered water to equipment in the Reactor Building 
that is not used during normal operation. The only part of the Filtered Water System 
within the scope of license renewal is the containment isolation portion, including the 
containment isolation valves (bodies only) and associated piping.  
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The portions of the Filtered Water System piping within the scope of license renewal are 
designed and constructed to the requirements of Oconee System Piping Class F. With the 
exception of the containment isolation portion of the system, the Filtered Water System is 
not required to remain operable after a design basis earthquake. The material of 
construction of the license renewal portions of this system is stainless steel. The internal 
environment of the Filtered Water System is treated water. The system external surfaces 
are exposed to the Auxiliary Building and Reactor Building atmosphere.  

2.5.4.5 Gaseous Waste Disposal System 

The Gaseous Waste Disposal System is designed to collect, hold-up, and process 
potentially radioactive gaseous waste generated in the plant. The system is designed to 
control and minimize releases of radioactivity to the environment. Only the containment 
penetration portion of the system is within the scope of license renewal. This portion 
includes a vent off the quench tank, containment isolation valves (bodies only) and 
associated piping.  

The Gaseous Waste Disposal System piping at each Reactor Building penetration is 
Oconee System Piping Class C. This portion of the system is capable of withstanding the 
design basis earthquake without a loss of function. The material of construction of the 
license renewal portions of the Gaseous Waste Disposal System is stainless steel. The 
internal environment of the Gaseous Waste Disposal System piping is nitrogen. The 
external surfaces of the license renewal portions of the system are exposed to the 
Auxiliary Building and Reactor Building environments.  

2.5.4.6 Instrument Air System 

The Instrument Air System provides a reliable source of clean, dry, oil-free compressed 
air at the proper pressure to air-operated valves, instruments, and other miscellaneous 
components in the plant. The Instrument Air System is shared among all three Oconee 
units. Only the containment penetration portion of the Instrument Air System is within 
the scope of license renewal, which includes the containment isolation valves (bodies 
only) and associated piping.  

The containment isolation portion of the Instrument Air System piping is designed and 
constructed in accordance with the requirements associated with Oconee System Piping 
Class F. This portion of the Instrument Air System is designed to withstand a design 
basis earthquake without a loss of function. The materials of construction for the 
containment isolation portion of the Instrument Air System are stainless steel and carbon 
steel. The internal environment of the applicable portions of the system is air. The 
external surfaces of these same portions of the Instrument Air System are exposed to the 
Auxiliary Building and Reactor Building environments.  
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2.5.4.7 Leak Rate Test System 
The purpose of the Leak Rate Test System is to perform periodic Integrated Leak Rate 
Tests and local leak rate tests of the Reactor Building containment for pressure boundary 
integrity. The Leak Rate Test System performs no function during normal operation.  
Only the containment penetration portion of the system is within the scope of license 
renewal, which includes the containment isolation valves (bodies only) and associated 
piping.  

The containment isolation portion of the Leak Rate Test System piping is designed and 
constructed in accordance with the requirements associated with Oconee System Piping 
Class F. This portion of the system is designed to withstand a design basis earthquake 
without a loss of function. The materials of construction for the containment isolation 
portion of this system are stainless steel and carbon steel. The internal environment of 
the applicable portions of the system is air. The external surfaces of these same portions 
of the system are exposed to the Auxiliary Building and Reactor Building environments.  

2.5.4.8 Liquid Waste Disposal System 

The Liquid Waste Disposal System is designed to collect, sample, hold-up for decay, 
evaporate, reclaim, reprocess or discharge all liquid wastes generated at Oconee Nuclear 
Station. The portions of Liquid Waste Disposal System that are applicable to license 
renewal are the containment isolation valves (bodies only) from the emergency and 
normal Reactor Building sumps and their associated piping 

The portions of the Liquid Waste Disposal System within the scope of license renewal are 
Oconee System Piping Class C. The piping at each Reactor Building penetration is Class 
C piping for containment isolation purposes. The Class C portions of the Liquid Waste 
Disposal System are designed to withstand a design basis earthquake without a loss of 
function. The material of construction of the applicable components in this system is 
stainless steel. The internal environment of the containment isolation portion of the 
Liquid Waste Disposal System is borated water. The external surfaces of these same 
portions of the system are exposed to the Auxiliary Building and embedded 
environments.  
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2.5.4.9 Nitrogen Purge and Blanketing System 

The Nitrogen Purge and Blanketing System is used during normal operation to provide a 
nitrogen overpressure on the core flood tanks and quench tanks. The system is used also 
for fill and make-up to the core flood tanks from the High Pressure Injection System and 
the Chemical Addition System. The only portions of the system within the scope of 
license renewal include the containment isolation valves (bodies only), associated piping, 
and the portions of the system with safety-related pipe classifications.  

The containment isolation portion of the Nitrogen Purge and Blanketing System piping is 
designed and constructed in accordance with the requirements associated with Oconee 
System Piping Class F. The other portions of the system applicable to license renewal are 
Class B or Class F. These portions of the system are designed to withstand a design basis 
earthquake without a loss of function. The materials of construction in the applicable 
portions of this system are stainless steel and carbon steel. The internal environments of 
the applicable portions of the system are nitrogen and borated water. The external 
surfaces of these same portions of the system are exposed to the Auxiliary Building and 
Reactor Building environments.  

2.5.4.10 Reactor Building Purge System 
The Reactor Building Purge System purges the Reactor Building with fresh air. The 
system includes containment isolation valves (bodies only) on either side of the 
containment penetrations. The exhaust portion of the system includes a filter train, fans, 
and associated ductwork. The filter train consists of a prefilter, HEPA filter, and charcoal 
filter.  

The materials of construction for the Reactor Building Purge System are carbon steel, 
stainless steel, aluminum, copper, brass, bronze, and galvanized steel. The internal 
environment of the system is air. The external surfaces of the system are exposed to the 
Auxiliary Building and Reactor Building environments.  
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2.5.5 EMERGENCY CORE COOLING SYSTEMS 

Emergency core cooling systems are designed to cool the reactor core and provide 
shutdown capability following design basis accidents. These systems are described in 
Section 6.3 of the Oconee UFSAR. The following systems are included in this section: 

* Core Flood System 
* High Pressure Injection System 
* Low Pressure Injection System 

The license renewal flow diagrams listed in Table 2.5-6 show the evaluation boundaries 
for the portions of the emergency core cooling systems that are within the scope of license 
renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 [Reference 2.5-2].  
The mechanical components and their intended functions for the systems in this section 
are identified within Table 2.5-7.  

2.5.5.1 Core Flood System 

The Core Flood System is designed to inject water directly into the reactor vessel when 
the Reactor Coolant System pressure drops below a certain level following an accident.  
The Core Flood System is self-contained, self-actuating, and passive in nature. During 
power operation, when the Reactor Coolant System pressure is higher than the Core 
Flood System pressure, check valves (bodies only) located between the reactor vessel 
core flood nozzles and the core flood tanks prevent high pressure reactor coolant from 
entering the core flood tanks. The driving force to inject the stored borated water into the 
reactor vessel is supplied by a pressurized nitrogen cover in the core flood tanks. After an 
accident, when the Reactor Coolant System pressure decreases below the nitrogen cover 
pressure, the contents of the core flood tanks will be injected directly into the reactor 
vessel.  

The portions of the Core Flood System within the scope of license renewal have various 
piping classifications. The portions of the Core Flood System between the Reactor 
Coolant System and the second check valve from the Reactor Coolant System are Duke 
Inservice Inspection Class A. The identification of mechanical components for this 
portion of the Core Flood System is provided in Section 2.4 of OLRP-1001. The 
remaining portions of the system applicable to license renewal are Oconee System Piping 
Class B and F. The portions of the Core Flood System applicable to license renewal are 
designed to withstand a design basis earthquake without a loss of function. The materials 
of construction in this system are stainless steel, inconel, and carbon steel. Inconel is a 
nickel-base alloy. The core flood tanks are carbon steel with an internal stainless steel 
cladding. The carbon steel is not exposed to the internal borated water or nitrogen 
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environment. Only the stainless steel cladding is exposed to this internal environment of 
the system. Therefore, carbon steel is not evaluated for the internal environments of the 
system. With the exception of the nitrogen cover in the core flood tanks, the internal 
environment of the portions of the Core Flood System applicable to license renewal is 
borated water. The Core Flood System external surfaces are exposed to the Reactor 
Building and Auxiliary Building environments.  

2.5.5.2 High Pressure Injection System 
The High Pressure Injection System operates during normal reactor operation to 
recirculate reactor coolant for purification and to supply seal water to the reactor coolant 
pumps (casings). Letdown flow is directed to the letdown storage tank, which provides 
suction flow to the operating high pressure injection pump. The letdown storage tank is 
normally supplied with a hydrogen overpressure. The high pressure injection pump 
supplies water directly to the Reactor Coolant System via the normal charging header and 
also supplies seal injection water to the reactor coolant pumps (casings).  

During emergency operation, the High Pressure Injection System automatically provides 
borated water directly to the reactor vessel injection nozzles on low Reactor Coolant 
System pressure or high Reactor Building pressure. The High Pressure Injection System 
also supplies borated water to the reactor coolant pump seals. The water added directly to 
the system makes up for water lost due to a primary-side leak or from shrinkage of the 
Reactor Coolant System due to cooling caused by a secondary-side break.  

The High Pressure Injection System has various piping classifications. Portions of the 
system that could be required to transport recirculated Reactor Building sump water 
following a loss-of-coolant accident are Oconee System Piping Class B. The portion of 
the system that transports letdown from the Reactor Coolant System is Class C. The 
emergency high pressure injection piping closest to the Reactor Coolant System is Duke 
Inservice Inspection Class A, as are the portions of the normal letdown flowpath 
connected directly to the Reactor Coolant System piping. The reactor coolant pump 
coolers on Units 2 and 3 provide a pressure boundary function only. Similarly, the 
reactor coolant pump seal return coolers provide a pressure boundary function. The 
identification of mechanical components for this portion of the High Pressure Injection 
System is provided in Section 2.4 of OLRP-1001.  

The portions of the High Pressure Injection System within the scope of license renewal 
are designed to withstand a design basis earthquake without a loss of function. The 
material of construction in this system is stainless steel. With the exception of the 
hydrogen cover in the letdown storage tank, the internal environment of the portions of 
the High Pressure Injection System applicable to license renewal is borated water. The 
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High Pressure Injection System external surfaces are exposed to the Reactor Building and 
Auxiliary Building environments.  

2.5.5.3 Low Pressure Injection System 
The Low Pressure Injection System is used during cold shutdown and refueling 
operations to remove decay heat. During power operation, the system is idle. This 
system is also part of the emergency core cooling system and provides cooling water to 
the reactor after intermediate and large loss-of-coolant accidents.  

During unit cooldown, the reactor coolant temperature and pressure are reduced via the 
steam generators. At approximately 250'F and 300 psig, the Low Pressure Injection 
System is placed in service. Reactor coolant is drawn from the Reactor Coolant System 
via the decay heat drop line and cooled by the decay heat removal coolers and returned to 
the Reactor Coolant System. The decay heat removal coolers provide pressure boundary 
and heat transfer functions.  

Upon initiation of an accident, the Low Pressure Injection System takes suction from the 
borated water storage tank and injects the tank contents into the reactor vessel. When the 
borated water storage tank level becomes low, system suction is manually transferred to 
the Reactor Building emergency sump. Water from the sump is cooled by the decay heat 
removal coolers and reinjected into the reactor vessel.  

The Low Pressure Injection System has various piping classifications. The portions of 
the system between the Reactor Coolant System and suitable isolation valves (bodies 
only) are classified as Duke Inservice Inspection Class A. The identification of 
mechanical components for this portion of the Reactor Coolant System is provided in 
Section 2.4 of OLRP-1001. Portions of the Low Pressure Injection System that perform 
an emergency core cooling function are Oconee System Piping Class C, except those 
portions that are designed to handle post-accident containment sump fluid, which are 
Class B. The portions of the Low Pressure Injection System applicable to license renewal 
are designed to withstand a design basis earthquake without a loss of function.  

The materials of construction in the Low Pressure Injection System are stainless steel, 
with the exception of the borated water storage tank, which is carbon steel with a plasite 
lining. The internal environment of the portions of the Low Pressure Injection System 
applicable to license renewal is borated water, with the exception of the upper portions of 
the borated water storage tank, which is exposed to air. The Low Pressure Injection 
System external surfaces are exposed to the Reactor Building and Auxiliary Building 
environments, with the exception of some piping, valves (bodies only) and the borated 
water storage tank, which are exposed to the outside yard environment.  
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2.5.6 AUXILIARY SYSTEMS 

Auxiliary systems are generally located within the Auxiliary Building and are further 
described in Sections 9.1 and 9.2 of the Oconee UFSAR. The following systems are 
included in this section: 

* Spent Fuel Cooling System 
* Auxiliary Service Water System 
* Condenser Circulating Water System 
* High Pressure Service Water System 
* Low Pressure Service Water System 

The license renewal flow diagrams listed in Table 2.5-8 show the evaluation boundaries 
for the portions of the auxiliary systems that are within the scope of license renewal 
(i.e., §54.4). These diagrams are contained in OLRP-1002 [Reference 2.5-2]. The 
mechanical components and their intended functions for the systems in this section are 
identified within Table 2.5-9.  

2.5.6.1 Spent Fuel Cooling System 

The Spent Fuel Cooling System cools and purifies the water in the spent fuel pool. The 
cooling loop takes suction from a high point in the pool, pumps the water through spent 
fuel coolers, and returns flow to high and low points in the pool. The Recirculating 
Cooling Water System provides cooling water flow to the spent fuel coolers. The spent 
fuel coolers provide a pressure boundary function. The purification loop removes 
particulate matter, dissolved fission products, and ionic impurities from the spent fuel 
pool and the borated water storage tanks. The purification loop is operated intermittently 
as required by pool water conditions.  

The cooling and purification functions of the Spent Fuel Cooling System described above 
do not provide any mitigation function that warrants inclusion of the system within the 
scope of license renewal. However, there are other plant functions that interface with the 
Spent Fuel Cooling System (e.g., Standby Shutdown Facility functions) to perform design 
basis event mitigation, fire protection functions, and station blackout functions. These 
portions of the Spent Fuel Cooling System are included in scope for that reason.  

2.5-14 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Mechanical System Components 

4II 

Although the cooling and purification portions of the Spent Fuel Cooling System are not 
required to mitigate design bases events, the piping is seismically designed as Oconee 
System Piping Class B and C, so as to provide design margin for assurance against loss of 
inventory of the system and the spent fuel pool. Because the piping is classified as such, 
it is included in the scope of license renewal.  

The material of construction in this system is stainless steel. The internal environment of 
the Spent Fuel Cooling System is borated water. The Spent Fuel Cooling System external 
surfaces are exposed to the Auxiliary Building, with the exception of the spent fuel 
transfer tube, which is exposed to the external environments of borated water and 
concrete.  

2.5.6.2 Auxiliary Service Water System 
The Auxiliary Service Water System is designed to remove decay heat from all three 
units simultaneously assuming the concurrent loss of each unit's Main Feedwater, 
Emergency Feedwater, and Decay Heat Removal (a.k.a., Low Pressure Injection) 
Systems. Loss of these systems can be postulated as a result of a tornado. The system 
also serves as a backup source of cooling water for the high pressure injection pump 
motor coolers. Lake water is provided to the Auxiliary Service Water System via the 
Unit 2 Condenser Circulating Water System's intake pipes. During normal plant 
operation, the Auxiliary Service Water System is not operating and manual isolation 
valves (bodies only) on the suction, discharge and minimum flow piping are closed. The 
discharge header supplies all three units and is isolated from the six steam generators by 
several closed check valves (bodies only) and closed, manually-operated gate valves 
(bodies only).  

The Auxiliary Service Water System piping is designed and constructed to the 
requirements of Oconee System Piping Class F. The system is designed to withstand a 
design basis earthquake without a loss of function. The materials of construction in this 
system are carbon steel, stainless steel, and cast iron. The internal environment of the 
Auxiliary Service Water System is raw water and air. The Auxiliary Service Water 
System external surfaces are exposed to the Auxiliary Building and Turbine Building.  

2.5.6.3 Condenser Circulating Water System 

The Condenser Circulating Water System utilizes lake water that serves as the ultimate 
heat sink during normal operation and for decay heat removal during plant cooldown.  
This system also provides cooling water to various plant equipment and is the suction 
source for other service water systems. The Condenser Circulating Water System 
contains recirculating cooling water heat exchangers which provide a pressure boundary 
function.  
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The portions of the Condenser Circulating Water System within the scope of license 
renewal are Oconee System Piping Class D, F, and G. The condenser circulating water 
pumps (casings) and intake piping to the low pressure service water pumps (casings), 
through the condenser and emergency condenser circulating water discharge piping, are 
Class D or F. The Class F portions of the system are designed to withstand a design basis 
earthquake without loss of function. The Class D portions of the system are designed to 
maintain pressure boundary and structural integrity based on the potential for interaction 
with other systems during a design basis earthquake.  

The materials of construction in this system are carbon steel, stainless steel, bronze, and 
cast iron. The internal environment of the Condenser Circulating Water System is raw 
water. The Condenser Circulating Water System external surfaces are exposed to the 
Auxiliary Building (pipe, valves), Turbine Building (pumps, piping, valves), Condenser 
Cooling Water Intake Structure (pumps and piping), and outside yard environments 
(piping and valves). Portions of the Condenser Circulating Water System are embedded 
(piping) or are underground (piping).  

2.5.6.4 High Pressure Service Water 
The High Pressure Service Water System supplies water to fire protection sprinkler 
systems, hose stations, fire hydrants, and deluge systems throughout the plant and plant 
site (excluding the Reactor Building and Keowee). The system also supplies sealing or 
cooling water to many plant components. Two motor-driven large-capacity pumps 
(casings) and one motor-driven small-capacity (jockey) pump, together with the elevated 
water storage tank, deliver a reliable supply of water for the system. The pumps (casings) 
and elevated water storage tank discharge into a common header that distributes the water 
supply throughout the plant.  

The High Pressure Service Water System piping inside any structures or buildings and the 
piping at the Condenser Circulating Water Intake Structure are typically Oconee System 
Piping Class G. The only portions of the High Pressure Service Water System capable of 
withstanding a design basis earthquake are the portions with Class F piping. The 
materials of construction in this system are stainless steel, carbon steel, cast iron, copper, 
brass, and bronze. The internal environment of the High Pressure Service Water System 
is raw water, with the exception that an air environment exists in the upper portion of the 
elevated water storage tank. The High Pressure Service Water System external surfaces 
are exposed to the Auxiliary Building, Turbine Building, outside yard environments, and 
a portion of the piping is underground.  
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2.5.6.5 Low Pressure Service Water System 
The Low Pressure Service Water System provides cooling water to a variety of safety
related components in the plant, including the Reactor Building cooling units, low 
pressure injection coolers, high pressure injection pump motor bearing coolers, turbine 
driven emergency feedwater pump bearing cooling jackets, and motor driven emergency 
feedwater pump motor air coolers. The Low Pressure Service Water System also 
provides a source of water to nonsafety-related systems and components in the plant for 
cooling, sealing, inventory makeup, fire protection (Reactor Building only), backwash 
and flush. The component coolers within the Low Pressure Service Water System provide 
a pressure boundary function.  

The safety-related portions of the Low Pressure Service Water System are Oconee System 
Piping Class F. The remainder of the system is Class G. The Class F portions of the 
system are designed to withstand the effects of a design basis earthquake without a loss of 
function. The materials of construction in this system are stainless steel, carbon steel, 
copper, brass, and bronze. The internal environment of the Low Pressure Service Water 
System is raw water. The Low Pressure Service Water System external surfaces are 
exposed to the Reactor Building, Auxiliary Building, and Turbine Building. Portions of 
the carbon steel piping are embedded in concrete.  
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2.5.7 PROCESS AuxILIARIEs 

Process auxiliary systems are required to support the reactor during normal operation.  
These systems are generally located within the Auxiliary Building and are further 
described in Section 9.3 of the Oconee UFSAR. The following systems are included in 
this section: 

* Chemical Addition System 
* Coolant Storage System 

The license renewal flow diagrams listed in Table 2.5-10 show the evaluation boundaries 
for the portions of the process auxiliary systems that are within the scope of license 
renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 [Reference 2.5-2].  
The mechanical components and their intended functions for the systems in this section 
are identified within Table 2.5-11.  

2.5.7.1 Chemical Addition System 
The Chemical Addition System is designed to mix, store, and inject chemicals into the 
Reactor Coolant System and auxiliary systems. The system also functions as a central 
location for sampling various fluids throughout the plant to ensure chemical 
concentrations are maintained within the prescribed limits.  

The portion of the Chemical Addition System used to draw samples from the secondary 
side of the steam generators is exposed to a treated water internal environment. The 
portion of the system used to draw samples from the primary side of the steam generators 
and the pressurizer steam and water spaces is exposed to a borated water internal 
environment. The Chemical Addition System external surfaces are exposed to the 
Reactor Building and Auxiliary Building environments.  

The portions of the system piping within the scope of license renewal are Oconee System 
Piping Class B, C, E, F, and G. The Class C and F portions of the system are safety
related and designed to withstand the effects of a design basis earthquake without a loss 
of function. The material of construction of Chemical Addition System components is 
stainless steel.  
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2.5.7.2 Coolant Storage System 
The Coolant Storage System is used for the collection and storage of reactor coolant 
liquid. The liquid is received from the High Pressure Injection System as a result of 
reactor coolant expansion during startup and for boric acid concentration reduction during 
startup and normal operation. Coolant is stored in coolant bleed holdup tanks or 
processed through deborating demineralizers for boric acid removal and returned to the 
High Pressure Injection System as unborated makeup. Liquid from the coolant bleed 
holdup tanks is pumped to the Coolant Treatment System for processing. The quench 
tank, located inside the Reactor Building, condenses and contains effluent from the 
pressurizer safety valves (bodies only), power operated relief valves (bodies only), and 
various vents and drains.  

The portions of the Coolant Storage System within the scope of license renewal are 
designed and constructed in accordance with the requirements of Oconee System Piping 
Class C and F. The Class F piping exists at the containment penetrations. The Class C 
and F piping are designed to withstand the effects of a design basis earthquake without a 
loss of function. The Coolant Storage System is constructed with stainless steel 
components. The internal environment of the portions of the Coolant Storage System 
applicable to license renewal is borated water. The Coolant Storage System external 
surfaces are exposed to the Auxiliary Building and Reactor Building environments, with 
the exception of some stainless steel piping that is embedded in concrete.  
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2.5.8 AIR CONDITIONING, HEATING, COOLING AND VENTILATION SYSTEMS 

Air conditioning, heating, cooling and ventilation systems maintain the ambient air 
conditions within the Auxiliary Building. These systems are further described within 
Section 9.4 of the Oconee UFSAR. The following systems are included in this section: 

* Auxiliary Building Ventilation System 
* Control Room Pressurization and Filtration System 
* Penetration Room Ventilation System 

The license renewal flow diagrams listed in Table 2.5-12, show the evaluation boundaries 
for the portions of the air conditioning, heating, cooling and ventilation systems that are 
within the scope of license renewal (i.e., §54.4). These diagrams are contained in 
OLRP-1002 [Reference 2.5-2]. The mechanical components and their intended functions 
for the systems in this section are identified within Table 2.5-13.  

2.5.8.1 Auxiliary Building Ventilation System 

The Auxiliary Building Ventilation System maintains the Auxiliary Building at a negative 
pressure with respect to the Turbine Building and the outside atmosphere so that any 
potential contamination will be monitored and discharged through the unit vent. The 
Auxiliary Building Ventilation System is designed to maintain the Auxiliary Building 
temperature within certain limits. The Auxiliary Building Ventilation System is included 
within the scope of license renewal to provide ventilation in support of the Oconee 
response to fire events.  

The materials of construction for the Auxiliary Building Ventilation System are carbon 
steel, stainless steel, aluminum, and galvanized steel. The internal environment of the 
applicable portions of the system is air. The external surfaces of these same portions of 
the system are exposed to the Auxiliary Building environment.  

2.5.8.2 Control Room Pressurization and Filtration System 

The Control Room Pressurization and Filtration System maintains the control room at a 
positive pressure using filtered outside air during emergency operation to prevent 
inleakage of radioactive effluents or toxic gases from the Turbine Building, Auxiliary 
Building, or outside atmosphere. Another purpose of the system is to remove smoke 
from the control room during and after a fire. Finally, the system operates to maintain a 
suitable environment in the control room and associated areas for equipment operability 
and personnel habitability.  

2.5-20 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Mechanical System Components 

The materials of construction for the Control Room Pressurization and Filtration System 
are carbon steel, stainless steel, aluminum, copper, brass, bronze, and galvanized steel.  
The internal environment of the applicable portions of the system is air. The external 
surfaces of these same portions of the system are exposed to the Auxiliary Building.  

2.5.8.3 Penetration Room Ventilation System 
The Penetration Room Ventilation System controls and minimizes the release of 
radioactive materials from the Reactor Building to the environment during post-accident 
conditions. The Penetration Room Ventilation System is designed to collect and process 
potential post-accident Reactor Building penetration leakage to minimize environmental 
radiation levels. During operation, the Penetration Room Ventilation System maintains a 
negative pressure in the penetration room with respect to the surrounding areas (outside 
atmosphere and Auxiliary Building) to prevent uncontrolled or unmonitored releases.  

The materials of construction for the Penetration Room Ventilation System are carbon 
steel, stainless steel, aluminum, copper, brass, and galvanized steel. The internal 
environment of the system is air. The external surfaces of the system are exposed to the 
Auxiliary Building.  
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2.5.9 STEAM AND POWER CONVERSION SYSTEMS 

Steam and power conversion systems are designed to remove heat from the Reactor 
Coolant System. These systems are described further within Chapter 10 of the Oconee 
UFSAR. The following systems are included in this section: 

* Main Steam System 
* Condensate System 
* Emergency Feedwater System 
* Feedwater System 

The license renewal flow diagrams listed in Table 2.5-14 show the evaluation boundaries 
for the portions of the steam and power conversion systems that are within the scope of 
license renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 
[Reference 2.5-2]. The mechanical components and their intended functions for the 
systems in this section are identified in Table 2.5-15.  

2.5.9.1 Main Steam System 

The Main Steam System transports dry, superheated steam from the steam generators to 
the main turbine and main feedwater pump turbines. In addition, the Main Steam System 
supplies steam to drive the emergency feedwater pump turbine during emergency 
operation and a variety of other components during normal operation. The Main Steam 
System is relied upon to dissipate heat from the Reactor Coolant System following a load 
rejection, turbine or reactor trip by dumping steam to the condenser and/or atmosphere.  
The Main Steam System is also used to achieve normal cooldown to Low Pressure 
Injection System initiation conditions.  

The portions of the Main Steam System piping within the scope of license renewal are 
designed and constructed to the requirements of Oconee System Piping Class F and G.  
The Class F portions of the system are designed to withstand a design basis earthquake 
without loss of function. The material of construction in this system is carbon steel. The 
internal environment of the Main Steam System is treated water. The system external 
surfaces are exposed to the Auxiliary Building, Turbine Building and Reactor Building 
environments. Portions of the Main Steam System piping are exposed to the outside yard 
environment.  
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2.5.9.2 Condensate System 

The Condensate System delivers condensate from the condenser hotwells to the suction 
of the main feedwater pumps (casings), purifies the condensate, removes non
condensable gases from the condensate, and heats the condensate to improve overall plant 
efficiency. The Condensate System supplies water to the emergency feedwater pumps 
(casings) during emergency operation. The Condensate System includes the main 
condenser, condensate coolers, and generator water coolers.  

The portions of the Condensate System piping within the scope of license renewal are 
designed and constructed to the requirements of Oconee System Piping Class F and G.  
The Class F portions of the system are designed to withstand the effects of a design basis 
earthquake without loss of function. The materials of construction in this system are 
carbon steel, stainless steel, copper, brass, and cast iron. The internal environment of the 
Condensate System is treated water. In addition, a vacuum environment exists at the top 
of the upper surge tanks and upper region of the condenser hotwell. The system external 
surfaces are predominantly exposed to the Turbine Building environment; however, 
portions of the Condensate System piping are embedded in concrete.  

2.5.9.3 Emergency Feedwater System 
The Emergency Feedwater System is designed to provide a source of water to the steam 
generator in the event of a loss of both main feedwater pumps or a low steam generator 
level. The system ensures that a sufficient water level is provided in the steam generator, 
allowing time to restore the flow of main feedwater or to cool down the Reactor Coolant 
System to the point at which decay heat can be removed by the Low Pressure Injection 
System.  

The portions of the Emergency Feedwater System piping within the scope of license 
renewal are Oconee System Piping Class B and F. These portions of the system are 
designed to withstand a design basis earthquake without loss of function. The materials 
of construction in this system are carbon steel, stainless steel, and low alloy steel. The 
internal environment of the Emergency Feedwater System is treated water. The 
Emergency Feedwater System external surfaces are exposed to the Turbine Building and 
Reactor Building environments.  

2.5.9.4 Feedwater System 
The Feedwater System receives water from the Condensate System, increases the water 
pressure and temperature, and delivers the water to the steam generators at a controlled 
rate of flow. The system operates during accidents to provide steam generator level 
indication, isolate feedwater flow to a faulted steam generator to prevent containment 
overpressurization, and provide the feedwater pump operating status to the Reactor 
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Protection System and the AMSAC/Diversified Scram System. The Feedwater System 
also provides containment isolation during accidents that require containment integrity to 
be maintained.  

The portions of the Feedwater System piping within the scope of license renewal are 
designed and constructed to the requirements of Oconee System Piping Class F, with the 
exception of the once-through steam generator recirculation pump line, which is 
classified as Class D. The once-through steam generator drain and recirculation portion 
of the Feedwater System are included within the scope of license renewal based on the 
classification of the piping as D. The Class F portions of the system are designed to 
withstand a design basis earthquake without loss of function. The Class D portions of the 
system are designed to maintain pressure boundary and structural integrity based on the 
potential for interaction with other systems during a design basis earthquake. The 
materials of construction in this system are carbon steel and stainless steel. The internal 
environment of the Feedwater System is treated water. The system external surfaces are 
exposed to the Auxiliary Building, Reactor Building, and Turbine Building environments.  
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2.5.10 POST-ACCIDENT HYDROGEN CONTROL 

Post-accident hydrogen control is provided at Oconee to preclude excessive hydrogen 
concentrations from occurring within the Reactor Building following certain design basis 
accidents. These accidents and the post-accident hydrogen control features are described 
further in Chapter 15 of the Oconee UFSAR. The following systems are included in this 
section: 

* Containment Hydrogen Control System 
* Post-Accident Monitoring System 

The license renewal flow diagrams listed in Table 2.5-16 show the evaluation boundaries 
for the portions of the post-accident hydrogen control systems that are within the scope of 
license renewal (i.e., §54.4). These diagrams are contained in OLRP- 1002 
[Reference 2.5-2]. The mechanical components and their intended functions for the 
systems in this section are identified within Table 2.5-17.  

2.5.10.1 Containment Hydrogen Control System 
The Containment Hydrogen Control System maintains the Reactor Building hydrogen 
concentration below flammable limits following a loss-of-coolant accident. During 
normal operation, the Containment Hydrogen Control System piping is used as a 

flowpath for radiation monitoring and atmosphere sampling of the Reactor Building. The 
Containment Hydrogen Control System also includes a portable hydrogen recombiner 
[Footnote 2] that is shared among all three units. Hydrogen concentration control is 
accomplished by circulating containment atmosphere through the hydrogen recombiner.  
The air is heated to a temperature above which hydrogen combines with oxygen to form 
water vapor and the hydrogen-free air is returned to containment. This system also 
provides valves (bodies only) and piping used for containment isolation.  

2. The hydrogen recombiner is addressed on an Oconee-specific basis consistent with NEI 95-10, 
Revision 0, "Industry Guidelines For Implementing the Requirements of 10 CFR Part 54-The License 
Renewal Rule," and the letter from the NRC to the NEI on September 19, 1997, addressing 
Determination of Aging Management Review for Electrical Components.  
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The Containment Hydrogen Control System piping is designed and constructed to the 
requirements of Oconee System Piping Class B and C. The system is required to remain 
operable after a design basis earthquake. The material of construction of the system is 
stainless steel. The internal environment of the Containment Hydrogen Control System 
piping is air. The system external surfaces are exposed to the Auxiliary Building and 
Reactor Building. During normal plant operation, the portable hydrogen recombiner 
performs no function, is stored in a warehouse at the plant, and is heated internally to 
keep the unit warm and dry while in storage. The external environment is the moist air of 
the warehouse.  

2.5.10.2 Post-Accident Monitoring System 

The Post-Accident Monitoring System is designed to draw air samples from various 
locations inside the Reactor Building following an accident to determine the hydrogen 
concentrations.  

The portions of the system piping within the scope of license renewal are Oconee System 
Piping Class C. These portions of the system are safety-related and designed to withstand 
the effects of a design basis earthquake without a loss of function. The material of 
construction of the Post-Accident Monitoring System components is stainless steel. The 
Post-Accident Monitoring System internal environment is air. The external surfaces of 
the system are exposed to the Reactor Building and Auxiliary Building environments.  
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2.5.11 REACTOR COOLANT PUMP MOTOR OIL COLLECTION SYSTEM 

Each reactor coolant pump has several components that utilize or process lubricating oil, 
including the oil lift system, oil coolers, and the upper and lower pots. Leakage from, or 
a failure of, these components could result in uncontrolled leakage. This situation could 
result in oil flashing that leads to fires or equipment inoperability. To prevent 
uncontrolled oil leakage from these components, the Reactor Coolant Pump Motor Oil 
Collection System provides shields on the oil lift system, oil coolers, and the upper and 
lower pots to catch oil and carry it into a collection tank.  

The portions of the system piping within the scope of license renewal are designed and 
constructed to the requirements of Oconee System Piping Class D. These portions of the 
system are designed to remain intact following a design basis earthquake. The materials 
of construction of the license renewal portions of this system are carbon steel and 
stainless steel. The system is primarily an air environment, with any oil leakage being 
collected and routed to the tank. The system external surfaces are exposed to the Reactor 
Building environment.  

The license renewal flow diagrams listed in Table 2.5-18 show the evaluation boundaries 
for the portion of the Reactor Coolant Pump Motor Oil Collection System that is within 
the scope of license renewal (i.e., §54.4). The title on each of these flow diagrams is 
"Reactor Coolant System RC Pump Motor Drain System." These diagrams are contained 
in OLRP-1002 [Reference 2.5-2]. Table 2.5-19 identifies Reactor Coolant Pump Motor 
Oil Collection System mechanical components and their intended functions.  
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2.5.12 REACTOR COOLANT SYSTEM VENTS, DRAINS, AND INSTRUMENT LINES 

The Reactor Coolant System includes vents, drains, and instrument lines as well as the 
Duke Inservice Inspection Class A piping that is discussed in Section 2.4. With the 
exception of the pressurizer relief valve piping, all piping that is not Duke Inservice 
Inspection Class A in the Reactor Coolant System is two inch nominal pipe diameter or 
smaller.  

The portions of the Reactor Coolant System, other than the Duke Inservice Inspection 
Class A piping, within the scope of license renewal are Oconee System Piping Class B or 
C. These piping classes are seismically designed to withstand a design basis earthquake 
without a loss of function. The material of construction in this system is stainless steel.  
The internal environment of the portions of the Reactor Coolant System applicable to 
license renewal is borated water. The Reactor Coolant System external surfaces are 
exposed to the Reactor Building and Auxiliary Building environments.  

The license renewal flow diagrams listed in Table 2.5-20 show the evaluation boundaries 
for the portions of the Reactor Coolant System that are within the scope of license 
renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 [Reference 2.5-2].  
Table 2.5-21 identifies the Reactor Coolant System vents, drains, and instrument lines 
and their intended functions.  
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2.5.13 KEOWEE HYDROELECTRIC STATION 

The Keowee Hydroelectric Station (Keowee) is described in Section 1.2 of ORLP-1001.  
The following systems are included in this section: 

* Carbon Dioxide System 
* Depressing Air System 
* Generator High Pressure Oil System 
* Governor Air System 
* Governor Oil System 
* Service Water System 
* Turbine Generator Cooling Water System 
* Turbine Guide Bearing Oil System 
* Turbine Sump Pump System 

The license renewal flow diagrams listed in Table 2.5-22 show the evaluation boundaries 
for the portions of the Keowee systems that are within the scope of license renewal 
(i.e., §54.4). These diagrams are contained in OLRP-1002 [Reference 2.5-2]. The 
mechanical components and their intended functions for the systems in this section are 
identified in Table 2.5-23.  

2.5.13.1 Carbon Dioxide System 

The Carbon Dioxide System provides fire protection to the Keowee generators. In the 
event of a fire in the Keowee generators, four banks of carbon dioxide filled bottles 
automatically dump to the generators. The carbon dioxide dump extinguishes the fire by 
reducing oxygen concentration that prevents the fire from continuing. The system 
provides interlocks to prevent the Keowee generator from being placed on-line in case of 
a fire.  

The Carbon Dioxide System piping is designed and constructed to the requirements of 
Oconee System Piping Class H. The system is not required to remain operable after a 
design basis earthquake. The materials of construction of the system are carbon steel and 
stainless steel. The internal environment of the Carbon Dioxide System is gas in the 
storage bottles, while in the remaining piping and components it is air. The system 
external surfaces are exposed to the Keowee ambient environment.  
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2.5.13.2 Depressing Air System 
Depressing Air System forces water from the turbine space to reduce turbine rolling 
resistance. The aging management review for this system only considers the need for the 
components in the system to maintain pressure boundary and structural integrity. No 
system intended functions are performed by the Depressing Air System.  

Depressing Air System piping is designed and constructed to the requirements of Oconee 
System Piping Class D. The Class D piping is required to maintain pressure boundary 
and structural integrity based on the potential for interaction with other systems during a 
design basis earthquake. The material of construction of the license renewal portion of 
this system is carbon steel. The internal environment of the system is air. The system 
external surfaces are exposed to the Keowee ambient environment.  

2.5.13.3 Generator High Pressure Oil System 

The Generator High Pressure Oil System provides two functions during unit operation.  
During unit startup, system pumps (casings) start to provide a film of oil between the 
thrust bearing shoes to keep them apart to reduce wear. When the generator reaches a 
certain speed, grooves in the thrust bearing shoes will create the necessary hydraulic lift 
to keep the shoes apart. At this point, the system pumps stop and the system provides 
pressure boundary only for lubrication and cooling of the generator thrust and guide 
bearings. The motion of the bearing and shaft provides the motive force to the oil to 
circulate around the coolers immersed in the oil. As generator speed slows and reaches a 
certain speed during shutdown, the system pumps restart to provide the film of oil needed 
to keep the thrust bearing shoes apart to reduce wear.  

The portions of the Generator High Pressure System piping within the scope of license 
renewal are designed and constructed to the requirements of Oconee System Piping 
Class D. The Class D piping is required to maintain pressure boundary and structural 
integrity based on the potential for interaction with other systems during a design basis 
earthquake. The materials of construction of the license renewal portions of this system 
are carbon steel, stainless steel, copper, and brass alloys. The internal environment of this 
system is lubricating oil. The Generator High Pressure System external surfaces are 
exposed to the Keowee ambient environment.  

2.5.13.4 Governor Air System 

The Governor Air System maintains a cover pressure in the Governor Oil Pressure Tank.  
Following a loss-of-offsite power in conjunction with a design basis event requiring 
Keowee to supply emergency power, the Governor Oil System supplies hydraulic oil to 
operate the turbine wicket gates. The hydraulic oil provides the motive force required to 
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move the gates. Oil pressure to the wicket gates is provided by cover pressure provided 
by the Governor Air System and by the governor oil pumps.  

The portion of the Governor Air System within the scope of license renewal is designed 
and constructed in accordance with the requirements associated with Oconee System 
Piping Class F. This portion of the Governor Air System is designed to withstand a 
design basis earthquake without a loss of function. The material of construction for the 
license renewal portion of this system is carbon steel. The internal environment of the 
applicable portions of the system is air. The external surfaces of these same portions of 
the system are exposed to the Keowee ambient environment.  

2.5.13.5 Governor Oil System 
In the event that Keowee is supplying emergency power following a loss-of-offsite 
power, the Governor Oil System supplies hydraulic oil to operate the turbine wicket 
gates. The hydraulic oil provides the motive force required to move the gates. Oil 
pressure to the wicket gates is provided by the governor oil pumps (casings) and the 
Governor Air System.  

The Governor Oil System operates intermittently to maintain oil pressure. System pumps 
(casings) start on low oil pressure and maintain the oil level in the governor oil pressure 
tank. Pumps take suction from the governor oil sump and deliver the oil to the governor 
oil pressure tank. The governor oil pressure tank is provided with a pressurized air 
blanket by the Governor Air System.  

The Governor Oil System piping is designed and constructed to the requirements of 
Oconee System Piping Class F, with the exception of the Class G piping downstream of 
the manual isolation valve in the sump drain piping. The Class F portion of the Governor 
Oil System is designed to withstand the design basis earthquake without a loss of 
function. The materials of construction Governor Oil System are carbon steel and 
stainless steel. The internal environment of the system is oil, with the exception of the 
upper portions of the carbon steel tanks which have an air environment. The Governor 
Oil System external surfaces are exposed to the Keowee ambient environment.  
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2.5.13.6 Service Water System 

The Service Water System provides cooling water from Lake Keowee to various plant 
equipment. In addition, this system supplies water for fire protection services at Keowee.  

The portions of the Service Water System piping which are within the scope of license 
renewal are Oconee System Piping Class H. The system is within the scope of license 
renewal for fire protection. The system is not required to remain operable after a design 
basis earthquake. The materials of construction of the license renewal portions of this 
system are stainless steel, carbon steel, cast iron, ductile cast iron, copper, brass, and 
bronze. The internal environment of the Service Water System is raw water. The 
external surfaces of the system are exposed to the Keowee ambient environment.  
Portions of the system (hydrant supply piping) are underground.  

2.5.13.7 Turbine Generator Cooling Water System 

The Turbine Generator Cooling Water System provides cooling water to the turbine 
packing box, generator thrust bearing coolers, generator air coolers, and turbine guide 
bearing oil coolers as well as backup cooling to other unit loads. The turbine guide 
bearing oil coolers and turbine packing boxes are supplied continuously. The remaining 
loads are supplied when Keowee is in operation.  

The portions of the Turbine Generator Cooling Water System which are within the scope 
of license renewal are Oconee System Piping Class F. The Class F piping is designed to 
withstand the effects of a design basis earthquake without a loss of function. The 
materials of construction of the license renewal portions of this system are stainless steel, 
carbon steel, bronze, copper, and brass. The internal environment of the Turbine 
Generator Cooling Water System is raw water. The system external surfaces are exposed 
to the Keowee ambient environment. Portions of the system piping are buried 
underground or located in an outdoor environment.  

2.5.13.8 Turbine Guide Bearing Oil System 

The Turbine Guide Bearing Oil System provides lubrication and cooling for the turbine 
guide bearings. The Turbine Guide Bearing Oil System has an AC motor-driven pump 
and a DC motor-driven pump, which draw oil from the lower oil reservoir and pump it 
into the upper oil reservoir through a filter and an oil cooler. Gravity flow returns the oil 
from the upper oil reservoir through the turbine guide bearings to the lower oil reservoir 
providing bearing lubrication and cooling. The oil in this system is recirculated 
continuously during both unit operation and shutdown conditions. The turbine guide 
bearing oil coolers provide a heat transfer function as well as a pressure boundary 
function.  
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The Turbine Guide Bearing Oil System piping is designed and constructed to the 
requirements of Oconee System Piping Class F. The system is designed to withstand a 
design basis earthquake without a loss of function. The materials of construction of the 
system are carbon steel, stainless steel, brass, and copper. The internal environment of 
system is oil, with the exception that an air environment exists in the upper region of the 
upper oil reservoir and the lines connecting to the upper reservoir. The Turbine Guide 
Bearing Oil System external surfaces are exposed to the Keowee ambient environment.  

2.5.13.9 Turbine Sump Pump System 
The Turbine Sump Pump System is provided with two AC-motor-driven pumps and a 
DC-motor-driven pump to move water from the turbine wheel pit to the Keowee tailrace.  
This function is safety-related because flooding in the turbine wheel pit would jeopardize 
the ability of a Keowee unit to provide emergency power.  

The portions of the Turbine Sump Pump System piping which are within the scope of 
license renewal are Oconee System Piping Class F. The Class F piping is designed to 
withstand the effects of a design basis earthquake without a loss of function. The 
materials of construction for the license renewal portions of this system are stainless steel, 
carbon steel, bronze, and brass. The internal environment of the Turbine Sump Pump 
System is raw water. The system external surfaces are exposed to the Keowee ambient 
environment. Portions of the system piping are embedded in concrete.  
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2.5.14 STANDBY SHUTDOWN FACILITY 

The Standby Shutdown Facility is described in Section 1.2 of ORLP-1001. The 
following systems are included in this section: 

* Air Intake and Exhaust System 
* Diesel Generator Fuel Oil System 
* Drinking Water System 
* Heating, Ventilation, and Air Conditioning System 
* Reactor Coolant Makeup System 
* Sanitary Lift System 
* Standby Shutdown Facility Auxiliary Service Water System 
* Starting Air System 

The license renewal flow diagrams listed in Table 2.5-24 show the evaluation boundaries 
for the portions of the Standby Shutdown Facility systems that are within the scope of 
license renewal (i.e., §54.4). These diagrams are contained in OLRP-1002 
[Reference 2.5-2]. The mechanical components and their intended functions for the 
systems in this section are identified in Table 2.5-25.  

2.5.14.1 Air Intake and Exhaust System 

The Air Intake and Exhaust System provides combustion air for the Standby Shutdown 
Facility diesel engines, and removes exhaust gases from the engines. The air intake 
portion of the system includes a filter and silencer assembly and a turbocharger assembly.  
The filter and silencer assembly removes particulates from the air supply and reduces 
noise. The turbocharger assembly increases the engine horsepower and provides better 
fuel economy through the utilization of exhaust gases to pressurize the intake air. The 
exhaust portion of the system includes an exhaust silencer to reduce exhaust gas noise.  
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The piping in this system is designed and constructed in accordance with the 
requirements for Oconee System Piping Class C. In addition, Code Case N-19-2 
(1481-2) was used to design the Standby Shutdown Facility Diesel Engine exhaust 
piping, since the exhaust air temperature was predicted to be 800oF. The Class C piping 
is designed to withstand a design basis earthquake without a loss of function. The 
materials of construction in this system are carbon steel and chrome-molybdenum. The 
internal environment of the Air Intake and Exhaust System is air, with the exception that 
the exhaust piping is a mixture of air and exhaust gases during periodic engine operation.  
The external surfaces of the system are exposed to the Standby Shutdown Facility 
ambient environment, with the exception of some piping which is exposed to the outside 
yard environment.  

2.5.14.2 Diesel Generator Fuel Oil System 
The Standby Shutdown Facility Diesel Generator Fuel Oil System supplies fuel oil to 
each diesel engine injector for combustion and fuel injector cooling. The system operates 
when the diesel engine is operating. The Standby Shutdown Facility Diesel Generator 
Fuel Oil System is normally stagnant and at ambient conditions in the Standby Shutdown 
Facility.  

The Standby Shutdown Facility Diesel Generator Fuel Oil System piping is Oconee 
System Piping Class C. The system is designed to remain operable after a design basis 
earthquake. The materials of construction in this system are carbon steel, copper, brass 
and stainless steel. The internal environment of the system is fuel oil; however, the tops 
of the carbon steel tanks and lines connecting to the top of the tanks are open to the 
atmosphere. The external surfaces of the system are exposed to the Standby Shutdown 
Facility ambient environment, with the exception of some piping and the main storage 
tank that are underground.  

2.5.14.3 Drinking Water System 
The Standby Shutdown Facility Drinking Water System distributes potable water 
throughout the Standby Shutdown Facility. The aging management review for this 
system only considers the need for the components in the system to maintain pressure 
boundary and structural integrity. No system intended functions are performed by the 
Standby Shutdown Facility Drinking Water System.  

The Standby Shutdown Facility Drinking Water System piping is designed and 
constructed to the requirements of Oconee System Piping Class D. The Class D piping is 
required to maintain pressure boundary and structural integrity based on the potential for 
interaction with other systems during a design basis earthquake. The material of 
construction of the license renewal portion of this system is stainless steel. The internal 
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environment of the system is treated water. The system external surfaces are exposed to 
the Standby Shutdown Facility ambient environment.  

2.5.14.4 Heating, Ventilation, and Air Conditioning System 

The Standby Shutdown Facility Heating, Ventilation, and Air Conditioning System 
maintains the Standby Shutdown Facility environment within a predetermined 
temperature range to support equipment operability. The Standby Shutdown Facility 
Heating, Ventilation, and Air Conditioning System contains a cooling coil which 
provides both a heat transfer and pressure boundary function. The Standby Shutdown 
Facility Heating Ventilation and Air Conditioning water-cooled Condensers are 
considered to be part of the Standby Shutdown Facility Auxiliary Service Water System 
discussed in Section 2.5.14.7.  

The Standby Shutdown Facility Heating, Ventilation, and Air Conditioning System is 
designed to withstand the effects of the design basis earthquake without a loss of 
function. The materials of construction of this system include stainless steel, aluminum, 
and galvanized steel. The internal environment of the system is air. The external 
surfaces of the system are exposed to the Standby Shutdown Facility ambient 
environment.  

2.5.14.5 Reactor Coolant Makeup System 
The Reactor Coolant Makeup System is designed to supply reactor coolant pump seal 
injection flow to any of the three Oconee units in the event that the normal makeup 
system becomes inoperable while Reactor Coolant System temperature is greater than or 
equal to 250oF.  

The Reactor Coolant Makeup System piping is Oconee Class B. The Reactor Coolant 
Makeup System is designed to withstand a design basis earthquake without loss of 
function. The material of construction in this system is stainless steel. The internal 
environment of the portions of the Reactor Coolant Makeup System applicable to license 
renewal is borated water. The Reactor Coolant Makeup System external surfaces are 
exposed to the Reactor Building environment.  

2.5.14.6 Sanitary Lift System 
The Standby Shutdown Facility Sanitary Lift System is the network of piping collecting 
sanitary wastewater from drains within the Standby Shutdown Facility. The aging 
management review for this system considers the need for the components in the system 
to maintain pressure boundary and structural integrity. No system intended functions are 
performed by the Standby Shutdown Facility Sanitary Lift System.  
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The portions of the system piping which are within the scope of license renewal are 
designed and constructed to the requirements of Oconee System Piping Class D. The 
Class D piping is required to maintain pressure boundary and structural integrity based on 
the potential for interaction with other systems during a design basis earthquake. The 
material of construction of the license renewal portions of this system is stainless steel.  
The Standby Shutdown Facility Sanitary Lift System is rarely used and would normally 
be dry for long periods, due to the pitch required in sanitary lines with infrequent wetting.  
Therefore, this system has an internal environment of air. The system external surfaces 
are exposed to the Standby Shutdown Facility ambient environment.  

2.5.14.7 Standby Shutdown Facility Auxiliary Service Water System 

The Standby Shutdown Facility Auxiliary Service Water System includes the Standby 
Shutdown Facility Heating Ventilation and Air Conditioning Service Water subsystem 
and the Standby Shutdown Facility Diesel Engine Service Water subsystem. The Standby 
Shutdown Facility Auxiliary Service Water System is designed as a high-head, high
volume system which provides sufficient steam generator inventory to ensure adequate 
decay heat removal for all three units during a station blackout (loss of all off-site AC 
power including both Keowee units), in conjunction with the loss of normal and 
emergency feedwater system flow. The Standby Shutdown Facility Auxiliary Service 
Water System includes Standby Shutdown Facility Heating Ventilation and Air 
Conditioning water-cooled Condensers which provide both a heat transfer and pressure 
boundary function.  

The Standby Shutdown Facility Auxiliary Service Water System crossover between 
emergency feedwater lines in each Reactor Building is Oconee System Piping Class B.  
The remainder of the Standby Shutdown Facility Auxiliary Service Water System is 
Class C. The Standby Shutdown Facility Auxiliary Service Water System is designed to 
withstand a design basis earthquake without a loss of function. The materials of 
construction in this system are stainless steel and carbon steel. The internal environment 
of the Standby Shutdown Facility Auxiliary Service Water System is raw water. The 
external surfaces of the system are exposed to the Auxiliary Building and Standby 
Shutdown Facility ambient environments. The Standby Shutdown Facility Auxiliary 
Service Water System also has stainless and carbon steel piping in the outside yard 
environment.  

The Standby Shutdown Facility Auxiliary Service Water System includes a submersible 
pump which is a low-head, high-volume pump capable of providing adequate makeup 
flow from Lake Keowee to the Unit 2 section of the Condenser Circulating Water System 
piping that serves as a supply reservoir for several plant systems. The submersible pump 
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is used only if both the forced Condenser Circulating Water flow and the siphon flow are 
lost during an accident, which requires operation of the Standby Shutdown Facility.  

2.5.14.8 Starting Air System 

The Standby Shutdown Facility Starting Air System provides compressed air to start the 
diesel engines in the Standby Shutdown Facility. The Standby Shutdown Facility Starting 
Air System piping is designed and constructed in accordance with the requirements 
associated with Oconee System Piping Class C. These portions of the system are 
designed to withstand a design basis earthquake without a loss of function. The material 
of construction of this system is carbon steel. The internal environment of the applicable 
portions of the system is air. The external surfaces of these same portions of the system 
are exposed to the Standby Shutdown Facility ambient environment.  

2.5-38 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Mechanical System Components 

2.5.15 REFERENCES FOR SECTION 2.5 

2.5-1. NEI 95-10, Revision 0, Industry Guideline for Implementing the Requirements of 
10 CFR Part 54 - The License Renewal Rule, Nuclear Energy Institute, 
March 1996.  

2.5-2. OLRP-1002, Oconee Nuclear Station License Renewal Flow Diagrams, Duke 
Energy, transmitted by W. R. McCollum (Duke) letter dated July 1, 1998 to 
Document Control Desk (NRC), Docket Nos. 50-269, 50-270, 50-287.  

2.5-3. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  
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Table 2.5-1 Oconee System Piping Classifications 

Original Oconee and Keowee Piping System Classifications: 

Piping Class Design Criteria Designed for Seismic 
Loading 

A Class I, USAS B31.7(t) Yes 

B Class H, USAS B31.7hi Yes 

C Class HI, USAS B31.7(1) Yes 

D USAS B31.1.0'2 ) Yes 

E USAS B31.1.0 2xt3  No 

F USAS B31.1.0 2 1 Yes 

G USAS B31.1.0 2 1 No 

H Good Industry Practice No 

Notes: (1) USAS B31.7 (1968); (2) USAS B31.1.0 (1967); (3) Portions of Piping Class E are considered a Class III 
system in accordance with UFSAR Section 3.2.2.1 

Standby Shutdown Facility Piping Classifications: 

Piping Class Design Criteria Designed for Seismic 
Loading 

A ASME IIIW Yes 

B ASME IIIP Yes 

C ASME III Yes 

D ANSI B31.1(2 1 Yes 

E ANSI B31.112 1 No 

F ANSI B31.112 1 Yes 

G ANSI B31.112 ) No 

H As specified on the Oconee Flow No 
Diagram or Piping Drawing 

Notes: (1) ASME Section III, 1974 Edition, Summer 1975 Addendum; (2) ANSI B31.1, 1973 Edition, 
Summer 1975 Addendum 
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Table 2.5-2 Flow Diagrams Indicating Evaluation Boundaries of 

Containment Heat Removal Systems 

Reactor Building Cooling System 

Flow Diagram Revision Unit 

OLRFD-116E-1.1 0 1 
OLRFD-116E-2.1 0 2 
OLRFD-116E-3.1 0 3 

Reactor Building Spray System 

Flow Diagram Revision Unit 

OLRFD-102A-1.1 0 1 
OLRFD-102A-2.1 0 2 
OLRFD-102A-3.1 0 3 
OLRFD-103A-1.1 0 1 
OLRFD-103A-2.1 0 2 
OLRFD-103A-3.1 0 3 
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Table 2.5-3 Components of Containment Heat Removal Systems 

and their Intended Functions 

Mechanical Component Intended Function(s) Material 

Reactor Building Cooling System 

Ductwork Pressure Boundary Aluminum 

Ductwork Pressure Boundary Stainless Steel 

Ductwork Pressure Boundary Galvanized Steel 

Reactor Building Cooling Units Presure Boundary 90-10 Copper-Nickel 
Heat Transfer Copper 

Stainless Steel 

Reactor Building Spray System 

Mechanical Expansion Joint Pressure Boundary Stainless Steel 

Orifice Pressure Boundary, Throttle Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Spray Nozzle Pressure Boundary, Spray Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-4 Flow Diagrams Indicating Evaluation Boundaries of the 
Containment Isolation System 

Breathing Air System 

Flow Diagram Revision Unit 

OLRFD-137A-1.3 0 1 
OLRFD-137A-2.3 0 2 
OLRFD-137A-3.3 0 3 

Component Cooling System 

Flow Diagram Revision Unit 

OLRFD-100A-1.3 0 1 
OLRFD-100A-2.3 0 2 
OLRFD-100A-3.3 0 3 
OLRFD-144A-1.2 0 1 
OLRFD-144A-1.3 0 1 
OLRFD-144A-2.2 0 2 
OLRFD-144A-2.3 0 2 
OLRFD-144A-3.2 0 3 
OLRFD-144A-3.3 0 3 

Demineralized Water System 

Flow Diagram Revision Unit 

OLRFD-106E-1.1 0 1 
OLRFD-106E-2.1 0 2 
OLRFD-106E-3.1 0 3 
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Table 2.5-4 Flow Diagrams Indicating Evaluation Boundaries of the 
Containment Isolation System 

(continued) 

Filtered Water System 

Flow Diagram Revision Unit 

OLRFD-106E-1.1 0 1 
OLRFD-106E-2.1 0 2 
OLRFD-106E-3.1 0 3 

Gaseous Waste Disposal System 

Flow Diagram Revision Unit 

OLRFD-107A-1.1 0 1 
OLRFD-107A-2.1 0 2 
OLRFD-107A-3.1 0 3 

Instrument Air System 

Flow Diagram Revision Unit 

OLRFD-137B-1.2 0 1,2,3 
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Table 2.5-4 Flow Diagrams Indicating Evaluation Boundaries of the 

Containment Isolation System 
(continued) 

Leak Rate Test System 

Flow Diagram Revision Unit 

OLRFD-137E-1.1 0 1,2,3 

Liquid Waste Disposal System 

Flow Diagram Revision Unit 

OLRFD-107B-1.1 0 1 
OLRFD-107B-2.1 0 2 
OLRFD-107B-3.1 0 3 
OLRFD-107D-1.2 0 1 
OLRFD-107D-2.2 0 2 
OLRFD-107D-3.2 0 3 

Nitrogen Purge and Blanketing System 

Flow Diagram Revision Unit 

OLRFD-102A-1.3 0 1 
OLRFD-102A-2.3 0 2 
OLRFD-102A-3.3 0 3 
OLRFD-127B-1.2 0 1 
OLRFD-127B-2.2 0 2 
OLRFD-127B-3.2 0 3 
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Table 2.5-4 Flow Diagrams Indicating Evaluation Boundaries of the 

Containment Isolation System 
(continued) 

Reactor Building Purge System 

Flow Diagram Revision Unit 

OLRFD-116A-1.1 0 1 
OLRFD-116A-2.1 0 2 
OLRFD-16A-3.1 0 2 
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Table 2.5-5 Components of Containment Isolation Systems and their Intended Functions 

Mechanical Component Intended Function(s) Material 

Breathing Air System 

Pipe Pressure Boundary Stainless Steel 

ValveBodies Pressure Boundary Stainless Steel 

Component Cooling System 

Orifice Pressure Boundary, Throttles Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Demineralized Water System 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Filtered Water System 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Gaseous Waste Disposal System 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-5 Components of Containment Isolation Systems and their Intended Functions 
(Continued) 

Instrument Air System 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Leak Rate Test System 

Hose Connection Pressure Boundary Carbon Steel 

Hose Connection Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-5 Components of Containment Isolation Systems and their Intended Functions 
(continued) 

Mechanical Component Intended Function(s) Material 

Liquid Waste Disposal System 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Nitrogen Purge and Blanketing System 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Reactor Building Purge System 

Air Flow Monitor Pressure Boundary Aluminum 

Air Flow Monitor Pressure Boundary Galvanized Steel 

Air Flow Monitor Pressure Boundary Stainless Steel 

Annubar Pressure Boundary Stainless Steel 

Ductwork Pressure Boundary Aluminum 

Ductwork Pressure Boundary Galvanized Steel 

Ductwork Pressure Boundary Stainless Steel 

Filter Pressure Boundary Aluminum 
Filtration 

Filter Pressure Boundary Galvanized Steel 
Filtration 
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Table 2.5-5 Components of Containment Isolation Systems and their Intended Functions 

(continued) 

Reactor Building Purge System (Continued) 

Filter Pressure Boundary Stainless Steel 
Filtration 

Grill Pressure Boundary Aluminum 

Grill Pressure Boundary Galvanized Steel 

Grill Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon steel 

Tubing Pressure Boundary Copper 

Valve Bodies Pressure Boundary Carbon Steel 
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Table 2.5-6 Flow Diagrams Indicating Evaluation Boundaries of 

Emergency Core Cooling Systems 

Core Flood System 

Flow Diagram Revision Unit 

OLRFD-102A-1.2 0 1 
OLRFD-102A-1.3 0 1 
OLRFD-102A-2.2 0 2 
OLRFD-102A-2.3 0 2 
OLRFD-102A-3.2 0 3 
OLRFD-102A-3.3 0 3 
OLRFD-127B-1.2 0 1 
OLRFD-127B-2.2 0 2 
OLRFD-127B-3.2 0 3 
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Table 2.5-6 Flow Diagrams Indicating Evaluation Boundaries of 
Emergency Core Cooling Systems 

(continued) 

High Pressure Injection System 

Flow Diagram Revision Unit 

OLRFD-100A-1.3 0 1 
OLRFD-1OOA-2.3 0 2 
OLRFD-1OOA-3.3 0 3 
OLRFD-1OA-1.1 0 1 
OLRFD-101A-1.2 0 1 
OLRFD-101A-1.3 0 1 
OLRFD-1OA-1.4 0 1 
OLRFD-101A-1.5 0 1 
OLRFD-101A-2.1 0 2 
OLRFD-101A-2.2 0 2 
OLRFD-101A-2.3 0 2 
OLRFD-101A-2.4 0 2 
OLRFD-101A-2.5 0 2 
OLRFD-101A-3.1 0 3 
OLRFD-1O1A-3.2 0 3 
OLRFD-101A-3.3 0 3 
OLRFD-101A-3.4 0 3 
OLRFD-101A-3.5 0 3 
OLRFD-104A-1.1 0 1&2 
OLRFD-104A-3.1 0 3 
OLRFD-109A-1.1 0 1&2 
OLRFD-109A-3.1 0 3 
OLRFD-11OA-1.1 0 1 
OLRFD-11OA-2.1 0 2 
OLRFD-11OA-3.1 0 3 
OLRFD-127B-1.2 0 1 
OLRFD-127B-2.2 0 2 
OLRFD-127B-3.2 0 3 

2.5-52 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Mechanical System Components 

Table 2.5-6 Flow Diagrams Indicating Evaluation Boundaries of 
Emergency Core Cooling Systems 

(continued) 

Low Pressure Injection System 

Flow Diagram Revision Unit 

OLRFD-100A-1.2 0 1 
OLRFD-100A-2.2 0 2 
OLRFD-100A-3.2 0 3 
OLRFD-101A-1.3 0 1 
OLRFD-1OIA-2.3 0 2 
OLRFD-101A3.3 0 3 
OLRFD-102A-1.1 0 1 
OLRFD-102A-1.2 0 1 
OLRFD-102A-2.1 0 2 
OLRFD-102A-2.2 0 2 
OLRFD-102A-3.1 0 3 

OLRFD-102A-3.2 0 3 
OLRFD-103A-1.1 0 1 
OLRFD-103A-2.1 0 2 
OLRFD-103A-3.1 0 3 
OLRFD-104A-1.1 0 1&2 
OLRFD-104A-1.2 0 1&2 
OLRFD-104A-3.1 0 3 
OLRFD-104A-3.2 0 3 
OLRFD-106A-1.2 0 1 
OLRFD-106A-2.2 0 2 
OLRFD-106A-3.2 0 3 
OLRFD-110A-1.4 0 1 
OLRFD-11OA-2.4 0 2 
OLRFD-11OA-3.4 0 3 
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Table 2.5-7 Components of Emergency Core Cooling Systems and their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Core Flood System 

Tank Pressure Boundary Carbon Steel w/Stainless Steel 
Clad internally 

Pipe Pressure Boundary Stainless Steel 

Tank Nozzle Pressure Boundary Inconel 

Tubing Pressure Boundary Satinless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

High Pressure Injection System 

Demineralizer Pressure Boundary Stainless Steel 

Filter Pressure Boundary Stainless Steel 

Flexable Hose Pressure Boundary Stainless Steel 

Flow Meter Pressure Boundary Stainless Steel 

Flow Nozzle Pressure Boundary, Throttle Stainless Steel 

Mechanical Expansion Joint Pressure Boundary Stainless Steel 

Orifice Pressure Boundary, Throttle Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Tank Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 
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Table 2.5-7 Components of Emergency Core Cooling Systems and their Intended Functions 

(Continued) 

High Pressure Injection System (Continued) 

Valve Bodies Pressure Boundary Stainless Steel 

RCP Coolers (Units 2 & 3) Pressure Boundary Stainless Steel 

RCP Seal Return Coolers Pressure Boundary Carbon Steel 
Stainless Steel 

Low Pressure Injection System 

Annubar Pressure Boundary, Throttle Stainless Steel 

Decay Heat Removal Coolers Presure Boundary Carbon Steel 
Heat Transfer Stainless Steel 

Orifice Pressure Boundary, Throttle Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Tank (Borated Water Storage) Pressure Boundary Carbon Steel(Lined) 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-8 Flow Diagrams Indicating Evaluation Boundaries of Auxiliary Systems 

Spent Fuel Cooling System 

Flow Diagram Revision Unit 

OLRFD-102A-1.1 0 1 
OLRFD-102A-2.1 0 2 
OLRFD-102A-3.1 0 3 
OLRFD-104A-1.1 0 1&2 
OLRFD-104A-1.2 0 1&2 
OLRFD-104A-3.1 0 3 
OLRFD-104A-3.2 0 3 

Auxiliary Service Water System 

Flow Diagram Revision Unit 

OLRFD-121D-1.2 0 1,2,3 
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Table 2.5-8 Flow Diagrams Indicating Evaluation Boundaries of Auxiliary Systems 

(continued) 

Condenser Circulating Water System 

Flow Diagram Revision Unit 

OLRFD-124B-1.1 0 1 

OLRFD-124B-2.1 0 2 

OLRFD-124B-3.1 0 3 

OLRFD-133A-1.1 0 1 

OLRFD-133A-1.2 0 1 

OLRFD-133A-1.3 0 1 

OLRFD-133A-1.4 0 1 

OLRFD-133A-1.5 0 1 

OLRFD-133A-2.1 0 2 

OLRFD-133A-2.2 0 2 

OLRFD-133A-2.3 0 2 

OLRFD-133A-3.1 0 3 

OLRFD-133A-3.2 0 3 

OLRFD-133A-3.3 0 3 

OLRFD-133A-3.4 0 3 
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Table 2.5-8 Flow Diagrams Indicating Evaluation Boundaries of Auxiliary Systems 

(continued) 

High Pressure Service Water System 

Flow Diagram Revision Unit 

OLRFD- 124C- 1.1 0 1,2,3 
OLRFD-124C-1.2 0 1 
OLRFD-124C-1.3 0 1 
OLRFD-124C-1.4 0 1,2,3 
OLRFD-124C-1.6 0 1 
OLRFD-124C-2.2 0 2 
OLRFD-124C-2.3 0 2 
OLRFD-124C-2.6 0 2 
OLRFD-124C-3.2 0 3 
OLRFD-124C-3.3 0 3 
OLRFD-124C-3.6 0 3 
OLRFD-133A-1.1 0 1 
OLRFD-133A-2.1 0 2 
OLRFD-133A-3.1 0 3 
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Table 2.5-8 Flow Diagrams Indicating Evaluation Boundaries of Auxiliary Systems 

(continued) 

Low Pressure Service Water System 

Flow Diagram Revision Unit 

OLRFD-100A-1.3 0 1 
OLRFD-1OOA-2.3 0 2 
OLRFD-1OOA-3.3 0 3 
OLRFD-121C-1.1 0 1 
OLRFD-124A-1.1 0 1,2 
OLRFD-124A-1.2 0 1 
OLRFD-124A-1.3 0 1 
OLRFD-124A-2.3 0 2 
OLRFD-124A-3.1 0 3 
OLRFD-124A-3.3 0 3 
OLRFD-124B-1.1 0 1 
OLRFD-124B-1.2 0 1 
OLRFD-124B-1.4 0 1 
OLRFD-124B-1.5 0 1,2 
OLRFD-124B-1.6 0 1,2 
OLRFD-124B-2.1 0 2 
OLRFD-124B-2.2 0 2 
OLRFD-124B-2.4 0 2 
OLRFD-124B-3.1 0 3 
OLRFD-124B-3.2 0 3 
OLRFD-124B-3.4 0 3 
OLRFD-124B-3.6 0 3 
OLRFD-133A-1.1 0 1 
OLRFD-133A-2.1 0 2 
OLRFD-133A-3.1 0 3 
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Table 2.5-9 Components of Auxiliary Systems and their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Spent Fuel Cooling System 

Demineralizer Pressure Boundary Stainless Steel 

Filter Pressure Boundary Stainless Steel 

Flexible Hose Pressure Boundary Stainless Steel 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Spent Fuel Transfer Tube Pressure Boundary Stainless Steel 

Tank Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Spent Fuel Coolers Pressure Boundary Stainless Steel 

Auxiliary Service Water System 

Annubar Tube Pressure Boundary, Throttle Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Cast Iron 

Tubing Pressure Boundary Stainless Steel 
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Table 2.5-9 Components of Auxiliary Systems and their Intended Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Auxiliary Service Water System (Continued) 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Condenser Circulating Water System 

Mechanical Expansion Joint Pressure Boundary Carbon Steel 

Mechanical Expansion Joint Pressure Boundary Stainless Steel 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Cast Iron 

Pump Casing Pressure Boundary Carbon Steel 

Screen Pressure Boundary Carbon Steel 
Filter 

Screen Pressure Boundary Stainless Steel 
Filter 

Valve Bodies Pressure Boundary Bronze 
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Table 2.5-9 Components of Auxiliary Systems and their Intended Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

Condenser Circulating Water System (continued) 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Recirculated Cooling Water Pressure Boundary Admiralty Brass 
Heat Exchanger I Carbon Steel 

High Pressure Service Water System 

Filter Pressure Boundary Carbon Steel 

Fire Hydrant Pressure Boundary Cast Iron 

Hose Rack Pressure Boundary Bronze 

Hose Rack Pressure Boundary Carbon Steel 

Mechanical Expansion Joint Pressure Boundary Carbon Steel 

Mechanical Expansion Joint Pressure Boundary Stainless Steel 

Mulsifyer Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Cast Iron 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Cast Iron 
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Table 2.5-9 Components of Auxiliary Systems and their Intended Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

High Pressure Service Water System (Continued) 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Sprinkler Pressure Boundary, Spray Bronze 

Strainer Pressure Boundary Cast Iron 

Valve Bodies Pressure Boundary Bronze 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Cast Iron 

Valve Bodies Pressure Boundary Stainless Steel 

Low Pressure Service Water System 

Annubar Tube Pressure Boundary Stainless Steel 

Filter Pressure Boundary, Filter Carbon Steel 

Filter Pressure Boundary, Filter Stainless Steel 

Flex Hose Pressure Boundary Stainless Steel 

Hose Rack Pressure Boundary Bronze 

Hose Rack Pressure Boundary Carbon Steel 

Mechanical Expansion Joint Pressure Boundary Stainless Steel 
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Table 2.5-9 Components of Auxiliary Systems and their Intended Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

Low Pressure Service Water Sytem (Continued) 
Mechanical Expansion Joint Pressure Boundary Carbon Steel 

Orifice Pressure Boundary, Throttle Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Site Glass Pressure Boundary Carbon Steel 

Site Glass Pressure Boundary Stainless Steel 

Strainer Pressure Boundary Carbon Steel 

Strainer Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Bronze 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Component Coolers Presure Boundary Admiralty Brass 
Carbon Steel 
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Table 2.5-10 Flow Diagrams Indicating Evaluation Boundaries of Process Auxiliaries 

Chemical Addition System 

Flow Diagram Revision Unit 

OLRFD-102A-1.3 0 1 
OLRFD-102A-2.3 0 2 
OLRFD-102A-3.3 0 3 
OLRFD-1IOA1.1 0 1 
OLRFD-1OA-1.4 0 1 
OLRFD-110A2.1 0 2 
OLRFD-110A-2.4 0 2 
OLRFD-l l0A3.1 0 3 
OLRFD- l 1OA-3.4 0 3 
OLRFD-127B-1.2 0 1 
OLRFD-127B-2.2 0 2 
OLRFD-127B-3.2 0 3 
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Table 2.5-10 Flow Diagrams Indicating Evaluation Boundaries of Process Auxiliaries 

(continued) 

Coolant Storage System 

Flow Diagram Revision Unit 

OLRFD-102A-1.3 0 1 
OLRFD-102A-2.3 0 2 
OLRFD-102A-3.3 0 3 
OLRFD-107A-1.1 0 1 
OLRFD-107A-1.2 0 1 
OLRFD-107A-2.1 0 2 
OLRFD-107A-2.2 0 2 
OLRFD-107A-3.1 0 3 
OLRFD-107A-3.2 0 3 
OLRFD-127B-1.2 0 1 
OLRFD-127B-2.2 0 2 
OLRFD-127B-3.2 0 3 
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Table 2.5-11 Components of Process Auxiliaries and their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Chemical Addition System 

Accumulator Pressure Boundary Stainless Steel 

Expansion Coil Pressure Boundary Stainless Steel 

Flexable Hose Pressure Boundary Stainless Steel 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Coolant Storage System 

Pipe Pressure Boundary Stainless Steel 

Spray Nozzles Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-12 Flow Diagrams Indicating Evaluation Boundaries of Air Conditioning, 
Heating, Cooling and Ventilation Systems 

Auxiliary Building Ventilation System 

Flow Diagram Revision Unit 

OLRFD-116G-1.1 0 1 
OLRFD-116G-1.2 0 1 
OLRFD-116G-1.3 0 1 
OLRFD-116G-1.4 0 1 
OLRFD-116G-2.1 0 2 
OLRFD-116G-3.1 0 3 
OLRFD-116G-3.2 0 3 
OLRFD-116G-3.3 0 3 

Control Room Pressurization and Filtration System 

Flow Diagram Revision Unit 

OLRFD-116J-1.1 0 1,2 
OLRFD-116J-1.2 0 1,2 
OLRFD-116-J3.2 0 3 

Penetration Room Ventilation System 

Flow Diagram Revision Unit 

OLRFD-116B-1.1 0 1 
OLRFD-116B-2.1 0 2 
OLRFD-116B-3.1 0 3 
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Table 2.5-13 Components of Air Conditioning, Heating, Cooling and 
Ventilation Systems and Their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Auxiliary Building Ventilation System 

Air Flow Monitor Pressure Boundary Aluminum 

Air Flow Monitor Pressure Boundary Carbon Steel 

Air Flow Monitor Pressure Boundary Galvanized Steel 

Air Flow Monitor Pressure Boundary Stainless Steel 

Air Handling Unit Pressure Boundary Aluminum 

Air Handling Unit Pressure Boundary Galvanized Steel 

Air Handling Unit Pressure Boundary Stainless Steel 

Ductwork Pressure Boundary Aluminum 

Ductwork Pressure Boundary Galvanized Steel 

Ductwork Pressure Boundary Stainless Steel 

Filter Pressure Boundary Aluminum 

Filter Pressure Boundary Galvanized Steel 

Filter Pressure Boundary Stainless Steel 

Grill Pressure Boundary Aluminum 

Grill Pressure Boundary Galvanized Steel 

Grill Pressure Boundary Stainless Steel 
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Table 2.5-13 Components of Air Conditioning, Heating, Cooling and 
Ventilation Systems and Their Intended Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Control Room Pressurization and Filtration System 

Air Flow Monitor Pressure Boundary Aluminum 

Air Flow Monitor Pressure Boundary Galvanized Steel 

Air Flow Monitor Pressure Boundary Stainless Steel 

Air Handling Unit Pressure Boundary Aluminum 

Air Handling Unit Pressure Boundary Galvanized Steel 

Air Handling Unit Pressure Boundary Stainless Steel 

Ductwork Pressure Boundary Aluminum 

Ductwork Pressure Boundary Galvanized Steel 

Ductwork Pressure Boundary Stainless Steel 

Filter Pressure Boundary, Filtration Aluminum 

Filter Pressure Boundary, Filtration Galvanized Steel 

Filter Pressure Boundary, Filtration Stainless Steel 

Grill Pressure Boundary Aluminum 

Grill Pressure Boundary Galvanized Steel 

Grill Pressure Boundary Stainless Steel 
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Table 2.5-13 Components of Air Conditioning, Heating, Cooling and 

Ventilation Systems and Their Intended Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

Control Room Pressurization and Filtration System (continued) 

Heater (PB Only) Pressure Boundary Aluminum 

Heater (PB Only) Pressure Boundary Galvanized Steel 

Heater (PB Only) Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Penetration Room Ventilation System 

Filter Pressure Boundary Carbon Steel 
Filter 

Grill Pressure Boundary Aluminum 

Grill Pressure Boundary Galvanized Steel 

Grill Pressure Boundary Stainless Steel 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 
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Table 2.5-13 Components of Air Conditioning, Heating, Cooling and 
Ventilation Systems and Their Intended Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

Penetration Room Ventilation S: stem (Continued) 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Valves Bodies Pressure Boundary Carbon Steel 
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Table 2.5-14 Flow Diagrams Indicating Evaluation Boundaries of Steam and Power 
Conversion Systems 

Main Steam System 

Flow Diagram Revision Unit 

OLRFD-122A-1.1 0 1 
OLRFD-122A-1.2 0 1 
OLRFD-122A-1.3 0 1 
OLRFD-122A-1.4 0 1 
OLRFD-122A-1.5 0 1 
OLRFD- 122A-2.1 0 2 
OLRFD-122A-2.2 0 2 
OLRFD-122A-2.3 0 2 
OLRFD-122A-2.4 0 2 
OLRFD-122A-2.5 0 2 
OLRFD-122A-3.1 0 3 
OLRFD-122A-3.2 0 3 
OLRFD-122A-3.3 0 3 
OLRFD-122A-3.4 0 3 
OLRFD-122A-3.5 0 3 
OLRFD-122B-1.1 0 1 
OLRFD-122B-2.1 0 2 
OLRFD-122B-3.1 0 3 
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Table 2.5-14 Flow Diagrams Indicating Evaluation Boundaries of Steam and Power 
Conversion Systems 

(continued) 

Condensate System 

Flow Diagram Revision Unit 

OLRFD-121A-1.1 0 1 
OLRFD-121A-1.2 0 1 
OLRFD-121A-1.3 0 1 
OLRFD-121A-1.4 0 1 
OLRFD-121A-1.5 0 1 
OLRFD-121A-1.6 0 1 
OLRFD-121A-1.7 0 1 
OLRFD-121A-1.8 0 1 
OLRFD-121A-2.1 0 2 
OLRFD-121A-2.2 0 2 
OLRFD-121A-2.3 0 2 
OLRFD-121A-2.4 0_ _ 

OLRFD-121A-2.5 0 2 
OLRFD-121A-2.6 0 2 
OLRFD-121A-2.7 0 2 
OLRFD-121A-2.8 0 2 
OLRFD-121A-3.1 0 3 
OLRFD-121A-3.2 0 3 
OLRFD-121A-3.3 0 3 
OLRFD-121A-3.4 0 3 
OLRFD-121A-3.5 0 3 
OLRFD-121A-3.6 0 3 
OLRFD-121A-3.7 0 3 
OLRFD-121A-3.8 0 3 
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Table 2.5-14 Flow Diagrams Indicating Evaluation Boundaries of Steam and Power 
Conversion Systems 

(continued) 

Emergency Feedwater System 

Flow Diagram Revision Unit 

OLRFD-121D-1.1 0 1 
OLRFD-121D-1.2 0 1,2,3 
OLRFD-121D-2.1 0 2 
OLRFD-121D-3.1 0 3 

Feedwater System 

* Flow Diagram Revision Unit 

OLRFD-121B-1.3 0 1 
OLRFD-121B-1.5 0 1 
OLRFD-121B-2.3 0 2 
OLRFD-121B-2.5 0 2 
OLRFD-121B-3.3 0 3 
OLRFD-121B-3.5 0 3 
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Table 2.5-15 Components of Steam and Power Conversion Systems and 
Their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Main Steam System 

EFWP Turbine Casing Pressure Boundary Carbon Steel 

Filter Pressure Boundary Carbon Steel 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Condensate System 

Demineralizer Pressure Boundary Carbon Steel 

Filter Pressure Boundary Carbon Steel 

Mechanical Expansion Joint Pressure Boundary Carbon Steel 

Orifice Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Pump Casing Pressure Boundary Cast Iron 

Strainer Pressure Boundary Carbon Steel 
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Table 2.5-15 Components of Steam and Power Conversion Systems and 
Their Intended Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Condensate System (Continued) 

Tank (Powdex, Upper Surge Pressure Boundary Carbon Steel 
Tank) 
Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Main Condenser Pressure Boundary Carbon Steel 
Stainless Steel 

Condensate Coolers Pressure Boundary Carbon Steel 
Stainless Steel 

Generator Water Coolers Pressure Boundary Stainless Steel 

Emergency Feedwater System 

Flow Nozzle Pressure Boundary Stainless Steel 

Flow Sensor Pressure Boundary, Throttle Stainless Steel 

Orifice Pressure Boundary, Throttle Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pump Casing Pressure Boundary Carbon Steel 
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Table 2.5-15 Components of Steam and Power Conversion Systems and 
Their Intended Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Emergency Feedwater System (Continued) 

Pump Casing Pressure Boundary Low Alloy Steel 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Feedwater System 

Emergency Feedwater Header Pressure Boundary Carbon Steel 

Flow Nozzle Pressure Boundary Stainless Steel 

Main Feedwater Header Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-16 Flow Diagrams Indicating Evaluation Boundaries of Post-Accident Hydrogen 
Control Systems 

Containment Hydrogen Control System 

Flow Diagram Revision Unit 

OLRFD-107B-2.1 0 2 
OLRFD-107B-3.1 0 3 
OLRFD-116C-1.1 0 1 
OLRFD-116C-2.1 0 2 
OLRFD-116C-3.1 0 3 

Post-Accident Monitoring System 

Flow Diagram Revision Unit 

OLRFD-11OA-1.3 0 1 
OLRFD-11OA-2.3 0 2 
OLRFD-11OA-3.3 0 3 
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40 
Table 2.5-17 Components of Post-Accident Hydrogen Control Systems 

and Their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Containment Hydrogen Control System 

Flex Hose Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Hydrogen Recombiner Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Post-Accident Monitoring System 

Pipe Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-18 Flow Diagrams Indicating Evaluation Boundaries of the 
Reactor Coolant Pump Motor Oil Collection System 

Reactor Coolant Pump Motor Oil Collection System 

Flow Diagram Revision Unit 

OLRFD-100A-1.4 0 1 
OLRFD-100A-2.4 0 2 
OLRFD-100A-3.4 0 3 

Table 2.5-19 Components of the Reactor Coolant Pump Motor Oil Collection System and 
Their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Reactor Coolant Pump Motor Oil Collection System 

Enclosures Pressure Boundary Carbon Steel 

Flex Hose Pressure Boundary Carbon Steel 

Flex Hose Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Tank Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 
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Table 2.5-19 Components of the Reactor Coolant Pump Motor Oil Collection System and 
Their Intended Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Reactor Coolant Pump Motor Oil Collection System (Continued) 
Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-20 Flow Diagrams Indicating Evaluation Boundaries of the 
Reactor Coolant System Vents, Drains, and Instrument Lines 

Flow Diagram Revision Unit 

OLRFD-100A-1.1 0 1 
OLRFD-100A-1.2 0 1 
OLRFD-100A-1.3 0 1 
OLRFD-100A-2.1 0 2 
OLRFD-100A-2.2 0 2 
OLRFD-100A-2.3 0 2 
OLRFD-100A-3.1 0 3 
OLRFD-100A-3.2 0 3 
OLRFD-IOOA-3.3 0 3 
OLRFD-101A-1.1 0 1 
OLRFD-101A-1.4 0 1 
OLRFD-101A-2.1 0 2 
OLRFD-101A-2.4 0 2 
OLRFD-101A-3.1 0 3 
OLRFD-101A-3.4 0 3 
OLRFD-102A-1.1 0 1 

OLRFD-102A-1.2 0 1 
OLRFD-102A-1.3 0 1 
OLRFD-102A-2.1 0 2 
OLRFD-102A-2.2 0 2 
OLRFD-102A-2.3 0 2 
OLRFD-102A-3.1 0 3 
OLRFD-102A-3.2 0 3 
OLRFD-102A-3.3 0 3 
OLRFD-110A-1.1 0 1 
OLRFD-110A-2.1 0 2 
OLRFD-11OA-3.1 0 3 
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Table 2.5-21 Components of the Reactor Coolant System Vents, Drains, and Instrument 
Lines and Their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Reactor Coolant System Vents, Drains, and Instrument Lines 

Mechanical Expansion Joint Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pressure Breakdown Coil Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-22 Flow Diagrams Indicating Evaluation Boundaries of 
Keowee Hydroelectric Station Systems 

Carbon Dioxide System 

Flow Diagram Revision Unit 

KLRFD- 108A- 1.1 0 1,2 

Depressing Air System 

Flow Diagram Revision Unit 

KLRFD-111A-1.1 0 1,2 

Generator High Pressure Oil System 

Flow Diagram Revision Unit 

KLRFD-103A-1.1 0 1 
KLRFD-103A-2.1 0 2 

Governor Air System 

Flow Diagram Revision Unit 

KLRFD-104A-1.1 0 1 
KLRFD-104A-2.1 0 2 
KLRFD-105A-1.1 0 1 
KLRFD- 105A-2.1 0 2 
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Table 2.5-22 Flow Diagrams Indicating Evaluation Boundaries of 
Keowee Hydroelectric Station Systems 

(continued) 

Governor Oil System 

Flow Diagram Revision Unit 

KLRFD-105A-1.1 0 1 
KLRFD-105A-2.1 0 2 

Service Water System 

Flow Diagram Revision Unit 

KLRFD-109A-1.1 0 1,2 
OLRFD-117B-1.5 0 1,2 

Turbine Generator Cooling Water System 

Flow Diagram Revision Unit 

KLRFD-100A-1.1 0 1 
KLRFD-100A-2.1 0 2 
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0 
Table 2.5-22 Flow Diagrams Indicating Evaluation Boundaries of 

Keowee Hydroelectric Station Systems 
(continued) 

Turbine Guide Bearing Oil System 

Flow Diagram Revision Unit 

KLRFD-101A-1.1 0 1 
KLRFD-1O1A-2.1 0 2 

Turbine Sump Pump System 

Flow Diagram Revision Unit 

KLRFD-102A-1.1 0 1 
KLRFD-102A-2.1 0 2 
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Table 2.5-23 Components of Keowee Hydroelectric Station Systems 
and Their Intended Functions 

Mechanical Component Intended Function(s) Materials 

Carbon Dioxide System 

Flexable Hose Pressure Boundary Carbon Steel 

Nozzle Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Depressing Air System 

Pipe Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Generator High Pressure Oil System 

Filter Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Copper 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Tank Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 
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Table 2.5-23 Components of Keowee Hydroelectric Station Systems 
and Their Intended Functions (Continued) 

Mechanical Component Intended Function(s) Materials 

Generator High Pressure Oil System (Continued) 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Bronze 

Valve Bodies Pressure Boundary Copper 

Valve Bodies Pressure Boundary Stainless Steel 

Governor Air System 

Pipe Pressure Boundary Carbon Steel 

Tank Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Governor Oil System 

Pipe Pressure Boundary Carbon Steel 

Pump Casing Pressure Boundary Carbon Steel 

Tank Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Service Water System 

Annubar Pressure Boundary, Throttle Stainless Steel 
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Table 2.5-23 Components of Keowee Hydroelectric Station Systems 
and Their Intended Functions (Continued) 

Mechanical Component Intended Function(s) Materials 

Service Water System (Continued) 

Filter Pressure Boundary Carbon Steel 

Fire Hydrant Pressure Boundary Cast Iron 

Hose Rack Pressure Boundary Bronze 

Hose Rack Pressure Boundary Carbon Steel 

Mulsifyer Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Ductile Iron 

Pump Casing Pressure Boundary Cast Iron 

Strainer Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Bronze 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Cast Iron 
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Table 2.5-23 Components of Keowee Hydroelectric Station Systems 
and Their Intended Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Turbine Generator Cooling Water System 

Filter Pressure Boundary,Filter Stainless Steel 

Filter Pressure Boundary,Filter Carbon Steel 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Brass 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 
Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Bronze 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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0 
Table 2.5-23 Components of Keowee Hydroelectric Station Systems 

and Their Intended Functions 
(continued) 

Mechanical Component Intended Function(s) Materials 

Turbine Guide Bearing Oil System 

Orifice Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Strainer Pressure Boundary Stainless Steel 

Tank Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Turbine Guide Bearing Oil Presure Boundary Stainless Steel 
Coolers Heat Transfer 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Turbine Sump Pump System 

Filter Pressure Boundary Bronze 

Filter Pressure Boundary Stainless Steel 
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Table 2.5-23 Components of Keowee Hydroelectric Station Systems 
and Their Intended Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

Turbine Sump Pump System (Continued) 

Pipe Pressure Boundary Brass 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Bronze 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-24 Flow Diagrams Indicating Evaluation Boundaries of 

Standby Shutdown Facility Systems 

Air Intake and Exhaust System 

Flow Diagram Revision Unit 

OLRFD-137D-1.3 0 1,2,3 

Diesel Generator Fuel Oil System 

Flow Diagram Revision Unit 

OLRFD-135A-1.2 0 0 

Drinking Water System 

Flow Diagram Revision Unit 

OLRFD-126B-1.1 0 1,2,3 

Heating, Ventilation, and Air Conditioning System 

Flow Diagram Revision Unit 

OLRFD-116N-1.1 0 1,2,3 
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Table 2.5-24 Flow Diagrams Indicating Evaluation Boundaries of 
Standby Shutdown Facility Systems 

(continued) 

Reactor Coolant Makeup System 

Flow Diagram Revision Unit 

OLRFD-IOIA-1.5 0 1 
OLRFD-101A-2.5 0 2 
OLRFD-101A-3.5 0 3 

Sanitary Lift System 

Flow Diagram Revision Unit 

OLRFD-126B-1.1 0 1,2,3 

Standby Shutdown Facility Auxiliary Service Water 
System 

Flow Diagram Revision Unit 

OLRFD-133A-2.5 0 1,2,3 

Starting Air System 

Flow Diagram Revision Unit 

OLRFD-137D-1.1 0 1,2,3 
OLRFD-137D-1.2 0 1,2,3 
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Table 2.5-25 Components of the Standby Shutdown Facility Systems and Their Intended 
Functions 

Mechanical Component Intended Function(s) Materials 

Air Intake and Exhaust System 

Mechanical Expansion Joint Pressure Boundary Chrome-Molybdenum 

Muffler/Silencer Pressure Boundary Carbon Steel 
Noise Reduction 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Chrome-Molybdenum 

Screen Pressure Boundary, Filtration Carbon Steel 
Chrome-Molybdenum 

Screen Pressure Boundary, Filtration 

Tubing Pressure Boundary Carbon Steel 

Diesel Generator Fuel Oil System 

Orifice 
Pressure Boundary 

Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Strainer Pressure Boundary, Filter Stainless Steel 

Tank Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Brass 

Tubing Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Copper 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-25 Components of the Standby Shutdown Facility Systems and Their Intended 
Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Drinking Water 

Hose Connection Pressure Boundary Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Heating, Ventilation and Air Conditoning 

Air Flow Monitor Pressure Boundary Aluminum 

Air Flow Monitor Pressure Boundary Galvanized Steel 

Air Flow Monitor Pressure Boundary Stainless Steel 

Air Handling Unit Pressure Boundary Aluminum 

Air Handling Unit Pressure Boundary Galvanized Steel 

Cooling Coil (except the Pressure Boundary Aluminum 
Standby Shutdown Facility Copper 
HVAC Condensers) 
Ductwork Pressure Boundary Aluminum 

Ductwork Pressure Boundary Galvanized Steel 

Ductwork Pressure Boundary Stainless Steel 

Filter Pressure Boundary Aluminum 

Filter Pressure Boundary Galvanized Steel 

Filter Pressure Boundary Stainless Steel 
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Table 2.5-25 Components of the Standby Shutdown Facility Systems and Their Intended 
Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Heating, Ventilation and Air Co ditoning (Continued) 
Grill Pressure Boundary Aluminum 

Grill Pressure Boundary Galvanized Steel 

Grill Pressure Boundary Stainless Steel 

Heater (PB Only) Pressure Boundary Aluminum 

Heater (PB Only) Pressure Boundary Galvanized Steel 

Heater (PB Only) Pressure Boundary Stainless Steel 

Reactor Coolant Makeup System 

Accumulator Pressure Boundary Stainless Steel 

Filter Pressure Boundary, Filter Stainless Steel 

Orifice Pressure Boundary, Throttling Stainless Steel 

Pipe Pressure Boundary Stainless Steel 

Pulsation Damper Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Stainless Steel 

Sanitary Lift System 

Pipe Pressure Boundary Stainless Steel 
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Table 2.5-25 Components of the Standby Shutdown Facility Systems and Their Intended 

Functions 

(Continued) 

Mechanical Component Intended Function(s) Materials 

Standby Shutdown Facility Audliary Service Water System 
Air Ejector Pressure Boundary, Gas Stainless Steel 

Removal 
Annubar Tube Pressure Boundary, Throttling Stainless Steel 

Orifice Pressure Boundary, Throttling Stainless Steel 

Pipe Pressure Boundary Carbon Steel 

Pipe Pressure Boundary Stainless Steel 

Pump Casing Pressure Boundary Carbon Steel 

Pump Casing Pressure Boundary Cast Iron 

Standby Shutdown Facility Pressure Boundary 90-10 Copper/Nickel 
HVAC water-cooled Condensers Carbon steel 
Strainer Pressure Boundary, Filtration Carbon Steel 

Strainer Pressure Boundary, Filtration Stainless Steel 

Tubing Pressure Boundary Stainless Steel 

Valve Bodies Pressure Boundary Carbon Steel 

Valve Bodies Pressure Boundary Stainless Steel 
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Table 2.5-25 Components of the Standby Shutdown Facility Systems and Their Intended 
Functions 

(continued) 

Mechanical Component Intended Function(s) Materials 

Starting Air System 

Pipe Pressure Boundary Carbon Steel 

Tank Pressure Boundary Carbon Steel 

Valve Pressure Boundary Carbon Steel 

Tubing Pressure Boundary Carbon Steel 
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2.6 ELECTRICAL COMPONENTS 

2.6.1 DESCRIPTION OF THE PROCESS TO IDENTIFY ELECTRICAL COMPONENTS SUBJECT TO 
AGING MANAGEMENT REvIEw 

The initial step to identify electrical components to be included in the aging management review 
is to determine those electrical components that perform their function without moving parts or 
without a change in configuration or properties. NEI 95-10, Revision 0, Appendix B 
[Reference 2.6-1, Table B-l], §54.21(a)(1)(i) [Reference 2.6-2]. Various Oconee electrical 
drawings were reviewed to identify electrical components. Subsequent stages of the 
identification process consider (1) whether or not the electrical component is within the scope of 
license renewal and (2) whether or not the electrical component is subject to replacement based 
on a qualified life or specified time period. Based on this review, Duke has determined that the 
Oconee electrical component types that perform their function without moving parts or without a 
change in configuration or properties, and are included in the aging management review, are as 
follows: 

* Bus 
* Insulated Cables & Connections 
* Insulators 
* Transmission Conductors 

These electrical components along with their intended functions are listed in 
Table 2.6-1.  

Electrical components interface with other types of components at Oconee and the assessments 
of these interfacing components are provided in other sections of OLRP-1001. For example, the 
assessment of electrical racks, panels, frames, cabinets, cable tray, conduit and their supports is 
provided as part of the Structures and Structural Components review in Sections 2.7 and 3.7 of 
OLRP-1001.  

Sections 2.6.2 through 2.6.5 provide descriptions of the electrical components that are included 
in the aging management review. Section 2.6.6 provides a basis for the determination that 
several electrical components are not subject to aging management review. Section 2.6.7 
identifies the structures and areas of Oconee that contain electrical components that are subject to 
aging management review.  
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2.6.2 Bus 

2.6.2.1 Phase Bus 

2.6.2.1.1 ISOLATED-PHASE BUS 

An isolated-phase bus is an electrical bus in which each phase conductor is enclosed by an 
individual metal housing separated from adjacent conductor housings by an air space.  
Isolated-phase bus structural supports are reviewed in Sections 2.7 and 3.7 of OLRP-1001.  

The 13.8 kV isolated-phase bus for each Keowee unit is used to connect the main switchgear to 
Transformer 1 (main step-up transformer). Transformer 1 is connected to the Oconee 230 kV 
Switchyard through the Keowee Transmission Line. The bus-transformer-transmission line
switchyard path is used to supply normal power to the Duke transmission system and is used to 
supply emergency power to the Oconee units (as part of the emergency overhead power path).  
As such, each Keowee 13.8 kV isolated-phase bus is designated as QA Condition 1 and is 
considered safety-related. Therefore, each Keowee 13.8 kV isolated-phase bus is in scope and 
subject to aging management review.  

The list of isolated-phase bus that are subject to aging management review is provided in 
Table 2.6-2. A typical cross-section of the isolated-phase bus is shown in Figure 2.6-1.  

2.6.2.1.2 NONSEGREGATED-PHASE BUS 

A nonsegregated-phase bus is an electrical bus constructed with all phase conductors in a 
common metal enclosure without barriers between the phases. Nonsegregated-phase bus 
structural supports are reviewed in Sections 2.7 and 3.7 of OLRP-1001.  

A nonsegregated-phase bus is used in the Oconee 4160V power system to connect normal and 
emergency power to, and make connections between, bus sections for safety-related switchgear 
BIT, B2T, 3BIT, 3B2T, 1TC, lTD, ITE, 2TC, 2TD, 2TE, 3TC, 3TD, and 3TE. These 
switchgear supply power to all Oconee safety-related loads and many nonsafety-related loads.  
Therefore, all 4160V nonsegregated-phase bus is within scope and is subject to aging 
management review.  

The list of nonsegregated-phase buses subject to aging management review is provided in Table 
2.6-3. A typical cross-section of a nonsegregated-phase bus is shown in Figure 2.6-2.  
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2.6.2.1.3 SEGREGATED-PHASE BUS 

A segregated-phase bus is an electrical bus in which all phase conductors are in a common metal 
enclosure, but are segregated by metal barriers between phases. Segregated-phase bus structural 
supports are reviewed in Sections 2.7 and 3.7 of OLRP-1001.  

The Keowee segregated-phase bus is used to connect the unit generation to the main switchgear 
and the main switchgear to the emergency underground feeder switchgear in the Keowee Breaker 
Vault. Both sections of the Keowee segregated-phase bus are designated as QA Condition 1 and 
are considered safety-related. Therefore, all Keowee segregated-phase bus is subject to aging 
management review.  

The list of segregated-phase bus subject to aging management review is provided in 
Table 2.6-4. A typical cross-section of the segregated-phase bus is shown in Figure 2.6-3.  

2.6.2.2 Switchyard Bus 
A switchyard bus is an uninsulated, unenclosed, rigid electrical conductor used in switchyards 
and switching stations to provide an electrically common connection point for several electrical 
components. Transmission conductors are reviewed in Section 2.6.5 of OLRP-1001 and 
insulators are reviewed in Section 2.6.4 of OLRP-1001. This review of the switchyard bus 
includes the hardware used in connections to insulators and transmission conductors.  

The 230 kV Switchyard structures are the only structures within scope that support the 
switchyard bus. Rather than scoping the switchyard bus in the 230 kV Switchyard, a bounding 
set of switchyard bus is chosen which contains all switchyard bus in the 230 kV Switchyard.  
Therefore, all switchyard bus in the 230 kV Switchyard is included in the aging management 
review.  

The list of switchyard bus subject to aging management review is provided in 
Table 2.6-5. Figure 2.6-4 is a one-line diagram showing the 230 kV Switchyard layout.  
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2.6.3 INSULATED CABLES AND CONNECTIONS 

An insulated cable is an assembly of a single electrical conductor (wire) with an insulation 
covering or a combination of conductors insulated from one another having overall coverings.  
Cable connections are used to connect the cable conductors to other cables or electrical devices 
and include compression connectors, fusion connectors, plug-in connectors, splice insulation 
systems (heat-shrink or tape), and terminal blocks.  

Insulated cables and connections are grouped into two applications: power and instrumentation 
and control (I&C), as defined below.  

* Power Applications: Insulated cables and connections used to supply power to devices or 
components where the cables carry a large amount of current, relative to their rating, for 
significant periods of time and, therefore, may be subject to self-heating temperature rise 
from the current they carry.  

* I&C Applications: Insulated cables and connections used to supply power to devices or 
components where the cables carry a small amount of current, relative to their rating, or carry 
current for insignificant periods of time and, therefore, are subject to insignificant self
heating temperature rise from the current they carry.  

Insulated cables and connections evaluated in this section are those that are separate components 
and not part of some larger complex assembly (e.g., motor, switchgear, relay, transformer, power 
supply, charger, penetration assembly). Insulated cable and connection structural supports 
(e.g., cable tray, conduit, trenches) are reviewed in Sections 2.7 and 3.7 of OLRP-1001.  

Insulated cables and connections installed at Oconee that have been determined not to be subject 
to aging management review are described in Section 2.6.6.1.  

The list identifying insulated cables and connections included in the aging management review is 
grouped based on insulation material. Reasonable assurance exists that all cable and connection 
insulation materials have been identified or that the identified insulation materials bound the 
physical properties of all cable and connection materials. Cable insulation materials are not 
linked directly with specific manufacturers and, therefore, the aging management review takes 
the bounding approach that any insulated cable type could have been supplied by any 
manufacturer.  

The insulated cables and connections included within the aging management review are listed in 
Table 2.6-6. A cross section of a typical insulated cable is shown in Figure 2.6-5.  
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2.6.4 INSULATORS 

An insulator is an insulating material in a form designed to (a) support a conductor physically 
and (b) separate the conductor electrically from another conductor and object. The insulators 
evaluated in the electrical Integrated Plant Assessment are station post, strain, and suspension 
insulators used to support uninsulated, high voltage electrical components (e.g., transmission 
conductors, switchyard bus).  

Insulators evaluated in this section are those that are separate components and not part of a larger 
complex assembly. Insulators interface with structural steel supports and connecting hardware 
which are reviewed in Sections 2.7 and 3.7, transmission conductors and connecting hardware 
which are reviewed in Section 2.6.5, and switchyard bus and connecting hardware which are 
reviewed in Section 2.6.5 of OLRP-1001.  

Insulators are identified by their supporting structures. The 230 kV Keowee Transmission Line 
structures, 230 kV Switchyard structures, Keowee Transformer Yard structures associated with 
Keowee Transformer 1, and Oconee Transformer Yard structures associated with Transformers 
CT1, CT2 and CT3 are the only structures within scope that support insulators. Rather than 
scoping the insulators supported by these structures, a bounding set of insulators is chosen which 
contains all insulators supported by these structures. These insulators support disconnect 
switches, switchyard bus and transmission conductors. Therefore, all insulators supported by 
230 kV Keowee Transmission Line structures, 230 kV Switchyard structures, Keowee 
Transformer Yard structures associated with Keowee Transformer 1, and Oconee Transformer 
Yard structures associated with Transformers CT1, CT2 and CT3 are included in the aging 
management review.  

A list of the insulators subject to aging management review is provided in Table 2.6-7.  
Figure 2.6-6 is a cross-section drawing of a typical strain or suspension insulator and 

a cross-section of a typical post insulator is shown in Figure 2.6-7.  

2.6-5 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Electrical Components 

2.6.5 TRANSMISSION CONDUCTORS 
Transmission conductors are uninsulated, stranded wire conductors and are used outside 
buildings in high voltage applications. Transmission conductors interface with insulators which 
are reviewed in Section 2.6.4 and switchyard bus and connecting hardware which are reviewed in 
Section 2.6.2.2 of OLRP-1001. This review of transmission conductors includes the hardware 
used in connections to insulators.  

Transmission conductors are identified by the insulators that support them. Rather than scoping 
the transmission conductors, a bounding set of transmission conductors is chosen that contain all 
transmission conductors supported by the insulators identified in Table 2.6-7. Therefore, all 
transmission conductors supported by insulators identified in Table 2.6-7 are included in the 
aging management review.  

A list of transmission conductors included in the aging management review is provided in 
Table 2.6-8.  
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2.6.6 ELECTRICAL COMPONENTS NOT SUBJECT TO AGING MANAGEMENT REVIEW 

The process to determine the types of Oconee electrical components subject to aging 
management review initially relied on determinations made in §54.21(a)(1)(i), and NEI 95-10, 
Revision 0, Appendix B and in a written communication from the NRC to the industry 
[Reference 2.6-3]. Items 122, 139, 140, 143, and 144 of NEI 95-10, Revision 0, Appendix B 
require plant-specific review to determine whether or not they are subject to aging management 
review. [Footnote 1] The sections below provide the basis for the determination that these and 
other specific electrical component types are not subject to aging management review at Oconee.  

2.6.6.1 Insulated Cables and Connections Not Subject to Aging Management Review 

2.6.6.1.1 INSULATED CABLES AND CONNECTIONS INCLUDED IN THE OCONEE EQ 
PROGRAM 

Numerous insulated cables and connections are relied on in safety analyses and plant evaluations 
to perform a function that demonstrates compliance with 10 CFR, §50.49. As such, these 
insulated cables and connections are included in the Oconee Environmental Qualification (EQ) 
Program. The Oconee EQ Program is described in the UFSAR [Reference 2.6-4, Chapter 3.11].  
Insulated cables and connections, as included in the Oconee EQ Program, have a documented, . administratively controlled qualified life. With a documented qualified life, insulated cables and 
connections included in the Oconee EQ Program are a replacement item as described in 
§54.21(a)(1)(ii). Therefore, insulated cables and connections included in the Oconee EQ 
Program are not subject to aging management review.  

2.6.6.1.2 INSULATED CABLES AND CONNECTIONS USED FOR FIRE DETECTORS AS 
PART OF THE FIRE DETECTION SYSTEM 

Insulated cables and connections are used to connect fire detectors to the other parts of the Fire 
Detection System. The Fire Detection System is not required to mitigate the consequences of a 
design basis accident and has no seismic design classification as defined in Section L-6 of 
10 CFR Part 50, Appendix R. In addition, no potential seismic interaction exists between the 
Fire Detection System equipment and QA Condition 1 equipment, and the wiring of this system 
is supervised to provide a trouble alarm for any open circuit, short circuit, or ground condition.  

In addition to the continuous circuit monitoring, each fire detector is tested for operability 
monthly by performance of a Channel Functional Test using the Fire Detection Instrumentation 
Control Board Panel Test Switch as directed by the UFSAR [Reference 2.6-4 , Chapter 16, 
Selected Licensee Commitments, Section 16.9.6, Fire Detection Instrumentation]. This test is a 

1. Item 68, Recombiners, which are also required to be reviewed on a plant specific basis are being addressed by 
Duke in Section 2.5.10, "Post-Accident Hydrogen Control," of OLRP-1001.  
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communication check between each fire detector and the control board. Since the test is 
conducted using the insulated cables and connections for communication, it is a performance test 
of the insulated cables and connections. Any failure of this test or trouble alarm indication is 
identified and the problem is remedied with the insulated cable or connection being replaced as 
appropriate. Therefore, the fire detector insulated cables and connections are excluded from an 
aging management review based on the criteria of §54.21(a)(1)(ii).  

Excluding components under the criteria of §54.21(a)(1)(ii) on the grounds that they are replaced 
based on a performance or condition program, is addressed in the Statement of Consideration 
(SOC) of the Final Rule [Reference 2.6-2, Section I.f.(i)(b)]. The SOC does not explicitly 
preclude site-specific justification that a replacement program based on component performance 
provides reasonable assurance that the intended function of the component will be maintained in 
the period of extended operation. The expected attributes of a program to address this are also 
given in the SOC [Reference 2.6-2, Section I.f.(i)(b)].  

SOC to 10 CFR Part 54, Section I.f.(i)(b) 

... the Commission would generally expect that such a replacement program would 
have defined performance or condition measuring methods (e.g., wall thickness of 
heat exchanger tubes), an established monitoring frequency that supports timely 
discovery of degraded conditions (e.g., every refueling outage), and an appropriate 
replacement criterion (e.g., upon reaching a specified number of tubes plugged).  

The fire detector insulated cables and connections meet the attributes described in the SOC. The 
condition and performance capability of the fire detector insulated cables and connections is 
monitored via continuity, short circuit, and functional circuit checks. The insulated cables and 
connections are continuously monitored for continuity and short circuits. They also are 
performance tested monthly; frequent enough for timely discovery of a degraded condition. If an 
insulated cable or connection malfunction is found that is due to age degradation, it will be 
replaced (or repaired if appropriate). The Fire Detection System and the regulated administrative 
controls provide reasonable assurance that the intended function of the fire detector insulated 
cables and connections will be maintained during the period of extended operation. Therefore, 
the fire detector insulated cables and connections are excluded from aging management review 
based on the criteria of §54.21(a)(1)(ii).  
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0 
2.6.6.2 Electrical Penetration Assemblies 

Penetration assemblies are used to pass electrical circuits through the Reactor Building outer wall 
while maintaining containment integrity.  

Electrical penetration assemblies are designated as safety-related and installed electrical 
penetration assemblies are relied on in safety analyses and plant evaluations to perform a 
function that demonstrates compliance with §50.49. As such, electrical penetration assemblies 
are included in the Oconee Environmental Qualification (EQ) Program. The Oconee EQ 
Program is described in the UFSAR [Reference 2.6-4, Chapter 3.11]. Electrical penetration 
assemblies, as included in the Oconee EQ Program, have a documented, administratively 
controlled qualified life. With a documented qualified life, electrical penetration assemblies are 
replacement items as described in §54.21(a)(1)(ii). Therefore, electrical penetration assemblies 
are not subject to aging management review.  

The integrated plant assessment of the metallic portion of the electrical penetration assemblies is 
provided as part of the Reactor Building (Containment) review in Sections 2.3 and 3.3 of 
OLRP-1001.  

2.6.6.3 Heat Tracing & Electric Heaters 
Heat tracing and electric heaters are identified as Items 139 and 140, respectively, in NEI 95-10, 
Revision 0 [Reference 2.6-1, Table B-i], but no determination was made as to whether or not 
they are subject to aging management review. This determination is required to be performed on 
a plant-specific basis. However, in a NRC written communication to the industry [Reference 
2.6-3], the NRC determined that heat tracing and electric heaters are not subject to aging 
management review.  

2.6.6.4 Transformers 
Transformers are identified as Items 122, 143, and 144 in NEI 95-10, Revision 0 
[Reference 2.6-1, Table B-1], but no determination was made of whether or not they are passive.  
This determination is required to be performed on a plant-specific basis. Transformers are not 
identified in §54.21(a)(1)(i). However, in a NRC written communication to the industry 
[Reference 2.6-3], the NRC determined that transformers are not subject to aging management 
review.  

2.6.6.5 Resistance Temperature Detectors (RTDs) 

RTDs are identified in NEI 95-10, Revision 0, Appendix B as performing their function without 
moving parts or without a change in configuration or properties. Duke does not agree with this 
determination for the following reason. The function of an RTD is to convert a measured 
physical parameter into a proportional electrical parameter. The electrical parameter is the 
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resistance between the RTD terminals. This resistance is an electrical property of the RTD and it 
changes in proportion to the physical parameter being measured. The proportional variations in 
the RTD terminal resistance are integral to the function of an RTD and only exist when it is 
performing its function; i.e., an RTD performs its function by changing its electrical properties.  
This indicates that RTDs do not perform their function without moving parts or without a change 
in configuration or properties. Therefore, RTDs are not subject to aging management review 
based on the criteria of §54.21(a)(1)(i).  

2.6.6.6 Thermocouples 

Thermocouples are identified in NEI 95-10, Revision 0, Appendix B as performing their function 
without moving parts or without a change in configuration or properties. Duke does not agree 
with this determination for the following reason. The function of a thermocouple is to convert a 
measured physical parameter (thermal energy) into a proportional electrical parameter. The 
electrical parameter is the voltage between the thermocouple terminals. A thermocouple consists 
of a junction of two dissimilar metallic conductors (e.g., copper and iron) in which an 
electromotive force (voltage) is induced when the conductors are maintained at different 
temperatures; the force being related to the temperature difference.  

The thermocouple is used to determine the temperature of a third substance by connecting it to 
the junction of the metals and measuring the electromotive force (voltage) produced. The 
voltage produced by this process is an electrical property of the thermocouple and it changes in 
proportion to the thermal energy being measured. The proportional variations in the 
thermocouple terminal voltage are integral to the function of a thermocouple and only exist when 
it is performing its function (i.e.a thermocouple performs its function by changing its electrical 
properties). This indicates that thermocouples do not perform their function without moving 
parts or without a change in configuration or properties. Therefore, thermocouples are not 
subject to aging management review based on the criteria of §54.21(a)(1)(i).  

2.6.6.7 Fuses 

Fuses have two functions: 

* Disconnect an electrical circuit at a predetermined current and duration 

* Maintain electrical circuit continuity during normal circuit operation 

Each of these functions are discussed separately below.  

2.6.6.7.1 DISCONNECT AN ELECTRICAL CIRCUIT AT A PREDETERMINED CURRENT 
AND DURATION - FUSES 

One function of a fuse is to disconnect an electrical circuit at a predetermined current and 
duration. This fuse function is identified in the September 19, 1997, NRC letter to NEI as being 
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40 
excluded from an aging management review. This identification indicates, and Duke agrees, that 
the function of a fuse is to disconnect an electrical circuit at a predetermined current and duration 
is not performed without moving parts or without a change in configuration or properties.  
Therefore, the function of a fuse to disconnect an electrical circuit at a predetermined current and 
duration is not subject to aging management review.  

2.6.6.7.2 MAINTAIN ELECTRICAL CIRCUIT CONTINUITY DURING NORMAL CIRCUIT 
OPERATION - FUSES 

The second function of a fuse is to maintain electrical circuit continuity during normal circuit 
operation. Electrical continuity, as a component function, is common to all electrical 
components since no electrical component would function without it. Several electrical 
components listed in §54.21(a)(1)(i) have been excluded from aging management review: 

§54.21 Contents of Application - Technical Information 

Each application must contain the following information: 

(a) An integrated plant assessment (IPA). The IPA must -

(1) For those systems, structures, and components within the scope of this part, as 
delineated in §54.4, identify and list those structures and components subject to 

an aging management review. Structures and components subject to an aging 
management review shall encompass those structures and components -

(i) That perform an intended function, as described in §54.4, without moving 
parts or without a change in configuration or properties. These structures and 
components include, but are not limited to, ..., excluding, but not limited to, 
... motors, diesel generators, ... , pressure transmitters, pressure indicators, 
water level indicators, switchgears, cooling fans, transistors, batteries, 
breakers, relays, switches, power inverters, circuit boards, battery chargers, 
and power supplies; ....  

The electrical continuity function for each component listed in §54.21(a)(1)(i) has been excluded 
from aging management review. The electrical continuity function is normally tested by 
performance testing-when energized, the component either works or it does not work. This 
work or not-work performance test is the most common way of testing electrical components 
listed above in §54.21(a) as well as all other electrical components, including fuses, that are not 
listed above.  

The following statement was also made in the September 19, 1997, NRC letter to NEI [Reference 
2.6-3]: 
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Unlike other electrical components which have similar continuity functions such as 
breakers, switches, and relays which have been excluded in §54.21(a)(1)(i) from an 
aging management review, degradation of the fuse's ability to perform this intended 
function due to aging is not readily monitorable. Degradation of the fuse's intended 
continuity function may not result in detectable losses in associated system safety 
function until degradation becomes unacceptable.  

This statement assumes that aging degradation of a component must be monitorable or the 
component cannot be excluded under §54.21(a)(1)(i). Component examples listed in 
§54.21(a)(1)(i) contradict this assumption. Transistors and circuit boards are two examples of 
components whose aging degradation cannot be monitored, yet the components are excluded 
from aging management review. Section 54.21(a)(1)(i) sets the precedent for such 
determinations and for the characteristics of components that can be excluded.  

The continuity function of fuses is no different than the continuity function of electrical 
components excluded from aging management review in §54.21(a)(1)(i). The continuity 
function of fuses is performance tested the same way as it is performance tested in electrical 
components excluded from aging management review in §54.21(a)(1)(i). Degradation of the 
continuity function is not (or not easily) monitorable for fuses, just as it is not monitorable for 
electrical components excluded from an aging management review in §54.21(a)(1)(i). Therefore, 
based on the express exclusion of the identical function in electrical components listed in 
§54.21(a)(1)(i), the continuity function of fuses is not subject to aging management review.  

2.6.6.7.3 CONCLUSION - FUSES 

Both functions of a fuse (disconnect an electrical circuit at a predetermined current and duration, 
and maintain electrical circuit continuity during normal circuit operation) are excluded from 
aging management review based on the criteria in §54.21(a)(1)(i).  
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2.6.7 STRUCTURES AND AREAS CONTAINING ELECTRICAL COMPONENTS SUBJECT TO AGING 
MANAGEMENT REVIEW 

The Oconee electrical component integrated plant assessment is a component-based review 
where component characteristics are compared to their service conditions. Identifying plant 
structures and areas that contain electrical components subject to aging management review (or 
stated conversely, eliminating those structures and areas that do not contain electrical 
components subject to aging management review) reduces the number of areas for which 
component service conditions need to be determined.  

Electrical components are installed in, attached to, or otherwise supported by a structure 
(e.g., building, cable trench, structural steel, conduit). The only exception is direct buried cables.  

Section 2.7 of OLRP-1001 identifies the Oconee structures which have been determined to be 
subject to aging management review. By eliminating structures and areas that do not contain any 
electrical components that are within the scope of license renewal and by adding direct buried 
cables as part of Yard Structures, the structures and areas that contain electrical components 
within the scope of license renewal are identified. This list is provided in Table 2.6-9.  
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2.6.8 REFERENCES FOR SECTION 2.6 

2.6-1. NEI 95-10, Revision 0, Industry Guideline for Implementing the Requirements of 10 CFR 
Part 54 - The License Renewal Rule, Nuclear Energy Institute, March 1996.  

2.6-2. Final License Renewal Rule, 10 CFR Part 54, 60 FR 22461, May 8, 1995.  

2.6-3. C. I. Grimes (NRC) letter dated September 19, 1997 to D. Walters (NEI), Project 690, 
Determination of Aging Management Review for Electrical Components.  

2.6-4. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  
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Table 2.6-1 Electrical Component Types Subject to Aging Management Review and 

Their Intended Functions 

Component Intended Function(s) 

Bus Provide electrical connection between two sections of 
* Isolated Phase Bus an electrical circuit.  
* Nonsegregated-Phase Bus 
* Segregated-Phase Bus 
* Switchyard Bus 

Insulated Cables & Connections Provide electrical connection between two sections of 
an electrical circuit.  

Insulators [separate, high voltage equipment] Insulate and support an electrical conductor.  

Transmission Conductors Provide electrical connection between two sections of 
an electrical circuit.  
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Table 2.6-2 Isolated-Phase Bus Subject to Aging Management Review 

Bus Section Connecting Terminal Terminal Location 

Keowee 13.8 kV Bus No. 1 Unit 1 Main Switchgear Keowee Power House 

Transformer 1 Keowee Transformer Yard 

Keowee 13.8 kV Bus No. 2 Unit 2 Main Switchgear Keowee Power House 
(and through Keowee Breaker Vault) 

Transformer 1 Keowee Transformer Yard 
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Table 2.6-3 Nonsegregated-Phase Bus Subject to Aging Management Review 

Bus Section Connecting Terminals Terminal Location 

4160V Switchgear B IT-2 Unit 1&2 Switchgear Blockhouse 
4160V Main Feeder Bus #1 Unit 1 4160V Switchgear BIT-6 Unit 1&2 Switchgear Blockhouse 

4160V Switchgear 1TC-14 Turbine Building 
4160V Switchgear ITD-14 Turbine Building 
4160V Switchgear 1TE-14 Turbine Building 

4160V Switchgear B2T-8 Unit 1&2 Switchgear Blockhouse 
4160V Main Feeder Bus #2 Unit 1 4160V Switchgear B2T-12 Unit 1&2 Switchgear Blockhouse 

4160V Switchgear ITC-1 Turbine Building 
4160V Switchgear ITD-I Turbine Building 
4160V Switchgear ITE-1 Turbine Building 

4160V Switchgear B IT-3 Unit 1&2 Switchgear Blockhouse 
Transformer IT 4160V Bus 4160V Switchgear B2T-1 1 Unit 1&2 Switchgear Blockhouse 

Transformer I T-4160V Oconee Transformer Yard 

4160V Switchgear BIT-I Unit 1&2 Switchgear Blockhouse 
4160V Emergency Start-up Bus 4160V Switchgear B2T-13 Unit 1&2 Switchgear Blockhouse 

Transformer CT I-4160V Oconee Transformer Yard 
4160V Switchgear B1T-13 Unit 1&2 Switchgear Blockhouse 
4160V Switchgear B2T-1 Unit 1&2 Switchgear Blockhouse 
Transformer CT2-4160V Oconee Transformer Yard 
4160V Switchgear 3BIT-1 Unit 3 Switchgear Blockhouse 
4160V Switchgear 3B2T-5 Unit 3 Switchgear Blockhouse 
Transformer CT3-4160V Oconee Transformer Yard 

4160V Switchgear B IT-5 Unit 1&2 Switchgear Blockhouse 
Transformer CT4 4160V Bus 4160V Switchgear B2T-9 Unit 1&2 Switchgear Blockhouse 

Transformer CT4 Unit 1&2 Switchgear Blockhouse 

4160V Switchgear BIT-8 Unit 1&2 Switchgear Blockhouse 
4160V Main Feeder Bus #1 Unit 2 4160V Switchgear BIT-12 Unit 1&2 Switchgear Blockhouse 

4160V Switchgear 2TC-1 Turbine Building 
4160V Switchgear 2TD-1 Turbine Building 
4160V Switchgear 2TE-1 Turbine Building 

4160V Switchgear B2T-2 Unit 1&2 Switchgear Blockhouse 
4160V Main Feeder Bus #2 Unit 2 4160V Switchgear B2T-6 Unit 1&2 Switchgear Blockhouse 

4160V Switchgear 2TC-14 Turbine Building 
4160V Switchgear 2TD-14 Turbine Building 
4160V Switchgear 2TE-14 Turbine Building 

Table 2.6-3 is continued on the next page.  
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Table 2.6-3 Nonsegregated-Phase Bus Subject to Aging Management Review 

(continued) 

Bus Section Connecting Terminals Terminal Location 

4160V Switchgear BIT- 11 Unit 1&2 Switchgear Blockhouse 
Transformer 2T 4160V Bus 4160V Switchgear B2T-3 Unit 1&2 Switchgear Blockhouse 

Transformer 2T/4160V Terminals Oconee Transformer Yard 
4160V Switchgear B IT-7 Unit 1&2 Switchgear Blockhouse 

4160V Main Feeder Bus #1 Unit 3 4160V Switchgear 3B1T-3 Unit 3 Switchgear Blockhouse 
4160V Switchgear 3TC- I Turbine Building 
4160V Switchgear 3TD- 1 Turbine Building 
4160V Switchgear 3TE-1 Turbine Building 
4160V Switchgear B2T-7 Unit 1&2 Switchgear Blockhouse 

4160V Main Feeder Bus #2 Unit 3 4160V Switchgear 3B2T-2 Unit 3 Switchgear Blockhouse 
4160V Switchgear 3TC-14 Turbine Building 
4160V Switchgear 3TD-14 Turbine Building 
4160V Switchgear 3TE-14 Turbine Building 
4160V Switchgear 3BIT-5 Unit 3 Switchgear Blockhouse 

Transformer 3T 4160V Bus 4160V Switchgear 3B2T-1 Unit 3 Switchgear Blockhouse 
Transformer 3T/4160V Terminals Oconee Transformer Yard 
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Table 2.6-4 Segregated-Phase Bus Subject to Aging Management Review 

Bus Section Connecting Terminals Terminal Location 

Keowee Unit 1 Generator Bus Unit 1 Generator Keowee Powerhouse 

Unit 1 Main Switchgear Keowee Powerhouse 

Keowee Unit 1 Underground Feeder Bus Unit 1 Main Switchgear Keowee Powerhouse 

Underground Feeder Switchgear Keowee Breaker Vault 

Keowee Unit 2 Generator Bus Unit 2 Generator Keowee Powerhouse 

Unit 2 Main Switchgear Keowee Powerhouse 

Keowee Unit 2 Underground Feeder Bus Unit 2 Main Switchgear Keowee Powerhouse 

Underground Feeder Switchgear Keowee Breaker Vault 
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Table 2.6-5 Switchyard Bus Included in the Aging Management Review 

Bus Name Connecting Terminals 

230 kV Switchyard Red Bus Disconnect switch for PCB 4 
Disconnect switch for PCB 7 
Disconnect switch for PCB 10 
Disconnect switch for PCB 13 
Disconnect switch for PCB 16 
Disconnect switch for PCB 19 
Disconnect switch for PCB 22 
Disconnect switch for PCB 25 
Disconnect switch for PCB 28 
Disconnect switch for PCB 31 

230 kV Switchyard Yellow Bus Disconnect switch for PCB 9 
Disconnect switch for PCB 12 
Disconnect switch for PCB 15 
Disconnect switch for PCB 18 
Disconnect switch for PCB 21 
Disconnect switch for PCB 24 
Disconnect switch for PCB 27 
Disconnect switch for PCB 30 
Disconnect switch for PCB 33 

Transformer 4T Bus Disconnect switch for PCB 4 
Disconnect switch for Transformer 4T 

Bus for Switchgear B3T Feeder Transformer 4T 
Cable for Switchgear B3T 

Dacus Black Transmission Line Bus Disconnect switch for PCB 7 
Disconnect switch for PCB 8 

Keowee Transmission Line Bus Disconnect switch for PCB 8 
Disconnect switch for PCB 9 

Dacus White Transmission Line Bus Disconnect switch for PCB 10 
Disconnect switch for PCB 11 

Jocassee White Transmission Line Bus Disconnect switch for PCB 11 
Disconnect switch for PCB 12 

Oconee Black Transmission Line Bus Disconnect switch for PCB 13 
Disconnect switch for PCB 14 

Jocassee Black Transmission Line Bus Disconnect switch for PCB 14 
Disconnect switch for PCB 15 

Oconee White Transmission Line Bus Disconnect switch for PCB 16 
Disconnect switch for PCB 17 

Transformer CT1 Busline Disconnect switch for PCB 17 
Disconnect switch for PCB 18 

Calhoun Black Transmission Line Bus Disconnect switch for PCB 19 
Disconnect switch for PCB 20 
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Table 2.6-5 Switchyard Bus Included in the Aging Management Review 
(Continued) 

Bus Name Connecting Terminals 

Oconee Unit 1 Busline Disconnect switch for PCB 20 
Disconnect switch for PCB 21 

Calhoun White Transmission Line Bus Disconnect switch for PCB 22 
Disconnect switch for PCB 23 

Oconee Unit 2 Busline Disconnect switch for PCB 23 
Disconnect switch for PCB 24 

PCB 25 to PCB 26 Bus Disconnect switch for PCB 25 
Disconnect switch for PCB 26 

Transformer CT2 Busline Disconnect switch for PCB 26 
Disconnect switch for PCB 27 

Transformer CT3 Busline Disconnect switch for PCB 28 
Disconnect switch for PCB 30 

525 kV Autotransformer Disconnect switch for PCB 31 
Disconnect switch for PCB 33 

Transformer 5T Bus 525 kV Autotransformer 
Transformer 5T 

525 kV Spare Autotransformer Bus Spare 525 kV Autotransformer 

________________________________525 kV Busline 

PCB - power circuit breaker 
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Table 2.6-6 Insulated Cables And Connections Subject to 
Aging Management Review 

Materials 

Insulation Cable Applications & Power Cable Sizes 
Jacket 

AVA I&C: Special Cable Shield Grounding System 

Butyl PVC POWER: 600V Power; 350 MCM 

EP, EPR, CPE, I&C: 600V Control, Bailey System Interconnection Cable, Control, Festooned Cable 
EPDM, FR-XLPE, for Radiation Monitoring on the Bridge, Festooned Computer Cable to Fuel Handling 
FR-EPR Neoprene, Bridge, Instrument Cable, Oconee to Keowee Control, Thermocouple Extension 

PVC Cable; POWER: 600V Power, 4kV Power, Oconee-Keowee 5kV Power, 7kV 
Power, Oconee-Keowee 15kV Power, Discharge to Keowee-Tailrace Valve 
#1/13/77, Lighting; #12, #10, #6, #5, #4, #2, #1, #2/0, #3/0, #4/0 AWG, 250, 350, 
500, 600 MCM; CONNECTIONS: Plug-in Connectors (I&C, Power), Splice 
Insulation Systems (tape) 

Fiberglass PVC I&C: Thermocouple (Incore Instrumentation) 

Hypalon Hypalon, I&C: Festooned Cable for Control Interlocking on the Bridge, Instrumentation Cable 
Neoprene (RB), Rod Control, Thermocouple Cable (RB); POWER: Festooned Cable for 

Power to Bridge, Rod Control; #8, #6, #4 AWG 

Kapton POWER: Pressurizer Heater Cable; #6 AWG; CONNECTIONS: Plug-in 
Connectors (I&C, Power) 

Kerite-HTK PVC POWER: 600V Power; #10, #6, #2, #2/0 AWG, 250, 500 MCM; 
CONNECTIONS: Plug-in Connectors (I&C, Power) 

Nylon CONNECTIONS: Terminal Blocks (I&C) 

PE PE, PVC I&C: 52 ohm Carrier & Transfer Trip, Communication Cable, Incore 
Instrumentation, Nuclear Instrumentation, RC Pump Vibration Monitor, Source 
Range Pre-Amp Low Voltage Cable, Telephone Cable, Trash Rack Vibration 
Monitor, TV Camera Cable Belden, Video Pair for Carrier Relays; POWER: 120 & 
208V Lighting & Transformer Secondaries, Lighting; #12, #10, #2, #2/0 AWG, 250 
MCM 

Phenolic CONNECTIONS: Terminal Blocks (I&C, Power) 

Polyalkene PVF I&C: General Purpose Hook-up 
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Table 2.6-6 Insulated Cables And Connections Subject to 
Aging Management Review 

(continued) 

Materials 

Insulation Cable Applications & Power Cable Sizes 
Jacket 

PVC Hypalon, I&C: Annunciator Prefab. Cable, Bailey System Interconnecting Cable, Computer 
PVC (Special), Computer Cable (Switchyard to Control Room), Control Rod Drive 

Cabinet to Unit Control Board, GE Supplied EHC Cable 60 ft. Long, ICS Simulator 
Cable, Instrumentation Cable, Incore Instrumentation, Intrasite Telephone System, 
Keowee to Oconee Interface, P. A. System, Process Radiation Monitoring Cable, 
Staging Voice Paging System, Thermocouple Cable, TV Camera Cable Belden; 
CONNECTIONS: Splice Insulation Systems/Tape (tape) 

SR I&C: Control Rod Drive; POWER: 600 V Power, Control Rod Drive Rod Control; 
#8, #4, #3/0 AWG, 300, 500 MCM; CONNECTIONS: Plug-in Connectors (I&C, 
Power), Splice Insulation Systems (tape) 

XLP, CPE, I&C: 600V Control, Alarms and Signals, Bailey System Interconnection Cable, 
XLPE, FR-XLPE, Containment Instrumentation, Control (Switchyard to Control Room), Instrument 
Vulkene, Neoprene, Cable, Instrumentation Cable (RB), Misc. Instrumentation Not To Be Used in RB, 
FR-XLPE PVC Radiation Monitor Cable, Switchboard Hook-Up Wire, Thermocouple Cable (RB); 

POWER: 120 & 208V Lighting, Lighting and Power Panelboard, Transformer 
Secondaries & Associated Equipment, Lighting; #12, #10, #6, #2, #2/0 AWG, 500 
MCM; CONNECTIONS: Plug-in Connectors (I&C, Power), Splice Insulation 
Systems/Heat Shrink Tubing (I&C, Power) 
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Table 2.6-7 Insulators Included in the Aging Management Review 

Description 

Insulators supporting disconnect switches in the 230 kV Switchyard 

Insulators supporting disconnect switches in the Keowee Transformer Yard 

Insulators supporting switchyard bus in the 230 kV Switchyard 

Insulators supporting Transformer CT1 Bus Lines 

Insulators supporting Transformer CT2 Bus Lines 

Insulators supporting Transformer CT3 Bus Lines 

Insulators supporting transmission conductors in the 230 kV Switchyard 

Insulators supporting the Keowee Transmission Line 
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Table 2.6-8 Transmission Conductors Included in the Aging Management Review 

Description 

Transmission conductors used in the Transformer CT1 Bus Lines 

Transmission conductors used in the Transformer CT2 Bus Lines 

Transmission conductors used in the Transformer CT3 Bus Lines 

Transmission conductors used in the 230 kV Switchyard 

Transmission conductors used in the 230 kV Keowee Transmission Line 
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Table 2.6-9 Structures and Areas Included in The Electrical Component 
Integrated Plant Assessment 

Structure or Area Description 

Auxiliary Buildings Includes all levels of all 3 unit Auxiliary Buildings including the Hot 
Machine Shop and Spent Fuel Pools for Units 1&2 (shared) and 
Unit 3, and Penetration Rooms 

Intake Structure Includes the CCW pump Intake Structure 

Keowee Structures Includes the Breaker Vault, Intake Structure, Penstock, Powerhouse, 
Service Bay Structure, and Spillway 

Reactor Buildings Includes all levels of all three Reactor Buildings and the Unit Vents 

Standby Shutdown Facility Includes all levels and rooms in the Standby Shutdown Facility 

Turbine Buildings Includes all levels of all 3 unit Turbine Buildings and the Switchgear 
Blockhouses for Units 1&2 (shared) and Unit 3 

Yard Structures Includes all areas and components outside the other buildings.  
Specifically, this includes the following: 
* 230kV Keowee Transmission Line Towers 

230kV Switchyard Structures and Relay House (includes the 
area within the switchyard boundary fence) 

* Appendix R Warehouse [Appendix R cable only] 
* Cable Conduit 
* Cable Trenches 
* Direct Buried Cables 
* Elevated Water Storage Tank 
* Keowee Transformer Yard [for components associated with 

Keowee Transformer 1] (includes the gravel covered area outside, 
on the South side of the Keowee Powerhouse structure where 
Keowee Transformer 1 and Keowee transmission line support 
structures are located) 

* Oconee Transformer Yard [for components associated with 
Transformers CT1, CT2 and CT3] (includes the gravel covered 
area outside, on the East side of the Turbine Buildings where the 
unit main step-up transformers and the unit start-up transformers 
are located) 
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Figure 2.6-1 Cross Section - Isolated-Phase Bus 
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Figure 2.6-2 Cross Section - Nonsegregated-Phase Bus 
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Figure 2.6-3 Cross Section - Segregated-Phase Bus 
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Figure 2.6-4 Oconee 230 kV Switchyard One-Line Diagram 
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Figure 2.6-5 Cross-Section of a Typical Oconee Power Cable 
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Figure 2.6-6 Cross Section of a Typical Strain/Suspension Insulator 
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Figure 2.6-7 Cross Section of a Typical Post Insulator 
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2.7 STRUCTURES & STRUCTURAL COMPONENTS 

2.7.1 DESCRIPTION OF THE PROCESS TO IDENTIFY STRUCTURAL COMPONENTS 
SUBJECT TO AGING MANAGEMENT REVIEW 

The determination of Oconee structures within the scope of license renewal is made by 
initially identifying all Oconee structures and then reviewing each structure to determine 
which ones satisfy one or more of the criteria contained in §54.4. This process is 
described in Section 2.2 of OLRP-1001. Section 2.7 contains the information required by 
§§54.21(a)(1) and (a)(2) for Oconee structural components that are subject to aging 
management review for license renewal.  

In order to optimize the aging management review, structures which are attached to or 
contained within larger structures have been reviewed with the larger structure. In 
addition, earthen embankments have been reviewed collectively because of their similar 
material of construction and aging management programs. The following is a 
consolidated list of Oconee structures that have been determined to be subject to aging 
management review for license renewal: 

* Auxiliary Buildings, which include Hot Machine Shop, Spent Fuel Pools for 
Units 1 & 2 (shared), and Unit 3 

* Earthen Embankments, which include Intake Canal Dike, Keowee River Dam, and 
Little River Dam and Dikes 

* Intake Structure 
* Keowee Structures, which include Breaker Vault, Intake Structure, Penstock, 

Powerhouse, Service Bay Structure, and Spillway 
* Reactor Buildings Internal Structure and the Unit Vent Stacks 
* Standby Shutdown Facility 
* Turbine Buildings, which include Switchgear Enclosures for Units 1 & 2 (shared) and 

Unit 3 
* Yard Structures, which include all areas and components outside the other buildings.  

Specifically, the 230 kV Keowee Transmission Line towers, 230 kV Switchyard 
Structures and Relay House, trenches, Elevated Water Storage Tank, Keowee 
Transformer Yard, and Oconee Transformer Yard 

Following the establishment of the evaluation boundaries of the Oconee structures, the 
structural components within each of these structures are identified. A generic list of 
structural components was developed by using the lists of components provided in 
NUMARC Containment and Class I Structures Industry Reports and Appendix B of 
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NEI 95-10, Revision 0 [References 2.7-1, 2.7-2, and 2.7-3 respectively]. Additional 
components were added following the review of commitments made for compliance with 
the following regulated events: fire protection, environmental qualification, pressurized 
thermal shock, anticipated transients without scram and station blackout. Finally, several 
Oconee-specific documents were reviewed to determine if any other structural 
components should be added to the list.  

The functions of the structures were determined from a review of information contained 
in the Oconee UFSAR [Reference 2.7-4], Oconee engineering specifications, and 
regulated events documentation. The functions of structural components were 
determined from a review of the commitments made in response to design basis events 
and regulated events. The structural component function(s) may support the intended 
function(s) of the structure or may have a unique function that does not support the 
intended function of the structure. A case in point is the spent fuel storage racks. The 
racks are contained in the Auxiliary Building. The intended functions of the Auxiliary 
Building are identified in Table 2.7-1. A unique function of the spent fuel racks is to 
maintain separation of the fuel assemblies to prevent criticality. Table 2.7-1 through 
Table 2.7-8 identify, for each structure identified above, the structural components that 
are within the scope of license renewal as well as the intended functions of each of these 
structural components.  

Structures and structural components interface with other types of components at Oconee 
and the assessment of these interfacing components is provided in other sections of 
OLRP-1001. For example, the assessment of Containment is provided in Sections 2.3 
and 3.3; the assessment of reactor coolant system component supports is provided in 
Sections 2.4 and 3.4; and, for non-Class 1 mechanical components, the assessment is 
provided in Sections 2.5 and 3.5.  

To facilitate the structures and structural component aging management reviews, 
structural components have been grouped into four categories, as follows: 

* Concrete Structural Components 
* Steel Structural Components in an Air Environment 
* Steel Structural Components in a Fluid Environment 
* Fire Barriers 
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Section 2.7.2 identifies the generic list of structural components that have been 
determined to require aging management review. Sections 2.7.3 through 2.7.10 provide 
descriptions on a structure-by-structure basis. Tables at the end of Section 2.7 identify 
the components within each structure subject to aging management review and their 
intended functions.  
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2.7.2 STRUCTURAL COMPONENTS 

2.7.2.1 Concrete Structural Components 
The following concrete structural components are within the scope of license renewal and 
subject to aging management review: 

* Anchorage 
* Embedments 
* Equipment Pads 
* Flood Curbs 
* Foundation Dowels 
* Foundations 
* Hatches [Footnote 1] 
* Masonry Block & Brick Walls 
* Missile Shields 
* Pipe Piles 
* Reinforced Concrete Beams, Columns, Floor Slabs, and Walls 
* Roof Slabs 
* Sumps 
* Trenches 

2.7.2.2 Steel Components in an Air Environment 
The following steel components in an air environment are within the scope of license 
renewal and subject to aging management review: 

* Anchorage/Embedments (exposed surfaces) 
* Battery Racks 
* Cable Tray 
* Conduit 
* Cable Tray & Conduit Supports 
* Checkered Plate 
* Control Boards 
* Control Room Ceiling 
* Crane Rails & Girders 
* Electrical & Instrument Panels & Enclosures 

1. Hatches, which are part of the Reactor Building Containment boundary, are addressed in Section 2.3 of 
OLRP- 1001.  
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* Equipment Component Supports 
* Expansion Anchors 
* Flood, Pressure and Specialty Doors 
* HVAC Duct Supports 
* Instrument Line Supports 
* Instrument Racks & Frames 
* Lead Shielding Supports 
* Metal Siding 
* Piles 
* Pipe Supports (see discussion below) 
* Stairs, Platform, Grating Supports 
* Structural Steel Beams, Columns, Plates & Trusses 
* Sump Screens 
* Transmission Towers 
* Unit Vent Stack 

The exposed surfaces of many of these components are covered with a protective coating.  
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2.7.2.2.1 PIPE SUPPORTS 

Oconee piping is supported by different types of hangers and supports to satisfy the 
United States of America Standard (USAS) B3 1.1.0 and B31.7 code requirements. Pipe 
supports cover the entire range of structural elements which perform the function of 
carrying the weight of a piping system and providing them with structural stability. The 
various types of pipe supports include: 

* Rigid type supports (single acting) 
* Rigid type supports (double acting) 
* Constant support spring hangers 
* Variable support spring hangers 
* Anchors 
* Guides and stops 
* Restraints 
* Snubbers 

Although snubbers are excluded from an aging management review by §54.21(a)(1)(i), 
the components that mount the snubber to the pipe and to the structure are subject to 
aging management review.  

Pipe supports are classified based upon the piping system which they support. The 
relationship between Oconee system piping class, design criteria, and Quality Assurance 
Condition is contained in the Oconee UFSAR [Reference 2.7-4, Table 3-1]. Further 
information about the Oconee system piping classification is contained in Table 2.5-1 of 
OLRP-1001.  

Oconee Class A, B, C, and F piping supports are categorized as QA Condition 1 supports 
and are within the scope of license renewal. The QA Condition 1 supports can be 
identified using Oconee flow diagrams. Piping within the scope of license renewal is 
identified on the flow diagrams. The flow diagrams can be used to identify the associated 
math model that contains the pipe supports. All pipe supports within the license renewal 
evaluation boundary defined by the Oconee flow diagrams, including any required 
analysis math model overlap supports, are within the scope of license renewal.  

Oconee Class D piping requires pressure boundary protection and structural integrity and 
is within the scope of license renewal. The pressure boundary function of the piping is 
addressed in Section 2.5 of OLRP-1001. The structural support of the piping is addressed 
within Section 2.7. The Oconee flow diagrams have been marked to identify the Class D 
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piping. Supports for this piping can be identified by reviewing the associated math 
models.  

Oconee Class E piping supports are not within the scope of license renewal. Although 
the piping is designed to carry radioactive fluid, a component failure would result in a 
calculated potential exposure that is less than the limits established by 10 CFR Part 20.  

Oconee Class G and H piping supports may be assigned QA Condition 4 to denote 
requirements for seismic structural integrity to prevent adverse interactions with safety 
related systems, structures, and components. Oconee Class G and H pipe supports that 
are QA Condition 4 are within license renewal scope.  

Supports that maintain piping required to meet any of the regulatory events defined in 
§54.4(a)(3) are also within the scope of license renewal. Oconee flow diagrams indicate 
piping that is required to meet this requirement. Supports for this piping can be identified 
by reviewing the associated analysis math models.  

Pipe supports are constructed of a standard support, a structural frame or some 
combination of the two. A standard support is an assembly consisting of one or more 
units, is usually referred to as a catalogue item, and generally is mass produced. Pipe 
support frames are constructed of structural steel or tube shapes. Pipe supports are coated 
to prevent corrosion and loss of material.  

2.7.2.3 Steel Components in a Fluid Environment 
The following steel components in a fluid environment are within the scope of license 
renewal and subject to aging management review: 

* Elevated Water Storage Tank (interior portion) 
* Equipment Component Supports 
* Fuel Transfer Canal Liner Plate 
* Spent Fuel Pool Liner Plate 
* Spent Fuel Storage Racks 
* Structural Steel and Plates 
* Trash Racks and Screens 

2.7.2.4 Fires Barriers 
The following fire barriers are within the scope of license renewal and subject to aging 
management review: 
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* Fire Doors 
* Fire Walls 
* Fire Barrier Penetration Seals 

Fire doors and fire walls may perform other functions in addition to confining or retarding 
a fire from spreading to or from adjacent areas of the plant. Other functions of fire doors 
are addressed with flood, pressure, and specialty doors. Other functions of fire walls are 
addressed with reinforced concrete and masonry walls.  
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2.7.3 AUXILIARY BUILDINGS 

Oconee has two Auxiliary Buildings: one structure is shared by both the Unit 1 and 2 
reactors; the other structure contains systems which support the- Unit 3 reactor. The 
Auxiliary Buildings are essentially free-standing reinforced concrete structures with no 
structural tie-ins to either the Turbine Buildings or the Reactor Buildings. The codes and 
standards used for the Auxiliary Building design and fabrication, including applicable 
edition are specified in the Oconee UFSAR [Reference 2.7-4, Section 3.8.1].  

The Auxiliary Buildings are constructed on reinforced concrete mat foundations. Below 
grade, the Auxiliary Buildings consist of reinforced concrete walls and slabs. Above 
grade, the Auxiliary Buildings consist principally of reinforced concrete columns, beams, 
and slabs. All below grade construction joints in exterior walls are protected by cast in 
place water stops. Common below grade water stops are shared by the Auxiliary 
Buildings and the Reactor and Turbine Buildings. The Auxiliary Buildings are designed 
to accommodate differential movements with respect to the Reactor Buildings.  

The portions of the Auxiliary Buildings that house engineered safe-guards systems, 
control room, fuel storage facilities, and radioactive materials are Class 1 structures.  
Class 1 structures are those which prevent uncontrolled release of radioactivity and are 
designed to withstand all loadings without loss of function [Reference 2.7-4, 
Section 3.2.1.1.1]. Class I structures have been determined to meet the intent of 
§54.4(a)(1). Other portions of the Auxiliary Buildings are Class 2 structures. Class 2 
structures are those whose limited damage would not result in a release of radioactivity 
and would permit a controlled plant shutdown but could interrupt power generation.  
Class 2 structures have been determined to meet the intent of §54.4(a)(2).  

The Auxiliary Buildings also include the Hot Machine Shop. The Hot Machine Shop and 
its extension are located between the Unit 1 & 2 Reactor Buildings and are adjacent to the 
west side of the Units 1 & 2 Spent Fuel Pool. The Hot Machine Shop structure is 
constructed of reinforced concrete floor and roof slabs supported on concrete beams. The 
Hot Machine Shop shares reinforced concrete walls on the east and north sides with the 
Spent Fuel Pool and Fuel Loading Area, respectively. The south and west sides consist of 
reinforced concrete columns with infilled concrete block walls. The Hot Machine Shop 
extension is a steel frame structure with a metal deck, built up roof, and exterior block 
walls. The Hot Machine Shop extension is a QA 4 structure.  
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A reinforced concrete tunnel extends from the Auxiliary Building to the Hot Machine 
Shop by passing under the Units 1 & 2 Spent Fuel Pool. This tunnel provides a sheltered 
and shielded passage for equipment between the Auxiliary Building areas to the machine 
shop work area. Access to the tunnel from the Hot Machine Shop is by spiral stairs and 
an adjacent floor hatch.  

The Auxiliary Buildings serve as enclosures to protect the plant auxiliary systems, the 
control room, and other systems necessary for the safe operation of the unit. The 
Auxiliary Buildings are subdivided into numerous compartments and components. The 
Auxiliary Buildings were designed to withstand the various combinations of dead and 
live loads, design basis event loads, design event loads, and other generic design criteria 
loads, as identified in Table 3-23 of the Oconee UFSAR [Reference 2.7-4].  

The Auxiliary Buildings are comprised of structural components whose materials of 
construction are either reinforced concrete or steel. Fire barriers and lead shielding are 
structural components that are also within the evaluation boundary of the Oconee 
Auxiliary Buildings.  

2.7.3.1 Concrete 
The Auxiliary Building concrete design complies with the American Concrete Institute 
(ACI) 318-63 [Reference 2.7-5]. The concrete used in the structure is made from Type II 
cement with fine and coarse aggregate. Coarse aggregate consisted of crushed Gaffney 
marble obtained from Blacksburg, South Carolina.  

The concrete components within the Oconee Auxiliary Building and their intended 
functions are listed in Table 2.7-1.  

2.7.3.2 Steel in Air Environment 

The Auxiliary Building steel design complies with AISC Manual of Steel Construction 
[Reference 2.7-6]. The steel components within the Oconee Auxiliary Building and their 
intended functions are listed in Table 2.7-1.  

2.7.3.3 Steel in Fluid Environment 
The Auxiliary Building steel components in fluid environments and their intended 
functions are listed in Table 2.7-1.  

2.7.3.4 Fire Barriers 
The fire barriers within the Oconee Auxiliary Buildings and their intended functions are 
listed in Table 2.7-1.  
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2.7.4 EARTHEN EMBANKMENTS 

The structures included within this group for aging management review are earthen 
embankments submerged partially or totally in Lake Keowee. The structures which are 
evaluated within this group are: 

* Intake Canal Dike 
* Keowee River Dam 
* Little River Dam and Dikes A, B, C, and D 

The Oconee Earthen Embankments and their intended functions are listed in Table 2.7-2.  

2.7.4.1 Intake Canal Dike 
The Intake Canal Dike is a homogeneous embankment constructed of rolled earthfill and 
is designed to have an adequate factor of safety under the same conditions of seismic 
loadings as used for the design of Oconee. The Intake Canal Dike is an Oconee Class 2 
structure. Class 2 structures have been determined to meet the intent of §54.4(a)(2).  

The dike has zoned filter drainage blankets under the downstream slope to collect and 
control seepage. The upstream face is riprapped with dumped riprap and quarry run 
stone. The riprap layer is a minimum of two feet thick and a twelve inch layer of graded 
gravel is provided under the riprap for the filter. The riprap is provided on the upstream 
slope to accommodate all reservoir water levels. Ground cover is provided to minimize 
erosion.  

2.7.4.2 Keowee River Dam 
The Keowee River Dam is a homogenous embankment constructed of rolled earthfill 
and the design was reviewed by an independent board of consultants and approved by the 
Federal Power Commission (now the Federal Energy Regulatory Commission or FERC) 
in accordance with the license issued by that agency. The foundation exploration, 
foundation and abutment treatment, slope stability and seismic analysis of the Keowee 
River Dam are described in the Oconee UFSAR, Section 2.5.6 [Reference 2.7-4]. The 
Keowee River Dam is an Oconee Class 2 structure. Class 2 structures have been 
determined to meet the intent of §54.4(a)(2).  
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Seepage monitoring weirs and pipes, observation wells and piezometers are installed in 
the embankment to monitor the performance of the dam. A three-layer graded filter is 
provided under the downstream third of the dam to intercept safely any seepage through 
the embankment and foundation. Slope protection from wind-generated waves is 
provided on the upstream slope of the dam. Stone riprap is provided to accommodate all 
reservoir levels, including maximum drawdown and maximum flood. Ground cover is 
provided to minimize erosion.  

2.7.4.3 Little River Dam and Dikes A, B, C, and D 
The Little River Dam and Dikes A, B, C, and D are homogeneous embankments, 
constructed of rolled earthfill, that impound the Little River Watershed of the Keowee 
Reservoir. The design of the dam and dikes was reviewed by an independent board of 
consultants and approved by the Federal Power Commission (now FERC) in accordance 
with the license issued by that agency. The foundation exploration, foundation and 
abutment treatment, slope stability and seismic analysis are described in the Oconee 
UFSAR, Section 2.5.6 [Reference 2.7-4]. The Little River Dam and Dikes are Oconee 
Class 2 structures. Class 2 structures have been determined to meet the intent of 
§54.4(a)(2).  

Seepage monitoring weirs and pipes, observation wells and piezometers are installed in 
the embankments to monitor performance. The dam and dikes A and D have zoned filter 
drainage blankets under the downstream slope to collect and control seepage. Slope 
protection from wind-generated waves is provided on the upstream slope for the Little 
River Dam and Dikes. Stone riprap is provided to accommodate all reservoir water levels 
including maximum drawdown and maximum flood. Ground cover is provided to 
minimize erosion.  
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2.7.5 INTAKE STRUCTURE 

The Intake Structure is a reinforced concrete structure located at the north end of the 
Intake Canal. The structure houses the pumps (casings), supports the pump motors and 
the beginning sections of the condenser cooling water pipe. All steel surfaces not in 
contact with the concrete and subject to immersion are coated with metal primer. At the 
back of the structure is a utility trench rigidly attached to the Intake Structure and 
constructed of reinforced concrete. The Intake Structure is designed to withstand the 
maximum hypothetical earthquake [Reference 2.7-4, Section 3.8.5.2]. The Intake 
Structure is identified as a Class 2 structure in the Oconee UFSAR, Section 3.2 
[Reference 2.7-4]. Class 2 structures have been determined to meet the intent of 
§54.4(a)(2). The Intake Structure was designed to withstand the loadings as identified in 
the Oconee UFSAR, Section 3.8 [Reference 2.7-4]. Intake Structure structural 
components along with their intended functions are listed in Table 2.7-3.  

2.7.5.1 Concrete 
The Intake Structure concrete design complies with ACI 318-63 [Reference 2.7-5]. Initial 
construction of the Intake Structure was in accordance with the information provided in 
ACI 301 [Reference 2.7-7]. The concrete used in the structure is made from Type II 
cement with fine and coarse aggregate. Coarse aggregate consisted of crushed Gaffney 
marble obtained from Blacksburg, South Carolina. The Oconee Intake Structure concrete 
components and their intended functions are listed in Table 2.7-3.  

2.7.5.2 Steel in Air Environment 
The Intake Structure steel design complies with AISC Manual of Steel Construction 
[Reference 2.7-6]. The Oconee Intake Structure steel components in an air environment 
and their intended functions are listed in Table 2.7-3.  

2.7.5.3 Steel in Fluid Environment 

The Intake Structure steel components in fluid environments and their intended functions 
are listed in Table 2.7-3.  
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2.7.6 KEOWEE STRUCTURES 

The Keowee Structures include the Breaker Vault, Intake Structure, Penstock, 
Powerhouse, Service Bay Structure and the Spillway. Keowee Structures are identified as 
Class 2 structures in the Oconee UFSAR, Section 3.2 [Reference 2.7-4]. Class 2 
structures have been determined to meet the intent of §54.4(a)(1). The Keowee 
Structures were designed to withstand the loadings as identified in the Oconee UFSAR, 
Section 3.8 [Reference 2.7-4].  

Keowee structural components and their intended functions are listed in Table 2.7-4.  
Descriptions of these structures are provided below.  

2.7.6.1 Breaker Vault 
The Breaker Vault provides tornado wind and tornado missile protection for the electrical 
equipment used to route power to meet the emergency power needs of Oconee Nuclear 
Station. The Breaker Vault is located in the electrical equipment bay of the Keowee 
powerhouse. The breaker vault is supported by the powerhouse operating floor. The 
walls and roof provide missile protection for the electrical breakers. Two openings 
provide access for inspection and maintenance of the breakers. Each opening is protected 
from missile penetration by a rolling steel door. The breaker vault is designed in 
accordance with AISC Manual of Steel Construction and ACI 318-63 [References 2.7-6 
and 2.7-5, respectively].  

2.7.6.2 Keowee Intake Structure 
The Keowee Intake Structure controls flow from Lake Keowee to the Keowee Hydro 
station turbines via the power and penstock tunnels. The Keowee Intake Structure is a 
reinforced concrete structure with eight sides. Eight piers connected to a reinforced 
concrete compression ring girder at the base support a concrete silo type structure at the 
top. The concrete silo section supports a structural steel frame, which in turn provides 
support for gate hoisting machinery. Closure of the water intake section between each 
pier is by either of two methods. One method is by a large cylindrical gate which is 
raised and lowered inside the structure to close off the eight intake openings. The second 
closure method is by eight individual steel bulkhead gates made up of three sections each, 
which close off each of the eight openings individually.  

The structure is designed in accordance with AISC Manual of Steel Construction and ACI 
318-63 [References 2.7-6 and 2.7-5, respectively].  
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The intake structure cylindrical gate is designed for hydrostatic pressures resulting from 
normal pond and flood. The cylindrical gate was designed in accordance with AISC 
Manual of Steel Construction. The Oconee UFSAR [Reference 2.7-4, Section 8.3.1.2] 
requires that the cylindrical gate be rigidly fastened during all times when Keowee units 
are available for emergency power. This action assures that a failure of the hoist system 
does not cause the gate to fall to the closed position. In the normal stored position, the 
cylindrical gate is inside the concrete structure within its guides and rigidly fastened to 
the Intake steel superstructure by means of three wire cables. The wire cables and the 
guides are designed for earthquake loading. The Keowee Intake Structure contains a 
structural steel frame which provides support for gate hoisting machinery. All steel 
material is coated.  

2.7.6.3 Keowee Penstock 
The Keowee power and penstock tunnels convey water from the Intake Structure in Lake 
Keowee to the Keowee Hydro Station turbines in the Keowee Powerhouse. The power 
tunnel extends from the cylindrical concrete intake structure to two penstocks that branch 
from the power tunnel to each unit. The power tunnel and approximately one-half of the 
penstocks downstream of the power tunnel are concrete lined. The downstream part of 
the penstocks is steel lined with a concrete envelope around the steel lining. An "elbow" 
section that provides a transition between the vertical intake cylinder and the horizontal 
power tunnel is also steel-lined and encased in concrete. The power and penstock tunnels 
are in excavated rock. The concrete lining for these tunnels is unreinforced.  

2.7.6.4 Keowee Powerhouse 
The Keowee Powerhouse consists of a monolithic mass concrete substructure and 
structural steel superstructure. The concrete substructure is supported on rock. The 
concrete substructure supports two vertical Francis-type turbines and contains a draft tube 
gallery, a scroll case access gallery, and a mechanical equipment gallery.  

The structural steel superstructure is supported at the operating floor level. The steel 
frame is covered with insulated steel exterior panels and provides protection for the 
generators, a 270 ton bridge crane and associated electrical and mechanical equipment.  
Adjacent to the erection bay is the electrical switchgear bay, which provides protection 
for electrical switchgear and bus.  

Masonry walls in the Keowee Powerhouse which could affect safety related equipment 
during a seismic event were qualified in accordance with NRC requirements outlined in 
IE Bulletin 80-11.  
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The Keowee Powerhouse provides support and protection for equipment and components 
used to generate emergency electrical power for Oconee Nuclear Station.  

The Keowee Powerhouse is designed in accordance with AISC Manual of Steel 
Construction and ACI 318-63 [References 2.7-6 and 2.7-5, respectively].  

2.7.6.5 Keowee Service Bay Structure 

The service bay structure is located adjacent to the powerhouse structure whose west wall 
is common with the service bay structure. The service bay structure is located on rock.  
The service bay structure contains two floor levels--one supports the station batteries and 
the other supports the control room equipment. Foundation dowels anchor the service 
bay structure to bedrock.  

The service bay structure is designed in accordance with AISC Manual of Steel 
Construction and ACI 318-63 [References 2.7-6 and 2.7-5, respectively].  

2.7.6.6 Keowee Spillway 
The Keowee spillway consists of a mass concrete ogee structure with four taintor gates.  
Below the ogee section is a tapered concrete chute section with mass concrete side walls 
and concrete flip bucket. The spillway is located on rock. Mass concrete wingwalls form 

an approach channel to the spillway. The taintor gates are constructed of steel plate over 
a system of structural shapes. The gate is supported and restrained by a grid of structural 
steel which is anchored to concrete piers between the gates. The piers provide support for 
the gates and for a bridge across the top of the structure which is used for maintenance 
and inspection of the structure and hoisting equipment.  

The spillway taintor gates were-designed per AISC Manual of Steel Construction. The 
skin plate and structural shapes in the taintor gates were qualified for seismic loadings.  
The Keowee spillway permits controlled discharge of storm inflow from rainfall on Lake 
Keowee drainage basin. The spillway prevents overtopping of the Keowee River Dam, 
the Little River Dam and Dikes, and the Oconee Intake Canal Dike during periods of high 
rainfall on the drainage basin. The spillway is designed in accordance with AISC Manual 
of Steel Construction and ACI 318-63 [References 2.7-6 and 2.7-5, respectively].  

2.7.6.7 Concrete 

The Keowee concrete design complies with ACI 318-63 [Reference 2.7-5]. The Keowee 
concrete components and their intended functions are listed in Table 2.7-4.  
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2.7.6.8 Steel in Air Environment 
The Keowee Structure steel design complies with AISC Manual of Steel Construction 
[Reference 2.7-6]. The Keowee steel in air components and their intended functions are 
listed in Table 2.7-4.  

2.7.6.9 Steel in a Fluid Environment 
The Keowee structural steel and plates in a fluid environment and their intended 
functions are listed in Table 2.7-4.  
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2.7.7 REACTOR BUILDINGS INTERNAL STRUCTURE AND THE UNIT VENT STACKS 

The Reactor Building Internal Structures consist of the reactor cavity, two steam 
generator compartments, and a refueling canal which is located between the steam 
generator compartments and above the reactor cavity for each Reactor Building.  

The reactor cavity or primary shield houses the reactor vessel and serves as a biological 
shield wall. The reactor cavity is also designed to contain core flooding water up to the 
level of the reactor nozzle [Reference 2.7-4, Section 3.8.3.1].  

The steam generator cavities or secondary shield houses the steam generators, reactor 
coolant pumps (casings), and associated reactor coolant system piping. The pressurizer 
and quench tank are located in one cavity. Also in the cavities are structural steel, 
platforms, ladders and grating for access to the various components for inspection and 
maintenance.  

Six openings are provided in the lower shield walls to provide vent area. To ensure that 
no missile will impact on the Reactor Building Containment liner plate, concrete 
shielding is provided for the liner plate area opposite the openings. The shielding extends 
beyond the openings so that any missile will impact on the shields.  

The secondary shield walls are designed so that sections can be removed. The structural 
adequacy of the removable sections is assured by the associated post-tensioned tendon 
assemblies. The primary strength of the removable sections of the wall is provided by 
horizontal tendons as well as conventional reinforcing bars in each panel. Vertical 
tendons provide continuity through the horizontal joints. The remaining portions of the 
secondary shield walls are of conventional concrete design. The steam generator lateral 
supports attach to the inner face of the secondary shield wall.  

Structural steel is provided in the Reactor Building to allow access to the various 
elevations and areas inside containment for inspection and maintenance. The steel also 
provides support for several nuclear safety related components, including core flood 
tanks, reactor building cooling units, emergency core cooling system piping, and 
electrical instrumentation, control and power. All structural and miscellaneous steel is 
carbon steel. Crane rails are carbon steel. The Unit Vent Stack is a vertical cylinder 
constructed of carbon steel plates.  
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The floor surfaces of the structure consist of either reinforced concrete or galvanized steel 
grating. The floor beams are supported by columns or by attachments to the exterior 
surface of the Secondary Shield Wall. Structural steel angle welded to the liner plate also 
provides grating support. Attachment welds to the liner plate are within the evaluation 
boundary of Section 2.7.7 of OLRP-1001. [Footnote 2] 

The Reactor Buildings are identified as Class I structures in the Oconee UFSAR, 
Section 3.2 [Reference 2.7-4]. Class 1 structures have been determined to meet the intent 
of §54.4(a)(1). The Reactor Building internal structures are designed to withstand the 
loadings as identified in the Oconee UFSAR, Section 3.8 [Reference 2.7-4].  

Reactor Building internal structural components and the unit vent stack and their intended 
functions are listed in Table 2.7-5.  

2.7.7.1 Concrete 
The Reactor Building Internal Structure concrete design complies with ACI 318-63 
[Reference 2.7-5]. Initial construction of the Reactor Building was in accordance with 
ACI 301 [Reference 2.7-7]. The concrete used in the structure is made from Type II 
cement with fine and coarse aggregate. Coarse aggregate consisted of crushed Gaffney 
marble obtained from Blacksburg, South Carolina. The concrete Containment structure is 
addressed in Section 2.3 of OLRP-1001.  

The Reactor Building Internal concrete components and their intended functions are listed 
in Table 2.7-5.  

2.7.7.2 Steel in Air Environment 
The Reactor Building Internal Structure steel design complies with AISC Manual of Steel 
Construction [Reference 2.7-6]. The Reactor Building internal steel in air components 
and their intended functions are listed in Table 2.7-5. The liner plate, penetrations, and 
hatches of the Reactor Building (Containment) are addressed in Section 2.3 of 
OLRP-1001. The Reactor Coolant System component supports and Class 1 piping 
supports are addressed in Section 2.4 of OLRP-1001.  

2.7.7.3 Steel in a Fluid Environment 
The fuel transfer canal liner plate and its intended functions are listed in Table 2.7-5.  

2. This section has been revised to supplement the initial Duke response to RAI 2.3-4 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 2.3-4 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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2.7.7.4 Post-Tensioning System 
Structural adequacy of the removable Secondary Shield Walls is assured by a 
post-tensioning system. Horizontal tendons and conventional reinforcing steel in each 
removable section provide the primary strength of the removable sections, while vertical 
tendons provide continuity in the vertical direction through horizontal joints between the 
panels insuring the wall acts as a structural unit in a two-way direction. Each tendon 
consists of ninety carbon steel wires. The minimum specified ultimate strength of this 
material is 240 kips per square inch. The post-tensioning components subject to aging 
management review for license renewal include the tendon wire and the tendon 
anchorage. The post-tensioning system and its intended functions are listed in 
Table 2.7-5.  
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2.7.8 STANDBY SHUTDOWN FACILITY 

The Standby Shutdown Facility is a reinforced concrete structure which is designed as 
standby system for use under extreme emergency conditions. The Standby Shutdown 
Facility is provided as an alternate means to achieve and maintain shutdown conditions 
following postulated fire, sabotage, and flooding events, and is designed in accordance 
with criteria associated with these events. The Standby Shutdown Facility is classified as 
a Class I structure. Class 1 structures have been determined to meet the intent of 
§54.4(a)(1).  

Standby Shutdown Facility structural components and their intended functions are listed 
in Table 2.7-6.  

2.7.8.1 Concrete 

The Standby Shutdown Facility concrete design complies with ACI 318-71 [Reference 
2.7-8]. The construction of the Standby Shutdown Facility was in accordance with ACI 
301 [Reference 2.7-7]. The Standby Shutdown Facility concrete components and their 
intended functions are listed in Table 2.7-6.  

2.7.8.2 Steel in Air Environment 
The Standby Shutdown Facility steel design complies with AISC Manual of Steel 
Construction [Reference 2.7-6]. The Standby Shutdown Facility steel in air components 
and their intended functions are listed in Table 2.7-6.  
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40 
2.7.9 TURBINE BUILDING 

The Turbine Building includes the Turbine Buildings, the Units 1 and 2 Switchgear 
Enclosure, and the Unit 3 Switchgear Enclosure. The Turbine Building foundation and 
mat are constructed of reinforced concrete. The Turbine Building substructure is founded 
on bedrock. Foundation dowels connect the mat foundation to the underlying bedrock.  
Above grade, the building consists of structural steel with metal siding. The design bases 
event for the Turbine Building is the maximum hypothetical earthquake [Reference 2.7-4, 
Section 3.8.5.2].  

The Turbine Building is a Class 2 structure. Class 2 structures are those whose limited 
damage would not result in a release of radioactivity and would permit a controlled plant 
shutdown but could interrupt power generation [Reference 2.7-4, Section 3.2.1.1.2]. Class 
2 structures have been determined to meet the intent of §54.4(a)(2). The Turbine 
Buildings are designed to withstand the loadings as identified in the Oconee UFSAR, 
Section 3.8 [Reference 2.7-4].  

The foundation and mat were designed in accordance with ACI 318-63 - "Building Code 
Requirements for Reinforced Concrete" [Reference 2.7-4, Section 3.8.5.2].  

Design, material and workmanship for the Turbine building steel was in accordance with 
the AISC Manual of Steel Construction [Reference 2.7-6]. Field connections are made 
with high strength bolts of either ASTM A325 or A490 designation.  

Turbine Building structural components, along with their intended functions, are provided 
in Table 2.7-7.  

2.7.9.1 Switchgear Enclosures 
The Unit 1 & 2 Transformer and Switchgear Enclosure is a reinforced concrete structure.  
The walls contain penetrations for electrical bus, ventilation and personnel access.  
Ventilation for the structure and transformer CT4 is provided by fans on the east and 12 
inch diameter penetrations through the north and south walls. Ventilation penetrations 
are angled to provide missile protection. Interior walls provide missile protection at each 
personnel access door.  

The structure is divided into two separate rooms by a hollow concrete block firewall.  
Wide flange sections divide the firewall into three sections. The wide flanges and 
channels attached to plates embedded in the walls of the structure provide restraint for 
horizontal loads applied during a postulated seismic event. Seismic bracing of structural 
steel is provided for the transformer and the electrical bus.  
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A concrete door on the south end of the structure is mounted on a rail and can be slid 
parallel to the wall to provide access for maintenance of the CT4 transformer. A plate 
embedded on the inside of the door helps provide missile protection for the doorway 
opening in the wall. A curb at the base of the door opening prevents oil or fire from 
penetrating the building during a postulated fire in the CT4 transformer. The 
Transformer and Switchgear enclosure is supported by battered pipe piles. The pipe piles 
were filled with concrete during construction of the structure.  

The Unit 3 Switchgear Enclosure is a reinforced concrete structure. Interior walls provide 
missile protection at personnel access doors. Ventilation for the structure is provided by 
fans on the west wall of the structure and by the door openings through the walls.  
The Switchgear Enclosure is supported by battered pipe piles filled with concrete.  
Angle bracing provides seismic restraint to the electrical bus.  

The Unit 1 & 2 Transformer and Switchgear Enclosures and the Unit 3 Switchgear 
Enclosure are Oconee Class 1 structures. Class I structures are those which prevent 
uncontrolled release of radioactivity and are designed to withstand all loadings without 
loss of function [Reference 2.7-4, Section 3.2]. Class 1 structures have been determined 
to meet the intent of §54.4(a)(1).  

2.7.9.2 Concrete 
The Turbine Building concrete design complies with ACI 318-63 [Reference 2.7-5]. The 
initial construction of the Turbine Building was in accordance with ACI 301 
[Reference 2.7-7]. The Turbine Building concrete components and their intended 
functions are listed in Table 2.7-7.  

2.7.9.3 Steel in Air Environment 

The Turbine Building steel design complies with AISC Manual of Steel Construction 
[Reference 2.7-6]. The Turbine Building steel in air components and their intended 
functions are listed in Table 2.7-7.  

2.7.9.4 Fire Barriers 
The Turbine Building fire barriers and their intended functions are listed in Table 2.7-7.  
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2.7.10 YARD STRUCTURES 

Yard Structures include the following: 230 kV Relay House, 230 kV Switchyard 
Structures, Trenches, 230 kV Towers from Keowee to Oconee, Elevated Water Storage 
Tank, Transformer Pads for Transformers CT1, CT2, CT3, Keowee Transformer 1 and 
foundations and pipe supports located in the Yard. Yard Structure structural components 
and their intended functions are listed in Table 2.7-8.  

The Yard Structure concrete design complies with ACI 318-63 [Reference 2.7-5]. The 
initial construction of the Yard Structures was in accordance with the information 
provided in ACI 301 [Reference 2.7-7]. The Yard Structure concrete components and 
their intended functions are listed in Table 2.7-8. Descriptions of Transformer Pads and 
Trenches are provided below.  

The Yard Structure steel design complies with AISC Manual of Steel Construction 
[Reference 2.7-6]. Yard Structures steel in air components and their intended functions 
are listed in Table 2.7-8. Descriptions of the 230 kV Relay House, 230 kV Switchyard 
Structures, Elevated Water Storage Tank, and Transmission Towers are provided below.  

2.7.10.1 230 kV Relay House 
The structural steel superstructure for the 230 kV Relay House is a rectangular structure 
consisting of a roof system supported by columns forming a rigid frame in the direction 
of its least dimension and is braced with diagonal bracing in the other direction. The steel 
structure is erected on a slab on grade. The original design addressed normal live and 
dead loads and a wind loading based on a 95 mph wind. The design of the structure has 
been evaluated and determined to be capable of withstanding design basis seismic 
loadings. The 230 kV Relay House is a Class 2 structure. Class 2 structures have been 
determined to meet the intent of §54.4(a)(2).  
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2.7.10.2 230 kV Switchyard Structures 

The primary purpose of these structures is to support or protect the electrical equipment 
and transmission lines in the 230 kV Switchyard and the overhead power path. The 
230 kV Switchyard Structures are Class 2 structures. Class 2 structures have been 
determined to meet the intent of §54.4(a)(2). All of these structures have been qualified 
for the maximum hypothetical earthquake. 230 kV Switchyard Structures include the 
following structures: 

* Bus Support Bases 
* Coupling Capacitor Potential Device Support Bases 
* Disconnect Switch Supports 
* Lightning Arrestor Supports 
* Power Circuit Breaker Bases 
* Strain Structures and Bases 
* Wave Trap Support Structures 

Bus support bases are cylindrical concrete structures embedded in the earth. These bases 
support electrical buswork support steel.  

Coupling capacitor potential device support bases, disconnect switch supports, lightning 
arrestor supports, and wave trap supports are steel support posts supported by a reinforced 
concrete base.  

Power circuit breaker bases are reinforced concrete footings embedded in the ground.  
These bases support certain power circuit breakers which are a part of the Keowee 
overhead power path.  

The strain structures and bases in the 230 kV switchyard and at Keowee are an integral 
part of the Keowee overhead power path. The structural steel for these towers is 
seismically designed. The foundations are rectangular, combined footings made of 
reinforced concrete.  
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2.7.10.3 Elevated Water Storage Tank 
The elevated water storage tank is a 100,000 gallon circular atmospheric tank. The tank 
is designed to American Water Works Association (AWWA) Standard D-100 
[Reference 2.7-9]. The circular shaft and conical bell are constructed of structural steel.  
The bell is attached to the foundation by anchors which pass through an anchor chair and 
plate. Both the interior and exterior of the tank are coated to protect the steel from 
corrosion and loss of material.  

The interior portion of the tank is exposed to a raw water environment. The elevated 
water storage tank ensures an inventory of water for the High Pressure Service Water 
system, which is addressed in Section 2.5.6.4 of OLRP-1001.  

2.7.10.4 Equipment Pads 
The Keowee main step-up transformer base is located southwest of the Keowee 
Powerhouse. The reinforced concrete base is supported on soil. The transformer is 
supported on piers which are located on the top of the base. Seismic restraint of the 
transformer is provided by a structural steel frame attached to each pier. The Keowee 
main step-up transformer base provides support and seismic restraint for the Keowee 
main step-up transformer. The base is considered an Oconee Class 2 structure. Class 2 
structures have been determined to meet the intent of §54.4(a)(2).  

The Oconee CT I, CT2, and CT3 startup transformer bases are located in the Oconee 
transformer yard, east of the Turbine Buildings. The reinforced concrete bases are 
supported by soil. The transformer is supported on piers which are located on top of the 
base. The Oconee startup transformer bases provide support and seismic restraint for 
each unit's startup transformer. The bases are considered Oconee Class 2 structures.  
Class 2 structures have been determined to meet the intent of §54.4(a)(2).  

2.7.10.5 Trenches 
Trenches are provided throughout the Oconee Yard to allow underground routing of 
cables and piping. The intended function of external concrete trenches is to provide 
shelter and protection for safety-related equipment. Trenches within the scope of license 
renewal are the Standby Shutdown Facility cable trench, emergency power path cable 
trench, the Intake Structure cable trench and the borated water storage tank pipe trench.  
Descriptions of these trenches are provided below.  
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2.7.10.5.1 STANDBY SHUTDOWN FACILITY CABLE TRENCH 

The Standby Shutdown Facility cable trench, which carries electrical cables from the 
Standby Shutdown Facility to each unit's Auxiliary Building, is a reinforced concrete 
structure. These cables are QA Condition 1 and require the seismic design and analysis 
of the cable trench so that the trench will safely survive the effects of earthquakes, missile 
loads, and truck loads. The cable trench is designed in accordance with the criteria 
presented in the Oconee UFSAR [Reference 2.7-4, Section 3.8.4]. The cable trench is 
provided with missile-proof vents so that the trench covers are not lifted by the 3 psi 
pressure differential. Vents are designed to protect the trench from flooding. Reinforced 
concrete covers are provided over the trench. The Standby Shutdown Facility cable trench 
is a Class 2 structure. Class 2 structures have been determined to meet the intent of 
§54.4(a)(1).  

2.7.10.5.2 EMERGENCY POWER PATH CABLE TRENCH 

The cable trench for the emergency power path is laid out on a grid pattern which covers 
the entire 230 kV switchyard. It is a precast, reinforced concrete structure. The trench is 
drained by concrete drain tiles which run beneath it parallel to its centerline, and it is 
covered by reinforced concrete panels. The trench is bedded in clean washed stone. The 
cable trench for the emergency power path is a Class 2 structure. Class 2 structures have 
been determined to meet the intent of §54.4(a)(2).  

2.7.10.5.3 INTAKE STRUCTURE CABLE TRENCH 

The cable trench to the Intake Structure is reinforced concrete. Checkered plate covers 
are provided for the reinforced concrete cable trenches to the Intake Structure. These 
checkered plate covers are seismically designed. The cable trench to the Intake Structure 
is a Class 2 structure. Class 2 structures have been determined to meet the intent of 
§54.4(a)(2).  

2.7.10.5.4 BORATED WATER STORAGE TANK PIPE TRENCH 

The borated water storage tank pipe trench is a reinforced concrete structure and is 
located between the Auxiliary Building and the borated water storage tank foundation.  
The Auxiliary Building foundation forms the east side trench wall. The borated water 
storage tank is addressed as part of the Low Pressure Injection System in Section 2.5 of 
OLRP-1001. The borated water storage tank pipe trench is a Class 1 structure. Class 1 
structures have been determined to meet the intent of §54.4(a)(1).  
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2.7.10.6 Transmission Towers 
The 230 kV transmission line from Keowee to Oconee is supported by two dead-end type 
lattice towers and one suspension lattice tower. The structures are designed for National 
Electric Code (NEC) heavy loading Grade B construction per the NEC, Section 25, 
Rule 252, and Section 26, Rule 261-A&B. The dead-end structures and the suspension 
structure were analyzed for 0. 15g ground motion.  

The shield wire pull-off structures located on the roof of the Turbine Building support the 
loads of the transmission lines from the 230 kV switchyard to the plant. The structures 
are constructed of hot-dipped galvanized steel with welded and bolted connections. The 
shield wire pull-off structures are seismically designed.  
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Table 2.7-1 Auxiliary Building Components and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

Intended Functions 
(Identified in the note below) 

Anchora e 2 7 
Embedments 2 7 
Equipment Pads 2 7 
Flood Curbs 8 
Foundation 2 7 
Hatches 34 6 
Masonr Block & Brick Wall2 3 47 
Reinforced Concrete Beams, 2 3 4 6 7 8 11 

* Columns, Floor Slabs, and Walls 
RoofSlabs 236 7 
Sumps1 2 
Steel in Air Environment 
Anchorage/Embedments 2 7 
(exposed surfaces) 
Battery Racks for thel25 VDC 2 
Instrument and Control Batteries 
Cable TraJ & Conduit 2 7 
Cable Tray & Condui S orts 2 7 
Checkered Plate 3 
Control Boards 2 3 7 
Control Room Ceiling7 

Table 2.7-1 continues on the next page.  

2.7-30 
Revision 2 

Volume IHoc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Structures & Structural Components 

Table 2.7-1 Auxiliary Building Components and Their Intended Functions 
(continued) 

Intended Functions 

(Identified in the note below) 

1 2 3 4 5 6 7 8 9 10 1 2 

Crane Rails & Girders 7 
Electrical & Instrument Panels & 2 3 7 
Enclosures 

Euipment Component Supprts 2 7 
ExRansion Anchors 27 
Flood, Pressure & Specialty 1 3 8 
Doors 
Instrument Line Supports 27 
Instrument Racks & Frames 2 7 
Lead Shielding Supports 7 
Metal Siding 1 3 
PipeSu pos 2 7 
Stairs, Platforms & Grating 2 7 

* 
Suorts 
Structural Steel Beams,27 
Columns, Plates & trusses 

Steel in Fluid Environment 

Spent Fuel Pool Liner Plate 13 5 
* Unit 1&2 Pool 
* Unit 3 Pool 

Spent Fuel Storage Racks 2 
* Unit 1 & 2 
* Unit 3 
Structural Steel & Plates7 

Table 2.7-1 continues on the next page.  
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Table 2.7-1 Auxiliary Building Components and Their Intended Functions 
(continued) 

(Identified in the note below) 

Fire Barriers 
Fire Doors 4 
Fire Walls 4 
Fire Barrier Penetration Seals 4 

Structural Intended Functions: 
1. Provides pressure boundary and / or fission product barrier.  
2. Provides structural and I or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and I or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  

2.7-32 
Revision 2 

Volume I.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Structures & Structural Components 

Table 2.7-2 Earthen Embankments and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the structure does not perform the listed function.  

Intended Functions 
(Identified in the note below) 

Earthen Embankments 
Intake Canal Dike 5 12 
Keowee River Dam 5 12 
Little River Dam and Dikes 5 1 

Structural Intended Functions: 
I1. Provides pressure boundary and / or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  07. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds; water for generation at Keowee Hydro Station.  
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Table 2.7-3 Intake Structure Components and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

Intended Functions 
(Identified in the note below) 

Concrete 
Anchora e 2 7 
Embedments 2 7 
Foundation 2 7 
Reinforced Concrete Beams, 2 3 7 
Columns, Floor Slabs, and Walls 
Steel in Air Environment 
Anchorage/Embedments 2 7 
(exCosed surfaces) 

Cable Tra & Conduit 
2 

7 
Cable Tray & Conduit Su orts 2 7 
Checkered Plate 3 
Electrical & Instrument Panels & 2 3 7 
Enclosures 
Equipment Componen uot 2 7 
ExRansion Anchors 2 7 
Instrument Racks & Frames 2 7 
PipeSupports 2 7 
Stairs, Platforms & Grating 2 7 
Supports 
Structural Steel Beams, 27 
Columns, Plates & Trusses 

Table 2.7-3 continues on the next page.  
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Table 2.7-3 Intake Structure Components and Their Intended Functions 
(continued) 

Intended Functions 

I N N (Identified in the note below) 

Steel in Fluid Environment 
Euipment Cornponent Su ols2 

Trash Rack & Screens 2tE l 

Structural Intended Functions: 
I. Provides pressure boundary and / or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  
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Table 2.7-4 Keowee Structure Components and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

(Identifieeinthu not below) 

Concrete 
Anchora e 2 7 
Embedments 2 7 

Euipment Pads 2 7 
Foundation 2 7 
Foundation Dowels 2 7 
Hatches 3 
Maso Block & Brick Walls 2 3 7 
Penstock, Intake, Spillwa 2 7 
Reinforced Concrete Beams, 2 3 6 7 
Columns, Floor Slabs, and Walls 
Roof Slabs2 36 7 
Sumps2 
Steel in Air Environment 
Anchorage/Embedments 2 7 
(exposed surfaces) 
Battery Racks for the 125 VDC 2 
Instrumentation and Control 
B atteries 
Cable TraR & Conduit 2 7 
Cable Tray & Conduit Supports 2 7 
Checkered Plate 3 
Control Boards 7 
Control Room Ceiling 

Table 2.7-4 continues on the next page.  
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Table 2.7-4 Keowee Structure Components and Their Intended Functions 
(continued) 

Intended Functions 
(Identified in the note below) 

Steel in Air Environment continued 
Electrical & Instrument Panels & 2 
Enclosures 
Eui ment Com onent Su o 2 

Expansion Anchors 27 
Flood, Pressure & Specialty3 
Doors 
Instrument Line Supports 27 
Instrument Racks & Frames 2 7 
PipeSupports 27 
Stairs, Platforms & Grating 27 
Supports 
Structural Steel Beams, 27 
Columns, Plates & Trusses 

Structural Intended Functions: 
I1. Provides pressure boundary and /or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  
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Table 2.7-5 Reactor Building Components (Internal Structural Components and 
the Unit Vent Stacks) and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

Intended Functions 
(Identified in the note below) 

Concrete 
Anchora e 2 7 
Embedments 2 7 
Equipment Pads 2 7 
Flood Curbs 2 8 
Hatches 3 6 
Maso Block & Brick Walls 2 3 7 

Missile Shields 
3 6 

Reinforced Concrete Beams, n3 6 7 11 
Columns, Floor Slabs, and Wal 

Steel in Air Environment 
Anchorage/Embedments27 
(exposed surfaces) 
Cable TraV & Conduit 
Cable TraJ & Conduit Suorts 
Checkered Plate3 
Crane Rails & Girders7 
Electrical & Instrument Panels &2 37 
Enclosures 
Equipment Component Supports 27 
Expansion Anchors2 
Flood, Pressure & Specialty 13 

3 .- 3 
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Table 2.7-5 Reactor Building Components (Internal Structural Components and 
the Unit Vent Stacks) and Their Intended Functions 

(continued) 

Intended Functions 
(Identified in the note below) 

Steel in Air Environment continued 
Instrument Racks & Frames 2 7 
Lead Shieldin Su orts 7 
PieSup onns 2 7 
Stair, Platform & Grating 2 7 
Supports 
Structural Steel Beams, 2 7 
Columns, Plates & Trusses 
Sump Screens 2 
Unit Vent Stack 9 
Steel in Fluid Environment 

Miscellaneous 

Structural Intended Functions: 
1. Provides pressure boundary and /or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  
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Table 2.7-6 Standby Shutdown Facility Components and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

Intended Functions 
(Identified in the note below) 

Concrete 
Anchora e 2 7 
Embedments 2 7 
Equipment Pads 2 7 
Flood Curbs 8 
Foundation 2 7 
Hatches 3 6 
Reinforced Concrete Beams, 2 3 6 7 
Columns, Floor Slabs, and Walls 

Steel in Air Environment 
Anchorage/Embedments 2 7 
(exposed surfaces) 
Battery Racks for the 125 VDC 2 
Standby Shutdown Facility 
Batteries 
Cable Tray & Conduit 2 7 
Cable Tray & Conduit S orts 2 7 
Checkered Plate 3 
Control Boards 2 3 7 
Control Room Ceiling 7 
Crane Rails & Girders 7 
Electrical & Instrument Panels & 2 3 7 
Enclosures 
Equipment ComponetS orts 2 7 
Expansion Anchors 2 7 
Flood, Pressure & Specialty 3 8 
Doors 

Table 2.7-6 continues on the next page.  
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0 
Table 2.7-6 Standby Shutdown Facility Components and Their Intended Functions 

(continued) 

Intended Functions 
(Identified in the note below) 

Steel in Air Environment continued 
HVAC Duct Su orts 2 
Instrument Line Supot 2 7 
Instrument Racks & Frames 2 7 

PeSupports 2 7 
Stairs, Platforms & Grating27 
Supports 

Structural Intended Functions: 
1. Provides pressure boundary and / or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  
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Table 2.7-7 Turbine Building Components and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

Intended Functions 
(Identified in the note below) 

Concrete 
Anchora e 2 7 
Embedments 2 7 
nsuiment Pads 2 7 

Flood Curbs 8 
Foundation 2 7 
Foundation Dowels 2 7 
Masonr Block & Brick Walls 2 4 7 

ssile Shields 3 6 
PiJe Piles 2 7 
Reinforced Concrete Beams, 2 3 4 6 7 
Columns, Floor Slabs, and Walls 
Roof Slabs2 36 7 
Sumps2 
Steel in Air Environment 
Anchorage/Embedments 2 7 
(exposed surfaces) 
Cable Tray & Conduit 2 7 
Cable Tray & Conduit Su orts 2 7 
Checkered Plate 3 
Crane Rails & Girders7 
Electrical & Instrument Panels & 2 37 
Enclosures 

Euipment Component Su orts 27 
Expansion Anchors27 
Flood, Pressure & Specialty38 
Doors 

Table 2.7-7 continues on the next page.  
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Table 2.7-7 Turbine Building Components and Their Intended Functions 
(continued) 

Intended Functions 

(Identified in the note below) 

Instrument Racks & Frames 2 7 
PipeSupports 2 7 
Stairs, Platforms & Grating 2 7 
Supports 
Structural Steel Beams,27 
Columns, Plates & Trusses 
Fire Barriers 

Structural Intended Functions: 
1 . Provides pressure boundary and /or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard anale from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  
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S 
Table 2.7-8 Yard Structure Components and Their Intended Functions 

Key: Structural function numbers identified in the Table correspond to the functions listed 
following the Table. Shaded cells indicate that the component does not perform the listed 
function.  

Intended Functions 
(Identified in the note below) 

Concrete 
Anchorage 2 7 
Embedments 2 7 

Eqiment Pads 2 7 
Foundation 2 7 
Masonr Block & Brick Walls 2 7 
Pie Piles 2 7 
Reinforced Concrete Beams, n3 7 

* Columns, Floor Slabs, and Wal 

Steel in Air Environment 
Anchorage/Embedments 2 7 
(exposed surface) 
Battery Racks for the 230 kV 2 
Switchyard Batteries in the 
230 kV Relay House 
Cable TraV & Conduit 2 7 
Cable Tray & Conduit 2 7 
Checkered Plate 3 
Electrical & Instrument Panels & 2 3 7 
Enclosures 
Elevated Water Storage Tank 2 
(exterior) 
Equipment Component Su orts 2 7 
Expansion Anchors27 

Piles27 

Table 2.7-8 continued on next page.  
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Table 2.7-8 Yard Structure Components and Their Intended Functions 
(continued) 

Intended Functions 

(Identified in the note below) 

Steel in Flid Enviromentcniud 

Structural Intended Functions: 
1. Provides pressure boundary and / or fission product barrier.  
2. Provides structural and / or functional support to safety-related equipment.  
3. Provides shelter/protection to safety-related equipment (including radiation shielding).  
4. Provides rated fire barrier to confine or retard a fire from spreading to or from adjacent areas of the plant.  
5. Provides source of cooling water for plant shutdown.  
6. Serves as missile (internal or external) barrier.  
7. Provides structural and / or functional support to non-safety related equipment where failure of this structural 

component could directly prevent satisfactory accomplishment of any of the required safety-related functions.  
8. Provides a protective barrier for internal / external flood event.  
9. Provides path for release of filtered and unfiltered gaseous discharge.  
10. Impounds water for ultimate heat sink during loss of Lake Keowee.  
11. Provides heat sink during SBO or design basis accidents.  
12. Impounds water for generation at Keowee Hydro Station.  
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3.1 INTRODUCTION 
The second major activity of the Oconee Integrated Plant Assessment, the identification 
of the aging effects applicable to the structures and components that are subject to aging 
management review, is set forth in this chapter. [Footnote 1] 

For those structures and components that are identified as being subject to an aging 
management review, §54.21(a)(3) requires a demonstration that the effects of aging will 
be adequately managed so that their intended function(s) will be maintained consistent 
with the current licensing basis for the period of extended operation. The information 
provided in Chapter 3 provides essential input to the aging management review required 
by §54.21 (a)(3) as it identifies and discusses the applicable aging effects. [Footnote 2] 
The information provided in Chapter 3, along with the technical information provided in 
Chapters 2 and 4, is designed to allow the NRC to make the finding contained in 
§54.29(a)(1). [Footnote 3] 

§54.21(a)(3) Reference 

(a) An integrated plant assessment (IPA). The IPA must 

(1) For each structure and component identified in paragraph (a)(1) of this 
section, demonstrate that the effects of aging will be adequately managed so 
that the intended function(s) will be maintained consistent with the CLB for 
the period of extended operation.  

As described previously in Chapter 2, the Oconee Integrated Plant Assessment is divided 
into the engineering disciplines traditional to Duke; i.e., mechanical, civil/structural, and 
electrical. The process used by Duke to identify the applicable aging effects for structures 
and components is described in Section 3.2.  

Consistent with the presentation of information in Chapter 2, the applicable aging effects 
for Reactor Building (Containment) components and Reactor Coolant System 
components are provided in Sections 3.3 and 3.4, respectively. The applicable aging 
effects for mechanical components, electrical components, and structural components are 
provided in Sections 3.5, 3.6, and 3.7, respectively.  

1. Chapter 2 of OLRP-1001 discusses the identification of structures and components within the scope of 
license renewal that have been determined to be subject to aging management review.  

2. The demonstration that these aging effects are adequately managed is provided in Chapter 4.  
3. Refer to Section 1.1 for the text of NRC requirements to §54.29(a)(1).  
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3.2 DESCRIPTION OF THE PROCESS TO IDENTIFY APPLICABLE AGING 
EFFECTS 

A description of the process used to identify the aging effects applicable to Oconee 
structures and components subject to an aging management review is provided in this 
Section. Section 3.2.1 describes the process used to identify the applicable aging effects.  
Section 3.2.2 provides a description of the service environment in applicable areas of 
Oconee Nuclear Station. This process is consistent with the guidance provided in 
NEI 95-10, Revision 0 [Reference 3.2-1, Section 4.2.1.1].  

3.2.1 PROCESS OVERVIEW 
The process by which Duke identifies applicable aging effects at Oconee consists of 
several stages. First, from a generic perspective, potential aging effects that could 
generally challenge the intended functions of structures and components subject to an 
aging management review have been identified by reviewing available industry literature.  
These potential aging effects have been evaluated to determine which ones are applicable 
to Oconee.  

Second, the aging effects applicable to Oconee have been determined by reviewing the 
plant-specific materials of construction and service environments (see Section 3.2.2) for 
each structure and component that is subject to an aging management review. To provide 
reasonable assurance that the applicable aging effects for a specific material-environment 
combination are the only aging effects of concern for Oconee, Duke also has performed a 
review of industry experience and NRC generic communications relative to structures and 
components.  

Finally, relevant Oconee experience has been reviewed to provide further confidence that 
the set of applicable aging effects for the specific material-environment combinations 
have been identified. Taken together, the steps of this process provide reasonable 
assurance that the aging effects applicable to Oconee structures and components subject 
to an aging management review have been identified.  
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3.2.2 SERVICE ENVIRONMENTS 

The service environment in which components operate, along with other factors, 
establishes the applicable aging effects of concern for license renewal. This sub-section 
identifies the service environments for the areas that contain structures and components 
subject to an aging management review. The service environments identified in this 
section are thermal, radiation, and moisture. These environments are described in 
Sections 3.2.2.1 through 3.2.2.3.  

3.2.2.1 Thermal Environmentals 

Thermal data were obtained from Oconee engineering documents and combined into 
tables. Table 3.2-1 presents a summary of the thermal environmental conditions, by 
location, so that the structures and components installed in each one of the locations can 
be analyzed for aging resulting from location-specific, worst-case design environments.  

3.2.2.2 Radiation Environmentals 
Design radiation maximums specific to normal operation were obtained from the 
Environmental Qualification Criteria Manual [Reference 3.2-2]. These values are 
considered conservative maximums; the actual 40-year dose will be lower and, in some 
cases, much lower. For all areas of the plant not listed in the Environmental 
Qualification Criteria Manual, the 40-year dose (gamma) is negligible. Table 3.2-2 
presents a summary of the radiation environments; sorted from highest to lowest 
radiation dose.  

The expected normal dose for 60 years at Oconee can be determined by multiplying the 
current 40-year normal dose by a simple ratio of 1.5 (60/40). For example, if the normal 
40-year dose listed in Table 3.2-2 for a given area is 3 x 104 rads, then the 60-year dose 
will be 4.5 x 104 rads.  

3.2.2.3 Moisture 

Exterior surfaces of structures and components located in yard areas are subject to 
moisture from weather conditions such as dew, rain, fog, snow, or sleet. Oconee is 
located in a rural area and is not near major industrial plants or seawater so the plant is 
not exposed to sulfate or chloride attack.  

Components such as the Keowee structures, Intake Structure, and Condenser Cooling 
Water System piping are exposed to the waters of Lake Keowee. Water quality in Lake 
Keowee is excellent. Concentrations of all minerals and nutrients are very low, with total 
dissolved solids of less than of 25 mg/l.  
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The quality of the groundwater in the vicinity of Oconee is excellent. The Oconee 
groundwater pH ranges between 5.5 and 5.8; the chloride concentration ranges between 
3.2 and 9.2 ppm; and the sulfate concentration ranges between 3.5 and 572 ppm.  

Components located inside of structures may have short-term exposure to standing water 
from spills or normal system leakage. Localized corrosion that occurs as a result of a 
short-term event is corrected through normal plant maintenance activities. These 
conditions are considered to be event driven and not considered in license renewal aging 
management reviews 
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3.2.3 REFERENCES FOR SECTION 3.2 

3.2-1. NEI 95-10, Revision 0, Industry Guideline for Implementing the Requirements of 
10 CFR Part 54 - The License Renewal Rule, Nuclear Energy Institute, 
March 1996.  

3.2-2. Oconee Nuclear Station Environmental Qualification Criteria Manual, Rev. 12.  
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Table 3.2-1 Oconee Thermal Environments 

Structure Specific Area Description Bounding 
or Area and Comments Temperature 

Auxiliary Main Steam Penetration Concrete (Penetration 150oF (65.60 C) 
Buildings Rooms) 

Areas Cooled by the Auxiliary Building 1040F (40.00 C) 
Ventilation System 

Spent Fuel Pool Areas 1040F (40.00 C) 

Equipment Rooms (designed for 86 0 F) 900 F (32.2 0 C) 

Control Rooms, Cable Rooms (designed for 85 0 F (29.4oC) 
74-F) 
Control Battery Rooms 80oF (26.7 0 C) 

Areas Cooled by the Auxiliary Building Air 75-F (23.9 0 C) 
Conditioning System 

Intake Structure Areas Exposed to Site Ambient 105oF (40.6-C) 

Keowee Structures All Areas 105oF (40.60 C) 

Reactor Buildings Vessel Head and Area Around the Control Rod 175oF (79.4 0 C) 
Drives (maintained near 150'F) 

High Elevations in Steam Generator Cavities 132-F (55.6oC) 

Elevation Around Top of Reactor Coolant Pumps 126 0 F (52.20 C) 

Elevation 797+6 116 0 F (46.70 C) 

Standby Shutdown Diesel Generator, Switchgear, Pump, HVAC 104oF (40.00 C) 
Facility Equipment Rooms 

Control, Computer, Battery, Response (CAS) 72oF (22.20 C) 
Rooms 

Turbine Buildings General Areas 105oF (40.6oC) 

Yard Structures Areas Exposed to Site Ambient 1050 F (40.6oC) 

Appendix R Warehouse 105oF (40.60 C) 

Cable Trenches and Direct Buried 80oF (26.7 0 C) 
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Table 3.2-2 Oconee Radiation Environments 

Maximum 40-Year Maximum 60-Year 
Structure Area Normal Operating Normal Operating 

Dose (rads) Dose (rads) 

Reactor Buildings Reactor Cavity 3 x 107  4.5 x 107 
Steam Generator Cavity 
Elev. 797+6 - zone 1 
Elev. 825+0 - zone 1 
Elev. 844+6 - zone 1 

Elev. 777+6 - zone I lx 107  1.5 x 107 

Auxiliary Buildings Elev. 758+0 - zones 5-7 1 x 106 1.5 x 106 
Elev. 771+0 - zones 1-8 
Elev. 783+9 - zones 1-6 
Elev. 796+6 - zones 1-2 
Elev. 809+3 - zone 2 
Elev. 822+0 - zones 2-3 
Penetration Rooms 

Reactor Buildings Elev. 777+6 - zone 2 3 x 105  4.5 x 105 

Auxiliary Buildings Elev. 758+0 - zones 1-4 1 x 105  1.5 x 105 
Eley. 796+6 - zones 3-4 

Reactor Buildings Elev. 777+6 - zone 3 3 x 104  4.5 x 104 

Elev. 797+6 - zone 2 
Elev. 825+0 - zone 2 
Elev. 844+6 - zone 2 
General 

Auxiliary Buildings Elev. 809+3 - zone 3 1 x 104  1.5 x 104 
Elev. 822+0 - zone 1 

Elev. 771+0 - zones 9-10 lx 103  1.5 x 103 
Elev. 783+9 -zones 7, 8a-8d 
Elev. 796+6 - zones 5-6 
Elev. 809+3 - zone I 

Turbine Buildings All Areas Less than 1 x 103 Less than 1.5 x 103 

Auxiliary Buildings Elev. 838+0 - zones la-e, 2 1 x 102  1.5 x 102 

Cable Spreading Rooms Less than 1 x 102 Less than 1.5 x 102 

Control Rooms 
Electrical Equipment Rooms 
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Table 3.2-2 Oconee Radiation Environments 
(continued) 

Maximum 40-Year Maximum 60-Year 
Structure Area Normal Operating Normal Operating 

Dose (rads) Dose (rads) 

Intake Structure All Areas Negligible Negligible 

Keowee Structures All Areas 

Standby Shutdown All Areas 
Facility 

Yard Structures All Areas 

0 
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3.3 AGING EFFECTS FOR REACTOR BUILDING (CONTAINMENT) 
STRUCTURAL COMPONENTS 

3.3.1 DESCRIPTION OF THE PROCESS TO IDENTIFY THE APPLICABLE AGING EFFECTS 
FOR REACTOR BUILDING (CONTAINMENT) STRUCTURAL COMPONENTS 

Reactor Building (Containment) structural components that are within the scope of 
license renewal that require aging management reviews and their intended functions are 
identified in Section 2.3.  

The process to determine the aging effects applicable to these Containment structural 
components begins with an understanding of the potential aging effects defined in 
industry literature. From this set of potential aging effects, the component materials, 
operating environment and operating stresses serve to define the applicable aging effects 
for each component that is subject to an aging management review. These applicable 
aging effects are then validated by a review of industry and Oconee operating experience 
to provide reasonable assurance that the full set of applicable aging effects are established 
for the aging management review. This process is more fully described in Section 3.2 of 
OLRP-1001.  

To facilitate the identification of applicable aging effects, structural components of the 
Reactor Building (Containment) have been grouped as follows: 

* Concrete components 
* Steel components 
* The post-tensioning system 

Section 3.3.2 identifies the aging effects applicable to Containment concrete components.  
Section 3.3.3 identifies the aging effects applicable to Containment steel components, 
and Section 3.3.4 does the same for the Containment post-tensioning system.  
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3.3.2 APPLICABLE AGING EFFECTS FOR CONCRETE COMPONENTS 

Containment concrete structural components are identified in Section 2.3.2 of 
OLRP-1001. As an aid to the reader, the types of concrete structural components which 
are subject to aging management review are repeated here and include: 

* Dome and Cylinder Walls 
* Floor 
* Foundation Slab 

The codes and standards used for the Containment design and fabrication including 
applicable edition are given in the Oconee UFSAR [Reference 3.3-1, Section 3.8.1]. The 
Containment concrete component design complies with the ACI 318-63 
[Reference 3.3-2]. The concrete and reinforcing design parameters are identified in the 
Oconee UFSAR [Reference 3.3-1, Chapter 3.8]. Additional information on the 
environmental conditions at Oconee is provided in Section 3.2.2 of OLRP-1001.  

The review to identify the applicable aging effects for concrete structural components 
considers the following potential aging effects which have been identified by reviewing 
available industry literature: 

* Loss of material due to abrasion and cavitation, aggressive chemicals, corrosion of 
embedded steel/rebar, elevated temperature, or freeze-thaw. Loss of material includes 
scaling, spalling, pitting, and erosion; 

* Cracking due to elevated temperature, fatigue, freeze-thaw, reaction with aggregates, 
shrinkage, or settlement; 

* Change in material properties due to aggressive chemical attack, elevated 
temperature, irradiation embrittlement, or leaching of calcium hydroxide. Change in 
material properties is manifested in concrete components as increased permeability, 
increased porosity, reduction in pH, reduction in tensile strength, reduction in 
compressive strength, reduction in modulus of elasticity, and reduction in bond 
strength.  

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment. Section 
3.3.2.1 describes the ambient environments that Reactor Building (Containment) concrete 
components are exposed to at Oconee. Sections 3.3.2.2 through 3.3.2.7 describe the 
results when the process is applied to Containment concrete components at Oconee. The 
results are summarized in Table 3.3-1.  
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3.3.2.1 Environment 
Containment concrete components are exposed to different service environments 
depending on their location. The Containment concrete foundation slab and the portion 
of the external cylinder wall below grade are exposed to backfill and groundwater. The 
groundwater chemistry plays a major role in the determination of the degradation of the 
below grade components. External surfaces of the Containment dome and cylinder wall 
above grade are exposed to the external atmospheric environment. The cylinder wall 
above grade enclosed by adjacent buildings is exposed to a controlled environment which 
protects it from external weather and temperature changes.  

The top of the concrete floor is exposed to the internal environment of the Containment.  
High temperature, humidity and radiation play a role in the potential degradation of the 
concrete components located within this environment.  

3.3.2.2 Loss of Material Assessment 

Loss of material has been assessed and determined to be not applicable for the Oconee 
Containment concrete components. The Oconee concrete components are designed in 
accordance with ACI 318-63 and constructed in accordance with ACI 301 using 
ingredients conforming to ACI and ASTM standards which provide a good quality, 
dense, low permeability concrete [Reference 3.3-3]. In addition, the components are 
located in environments, both above and below grade, where they are not exposed to 
continuously flowing water, nor to temperatures which exceed the thresholds for 
degradation identified in ACI 318-63. Groundwater chemical concentrations have been 
tested at Oconee and it has been determined that they do not exceed the minimum 
threshold limits for degradation to occur which are described in the NUMARC PWR 
Containment Industry Report [Reference 3.3-4].  

3.3.2.3 Cracking Assessment 
Cracking is manifested in concrete components as a complete or incomplete separation of 
the concrete into two or more parts. Aging mechanisms and stressors that can lead to 
cracking include freeze-thaw, reaction with aggregates, shrinkage, settlement, elevated 
temperature or fatigue [Reference 3.3-5].  

Cracking has been assessed and determined not to be a significant aging effect for the 
Oconee Containment concrete components. The prestressed concrete design places the 
cylinder and dome concrete in compression for all normal loading conditions over the 
current and extended period of operation. The precompression minimizes the number 
and width of cracks induced by shrinkage, temperature, or load. The concrete 
components are designed in accordance with ACI 318-63 [Reference 3.3-2] and 
constructed in accordance with ACI 301 [Reference 3.3-3] using ingredients conforming 
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to ACI and ASTM standards which provide a good quality, dense, low permeability 
concrete.  

During initial construction, concrete component constituents were carefully selected to 
mitigate aggregate reactions. Tests were performed on the aggregate contained in the 
Oconee Containment which indicated that they were not considered potentially reactive.  
Shrinkage in concrete is not a possible aging effect after 20 years [Reference 3.3-6]. The 
Oconee Containments are founded on bed rock thus precluding settlement. The concrete 
components are not exposed to temperatures which exceed the thresholds for degradation 
due to elevated temperature identified in ACI 318-63 [Reference 3.3-2].  

Finally, a review of the loadings that concrete containments experience during normal 
operation indicates that the periodic Type A Integrated Leak Rate tests are the major 
sources of load changes. However, the number of cycles of Type A tests are generally 
low for a 60-year operating life with only low to moderate stress levels [Reference 3.3-4].  
For all of these reasons, cracking was judged not to be an applicable aging effect for 
license renewal.  

3.3.2.4 Change in Material Properties Assessment 
The change in material properties aging effect is manifested in concrete components as 
increased permeability, increased porosity, reduction in pH, reduction in tensile 
strength, reduction in compressive strength, reduction in modulus of elasticity, and 
reduction in bond strength. Aging mechanisms and stressors which can lead to change in 
material properties include leaching of calcium hydroxide, elevated temperature, 
aggressive chemical attack, or irradiation embrittlement.  

Change in material properties has been assessed and determined to be not applicable for 
the Oconee Containment concrete components for the following reasons. The Oconee 
Containment concrete components are designed in accordance with ACI 318-63 
[Reference 3.3- 2] and constructed in accordance with ACI 301 [Reference 3.3-3] using 
ingredients conforming to ACI and ASTM standards which provide a good quality, 
dense, low permeability concrete. A dense concrete with a suitable cement content that 
has been well cured is less susceptible to calcium hydroxide leaching from percolating 
water because of its low permeability and low absorption rate.  

The concrete components are not exposed to temperatures which exceed the thresholds 
for degradation identified in ACI 318-63 [Reference 3.3-2], nor are they exposed to 
chemical concentrations which exceed the minimum threshold limits where degradation 
may occur.  
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Change in material properties due to irradiation exposure is not an applicable aging effect 
because the Containment concrete components will not experience sufficient irradiation 
to cause embrittlement.  

3.3.2.5 Industry Experience 
In order to validate the set of applicable aging effects considered, and to assure no 
additional aging effects exist beyond those discussed herein, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. No 
concrete component aging effects were identified in NRC generic communications or 
licensee event reports. The following NUREGs were reviewed: 

* NUREG/CR-6424, Report on Aging of Nuclear Power Plant Reinforced Concrete 
Structures 

* NUREG/CR-4652, Concrete Component Aging and its Significance Relative to Life 
Extension of Nuclear Power Plants 

* NUREG CP-100, Concrete Degradation Monitoring and Evaluation 
* NUREG-1522, Assessment of Inservice Conditions of Safety-Related Nuclear Plant 

Structures 
* NUREG-1557, Summary of Technical Information and Agreements from Nuclear 

Management and Resources Council Industry Reports Addressing License Renewal 

These NRC documents concluded that concrete deterioration has generally been minor 
due to the high quality of the original construction. Most instances related to degradation 
occurred early in the life of the structure and have subsequently been effectively 
corrected. Degradation was due to either improper material selection, 
construction/design deficiencies or environmental effects.  
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3.3.2.6 Oconee Operating Experience 
Oconee operating experience and previous Reactor Building Civil Inspections were 
reviewed to validate the applicable aging effects for Containment concrete components.  
This review included a survey of documented instances of Containment concrete 
component aging. Periodic condition inspections performed to date of the accessible 
exposed Containment concrete surfaces have indicated only a few areas of minor surface 
cracking and minor leaching. The degradation has been monitored and did not prevent 
the Containment concrete components from performing their intended functions 
consistent with the current licensing basis for the current or extended period of operation.  
The cause of the minor cracking is likely due to shrinkage. As the NRC Staff recognized 
in a Nuclear Regulatory Commission briefing, "shrinkage cracks are very common on 
concrete. Any time you build a structure out of concrete, your concrete shrinks and 
cracks develop, very minute cracks. These are not structural [Reference 3.3-7]." 
[Footnote 1] 

3.3.2.7 Conclusion 

Oconee Containment concrete components have been designed and fabricated in 
accordance with well established industry standards and construction practices. By 
considering these features along with the plant operating environments to which the 
concrete components are exposed, concrete cracking and leaching were judged not to be 

applicable aging effects for license renewal. From Oconee operating experience, some 
minor concrete cracking and leaching have been observed on a few exposed concrete 
surfaces. Engineering review of these locations has determined that the cracking and 
leaching will not challenge the intended functions of Containment under design basis 
loads. Additionally, this experience could also be considered as indirect symptomatic 
evidence for inaccessible areas. Since cracking and leaching have been observed and 
because of the importance of Containment in the radiological line of defense, the Oconee 
Containment Inservice Inspection Plan will serve to identify and manage any cracking 
and leaching that could lead loss of intended function. [Footnote 1] 

1. This section has been revised to supplement the initial Duke response to RAI 3.3-1 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-1 was discussed during a 
meeting with the NRC staff on April 29, 1998. In addition, this revision completes the action to 
supplement the initial Duke response to RAI 3.3-5 as discussed during a meeting with the NRC staff on 
April 29, 1998.  
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Therefore, the applicable aging effects for Containment concrete components are 
cracking and change in material properties (due to leaching). These aging effects need to 
be managed for the period of extended operation because they could lead to loss of 
structural integrity of the Containment. These aging effects will be managed by the 
following program that is described in Chapter 4 of OLRP-1001: 

* Containment Inservice Inspection Plan 
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3.3.3 APPLICABLE AGING EFFECTS FOR STEEL COMPONENTS 

Containment steel components are identified in Section 2.3.3 of OLRP-1001. As an aid 
to the reader, the types of steel structural components of the Containment which are 
subject to an aging management review are repeated here and include: 

* Liner Plate 
* Anchors/Embedments/Attachments 
* Personnel Hatch 
* Equipment Hatch 
* Mechanical Penetrations 
* Electrical Penetrations 
* Fuel Transfer Tube 

The codes and standards used for the Containment design and fabrication including 
applicable edition are given in the Oconee UFSAR [Reference 3.3-1, Section 3.8.1]. The 
Containment steel component design complies with the American Society of Mechanical 
Engineers (ASME Code Section III - 1965) for the pressure boundary, and the American 
Institute of Steel Construction (AISC Manual of Steel Construction, sixth edition) for the 
structural steel.  

The review to identify the applicable aging effects for steel structural components in an 
air environment considers the following potential aging effects which have been 
identified by reviewing available industry literature: 

* Loss of material due to general corrosion 
* Cracking due to fatigue or stress corrosion cracking 
* Change in material properties due to elevated temperature or irradiation embrittlement 

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment.  
Section 3.3.3.1 describes the ambient environments that Reactor Building (Containment) 
steel components are exposed to at Oconee. Sections 3.3.3.2 through 3.3.3.7 describe the 
results when the process is applied to the Containment steel components at Oconee. The 
results are summarized in Table 3.3-1.  
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3.3.3.1 Environment 
Containment steel components are exposed to various service environments depending on 
their location. The liner plate and other steel components are exposed to the internal 
environment of the Containment. High temperature, humidity and radiation within the 
interior of the Containment play a role in the degradation of the components located 
within this environment. Embedments encased in concrete are protected from the 
external environment and the highly alkaline environment of the concrete protects the 
steel from corrosion.  

3.3.3.2 Loss of Material Assessment 
Loss of material in the Containment steel components may be caused by corrosion of the 
steel. Exposed steel components are coated for corrosion protection; therefore, loss of 
material due to corrosion is not an applicable aging effect as long as the coatings are 
maintained. Coatings for the liner, attachments to the liner, penetrations and hatches are 
identified in the Oconee UFSAR [Reference 3.3-1, Table 3-12]. [Footnotes 2, 3] For the 
liner behind miscellaneous welded attachments, loss of material due to corrosion is an 
applicable aging effect if the cavity formed between the attachment and the liner is not 
sealed to protect against moisture intrusion. For steel components encased in concrete, 
loss of material due to corrosion is not an applicable aging effect because the adjacent 
concrete provides an alkaline environment that is an effective inhibitor of corrosion. The 
only exception to this conclusion may be the liner below the floor if the expansion joint 
sealant is not maintained.  

3.3.3.3 Cracking Assessment 

Cracking of steel components may be caused by stress corrosion and fatigue. Cracking 
due to stress corrosion is not an applicable aging effect for the carbon steel components of 
the Oconee Containment because the relevant conditions necessary (corrosive 
environment, susceptible material, and tensile stresses) for stress corrosion cracking do 
not exist.  

Dissimilar metal welds are used in certain Containment penetrations. Where dissimilar 
metals are used, appropriate welding techniques have been utilized. Bellows are not 
used in any Oconee Containment penetration. Cracking of dissimilar metal welds in 
Containment penetration welds subject to cyclic loads and thermal stresses during plant 

2. The Oconee Coatings Program is described in Chapter 4 of OLRP-1001.  
3. This section has been revised to supplement the initial Duke response to RAI 3.3-2 which was provided 

by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-2 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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operations is not likely to occur because the welds are located in a non-aggressive 
environment. The potential for cracking of these welds due to fatigue is addressed below.  

Cracking due to fatigue has been identified as a time-limited aging analysis and has been 
evaluated for the period of extended operation. The results of this evaluation are 
presented in Chapter 5 of OLRP-1001. This fatigue evaluation for the liner and 
penetrations for 60 years has determined that the original analysis remains valid for the 
period of extended operation. Furthermore, the design and operation of the steel 
components will not exceed 2 x10 6 loadings as specified by the American Institute of 
Steel Construction [Reference 3.3-8]. Cracking due to fatigue is not an applicable aging 
effect for the steel components of the Oconee Containment. [Footnote 4] 

3.3.3.4 Change in Material Properties Assessment 

The change in material properties aging effect driven by elevated temperature and 
irradiation is manifested in steel components as a reduction or increase in yield strength, 
reduction in modulus of elasticity, reduction in ultimate tensile ductility, and an increase 
in ductile-to-brittle transition temperature. Change in material properties due to elevated 
temperature is not an applicable aging effect because the steel components are not 
exposed to temperatures above the threshold where material property changes would 
occur. Structural steel has a high temperature threshold before significant strength 
reductions occur. Temperatures as high as 7000 F must be reached before small 
reductions in material properties occur [Reference 3.3-4] and temperatures during normal 
operation are well below this threshold.  

Change in material properties due to irradiation exposure is not an applicable aging effect 
because the steel components of the Oconee Containment will not experience irradiation 
above the threshold necessary to cause embrittlement. The primary shield wall and the 
concrete pedestal under the reactor vessel provide shielding. In addition, the distance 
between the steel components and reactor vessel provides a further reduction in the 
irradiation levels at the steel components of the Oconee Containment [Reference 3.3-4].  

4. This section has been revised to supplement the initial Duke response to RAI 3.3-3 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-3 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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3.3.3.5 Industry Experience 
In order to validate the set of applicable aging effects considered, and to assure no 
additional aging effects exist beyond those discussed herein, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were identified in this: 

* NUREG/CR-6424, Report on Aging of Nuclear Power Plant Reinforced Concrete 
Structures 

* ORNL/NRC/LTR-95/29, Degradation Assessment Methodology for Application to 
Steel Containments and Liners of Reinforced Concrete Structures in Nuclear Power 
Plants 

* LER's associated with corrosion 
* IE Bulletin 80-08, Examination of Containment Liner Penetration Welds 
* IN 86-99, Degradation of Steel Containments 
* IN 89-79, Degraded Coatings and Corrosion of Steel Containment Vessels 
* NUREG-1540, BWR Steel Containment Corrosion 
* NUREG-1557, Summary of Technical Information and Agreements from Nuclear 

Management and Resources Council Industry Reports Addressing License Renewal 

3.3.3.6 Oconee Operating Experience 
Oconee operating experience and previous Reactor Building Civil Inspections were 
reviewed to validate the applicable aging effects for Containment steel components. This 
review included a survey of documented instances of Containment steel component 
aging. As a result of this review, minor local coatings failures and minor local areas of 
corrosion Containment steel components have been observed. Coating degradation and 
minor local corrosion have been corrected by reapplication of protective coatings in 
accordance with existing coatings maintenance procedures applicable to the steel surfaces 
inside the Containment. This minor degradation has been repaired and did not prevent 
the Containment steel components from performing their intended functions consistent 
with the current licensing basis.  

In November 1996, degraded expansion joint sealant between the basement slab/liner 
plate interface was identified during an inspection of the Unit 3 Containment. This was 
being performed by Duke personnel as required by 10 CFR 50, Appendix J, V. A., 
Containment Inspection. Corrective actions included the inspection of similar locations 
on Units 1 and 2. The liner plate in the vicinity of the Unit 1 normal sump was found to 
have corrosion while the Unit 2 liner plate had expansion joint sealants intact and no 
corrosion. Expansion joint sealant, expansion joint filler material and basement slab 
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concrete were removed from the affected areas of the liner plate for both Units 1 and 3.  
Non-destructive examinations of the liner plate were performed and it was determined 
that the extent of corrosion of the liner plates of Units 1 and 3 were negligible, and much 
less than 10 % of the nominal wall thickness as allowed by IWE-3512. The affected 
areas of the liner plate were coated to protect against further corrosion. [Footnote 5] 

3.3.3.7 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. This review confirms that loss of material is the applicable 
aging effect for Containment steel components.  

Therefore, the applicable aging effect for the period of extended operation for the 
Containment steel components is loss of material due to corrosion: 

* For the liner, hatches, and penetrations if the coatings are not maintained; 
* For the liner below the concrete floor if the expansion joint sealants are not 

maintained; and 
* For the liner behind welded attachments if the cavity formed between the attachment 

and the liner is not sealed.  

This aging effect needs to be managed for the period of extended operation because 
corrosion could lead to a breech of the essentially leaktight barrier of the Containment 
steel components. This aging effect will be managed by the following programs that are 
described in Chapter 4 of OLRP-1001: 

* Coatings Program 
* Containment Inservice Inspection Plan 
* Containment Leak Rate Testing Program 

5. This section has been revised to incorporate the initial Duke response to RAI 3.3-10 which was 
provided by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-10 was 
discussed during a meeting with the NRC staff on April 29, 1998.  
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3.3.4 APPLICABLE AGING EFFECTS FOR THE POST-TENSIONING SYSTEM 

The post-tensioning system is identified in Section 2.3.4 of OLRP-1001. As an aid to the 
reader, the components of the post-tensioning system within the scope of license renewal 
are repeated here and include: 

* Tendon Wires 
* Tendon Anchorage 

The codes and standards used for the Containment design and fabrication, including 
applicable edition, are identified in the Oconee UFSAR, Section 3.8.1 [Reference 3.3-1].  
The design of the Containment post-tensioning buttresses and anchorage zone complies 
with ACI 318-63 [Reference 3.3-2].  

The review to identify the applicable aging effects for components of the post-tensioning 
system considers the following potential aging effects which have been identified by 
reviewing industry literature: 

* Loss of material due to general corrosion; 
* Cracking due to fatigue or stress corrosion cracking; and 
* Change in material properties due to elevated temperature or irradiation 

embrittlement.  

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment.  
Section 3.3.4.1 describes the ambient environments to which the Reactor Building 
(Containment) post-tensioning system are exposed at Oconee. Sections 3.3.4.2 through 
3.3.4.5 describe the results when the process is applied to the Reactor Building 
(Containment) post-tensioning system at Oconee. The results are summarized in 
Table 3.3-1.  
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3.3.4.1 Environment 
The Oconee Containment design incorporates a post-tensioning system that provides 
prestress forces to counteract forces resulting from the design loads. The post-tensioning 
system components are not exposed to the external atmosphere environment with the 
exception of the tendon end caps not enclosed by adjacent buildings. The anchorage 
system on the bottom of the vertical tendons is exposed to the moist environment of the 
tendon gallery. The tendon wires are encased in bulkfill grease. The tendon anchorages 
are enclosed in sealed end caps. [Footnote 6] 

3.3.4.2 Loss of Material Assessment 
The aging effect that could potentially result in loss of the ability of the post-tensioning 
system to impose compressive forces on the concrete containment structure is loss of 
material due to corrosion [Reference 3.3-4]. The effects of corrosion must be considered 
for both the tendon wires within the grease-filled conduits and for the anchorage 
providing the tendon wire terminations. Stressed components of the post-tensioning 
system are normally well protected against corrosion. The tendon and the anchorage are 
enclosed within the ducts and end caps that are filled with bulkfill grease. Potential 
grease leakage could occur and would be most likely at the tendon anchorage 
[Reference 3.3-4]. Loss of material due to corrosion may be an applicable aging effect 
for the tendon anchorage if the grease is not maintained.  

Although the vertical tendon bottom anchorage is exposed to the moist environment of 
the tendon gallery, the end caps are coated for corrosion protection, the anchorage is 
encased in grease, and they are not in direct contact with water. Oconee experience has 
not identified any corrosion of the bottom anchorage of the vertical tendons. [Footnote 7] 

The results of these evaluations are provided in the following paragraphs and summarized 
in Table 3.3-1.  

3.3.4.3 Industry Experience 
In order to validate the set of applicable aging effects considered, and to assure no 
additional aging effects exist beyond those discussed herein, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 

6. This paragraph has been revised to supplement the initial Duke response to RAI 2.3-3 which was 
provided by Duke letter dated January 14, 1998. The initial Duke response to RAI 2.3-3 was discussed 
during a meeting with the NRC staff on April 29, 1998.  

7. This section has been revised to supplement the initial Duke response to RAI 2.3-3 which was provided 
by Duke letter dated January 14, 1998. The initial Duke response to RAI 2.3-3 was discussed during a 
meeting with the NRC staff on April 29, 1998.  

3.3-14 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Reactor Building (Containment) Structural Components 

event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were identified during this survey: 

* NUREG/CR-4652, Concrete Component Aging and its Significance Relative to Life 
Extension of Nuclear Power Plants 

* NUREG/CR-6424, Report on Aging of Nuclear Power Plant Reinforced Concrete 
Structures 

* LERs associated with changes in liftoff force and corrosion 
* IN 85-10, "Post-Tensioned Containment Tendon Anchor Head Failure" 
* IN 91-80, "Failure of Anchor Head Threads on Post-Tensioning System during 

Surveillance Inspection" 
* NUREG-1557, Summary of Technical Information and Agreements from Nuclear 

Management and Resources Council Industry Reports Addressing License Renewal 

The documents identified tendon loss of prestress and corrosion as applicable aging 
effects. Loss of prestress is a time-limited aging analysis and is evaluated in Section 5.3 
of OLRP-1001. Of the over 30 million tendons used throughout the western world (to 
1978), the number of corrosion incidents (200 in completed permanent structures) is 
small. All of the corrosion-related incidents were related to either ill-conceived detailing, 
poor construction, or contaminants causing corrosive environments [Reference 3.3-9].  

3.3.4.4 Oconee Operating Experience 
In addition to the review of industry experience, Oconee operating experience and 
previous Reactor Building Tendon Surveillances were reviewed to validate the applicable 
aging effects. Minor pitting corrosion on bearing plates (this condition existed at the 
time of installation and no appreciable deterioration has occurred since installation) and 
minor grease leakage through the concrete shell and at anchorages have been observed.  
The corrosion was repaired by an existing maintenance procedure. The grease leakage is 
being monitored and there exists no evidence to date to show that the bulkfill grease has 
any detrimental effect on concrete. The NRC staff stated that it has completed its review 
of this matter and found it to be adequate [Reference 3.3-10]. The examination and 
testing of sample tendon wires have found no indication of corrosion of the wires.  

Oconee experience has not identified any corrosion of the bottom anchorage of the 
vertical tendons located in the tendon gallery.  
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3.3.4.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. Therefore, loss of material due to corrosion was determined 
to be an applicable aging effect for the period of extended operation for the tendon 
anchorage if the grease is not maintained. Material loss at the tendon anchorage can 
ultimately lead to tendon failure if the corrosion progresses to the point of cracking of the 
tendon anchorage. This aging effect needs to be managed for the period of extended 
operation because it could, if not managed, result in an adverse impact on one or more of 
the intended functions listed in Table 2.3-1.  

Loss of prestress is a time-limited aging analysis and is evaluated in Chapter 5.3 of 
OLRP-1001.  

Loss of material due to corrosion of the tendon anchorage will be managed by the 
following program which is described in Chapter 4 of OLRP-1001: 

* Containment Inservice Inspection Program, 
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Table 3.3-1 Applicable Aging Effects for Reactor Building (Containment) 

Components 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Concrete 

Cylinder Wall Cracking Containment Inservice 
Dome Change in material properties Inspection Plan 
Floor due to leaching * Examination Category L-A 
Foundation Slab Concrete 

Steel 

Anchorage/Embedments/ Loss of material due to corrosion Coatings Program 
Attachments * for the liner, hatches, and 
Electrical Penetrations penetrations if the coatings Containment Inservice 
Emergency Personnel Hatch are not maintained; Inspection Plan 
Equipment Hatch * for the liner below the * Examination Category E-A 
Fuel Transfer Tubes concrete floor if the Containment Surfaces, 
Liner Plate expansion joint sealants are * Examination Category E-C 
Mechanical Penetrations not maintained; and Containment Surfaces 
Personnel Hatch * for the liner behind welded Requiring Augmented 

attachments if the cavity Examination, 
formed between the * Examination Category E-D 
attachment and the liner is Seals, Gaskets, and Moisture 
not sealed Barriers, 

* Examination Category E-G 
Pressure Retaining Bolting, 
and 

* Examination Category E-P All 
Pressure Retaining 
Components.  

Welds within the scope of 
Examination Categories E-B 
Pressure Retaining Welds and 
E-F Pressure Retaining 
Dissimilar Metal Welds will be 
examined within the scope of the 
Examination Category E-A 
examination.  

Containment Leak Rate Testing 
Program 
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Table 3.3-1 Applicable Aging Effects for Reactor Building (Containment) 

Components 

(continued) 

Component Applicable Aging Aging Management 

Effect(s) Programs 

Post-Tensioning System 

Tendon Anchorage Loss of material at tendon Containment Inservice 
Tendon Wires anchorage Inspection Plan 

Examination Category L-B 
Unbonded Post-Tensioning 
System 
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3.4 AGING EFFECTS FOR REACTOR COOLANT SYSTEM COMPONENTS & 
CLASS 1 COMPONENT SUPPORTS 

3.4.1 DESCRIPTION OF THE PROCESS TO IDENTIFY THE APPLICABLE AGING EFFECTS 
FOR REACTOR COOLANT SYSTEM COMPONENTS & CLASS 1 COMPONENT 
SUPPORTS 

Reactor Coolant System components and Class 1 component supports within the scope of 
license renewal that require aging management review are identified in Section 2.4. Their 
intended functions are identified in Section 2.4. Mechanical and structural components of 
the Reactor Coolant System include: 

* Reactor Coolant System Piping 
* Pressurizer 
* Reactor Vessel 
* Reactor Vessel Internals 
* Once Through Steam Generators 
* Reactor Coolant Pumps 
* Control Rod Drive Motor Tube Housings 
* Letdown Coolers 
* Class 1 Component Supports 

Duke actively participated in a B&W Owners Group (B&WOG) effort that developed a 
series of topical reports whose purpose was to demonstrate that the aging effects for 
Reactor Coolant System components are adequately managed for the period of extended 
operation under a renewed license. The following is a list of the B&WOG topical reports 
applicable to the Oconee Reactor Coolant System that have been submitted to the NRC: 

* BAW-2243A, Reactor Coolant System Piping [Reference 3.4-1] (submitted and 
approved by the NRC) 

* BAW-2244A, Pressurizer [Reference 3.4-2] (submitted and approved by NRC) 

* BAW-225 1, Reactor Vessel [Reference 3.4-3] (submitted, under review by the NRC 
as of June 1998) 

* BAW-2248, Reactor Vessel Internals [Reference 3.4-4] (submitted, under review by 
the NRC as of June 1998) 
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NRC-approved reports may be incorporated by reference provided the conditions of 
approval contained in the safety evaluation of the specific report are met. Time-limited 
aging analyses associated with components of the Oconee Reactor Coolant System are 
discussed in Section 5.4 of OLRP-1001.  

The process to determine the aging effects applicable to Reactor Coolant System 
components begins with an understanding of the potential aging effects defined in 
industry literature. From this set of potential aging effects, the component materials, 
operating environment and operating stresses serve to define the applicable aging effects 
for each component that is subject to aging management review. These applicable aging 
effects are then validated by a review of industry and Oconee operating experience to 
provide reasonable assurance that the full set of applicable aging effects are established 
for the aging management review. This process is more fully described in Section 3.2 of 
OLRP-1001.  

The review to identify the applicable aging effects for Reactor Coolant System 
components considers the following potential aging effects which have been identified by 
reviewing available industry literature: 

* Loss of material 
* Cracking (initiation and growth)--Cracking due to fatigue is a TLAA and is 

addressed in Chapter 5.  
* Reduction of fracture toughness-Reduction of fracture toughness of the reactor 

vessel beltline region due to neutron embrittlement is a TLAA and is addressed in 
Chapter 5.  

* Loss of mechanical closure integrity of bolted closures 

The determination of aging effects that are applicable to Oconee considers the materials, 
environment, and stresses associated with the design of Oconee. The applicable aging 
effects for each of the Reactor Coolant System components are discussed in the following 
sections.  
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3.4.2 PROCESS TO INCORPORATE APPROVED B&WOG TOPICALS REPORTS BY 
REFERENCE 

Duke used the following process to incorporate approved B&WOG Topical Reports by 
reference into OLRP-1001 as well as those B&WOG Topical Reports that have been 
submitted and are still under review by the staff: 

(1) Comparison of the component intended functions for the Reactor Coolant 
System components under review. The Oconee-specific component screening 
review first identifies the component intended functions and then compares these 
functions to those identified in the generic B&WOG Topical Reports. Differences are 
noted and justification for the variances are provided.  

(2) Identification of the items that are subject to aging management review. Oconee 
drawings and pertinent design and field change data are reviewed. The process 
establishes the full extent to which the scope of the generic B&WOG Topical Reports 
bound the Oconee Reactor Coolant System components.  

(3) Identification of the applicable aging effects. An independent assessment of the 
applicable aging effects is performed by reviewing plant operating environment, 
operating stresses (qualitative), and Oconee-specific operating experience. This 
assessment serves to validate aging effects identified in the generic B&WOG Topical 
Reports. Aging effects for items that Duke determined to be subject to aging 
management review that were not included in the B&WOG Topical Reports are 
evaluated in this chapter.  

The results of performing Steps (1) and (2) are provided in Section 2.4 of OLRP-1001, 
while the results of performing Step (3) are provided in Section 3.4 of OLRP-1001.  
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3.4.3 REACTOR COOLANT SYSTEM PIPING 

Reactor Coolant System piping subject to aging management review is identified in 
Section 2.4.3 of OLRP-1001. As an aid to the reader, Reactor Coolant System piping 
items subject to aging management review are repeated here and include: 

* Piping (including fittings, branch connections, safe ends, and thermal sleeves) 
* Valve Bodies (pressure retaining parts of Reactor Coolant System isolation/boundary 

valves) 
* Bolted Closures 

As described in Section 2.4.3 of OLRP-1001, the Oconee plants are bounded by 
BAW-2243A with regard to scope of Reactor Coolant System piping and associated 
materials of construction. The approach for identifying applicable aging effects for the 
Reactor Coolant System piping is described in Section 3.4.1 of OLRP- 1001.  

3.4.3.1 Environment and Stress 
The operating environment of the Oconee Reactor Coolant System piping is consistent 
with that described in BAW-2243A [Reference 3.4-1, Section 3.1.1]. The Oconee 
Chemistry Control Program ,lludes specifications to periodically monitor the quality of 
the primary coolant. Limitations are established on dissolved oxygen, halides and other 
impurities. Corrective actions are taken in the event the primary coolant parameters are 
out of specification. The Oconee Reactor Coolant System chemistry is maintained in 
accordance with the Oconee Chemistry Control Program. [Footnote 1] 

Reactor Coolant System piping is designed to accommodate all service loadings (i.e., 
Levels A through D); however, operation under Level A and B Service Conditions 
contribute to the normal aging stresses for the piping. The Oconee units have not been 
subjected to a Level C or D event. Therefore, the Oconee Reactor Coolant System piping 
is bounded by BAW-2243A with respect to the qualitative assessment of stress.  

1. The Oconee Chemistry Control Program is described in Section 4.6 of OLRP-1001.  
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3.4.3.2 Applicable Aging Effects 
The aging effects applicable to the Oconee Reactor Coolant System piping are consistent 
with those described in BAW-2243A [Reference 3.4-1, Chapter 3] since Oconee is 
bounded by the generic report with respect to materials of construction, operating 
environment, Level A and B service conditions, and operating experience. The results of 
the aging effects review are contained in BAW-2243A, which include the NRC approval 
letter [Reference 3.4-5]. The applicable aging effects for the Reactor Coolant System 
piping are summarized in Table 3.4-1.  

3.4.3.3 Industry Experience 
The industry experience for Reactor Coolant System piping is described in BAW-2243A 
[Reference 3.4-1, Chapter 3].  

3.4.3.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects. The review of Oconee experience identified two recent leaks associated with 
Oconee Reactor Coolant System piping. The first leak occurred on April 21, 1997, on 
Oconee Unit 2. The cause of the leak was a crack in the weld connecting the piping to 
the nozzle safe-end on one of the two normal high pressure injection lines in the High 
Pressure Injection System. The cause was judged to be cracking due to thermal fatigue.  

A second leak occurred on January 27, 1998, on Oconee Unit 1. A crack developed in a 
1 inch NPS weld in a drain line off of the pressurizer surge line. The root cause of this 
leak was determined to have been a combination of stress corrosion cracking that 
developed on the external weld surface coupled with a mechanical vibration that drove 
the crack through-wall. Even though a synergistic combination of environmental 
conditions seems to have caused this leak, the piping data taken from the root cause 
investigation are of value here. During the investigation of the leak, destructive 
examination and internal surface examinations of the small-bore drain line piping showed 
no evidence of inside diameter-initiated cracking.  

In addition, information from operating experience indicates that there are additional 
elements of bolting maintenance procedures that should be considered, such as personnel 
training, installation and maintenance procedures, plant-specific bolting degradation 
history, and corrective measures. The NRC captured the lessons from this experience in 
IE Bulletin 82-02 [Reference 3.4-6] and directed each licensee to assure that these lessons 
were being incorporated at their plant. In response to IE Bulletin 82-02 
[References 3.4-7, 3.4-8, 3.4-9, and 3.4-10], Duke provided the results of the in-house 
investigation and provided assurance that bolting maintenance practices did indeed 
consider these lessons learned. In summary, routine maintenance practices has included 
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use of properly trained personnel and procedural guidance to construct bolted closures.  
Additionally, as reported in the Duke responses, some of the Oconee Reactor Coolant 
System bolting that was inspected was found in a degraded condition and bolting was 
repaired or replaced as a part of this investigation. Along with Technical Specification 
Leakage Limits, ASME Section XI bolting examination (Examination Categories B-G- 1 
and B-G-2), the Boric Acid Wastage Surveillance Program and continuation of routine 
Oconee maintenance practices reviewed under IE Bulletin 82-02 will assure aging 
management of mechanical closure integrity for bolted closures in the Reactor Coolant 
System.  

3.4.3.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the Reactor Coolant System 
piping are summarized in Table 3.4-1. These aging effects must be adequately managed 
so that the intended functions listed in Table 2.4-4 will be maintained consistent with the 
current licensing basis for the period of extended operation.  

These applicable aging effects will be adequately managed by the following programs 
which are described in Chapter 4 of OLRP-1001: 

* Boric Acid Wastage Surveillance Program 
* Chemistry Control Program 
* Inservice Inspection Plan (supplemented by the CASS Flaw Evaluation Procedure 

described in Chapter 4) 
* Program to Inspect High Pressure Injection Connections to the Reactor Coolant 

System 
* Reactor Coolant System Operational Leakage Monitoring 

In addition to the above, the following new activities have been identified for license 
renewal which are described in Section 4.3 of OLRP- 1001: 

* Alloy 600 Aging Management Program 
* Small Bore Piping Inspection 
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3.4.4 PRESSURIZER 

The pressurizer is identified in Section 2.4.4 of OLRP-1001. As an aid to the reader, 
pressurizer items subject to aging management review are repeated here and include: 

* Pressurizer Vessel 
* Nozzles 
* Other Pressure Retaining Items 
* Bolted Closures 
* Integral Attachments 
* Internal Spray Piping and Spray Head 

As described in Section 2.4.4 of OLRP-1001, the Oconee plants are bounded by the 
B&WOG Topical Report with regard to scope of pressurizer items within the first five 
groups defined above. Internal spray piping and the pressurizer spray head were not 
within the scope of BAW-2244A; however, they are within the scope of license renewal 
and subject to aging management review for Oconee. The approach for identifying the 
applicable aging effects on the pressurizer is described in Section 3.4.1 of OLRP- 1001.  

3.4.4.1 Environment and Stress 
The operating environment of the Oconee pressurizer is consistent with that described in 
BAW-2244A [Reference 3.4-2, Chapter 4]. The Oconee Chemistry Control Program 
includes specifications to periodically monitor the quality of the primary coolant.  
Limitations are established on dissolved oxygen, halides and other impurities. Corrective 
actions are taken in the event the primary coolant parameters are out of specification.  
Oconee Reactor Coolant System chemistry is maintained in accordance with the Oconee 
Chemistry Control Program. [Footnote 2] 

The pressurizer is designed to accommodate all service loadings (i.e., Levels A through 
D); however, operation under Level A and B Service Conditions contribute to the normal 
aging stresses for the pressurizer. The Oconee units have not been subjected to a Level C 
or D event. Therefore, the Oconee pressurizers are bounded by BAW-2244A with 
respect to the qualitative assessment of stress.  

2. The Oconee Chemistry Control Program is described in Chapter 4 of OLRP-1001.  
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3.4.4.2 Applicable Aging Effects 
The applicable aging effects of the Oconee pressurizer are consistent with those described 
in BAW-2244A [Reference 3.4-2, Chapter 3]. The results of the aging effects review are 
contained in BAW-2244A [Reference 3.4-2] which includes the NRC approval letter 
[Reference 3.4-11]. The applicable aging effects for the pressurizer are summarized in 
Table 3.4-1.  

The internal spray line is constructed from austenitic stainless steel and its applicable 
aging effect is cracking due to fatigue. The spray head is constructed from cast austenitic 
stainless steel and its applicable aging effect is cracking due to either thermal fatigue or 
reduction of fracture toughness. These aging effects for the spray line and spray head are 
consistent with those previously identified for piping in Section 3.4.3.2.  

3.4.4.3 Industry Experience 
The industry experience for the pressurizer is described in BAW-2244A [Reference 3.4-2, 
Chapter 3].  

3.4.4.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the pressurizer. This review included a survey of documented instances of 
pressurizer aging along with interviews with responsible engineering personnel. From 
this review, no applicable aging effects were identified beyond those identified in this 
section.  

3.4.4.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the pressurizer are 
summarized in Table 3.4-1. These aging effects must be adequately managed so that the 
intended functions listed in Table 2.4-4 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effects will be adequately managed by the following programs 
which are described in Chapter 4 of OLRP-1001: 

* Boric Acid Wastage Surveillance Program 
* Chemistry Control Program 
* Inservice Inspection Plan 
* Reactor Coolant System Operational Leakage Monitoring 
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In addition to the above, the following new activities have been identified for license 
renewal which are described in Section 4.3 of OLRP-1001: 

* Alloy 600 Aging Management Program 
* Pressurizer Examinations 
* Small Bore Piping Inspection 
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3.4.5 REACTOR VESSEL 

The reactor vessel is identified in Section 2.4.5 of OLRP-1001. As an aid to the reader, 
reactor vessel items subject to aging management review are repeated here and include: 

* Shell and Closure Head 
* Nozzles 
* Interior Attachments 
* Bolted Closures 

As described in Section 2.4.5 of OLRP-1001, the Oconee plants are bounded by 
BAW-2251 with regard to scope of reactor vessel items and associated materials of 
construction. The approach for identifying the applicable aging effects on the reactor 
vessel is described in Section 3.4.1.  

3.4.5.1 Environment and Stress 
The operating environment of the Oconee reactor vessel is consistent with that described 
in BAW-2251 [Reference 3.4-3, Chapter 3]. The Oconee Chemistry Control Program 
includes specifications to periodically monitor the quality of the primary coolant.  
Limitations are established on dissolved oxygen, halides and other impurities. Corrective 
actions are taken in the event the primary coolant parameters are out of specification.  
Oconee Reactor Coolant System chemistry is maintained in accordance with the Oconee 
Chemistry Control Program. [Footnote 3] 

The reactor vessel is designed to accommodate all service loadings (i.e., Levels A through 
D); however, operation under Level A and B Service Conditions contribute to the normal 
aging stresses for the reactor vessel. The Oconee units have not been subjected to a Level 
C or D event. Therefore, the Oconee reactor vessels are bounded by BAW-2251 with 
respect to the qualitative assessment of stress.  

3.4.5.2 Applicable Aging Effects 

The aging effects applicable to the Oconee reactor vessel are consistent with those 
described in BAW-2251 since Oconee is bounded by the generic report with respect to 
materials of construction, operating environment, Level A and B Service Conditions, and 
operating experience. The applicable aging effects for the reactor vessel are summarized 
in Table 3.4-1.  

3. The Oconee Chemistry Control Program is described in Section 4.6 of OLRP-1001.  
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3.4.5.3 Industry Experience 
The industry experience for the reactor vessel is described in BAW-2251 
[Reference 3.4-3, Chapter 3].  

3.4.5.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the reactor vessel. This review included a survey of documented instances of 
reactor vessel aging along with interviews with responsible engineering personnel. From 
this review, no applicable aging effects were identified beyond those identified in this 
section.  

3.4.5.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the reactor vessel are 
summarized in Table 3.4-1. These aging effects must be adequately managed so that the 
intended functions listed in Table 2.4-4 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effects will be adequately managed by the following programs 
which are described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 
* CRDM Nozzle and Other Vessel Closure Penetrations Inspection Program 
* Inservice Inspection Plan 
* Reactor Coolant System Operational Leakage Monitoring 
* Reactor Vessel Integrity Program 

In addition to the above, the following new program has been identified for license 
renewal which is described in Section 4.3 of OLRP-1001: 

* Alloy 600 Aging Management Program 
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3.4.6 REACTOR VESSEL INTERNALS 

The reactor vessel internals are identified in Section 2.4.6 of OLRP-1001. As an aid to 
the reader, reactor vessel internals assemblies subject to aging management review are 
repeated here and include: 

* Plenum Assembly 
* Core Support Shield Assembly 
* Core Barrel Assembly 
* Lower Internals Assembly 
* Thermal Shield and Thermal Shield Restraint 

As described in Section 2.4.6 of OLRP-1001, the Oconee plants are bounded by 
BAW-2248 with regard to scope of reactor vessel internals items within the first four 
groups defined above. The thermal shield and thermal shield upper restraint are not 
within the scope of BAW-2248 but are within the scope of license renewal and subject to 
aging management review for Oconee.  

The approach for identifying the applicable aging effects on the reactor vessel internals is 
described in Section 3.4.1.  

3.4.6.1 Environment and Stress 
The operating environment, or chemistry of the fluid in contact with the Oconee reactor 
vessel internals, is maintained consistent with that described in BAW-2248 
[Reference 3.4-4, Chapter 4]. The Oconee Chemistry Control Program includes 
specifications to periodically monitor the quality of the primary coolant. Limitations are 
established on dissolved oxygen, halides and other impurities. Corrective actions are 
taken in the event the primary coolant parameters are out of specification. Oconee 
Reactor Coolant System chemistry is maintained in accordance with the Oconee 
Chemistry Control Program. [Footnote 4] 

The reactor vessel internals are designed to accommodate all service loadings (i.e., Levels 
A through D); however, operation under Level A and B Service Conditions contribute to 
the normal aging stresses for the reactor vessel internals. The Oconee units have not been 
subjected to a Level C or D event. Therefore, the Oconee reactor vessel internals are 
bounded by BAW-2248 with respect to the qualitative assessment of stress.  

4. The Oconee Chemistry Control Program is described in Chapter 4 of OLRP-1001.  
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3.4.6.2 Applicable Aging Effects 
The applicable aging effects of the Oconee reactor vessel internals are consistent with 
those described in BAW-2248 [Reference 3.4-4, Chapter 3]. The results of the aging 
effects review are contained in BAW-2248 [Reference 3.4-4], which is currently under 
NRC staff review. The thermal shield which surrounds the core barrel and the thermal 
shield restraint are constructed from austenitic stainless steel. The applicable aging 
effects are the same as those for the core barrel assembly: cracking and reduction of 
fracture toughness.  

The applicable aging effects for the reactor vessel internals are summarized in 
Table 3.4-1.  

3.4.6.3 Industry Experience 
The industry experience for the reactor vessel internals is described in BAW-2248 
[Reference 3.4-4, Chapter 3]. Subsequent to the issuance of BAW-2248, NRC issued 
Information Notice 98-11 on March 25, 1998. Information Notice 98-11 concerns 
cracking of reactor vessel internal baffle former bolts found at several foreign pressurized 
water reactors and includes, among other information, a brief discussion of the current 
and planned activities of the B&W Owners Group to address the potential for cracking of 
baffle bolts in domestic B&W plants.  

3.4.6.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for reactor vessel internals. This review included a survey of documented 
instances of reactor vessel internals aging along with interviews with responsible 
engineering personnel. One additional aging effect was identified through this review: 
loss of material by wear of the round bars (i.e., LOCA lugs).  

3.4.6.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the reactor vessel internals 
are summarized in Table 3.4-1. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.4-4 will be maintained consistent with the current 
licensing basis of the period of extended operation.  
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The applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP-1001: 

* Inservice Inspection Plan 

In addition to the above, the following new program has been identified for license 
renewal which is described in Section 4.3 of OLRP- 1001: 

* Reactor Vessel Internals Aging Management Program 
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3.4.7 ONCE THROUGH STEAM GENERATOR 

The once through steam generator is identified in Section 2.4.7 of OLRP-1001. As an aid 
to the reader, the once through steam generator items subject to aging management 
review include: 

* Primary Pressure Boundary: 
* hemispherical heads, 
* support skirt transition ring, 
* primary nozzles, 
* Alloy 600 drain nozzle, 
* bolted closures, 
* tubesheets, 
* tubes, plugs, sleeves; 

* Secondary Pressure Boundary: 
* shell, tubesheets, and integral attachments, 
* steam nozzles, 
* main feedwater nozzles, 
* emergency feedwater nozzles, instrumentation nozzles, temperature sensing 

connections, 
* bolted closures.  

The following is a description of the aging effects applicable to the once through steam 
generators. The approach for identifying the applicable aging effects on the once through 
steam generators is described in Section 3.4.1.  

3.4.7.1 Environment and Stress 
The Oconee Chemistry Control Program includes specifications to periodically monitor 
the quality of the primary coolant and the secondary coolant. Limitations are established 
for the primary coolant on dissolved oxygen, halides and other impurities. Limitations are 
established on specific impurities in the secondary coolant. Oconee primary side 
chemistry and secondary side chemistry is maintained by the Oconee Chemistry Control 
Program. [Footnote 5] 

5. The Oconee Chemistry Control Program is described in Section 4.6 of OLRP-1001.  
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The once through steam generator is designed to accommodate all service loadings (i.e., 
Levels A through D); however, operation under Level A and B Service Conditions 
contribute to the normal aging stresses for the once through steam generator items. The 
Oconee units have not been subjected to a Level C or D event.  

3.4.7.2 Applicable Aging Effects for the Primary Pressure Boundary 

Aging effects that may be applicable to the items that support the primary pressure 
boundary include loss of material, cracking, mechanical distortion of tubes, and loss of 
mechanical closure integrity. Aging mechanisms that may lead to reduction of fracture 
toughness of once through steam generator items include various forms of embrittlement 
(e.g., neutron and thermal). Neutron embrittlement is limited to the direct neutron flux of 
the reactor vessel beltline region and is not a concern for the once through steam 
generator. Thermal embrittlement is negligible for all pressurized water reactor materials 
except cast austenitic stainless steel, and once through steam generators at Oconee have 
no cast austenitic stainless steel parts.  

3.4.7.2.1 Loss OF MATERIAL ASSESSMENT 

Loss of material may be due to intergranular attack, pitting, wear, erosion/corrosion, and 
wastage, as further discussed in the following paragraphs.  

The Alloy 600 steam generator tubes are subject to loss of material due to intergranular 
attack, pitting, wear, or fretting, and erosion or erosion/corrosion. The plugs and sleeves 
installed inside the tubes may be made of Alloy 600 or Alloy 690 and are somewhat less 
susceptible to loss of material.  

Intergranular attack of steam generator tubes is characterized by a relatively uniform 
attack of all grain boundaries over a portion of the tubing surface, leaving it weak and 
ineffective. Intergranular attack is caused by impurities that concentrate in steam 
generator secondary side crevices and sludge piles, where boiling occurs and circulation 
is poor. Once through steam generator tubes are roll expanded over only a portion of the 
tubesheet thickness. Consequently, a crevice exists between the tubes and the tube bore 
hole through the tubesheets that provides the opportunity for intergranular attack.  

Pitting is a localized corrosion mechanism that produces small holes in the metal. Low 
fluid velocity or stagnation is usually associated with the development of pitting. Pitting 
has occurred in once through steam generator tubes.  

Fretting and sliding wear of steam generator tubes at tube support locations has occurred 
in the industry. The forces imposed on the tubes by the secondary fluid cause high 
frequency vibration of the tubes and interaction with the tube support structures.  
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Erosion is the loss of surface metal due to the mechanical action of flowing fluid.  
Erosion/corrosion is the loss of material due to the combined actions of erosion by the 
flowing fluid and corrosion of the newly exposed base material by chemicals in the 
flowing fluid. Once through steam generator tube damage has occurred due to 
erosion/corrosion near the 14th tube support plate in the three Oconee units.  

The external surfaces of the primary pressure boundary components are subject to loss of 
material due to boric acid wastage. The leakage of primary coolant through adjacent 
bolted closures, and the subsequent evaporation and re-wetting cycles, could lead to the 
presence of a boric acid slurry on the bolting and external sut faces of the clad vessel.  
These alternate wetting and drying cycles could cause loss of material of the external 
surfaces.  

Therefore, loss of material is an applicable aging effect for the once through steam 
generators at Oconee.  

3.4.7.2.2 CRACKING ASSESSMENT 

Because of the consequences of a breach of the primary system pressure boundary, 
cracking at welded joints is considered an applicable aging effect for items fabricated 
from carbon steel and low-alloy steel. Duke has not determined, however, that cracking 
(i.e., initiation) of these items will occur based on a mechanistic review. Welded joints 
are the more susceptible locations due to the various constituent zones within the joint, 
resulting in slight variations in residual stresses and mechanical properties Cracking at 
welded joints is an applicable aging effect for clad low-alloy steel heads, clad low-alloy 
tubesheets, and clad carbon steel nozzle forgings.. In addition, cracking of the Alloy 600 
tubes, plugs, sleeves, and drain nozzle by primary water stress corrosion cracking is an 
applicable aging effect.  

3.4.7.2.3 MECHANICAL DISTORTION ASSESSMENT 

Steam generator tubes have been found to suffer a form of distortion called denting.  
Denting is the mechanical deformation of tubes due to corrosion of the tube support 
structures. The corrosion product is mostly magnetite. Because magnetite is less dense 
than the support structure, the corrosion products occupy more volume than the original 
base metal. As more magnetite forms, it expands into the crevice between the tube and 
the support structure. Eventually the crevice becomes completely filled and any further 
corrosion causes the tube to deform or the support structure to fracture. Therefore, 
mechanical distortion is an applicable aging effect for the once through steam generator 
tubes at Oconee.  
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3.4.7.2.4 Loss OF MECHANICAL CLOSURE INTEGRiTY ASSESSMENT 

Stress relaxation and corresponding loss of preload may lead to localized leakage of 
reactor coolant and a loss of mechanical closure integrity. This localized leakage of 
borated coolant may cause corrosive attack and loss of material bolting, adjacent flange 
surfaces, and surfaces below the bolted connection leak path. Loss of mechanical closure 
integrity is directly associated with the condition of the closure bolting and bolting 
surfaces. Aging effects determined to be relevant for the mechanical closure are cracking, 
loss of bolt preload due to stress relaxation, and loss of material for low-alloy steel 
bolting due to boric acid wastage. Loss of mechanical closure integrity is an applicable 
aging effect for the once through steam generators at Oconee.  

3.4.7.3 Applicable Aging Effects for the Secondary Pressure Boundary 

Aging effects that may be applicable to the items that support the secondary pressure 
boundary include loss of material, cracking, and loss of mechanical closure integrity.  
Reduction of fracture toughness is not an applicable aging effect for the secondary 
pressure boundary items, as discussed in Section 3.4.7.2.  

3.4.7.3.1 Loss OF MATERIAL ASSESSMENT 

The external surfaces of the secondary pressure boundary components are subject to loss 
of material due to boric acid wastage. The leakage of primary coolant through adjacent 
bolted closures, and the subsequent evaporation and re-wetting cycles, could lead to the 
presence of a boric acid slurry on the bolting and external surfaces of the secondary side 
of the steam generator. These alternate wetting and drying cycles could cause loss of 
material of the external surfaces.  

Erosion is the loss of surface metal due to the mechanical action of flowing fluid.  
Erosion/corrosion is the loss of material due to the combined actions of erosion by the 
flowing fluid and corrosion of the newly exposed base material by chemicals in the 
flowing fluid. The steam nozzles may be affected due to the high fluid velocity through 
the nozzles. Erosion of secondary manways and handholes may occur as a result of 
leakage through bolted closures.  

Therefore, loss of material is an applicable aging effect for the once through steam 
generators at Oconee.  

3.4.7.3.2 CRACKING ASSESSMENT 

As described in Section 3.4.7.2.2, cracking at welded joints of the secondary pressure 
boundary is considered an applicable aging effect for license renewal. Cracking at 
welded joints is an applicable aging effect for the once through steam generators at 
Oconee.  
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3.4.7.3.3 Loss OF MECHANICAL CLOSURE INTEGRITY ASSESSMENT 

Similar to the discussion above, loss of mechanical closure integrity of secondary 
manways, handholes, and feedwater pipe flanges may occur and is considered to be an 
applicable aging effect for license renewal. Therefore, loss of mechanical closure 
integrity is an applicable aging effect for the once through steam generators at Oconee.  

3.4.7.4 Industry Experience 
In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were identified in this survey: 

* Numerous Information Notices 
* IE Bulletin 79-13, Cracking in Feedwater System Piping 
* IE Bulletin 82-02, Degradation of Threaded Fasteners in the Reactor Coolant 

Pressure Boundary of PWR Plants 
* IE Bulletin 87-01, Thinning of Pipe Walls in Nuclear Power Plants 
* GL 79-20, Information Requested on PWR Feedwater Lines 
* GL 85-02, Staff Recommended Actions Stemming from NRC Integrated Program for 

the resolution of Unresolved Safety issues Regarding Steam Generator Tube Integrity 
* GL 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 

Components in PWR Plants 
* GL 89-08, Erosion/Corrosion Induced Pipe Wall Thinning 
* GL 91-17, Generic Safety Issue 29, Bolting Degradation or Failure in Nuclear Power 

Plants 
* GL 95-03, Circumferential Cracking of Steam Generator Tubes 

3.4.7.5 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the once through steam generators. This review included a survey of 
documented instances of steam generator aging, along with interviews with responsible 
engineering personnel. From this review, no applicable aging effects were identified 
beyond those identified in this section.  
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3.4.7.6 Conclusion 
As result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the once through steam 
generator are summarized in Table 3.4-1. These aging effects must be adequately 
managed so that the intended functions listed in Table 2.4-4 will be maintained consistent 
with the current licensing basis of the period of extended operation.  

The applicable aging effects will be adequately managed by the following programs 
which are described in Chapter 4 of OLRP-1001: 

* Boric Acid Wastage Surveillance Program 
* Chemistry Control Program 
* Inservice Inspection Plan 
* Reactor Coolant System Operational Leakage Monitoring 
* Steam Generator Tube Surveillance Program 

In addition to the above, the following new program has been identified for license 
renewal which is described in Section 4.3 of OLRP-1001: 

* Alloy 600 Aging Management Program 
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3.4.8 REACTOR COOLANT PUMPS 

Reactor coolant pumps are identified in Section 2.4.8 of OLRP-1001. As an aid to the 
reader, reactor coolant pump items subject to aging management review are repeated here 
and include: 

* Casing 
* Cover 
* Pressure-Retaining Bolting 

The following is a description of the aging effects applicable to the reactor coolant 
pumps. The approach for identifying the applicable aging effects on the reactor coolant 
pumps is described in Section 3.4.1 of OLRP-1001.  

3.4.8.1 Environment and Stress 
The materials and operating environment of the reactor coolant pumps including the 
bolted closures and connections are similar to that evaluated in the Reactor Coolant 
System piping reviews (see Section 3.4.3).  

3.4.8.2 Applicable Aging Effects 
The casings are constructed of cast austenitic stainless steel similar to the valve bodies 
evaluated in Section 3.4.3. The applicable aging effects for the casing are cracking at 
welded joints and the reduction of fracture toughness. The applicable aging effect for the 
cover is reduction of fracture toughness. The bolted closures and connections of the 
reactor coolant pump casings are made of the same material as Reactor Coolant System 
piping bolted closures and connections evaluated in Section 3.4.3 and the applicable 
aging effects are cracking of the bolting material, loss of bolting preload, and loss of 
ferritic material.  

3.4.8.3 Industry Experience 
In order to validate the set of applicable aging effects, a survey of industry experience was 
performed. This survey included NRC generic communications, licensee event reports 
from nuclear power plants other than Oconee, and NRC NUREGs. The following 
documents were identified in this survey: 

* IE Bulletin 82-02, Degradation of Threaded Fasteners in the Reactor Coolant 
Pressure Boundary of PWR Plants, 

* GL 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 
Components in PWR Plants.  
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The results of the review of NRC generic communications for the Reactor Coolant 
System piping report [Reference 3.4-1] are also applicable to the reactor coolant pump.  
In addition, these applicable aging effects of the reactor coolant pump casings, covers, 
and bolted closures and connections are further validated by the reviews performed and 
documented in the PWR Reactor Coolant System License Renewal Industry Report 
[Reference 3.4-12].  

3.4.8.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for reactor coolant pumps. This review included a survey of documented 
instances of reactor coolant pump aging along with interviews with responsible 
engineering personnel. From this review, no applicable aging effects were identified 
beyond those identified in this section.  

3.4.8.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the reactor coolant pumps 
are consistent with those previously identified for Reactor Coolant System piping (see 
Section 3.4.3). The applicable aging effects for the reactor coolant pumps are 
summarized in Table 3.4-1. These aging effects must be adequately managed so that the 
intended functions listed in Table 2.4-4 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effects will be adequately managed by the following program which 
is described in Chapter 4 of OLRP-1001: 

* Inservice Inspection Plan (as supplemented by the CASS Flaw Evaluation Procedure 
described in Chapter 4) 

3.4-22 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 

is 
Aging Effects for Reactor Coolant System Components & Class 1 Component Supports 

3.4.9 CONTROL ROD DRIVE TUBE MOTOR HOUSINGS 

Control rod drive tube motor housings are identified in Section 2.4.9 of OLRP-1001 as 
being subject to aging management review. The following is a description of the aging 
effects applicable to the control rod drive tube motor housings. The approach for 
identifying the applicable aging effects on the control rod drive tube motor housings is 
described in Section 3.4.1.  

3.4.9.1 Environment 
The operating environment, or chemistry of the fluid in contact with the control rod drive 
tube motor housings, is maintained in a manner consistent with other Reactor Coolant 
System components, as previously described in Section 3.4.5.1. The Oconee Chemistry 
Control Program includes specifications to periodically monitor the quality of the 
primary coolant. Limitations are established on dissolved oxygen, halides and other 
impurities. Corrective actions are taken in the event the primary coolant parameters are 
out of specification. Oconee primary side chemistry and secondary side chemistry is 
maintained by the Oconee Chemistry Control Program. [Footnote 6] 

The control rod drive tube motor housings have been designed to accommodate all 
service loadings (i.e., Levels A through D); however, operation under Level A and B 
Service Conditions contribute to the normal aging stresses for the control rod drive tube 
motor housings. The Oconee units have not been subjected to a Level C or D event.  

3.4.9.2 Applicable Aging Effects 

Applicable aging effects for the control rod drive tube motor housings include cracking at 
welded joints and loss of mechanical closure integrity. These effects are consistent with 
those previously identified in Section 3.4.3.2 for Reactor Coolant System piping 
(see Section 3.4.3.2).  

3.4.9.3 Industry Experience 
In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. No 
documents related to aging effects of control rod drive tube motor housings were 
identified.  

6. The Oconee Chemistry Control Program is described in Section 4.6 of OLRP-1001.  
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3.4.9.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for control rod drive tube motor housings. This review included a survey of 
documented instances of component aging along with interviews with responsible 
engineering personnel. From this review, no applicable aging effects were identified 
beyond those identified in this section.  

3.4.9.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the control rod drive tube 
motor housings are consistent with those previously identified for Reactor Coolant 
System piping (see Section 3.4.3). The applicable aging effects for the control rod drive 
tube motor housings are summarized in Table 3.4-1. These aging effects must be 
adequately managed so that the intended functions listed in Table 2.4-4 will be 
maintained consistent with the current licensing basis of the period of extended operation.  

The applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP-1001: 

* Inservice Inspection Plan 
* Reactor Coolant System Operational Leakage Monitoring 
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3.4.10 LETDOWN COOLERS 

Letdown coolers are identified in Section 2.4.10 of OLRP-1001 as subject to aging 
management review. The following is a description of the aging effects applicable to 
these stainless steel components. The approach for identifying the applicable aging 
effects on the letdown coolers is described in Section 3.4.1.  

3.4.10.1.1 ENVIRONMENT 

The Oconee letdown coolers are exposed to three environments. The letdown coolers are 
located in the Reactor Building, exposing the external surfaces to the Reactor Building 
Environment. Internally, water from the Reactor Coolant System passes through the 
tubes and is cooled by the Component Cooling System (treated water) on the shell side.  
The Oconee Chemistry Control Program includes specifications that periodically monitor 
the quality of the Reactor Coolant System and Component Cooling System water as 
described in Section 3.4.4.1. The Chemistry Control Program maintains corrosion 
inhibitors in the Component Cooling System and monitors certain impurities.  

3.4.10.2 Applicable Aging Effect 

The applicable aging effects for the Oconee letdown cooler stainless steel tubes include 
loss of material and cracking. No applicable aging effects were identified for the external 
surfaces of the letdown coolers exposed to the Reactor Building Environment. The 
applicable aging effects for the letdown coolers are summarized in Table 3.4-1.  

3.4.10.3 Industry Experience 
In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. The survey of industry experience included NRC generic 
communications, licensee event reports form nuclear power plants other than Oconee, and 
NRC NUREGs. The following documents were identified in this survey: 

* CR 76-06, Stress-Corrosion Cracks in Stagnant, Low Pressure Stainless Piping 
Containing Boric Acid Solutions at PWR 

* GL 79-20, Cracking in Feedwater Lines 
* IE Bulletin 79-13, Revisions 0, 1, 2, Cracking in Feedwater System Piping 
* IE Bulletin 87-01, Thinning of Pipe Walls in Nuclear Power Plants 
* IN 79-19, Pipe Cracks in Stagnant Borated Water Systems and PWR Plants 
* IN 81-04, Cracking in Main Steam Lines 
* IN 82-22, Failures in Turbine Exhaust Lines 
* IN 84-32, Auxiliary Feedwater Sparger and Pipe Hanger Damage 
* IN 86-106, Revisions 0, 1, 2, 3, Feedwater Line Break 
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* IN 87-36, Significant Unexpected Erosion of Feedwater Lines 
* IN 88-17, Summary of Response to NRC Bulletin 87-01, "Thinning of Pipe Walls in 

Nuclear Power Plants" 
* IN89-01, Valve Body Erosion 
* IN 89-53, Rupture of Extraction Steam Line on High Pressure Turbine 
* IN 91-18, Revision 1, High-Energy Pipe Failures Caused by Wall Thinning 
* IN 91-28, Cracking in Feedwater System Piping 
* GL 89-08, Erosion/Corrosion-Induced Pipe Wall Thinning 
* BL 82-02, Degradation of Threaded Fasteners in the Reactor Coolant Pressure 

Boundary of PWR Plants 
* IN 84-18, Stress-Corrosion Cracking in Pressurized Water Reactors 
* GL 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 

Components in PWR Plants 
* IN 91-05, Intergranular Stress-Corrosion Cracking in Pressurized Water Reactor 

Safety Injection Accumulator Nozzles 

No additional aging effects were identified from this review beyond those identified in 
this section.  

3.4.10.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects. The review of Oconee operating experience identified that the Letdown Cooler 
heat exchanger tubes did experience cracking in the past as a result of improper operation 
of the coolers. The cooler design parameters were established for both coolers in a 
parallel configuration to be in operation during normal letdown and when cooling down 
following a reactor trip. For a number of years, only one cooler was in operation with the 
other in standby. During this period of time, a reactor trip served to increase flow through 
the operating cooler causing severe thermal and vibrational stresses on the tubes that 
eventually caused the tubes to crack. Two of the six letdown coolers have been replaced; 
the other four have been repaired and operating procedures have been changed to 
eliminate this practice. Even though this experience was due to off-normal operation, 
cracking of the heat exchanger tubes was detected and managed. These coolers have not 
experienced any more cracking of tubes.  

No additional aging effects were identified from this review beyond those identified in 
this section.  
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3.4.10.5 Conclusion 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for the letdown coolers are 
summarized in Table 3.4-1. These aging effects must be adequately managed so that the 
intended functions listed in Table 2.4-4 will be maintained consistent with the current 
licensing basis of the period of extended operation.  

The applicable aging effects will be adequately managed by the following programs 
which are described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 
* Reactor Coolant System Operational Leakage Monitoring 
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3.4.11 CLASS 1 COMPONENT SUPPORTS 

Class I component supports are identified in Section 2.4.11 of OLRP-1001. As an aid to 
the reader, Class 1 component supports subject to aging management review are repeated 
here and include: 

* Reactor Coolant System Class 1 Piping Supports 
* Pressurizer Supports 
* Reactor Vessel Support Skirt 
* Control Rod Drive Service Structure 
* Once Through Steam Generator Supports 
* Reactor Coolant Pump Supports 

The following is a description of the aging effects applicable to the Class 1 component 
supports. The aging effects for anchorage and embedments associated with these 
supports are addressed in Section 3.7.7 of OLRP-1001. The approach for identifying the 
applicable aging effects on the Class I component supports is described in Section 3.4.1.  

3.4.11.1 Environment 
The Class 1 component supports are located in the Reactor Building (Containment). The 
ambient environmental conditions for the Reactor Building are described in Section 3.2.2 
of OLRP-1001.  

3.4.11.2 Applicable Aging Effects 
The surfaces of the Class 1 component supports are subject to loss of material by 
corrosion or boric acid wastage. The leakage of primary coolant through bolted closures, 
and the subsequent evaporation and re-wetting cycles, can lead to the presence of a boric 
acid slurry on the surfaces of the supports. These alternate wetting and drying cycles can 
cause loss of material of external surfaces where the coating is degraded. At Oconee, 
exposed surfaces of Class 1 component supports were covered with a protective coating 
to inhibit loss of material.  

In addition, the once through steam generator upper lateral support structure contains 
Lubrite and this material is subject to change in material properties under the radiation 
exposure present in the Reactor Building.  
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3.4.11.3 Industry Experience 
In order to validate the set of applicable aging effects, a survey of industry experience was 
performed. This survey included NRC generic communications, licensee event reports 
from nuclear power plants other than Oconee, and NRC NUREGs. The following 
documents were identified in this survey: 

* GL 88-05, Boric Acid Corrosion of Carbon Steel reactor Pressure Boundary 
Components in PWR Plants 

* IE Bulletin 74-03, Failure for Structural or Seismic Support Bolts on Class 1 
Components 

* NUREG/CR-2952, Preloading of Bolted Connections in Nuclear Reactor Component 
Supports 

* NUREG-1339, Resolution of Generic Safety Issue 29: Bolting Degradation or 
Failure in Nuclear Power Plants 

* NUREG- 1509, Radiation Effects on Reactor Pressure Vessel Supports 

3.4.11.4 Oconee Operating Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for Class 1 component supports. This review included a survey of documented 
instances of component aging, along with interviews with responsible engineering 
personnel. From this review, no applicable aging effects were identified beyond those 
identified in this section.  

3.4.11.5 Conclusion 

As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those discussed in this 
section have been observed. The applicable aging effects for Class 1 component supports 
are summarized in Table 3.4-1. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.4-4 will be maintained consistent with the current 
licensing basis of the period of extended operation.  

The applicable aging effects will be adequately managed by the following programs 
which are described in Chapter 4 of OLRP- 1001: 

* Boric Acid Wastage Surveillance Program 
* Inservice Inspection Plan 
* Inspection Program for Civil Engineering Structures and Components 
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In addition to the above, the following new activity has been identified for license 
renewal which is described in Section 4.3 of OLRP- 1001: 

OTSG Upper Lateral Support Inspection 
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3.4.12 REFERENCES FOR SECTION 3.4 

3.4-1. BAW-2243A, Demonstration of the Management of Aging Effects for the 
Reactor Coolant System Piping, The B&W Owners Group Generic License 
Renewal Program, June 1996.  

3.4-2. BAW-2244A, Demonstration of the Management of Aging Effects for the 
Pressurizer, The B&W Owners Group Generic License Renewal Program, 
December 1997.  

3.4-3. BAW-2251, Demonstration of the Management of Aging Effects for the 
Reactor Vessel, The B&W Owners Group Generic License Renewal Program, 
June 1996.  

3.4-4. BAW-2248, Demonstration of the Management of Aging Effects for the 
Reactor Vessel Internals, The B&W Owners Group Generic License Renewal 
Program, July 1997.  

3.4-5. D. M. Crutchfield (NRC) letter dated March 21, 1996 to Don Croneberger 
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System Piping, Project No. 683.  

3.4-6. IE Bulletin 82-02 dated June 2, 1982, Degradation of Threaded Fasteners in 
Reactor Coolant Pressure Boundary of PWR Plants.  

3.4-7 William 0. Parker, Jr. (Duke) letter dated July 29, 1982 to James P. O'Reilly, 
(NRC), Oconee Nuclear Station, Response to IE Bulletin 82-02, Docket Nos.  
50-269, -270, and -287.  

3.4-8. H. B. Tucker (Duke) letter dated November 15, 1982 to James P. O'Reilly, 
(NRC), Oconee Nuclear Station, Docket Nos. 50-269, -270, and -287.  

3.4-9. H. B. Tucker (Duke) letter dated October 11, 1983 to James P. O'Reilly (NRC) 
Oconee Nuclear Station, Docket No. 50-269.  

3.4-10. H. B. Tucker (Duke) letter dated October 11, 1983 to James P. O'Reilly 
(NRC), Oconee Nuclear Station, Docket No. 50-270.  
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3.4-11. C. I. Grimes (NRC) letter dated November 26, 1997 to David J. Firth (BWOG 
GLRP), Clarification in the Final Safety Evaluation Report for BAW-2244, 
Demonstration of the Management of Aging Effects for the Pressurizer, 
Project No. 683.  

3.4-12. NUMARC 90-07-01, PWR Reactor Coolant System License Renewal Industry 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

Components(') Applicable Aging Aging Management 
Effect(s) Program / Activity 

Low-Alloy Bolting Cracking Inservice Inspection Plan 
> 2 inches in Diameter: * Examination Category B-G- 1 

* Examination Category B-P 
Pressurizer Manway Studs 
Reactor Vessel Studs Reactor Coolant System 
Reactor Coolant Pump Bolts Operational Leakage Monitoring 

Loss of Preload/Closure Integrity Inservice Inspection Plan 
* Examination Category B-G- 1 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Loss of Material Boric Acid Wastage Surveillance 
Program 

Low-Alloy Steel Bolting Cracking Inservice Inspection Plan 
5 2 inches in Diameter: - Examination Category B-G-2 

* Examination Category B-P 
Valve Bolting 
Pressurizer Heater Bundle Studs Reactor Coolant System 
OTSG Manway Studs Operational Leakage Monitoring 
OTSG Inspection Opening 
Bolting 

Loss of Preload/Closure Integrity Inservice Inspection Plan 
* Examination Category B-G-2 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Loss of Material Boric Acid Wastage Surveillance 
Program 

(1)-Due to the importance of the Reactor Coolant System components in the radiological line of defense and 
the consequences of a breach in the pressure boundary, specific component items are listed in Table 3.4-1.  
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Stainless Steel Bolting Cracking Inservice Inspection Plan 
< 2 inches in Diameter: * Examination Category B-G-2 

* Examination Category B-P 
Valves 
CRDM Holddown Bolts Reactor Coolant System 
RCP Cover-to-Seal Housing Operational Leakage Monitoring 
Bolts 

Loss of Preload/Closure Integrity Inservice Inspection Plan 
* Examination Category B-G-2 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Carbon Steel and Low-Alloy Loss of Material on External Boric Acid Wastage Surveillance 
Items Surfaces Program 

Reactor Coolant System Piping, Cracking at Welded Joints Chemistry Control Program 
NPS 4 inches: 

Inservice Inspection Plan 
Stainless Steel Clad Carbon * Examination Category B-F 
Steel Piping * Examination Category B-J 
Stainless Steel Piping * Examination Category B-P 

Hot Leg Flowmeter Assembly Loss of Material (Carbon Steel) Chemistry Control Program 
due to potential for cracking of 
Alloy 82/182 cladding Alloy 600 Aging Management 

Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Coolant System Piping, Cracking of Weld Build up and Chemistry Control Program 
NPS 4 inches: at Welded Joints 

Inservice Inspection Plan 
Stainless Steel Clad Carbon * Examination Category B-F 
Steel Branch Connections With * Examination Category B-J 
Alloy 82/182 Weld Build-up * Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Reactor Coolant System Piping, Cracking at Welded Joints Chemistry Control Program.  
1 inch < NPS < 4 inches: 

Inservice Inspection Plan 
Stainless Steel Piping and * Examination Category B-F 
Stainless Steel Branch * Examination Category B-J 
Connections * Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Small Bore Piping Inspections 

Reactor Coolant System Piping, Displacement or Cracking of Program to Inspect High 
I inch < NPS < 4 inches: HPI/MU Thermal Sleeves Pressure Injection Connections 

to the Reactor Coolant System 
2 2-inch HPI Branch 
Connections and Safe-Ends With 
Thermal Sleeves 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Coolant System Piping, Cracking at or near Welded Chemistry Control Program 
1 inch < NPS < 4 inches: Joints 

Inservice Inspection Plan 

Stainless Steel Clad Carbon * Examination Category B-F 
Steel Branch Connections With * Examination Category B-J 
Alloy 600 Safe-Ends * Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Small Bore Piping Inspections 

Alloy 600 Aging Management 
Program 

Reactor Coolant System Piping, Cracking at or Near Welded Chemistry Control Program 
1 inch < NPS < 4 inches: Joints 

Inservice Inspection Plan 

Alloy 600 Branch Connections * Examination Category B-F 
* Examination Category B-J 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Reactor Coolant System Piping, Cracking at Welded Joints Chemistry Control Program 
NPS < 1 inch: 

Inservice Inspection Plan 
Stainless Steel Piping * Examination Category B-P 
Stainless Steel Branch 
Connections Reactor Coolant System 

Operational Leakage Monitoring 

Small Bore Piping Inspections 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Coolant System Piping, Cracking at or Near Welded Chemistry Control Program 
NPS 1 inch: Joints 

Inservice Inspection Plan 
Stainless Steel Clad Carbon * Examination Category B-P 
Steel Branch Connections With 
Alloy 600 Safe-Ends Reactor Coolant System 

Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Reactor Coolant System Piping, Cracking at or Near Welded Chemistry Control Program 
NPS 5 1 inch: Joints 

Inservice Inspection Plan 
Alloy 600 Branch Connections * Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Class I Reactor Coolant System Reduction of Fracture Toughness Chemistry Control Program 
Boundary/Isolation Valves, (CASS) 
NPS 4 inches: Inservice Inspection Plan 

* Examination Category B-M-2 
Cast Stainless Steel Valve as supplemented by the CASS 
Bodies and Bonnets Flaw Evaluation Procedure 

* Examination Category B-P 

Class 1 Reactor Coolant System Reduction of Fracture Toughness Chemistry Control Program 
Boundary/Isolation Valves, (CASS) 
NPS < 4 inches: Inservice Inspection Plan 

* Examination Category B-M-2 
Cast Stainless Steel Valve as supplemented by the CASS 
Bodies and Bonnets Flaw Evaluation Procedure 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Pressurizer Vessel Cracking at Welded Joints Chemistry Control Program 

Inservice Inspection Plan 
* Examination Category B-B 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Cracking of Cladding Pressurizer Examinations 

Pressurizer, Full Penetration Cracking at Welded Joints Chemistry Control Program 
Welded Nozzles, NPS > 1 inch 

Inservice Inspection Plan 
* Examination Category B-D 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Pressurizer, Safe Ends of Full Cracking at or Near Welded Chemistry Control Program 
Penetration Welded Nozzles, Joints 
NPS > 1 inch Inservice Inspection Plan 

* Examination Category B-F 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Pressurizer, Full Penetration Cracking at Welded Joints Chemistry Control Program 
Welded Nozzles, 
NPS < 1 inch Inservice Inspection Plan 

* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Small Bore Piping Inspections 

Pressurizer, Pressure Retaining Cracking at or Near Welded Chemistry Control Program 
Partial Penetration Welds Joints 

Inservice Inspection Plan 
* Examination Category B-E 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Pressurizer, Pressure Retaining Cracking at Welded Joints Chemistry Control Program 
Dissimilar Metal Welds in 
Nozzles, NPS 4 inches Inservice Inspection Plan 

* Examination Category B-F 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

3.4-39 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 

0 Aging Effects for Reactor Coolant System Components & Class 1 Component Supports 

Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Pressurizer, Pressure Retaining Cracking at Welded Joints Chemistry Control Program 
Dissimilar Metal Welds in 
Nozzles, Inservice Inspection Plan 
1 inch < NPS < 4 inches * Examination Category B-F 

* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Pressurizer, Pressure Retaining Cracking at Welded Joints Chemistry Control Program 
Dissimilar Metal Welds in 0F Nozzles, NPS 5 1 inch Inservice Inspection Plan 

* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Pressurizer, Manway Forging Cracking at Welded Joints Chemistry Control Program 
(Oconee 3) 

Inservice Inspection Plan 
* Examination Category B-P 
* Bounded by examination of 

nozzles per Examination 
Category B-D 

Reactor Coolant System 
Operational Leakage Monitoring 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Pressurizer, Heater Bundle Cracking at or Near Welded Chemistry Control Program 
Diaphragm Plates Joints 

Inservice Inspection Plan 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Pressurizer, Immersion Heaters Cracking Chemistry Control Program 
(Sheaths, End Plugs, and Welds) 

Inservice Inspection Plan 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Pressurizer Examinations 
Pressurizer, Heater Sleeves Cracking at or Near Welded Inservice Inspection Plan 
(Oconee 1) Joints * Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

Pressurizer Integral Attachments Cracking at Welded Joints Inservice Inspection Plan 
* Examination Category B-H 

Pressuirzer Internal Spray Line Cracking at Welded Joints Pressurizer Examinations 

Pressuirzer Spray Head Cracking Pressurizer Examinations 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Vessel Shell and Cracking at Welded Joints Chemistry Control Program 
Closure Head 

Inservice Inspection Plan 
* Examination Category B-A 

Loss of Material (Internals Inservice Inspection Plan 
Support Shelf) * Examination Category B-N-I 

Reduction of Fracture Toughness Reactor Vessel Integrity Program 

Cracking of 508 Forgings due to Time-limited aging analysis - See 
intergranular separation Section 5.4 of OLRP-1001.  

Reactor Vessel Nozzles Cracking at Welded Joints Chemistry Control Program 
Cracking at Nozzle Inside 
Radius Inservice Inspection Plan 

* Examination Category B-D 

Reactor Vessel Dissimilar Metal Cracking at Welded Joints Chemistry Control Program 
Welds in Nozzles, 
NPS 4 inches Inservice Inspection Plan 

* Examination Category B-F 

Alloy 600 Aging Management 
Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Vessel, Pressure Cracking at or Near Welded Chemistry Control Program 
Retaining Partial Penetration Joints 
Welded Nozzles Inservice Inspection Plan 

* Examination Category B-E 
CRDM Nozzles * Examination Category B-P 
Thermocouple Nozzles 
(Oconee 1) Reactor Coolant System 

a Operational Leakage Monitoring 

Incore Instrumentation Nozzles CRDM Nozzle and Other Vessel 
Closure Penetrations Inspection 
Program (CRDM Nozzles and 
Thermocouples only) 

Alloy 600 Aging Management 
Program (Incore Instrumentation 
Nozzles) 

Reactor Vessel, Pressure Cracking at Welded Joints Chemistry Control Program 
Retaining Dissimilar Metal 
Welds in Nozzles, Inservice Inspection Plan 
1 inch < NPS < 4 inches * Examination Category B-O 

* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

CRDM Nozzle and Other Vessel 
Closure Penetrations Inspection 
Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Vessel, Pressure Cracking at Welded Joints Chemistry Control Program 
Retaining Dissimilar Metal 
Welds in Nozzles, NPS 1 inch Inservice Inspection Plan 

* Examination Category B-P 
Thermocouple nozzle-to-flange 

Reactor Coolant System 
Operational Leakage Monitoring 

CRDM Nozzle and Other Vessel 
Closure Penetrations Inspection 
Program 

Reactor Vessel Interior Cracking at or Near Attachment Inservice Inspection Plan 
Attachment, Core Guide Lugs Welds * Examination Category B-N-2 

Reactor Vessel Bolted Closures, Loss of Material Inservice Inspection Plan 
Pressure Retaining Seating * Examination Category B-G- 1 
Surfaces * Examination Category B-N-2 

* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Reactor Vessel Internals Loss of Material Inservice Inspection Plan 
* Examination Category B-N-3 

Cracking of Base Metal, Welds, Inservice Inspection Plan 
Bolting * Examination Category B-N-3 

Reactor Vessel Internals Aging 
Management Program 

Reduction of Fracture Toughness Inservice Inspection Plan 
of Base Metal, Welds, Bolting * Examination Category B-N-3 

Reactor Vessel Internals Aging 
Management Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Vessel Internals Loss of Closure Integrity Inservice Inspection Plan 
(Continued) * Examination Category B-N-3 

Reactor Vessel Internals Aging 
Management Program 

Reduction of Fracture Toughness Inservice Inspection Plan 
(Oconee 3 Cast Stainless Steel * Examination Category B-N-3 
Outlet Nozzles) as supplemented by the CASS 

Flaw Evaluation Procedure 

OTSG Hemispherical Heads Cracking at Welded Joints Chemistry Control Program 

Inservice Inspection Plan 
* Examination Category B-B 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

OTSG Support Skirt Transition Cracking at Welded Joints Chemistry Control Program 
Ring (Oconee Units 1 and 2) 

Inservice Inspection Plan 
* Examination Category B-H 

OTSG Primary Nozzles Cracking at Welded Joints Chemistry Control Program 

Inservice Inspection Plan 
* Examination Category B-D 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

OTSG Alloy 600 Drain Nozzles Cracking at or Near Welded Chemistry Control Program 
Joints 

Inservice Inspection Plan 
* Examination Category B-E 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Alloy 600 Aging Management 
Program 

OTSG Primary Manways and Cracking at Welded Joints Inservice Inspection Plan 
Inspection Openings * Examination Category B-P 

Loss of Mechanical Closure 
Integrity Reactor Coolant System 

Operational Leakage Monitoring 

OTSG Tubesheets (Primary) Cracking at Welded Joints Inservice Inspection Plan 
* Examination Category B-B 
* Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

OTSG Tubes, Plugs, and Sleeves Cracking Inservice Inspection Plan 
* Examination Category B-Q 
* Examination Category B-P 

Loss of Material 
Reactor Coolant System 

Mechanical Distortion Operational Leakage Monitoring 

Steam Generator Tube 
Surveillance Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

OTSG Shell, Tubesheets, Integral Cracking at Welded Joints Inservice Inspection Plan 
Attachments (Secondary) * Examination Category C-A 

* Examination Category C-C 
* Examination Category C-H 

Loss of Material (external Inservice Inspection Plan 

surfaces) * Examination Category C-H 

Boric Acid Wastage Surveillance 
Program 

OTSG Steam Nozzles, Main Cracking at Welded Joints Inservice Inspection Plan 
Feedwater Nozzles, Auxiliary * Examination Category C-B 
Feedwater Nozzles, * Examination Category C-H 
Instrumentation Nozzles, 
Temperature Sensing 
Connections 

OTSG Secondary Manways and Cracking at Welded Joints Inservice Inspection Plan 
Handholes Loss of Mechanical Closure * Examination Category C-H 

Integrity 

Reactor Coolant Pump Casing Cracking at Welded Joints Inservice Inspection Plan 
* Examination Category B-L-1 
* Examination Category B-L-2 
* Examination Category B-P 

Reduction of Fracture Toughness Inservice Inspection Plan 
(Cast Austenitic Stainless Steel) * Examination Category B-L- 1 

* Examination Category B-L-2 
as supplemented by the CASS 
Flaw Evaluation Procedure 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Reactor Coolant Pump Cover Reduction of Fracture Toughness Inservice Inspection Plan 
(Cast Austenitic Stainless Steel) * Examination Category B-L-2 

as supplemented by the CASS 
Flaw Evaluation Procedure 

Control Rod Drive Motor Tube Cracking at Welded Joints Inservice Inspection Plan 
Housings Loss of Mechanical Closure * Examination Category B-O 

Integrity * Examination Category B-P 

Reactor Coolant System 
Operational Leakage Monitoring 

Letdown Cooler Loss of Material and Cracking Reactor Coolant System 
Operational Leakage Monitoring 

Stainless steel tubes 

Reactor Coolant System Piping Loss of Material Inservice Inspection Plan 
Supports and LOCA Restraints * Examination Category F-A 

Boric Acid Wastage Surveillance 
Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Pressurizer Support Plate Loss of Material Inservice Inspection Plan 
Assemblies * Examination Category B-H 

Cracking at Welded Joints Boric Acid Wastage Surveillance 
Program 
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Table 3.4-1 Applicable Aging Effects for Reactor Coolant System Components & 
Class 1 Component Supports 

(continued) 

Components Applicable Aging Aging Management 
Effect(s) Program / Activity 

Pressurizer Support Frame Loss of Material Boric Acid Wastage Surveillance 
Assembly and LOCA Restraint Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Reactor Vessel Support Skirt, Loss of Material Inservice Inspection Plan 
Support Flange * Examination Category F-A 

Boric Acid Wastage Surveillance 
Program 

Lower Control Rod Drive Service Loss of Material Boric Acid Wastage Surveillance 
Support Skirt Program 

OTSG Support Skirt Loss of Material Inservice Inspection Plan 
* Examination Category F-A 

Boric Acid Wastage Surveillance 
Program 

OTSG Upper Lateral Support Loss of Material Boric Acid Wastage Surveillance 
Structure Program 

Change in Material Properties of OTSG Upper Lateral Support 
Lubrite Pads Inspection 

Reactor Coolant Pump Motor - None Identified None Required 
Vertical Support Assemblies 

Reactor Coolant Pump Motor - Loss of Material Boric Acid Wastage Surveillance 
Lateral Support Assemblies Program 
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3.5 AGING EFFECTS FOR MECHANICAL SYSTEM COMPONENTS 

3.5.1 DESCRIPTION OF THE PROCESS TO IDENTIFY THE APPLICABLE AGING EFFECTS 
FOR MECHANICAL SYSTEM COMPONENTS 

The mechanical system components within the scope of license renewal that require aging 
management reviews were identified and listed in Section 2.5 along with their intended 
functions.  

The process to identify the aging effects applicable to these mechanical system 
components begins with an understanding of the potential aging effects defined in 
industry literature. From this set of potential aging effects, the component materials, 
operating environment and operating stresses serve to determine the applicable aging 
effects for each component subject to aging management review. These applicable aging 
effects are then validated by a review of industry and Oconee operating experience to 
assure the full set of applicable aging effects are established for the aging management 
review. This process is described more fully in Section 3.2.  

Before applicable aging effects are identified for the mechanical system components, a 
preprocessing step is taken to the determine the applicable aging effects for groups of 
similar materials located in the same environment. In Section 3.5.2, the component 
materials of construction that are identified in Section 2.5 are considered along with the 
operating environments in order to determine the applicable aging effects.  

These applicable aging effects are then identified on a system-by-system basis in Sections 
3.5.3 through 3.5.11 for the Oconee mechanical system components within the scope of 
license renewal. The applicable aging effects for the mechanical system components 
within Keowee Hydroelectric Station and the Standby Shutdown Facility are identified in 
Sections 3.5.12 and 3.5.13, respectively. The tables at the end of Section 3.5 provide a 
system-by-system summary of the applicable aging effects for all mechanical system 
components subject to aging management review.  
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3.5.2 APPLICABLE AGING EFFECTS FOR MECHANICAL SYSTEM COMPONENTS 

Applicable aging effects may be determined based upon consideration of the component 
materials of construction, operating environment, and operating stresses. In many 
instances, applicable aging effects may be determined irrespective of the specific 
component type being evaluated. Different component types constructed from the same 
material, located in the same environment, and operating under similar operating stresses 
will experience similar aging effects.  

The mechanical system components within the scope of license renewal that require aging 
management reviews can be grouped into seven environments (six internal environments 
and a set of five external environments) in order to facilitate the identification of the 
applicable aging effects. The groupings are based on the environments to which the 
components are primarily exposed. In some instances, portions of a mechanical system 
may be exposed to one environment and a smaller portion exposed to a second 
environment. For example, air can occupy the upper portion of a partially filled, fuel oil 
tank. A brief description of each of the seven operating environments follows: 

* The Air/Gas internal operating environment includes systems within the scope of 
license renewal using dry instrument air and compressed gases such as air, carbon 
dioxide, hydrogen, halon, and nitrogen.  

* The Borated Water internal operating environment includes all systems within the 
scope of license renewal using borated water.  

* The Oil/Fuel Oil internal operating environment includes systems within the scope of 
license renewal using fuel oil (liquid hydrocarbons used to fuel diesel engines) and 
lubricating oil (low to medium viscosity hydrocarbons used for bearing, gear, and 
engine lubricating).  

* The Raw Water internal operating environment includes systems within the scope of 
license renewal using water from Lake Keowee.  

* The Treated Water internal operating environment includes all systems within the 
scope of license renewal using demineralized water, except those using borated water 
which is also demineralized.  

* The Ventilation Air internal operating environment includes filtered and unfiltered 
ventilation systems within the scope of license renewal.  
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* The External surface operating environment set includes the Reactor Building 
environment, Sheltered environment, Yard environment, Underground environment, 
and Embedded environment.  

In the external surface environments, because components of similar materials will age 
similarly when exposed to the same environment, aging management for the mechanical 
system component external surfaces can be done on a environment, rather than a system 
basis. Section 3.5.2.7 contains both the identification of the applicable aging effects for 
these component external surfaces and the link to the aging management program in 
Section 4.0 of OLRP-1001.  

Before describing the applicable aging effects for mechanical system components, the set 
of potential aging effects are identified. Potential aging effects are considered applicable 
if a material is exposed to service conditions that could cause it or the component to lose 
function during the extended period of operation. The set of mechanical system 
component potential aging effects are: 

* Loss of material may be due to general corrosion, boric acid wastage, galvanic 
corrosion, crevice corrosion, pitting corrosion, erosion (including erosion caused by 
abrasive wear, erosive wear, cavitational wear, and droplet impingement wear), 
erosion/corrosion, microbiologically influenced corrosion, or selective leaching; 

* Fouling may be due to macro-organisms, precipitation or silting. Fouling is not a 
material degradation phenomenon, but is an aging effect which could cause loss of 
component intended function for a limited set of component geometries in Oconee 
raw water systems. Fouling is addressed for the Oconee raw water systems in 
Sections 3.5.6, 3.5.11 and 3.5.12.  

* Cracking is service-induced cracking (initiation and growth) of base metal or weld 
metal due to hydrogen damage, stress corrosion, intergranular attack, or vibration.  
Many of the mechanical components within the scope of license renewal are designed 
to USAS B31.7 Class II and Class III, USAS B31.1.0, ASME Section III Subsection 
ND and ANSI B3 1.1. For these components, cracking due to low cycle, thermal 
fatigue is considered to be a time-limited aging analysis and is addressed in Section 
5.5.  

* Change in material properties is a reduction in fracture toughness due to hydrogen 
embrittlement, radiation embrittlement, or thermal aging. Change in material 
properties was considered in all mechanical system components falling within the 
scope of license renewal. Except for the Reactor Coolant System components, 
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discussed in Section 3.4, change in material properties was not found to be an 
applicable aging effect for the mechanical system components.  

* Distortion which is a physical property change in a component caused by plastic 
deformation due to the temperature-related phenomenon of creep. Environments 
within Oconee Nuclear Station are not exposed to the required high temperatures 
necessary for this mechanism to occur. Therefore, distortion is not considered an 
applicable aging effect for any of the mechanical system components at Oconee.  

Descriptions of the applicable aging effects for the materials of construction found within 
each of the environments are provided in Sections 3.5.2.1 through 3.5.2.7.  
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3.5.2.1 Applicable Aging Effects for an Air/Gas Environment 

The air/gas internal operating environment includes systems within the scope of license 
renewal using dry instrument air and compressed gases such as air, carbon dioxide, 
hydrogen, halon, and nitrogen. The mechanical systems within the scope of license 
renewal that have components primarily exposed to an air/gas internal operating 
environment include: 

* Breathing Air System 
* Containment Hydrogen Control System 
* Gaseous Waste Disposal System 
* Instrument Air System 
* Leak Rate Test System 
* Nitrogen Purge and Blanketing System 
* Post-Accident Monitoring System 
* Carbon Dioxide System (Keowee) 
* Depressing Air System (Keowee) 
* Governor Air System (Keowee) 
* Air Intake and Exhaust System (Standby Shutdown Facility) 
* Starting Air System (Standby Shutdown Facility) 

The materials of construction for mechanical system components within these systems are 
identified in Tables 2.5-2 through 2.5-25. The materials and specific air/gas environment 
combinations for the mechanical system components are carbon steel exposed to air and 
nitrogen, chrome-molybdenum exposed to air, and stainless steel exposed to air, hydrogen 
and nitrogen. The applicable aging effects for these material-environment combinations 
are discussed further in the following paragraphs.  

Loss of material due to general corrosion is an applicable aging effect for carbon steel and 
chrome-molybdenum materials in air environments containing moisture. The plant air 
environments vary from clean, dry air to moist, unfiltered air whose purity is dictated by 
the source of the air. Portions of compressed and instrument air systems contain air that 
has been processed through dryers and filters which provide dry, oil free air to the 
downstream portions of the system. Moisture is not a concern for these portions of 
systems and general corrosion would not occur. General corrosion is the result of a 
chemical or electrochemical reaction between the material and the air environment when 
both oxygen and moisture are present. General corrosion is characterized by uniform 
attack resulting in material dissolution and sometimes corrosion product buildup. The 
stainless steel materials in the plant air environments are resistant to general corrosion.  
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Loss of material due to pitting corrosion is an applicable aging effect for carbon steel, 
chrome-molybdenum and stainless steel materials in an air environment containing the 
presence of concentrated contaminants such as halide ions, and particularly chloride ions.  
Pitting corrosion is a form of localized attack that results in depressions in the metal. The 
primary factor affecting the occurrence and rate of pitting corrosion is the severity of the 
contaminants in the air environment surrounding the metal.  

Loss of material due to galvanic corrosion in an air environment can occur when 
materials with different electrochemical potentials are in contact in a wetted location. In 
all galvanic couples involving carbon steel, chrome-molybdenum, and stainless steel, the 
lower potential (more anodic) materials such as the carbon steel and chrome-molybdenum 
materials would be preferentially attacked in a galvanic couple.  

Carbon steel and stainless steel in a nitrogen environment have no aging effects since the 
nitrogen has negligible amounts of free oxygen. Stainless steel in a hydrogen 
environment has no aging effects since the hydrogen serves to scavenge the free oxygen.  

3.5.2.1.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical components 
exposed to an air/gas internal operating environment, a review of industry and 
Oconee-specific experience was performed.  

The survey of industry experience included NRC generic communications, licensee event 
reports from nuclear power plants other than Oconee, and NRC NUREG documents. The 
following documents were reviewed in this survey: 

* IN 81-38, Potentially Significant Equipment Failures Resulting from Contamination 
of Air-Operated Systems 

* GL 88-14, Instrument Air Supply System Problems Affecting Safety-Related 
Equipment 

No unique aging effects were identified in the above documents beyond those identified 
in this section.  

3.5.2.1.2 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for carbon steel, chrome-molybdenum, and stainless steel components in an 
air/gas environment. This review included a survey of any documented instances of 
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component aging along with interviews with responsible engineering personnel. No 
unique aging effects were identified from this review beyond those identified in this 
section.  

3.5.2.1.3 CONCLUSION 

The applicable aging effects for the mechanical component materials exposed to an 
air/gas environment are: 

* Loss of material due to general corrosion is an applicable aging effect for carbon steel 
and chrome-molybdenum materials in air environments containing moisture.  

* Loss of material due to pitting corrosion is an applicable aging effect for carbon steel, 
chrome-molybdenum and stainless steel materials in an air environment containing 
the presence of concentrated contaminants such as halide ions, and particularly 
chloride ions.  

* Loss of material due to galvanic corrosion is an applicable aging effect for carbon 
steel and chrome-molybdenum in an air environment when these materials are in 
contact with a material with a higher electrochemical potential and located in a 
wetted environment.  

Association of these applicable aging effects to specific components is provided in he 
system-specific discussions in Sections 3.5.3 through 3.5.14 and in the tables at the end of 
Chapter 3.5.  
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3.5.2.2 Applicable Aging Effects for a Borated Water Environment 

The borated water internal operating environment includes all systems within the scope of 
license renewal operating with borated water. The mechanical systems within the scope 
of license renewal which have components primarily [Footnote 1] exposed to a borated 
water environment include: 

* Chemical Addition System 
* Coolant Storage System 
* Core Flood System 
* High Pressure Injection System 
* Liquid Waste Disposal System 
* Low Pressure Injection System 
* Nitrogen Purge and Blanketing System 
* Reactor Building Spray System 
* Spent Fuel Cooling System 
* Reactor Coolant Makeup System (Standby Shutdown Facility) 

The materials of constrn.on for mechanical system components within these systems are 
identified in Tables 2.5-2 through 2.5-25. The mechanical system component materials 
exposed to a borated water environment are carbon steel, inconel (a nickel-base alloy) and 
stainless steel. Since the carbon steel material is unique to the Borated Water Storage 
Tank in the Low Pressure Injection System, the applicable aging effects for it are 
discussed in Section 3.5.5.3. With this exception, the applicable aging effects for inconel 
and stainless steel in a borated water environment are discussed further in the following 
paragraphs.  

Loss of material due to pitting corrosion is an applicable aging effect for inconel and 
stainless steel in a borated water environment under certain relevant conditions. Pitting 
corrosion is a form of localized attack that results in depressions in the metal. Oxygen is 
required for the initiation of pitting corrosion with halogens and sulfates required for 
continued dissolution of the material. For a borated water environment, two sets of 
relevant conditions can lead to pitting corrosion. The first set of relevant conditions 
needed for the occurrence of pitting corrosion is the continual presence of halogens in 
excess of 150 ppb, oxygen in excess of 100 ppb and stagnant or low flow conditions. A 
second set of relevant conditions needed for the occurrence of pitting corrosion is the 
continual presence of sulfates in excess of 100 ppb, oxygen in excess of 100 ppb and 

1. Portions of several of these systems are also exposed to an air/gas environment.  
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stagnant or low flow conditions. If either set of relevant conditions are satisfied, loss of 
material due to pitting corrosion is an applicable aging effect for inconel and stainless 
steel materials in a borated water environment.  

Cracking due to stress corrosion cracking and intergranular attack of the inconel and 
stainless steel materials in a borated water environment is an applicable aging effect 
under certain relevant conditions. Stress corrosion cracking and intergranular attack 
require a combination of a susceptible material, a corrosive environment and tensile 
stress. Since tensile stresses are unknown in a component, the stresses are assumed to be 
sufficient to initiate stress corrosion cracking and intergranular attack if the other 
conditions are met. For inconel and stainless steel, the relevant conditions required for 
stress corrosion cracking are the continual presence of halogens in excess of 150 ppb or 
sulfates in excess of 100 ppb. The relevant conditions for intergranular attack in inconel 
and stainless steel are halogens in excess of 150 ppb or sulfates in excess of 100 ppb and 
temperatures in excess of 2000 F.  

3.5.2.2.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical components 
exposed to a borated water internal operating environment, a review of industry and 
Oconee-specific experience was performed.  

The survey of industry experience included NRC generic communications, licensee event 
reports from nuclear power plants other than Oconee, and NRC NUREG documents. The 
following documents were reviewed in this survey: 

* BAW-2243A, Demonstration of the Management of the Aging Effects for the Reactor 
Coolant System 

* CR 76-06, Stress-Corrosion Cracks in Stagnant, Low Pressure Stainless Piping 
Containing Boric Acid Solutions at PWRs 

* IN 79-19, Pipe Cracks in Stagnant Borated Water Systems at PWR Plants 
* IE Bulletin 82-02, Degradation of Threaded Fasteners in the Reactor Coolant 

Pressure Boundary of PWR Plants 
* IN 84-18, Stress-Corrosion Cracking in Pressurized Water Reactors 
* GL 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 

Components in PWR Plants 
* IN 91-05, Intergranular Stress- Corrosion Cracking in Pressurized Water Reactor 

Safety Injection Accumulator Nozzles 
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No unique aging effects were identified from the above documents beyond those already 
identified in this section.  

3.5.2.2.2 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for inconel and stainless steel components in a borated water environment. This 
review included a survey of any documented instances of component aging along with 
interviews with responsible engineering personnel. No unique aging effects were 
identified from this review beyond those identified in this section.  

3.5.2.2.3 CONCLUSION 

The applicable aging effects for the mechanical components exposed to a borated water 
environment are: 

* Loss of material due to pitting corrosion is an applicable aging effect for inconel and 
stainless steel in a borated water environment in the continual presence of halogens in 
excess of 150 ppb, oxygen in excess of 100 ppb and stagnant or low flow conditions.  

* Loss of material due to pitting corrosion is an applicable aging effect for inconel and 
stainless steel in a borated water environment in the continual presence of sulfates in 
excess of 100 ppb, oxygen in excess of 100 ppb and stagnant or low flow conditions.  

* Cracking due to stress corrosion cracking of the inconel and stainless steel materials 
in a borated water environment is an applicable aging effect in the continual presence 
of halogens in excess of 150 ppb or sulfates in excess of 100 ppb.  

* Cracking due to intergranular attack of the inconel and stainless steel materials in a 
borated water environment is an applicable aging effect in the continual presence of 
halogens in excess of 150 ppb or sulfates in excess of 100 ppb and temperatures in 
excess of 200 0F.  

Association of these applicable aging effects to specific components is provided in the 
system-specific discussions in Sections 3.5.3 through 3.5.14 and in the tables at the end of 
Chapter 3.5.  

3.5-10 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Mechanical System Components 

3.5.2.3 Applicable Aging Effects for an Oil/Fuel Oil Environment 

The oil/fuel oil internal operating environment includes the systems within the scope of 
license renewal using fuel oil (liquid hydrocarbons used to fuel diesel engines) and 
lubricating oil (low to medium viscosity hydrocarbons used for bearing, gear, and engine 
lubricating). The mechanical systems within the scope of license renewal which have 
components primarily [Footnote 2] exposed to an oil/fuel oil environment include: 

* Reactor Coolant System (Reactor Coolant Pump Oil Collection) 
* Generator High Pressure Oil System (Keowee) 
* Governor Oil System (Keowee) 
* Turbine Guide Bearing Oil System (Keowee) 
* Standby Shutdown Facility Diesel Generator Fuel Oil System 

The materials of construction for mechanical system components within these systems are 
identified in Tables 2.5-2 through 2.5-25. The mechanical system component materials 
exposed to a oil/fuel oil environment are brass, bronze, carbon steel, copper, and stainless 
steel. The applicable aging effects for these materials in an oil/fuel oil environment are 
discussed further in the following paragraphs.  

Loss of material due to general corrosion is an applicable aging effect for carbon steel in 
oil/fuel oil environment at locations containing water. Since any significant amount of 
water contamination would accumulate at the lower portions of components such as tank 
bottoms, only a limited portion of the carbon steel components would be affected by 
general corrosion. General corrosion is the result of a chemical or electrochemical 
reaction on the material when both oxygen and moisture are present. General corrosion is 
normally characterized by uniform attack resulting in material dissolution and sometimes 
corrosion product buildup. The stainless steel, brass, bronze, and copper in the plant 
oil/fuel oil environments are resistant to general corrosion.  

Loss of material due to pitting corrosion is an applicable aging effect for brass, bronze, 
carbon steel, copper, and stainless steel materials in an oil/fuel oil environment at 
locations containing oxygenated water with contaminants such as halide ions, particularly 
chloride ions. Pitting corrosion is a form of localized attack that results in depressions in 
the metal. Oxygen is required for the initiation of pitting corrosion with halogen or 
sulfates required for continued dissolution of the material.  

2. Portions of several of these systems are also exposed to an air/gas environment.  
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Loss of material due to crevice corrosion is an applicable aging effect for brass, bronze, 
carbon steel, copper, and stainless steel materials in an oil/fuel oil environment at 
locations containing oxygenated water. Oxygen is required for the initiation of crevice 
corrosion. Oil and fuel oil do not contain oxygen in sufficient quantities for crevice 
corrosion to occur. Water contamination of the oil and fuel oil is required for the 
introduction of oxygen. Since any significant amount of water contamination would 
accumulate at the lower portions of the system in components such as tank bottoms, only 
a limited portion of the components would be affected by crevice corrosion.  

Loss of material due to galvanic corrosion in an oil/fuel oil environment can occur only 
when materials with different electrochemical potentials are in contact in the presence of 
water. Since any significant amount of water contamination would accumulate at the 
lower portions of the system in components such as tank bottoms, only a limited portion 
of the components within a system would be affected by galvanic corrosion. In all 
galvanic couples found in the oil and fuel oil environment, the lower potential (more 
anodic) carbon steel material would be preferentially attacked.  

Loss of material due to microbiologically influenced corrosion (MIC) is an applicable 
aging effect for brass, carbon steel, copper, and stainless steel materials exposed to fuel 
oil. MIC is a localized, corrosive attack accelerated by the influence of microbiological 
activity. Microbiological organisms present in the fuel oil can produce corrosive 
substances as a byproduct of their biological processes that disrupt the protective oxide 
layer on the component materials, leading to a material depression similar to pitting 
corrosion.  

Cracking due to stress corrosion of the stainless steel material in a fuel oil environment is 
an applicable aging effect at locations containing oxygenated water. Stress corrosion 
cracking is an aging effect requiring a combination of a susceptible material, a corrosive 
environment and tensile stress. Since tensile stresses are unknown, the stresses are 
assumed to be sufficient to initiate stress corrosion cracking if the other conditions for its 
occurrence are met. Since any significant amount of water contamination would 
accumulate at the lower portions of the system in components such as tank bottoms, only 
a limited portion of the components would be affected by stress corrosion cracking.  

3.5.2.3.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical components 
exposed to an oil/fuel oil internal operating environment, a review of industry and 
Oconee-specific experience was performed.  
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The survey of industry experience included NRC generic communications, licensee event 
reports from other nuclear plants other than Oconee, and NRC NUREG documents. The 
following documents were reviewed in this survey.  

* CR 80-11, Emergency Diesel Generator Lube Oil Cooler Failures 
* IN 79-23, Emergency Diesel Generator Lube Oil Coolers 
* IN 85-08, Industry Experience on Certain Materials Used in Safety-Related 

Equipment 
* IN 89-07, Failures of Small Diameter Tubing in Control Air, Fuel, Oil and Lube Oil 

Systems Render Emergency Diesels Inoperable 
* IN 91-46, Degradation of Emergency Diesel Generator Fuel Oil Delivery Systems 

* IN 93-48, Failure of Turbine-Driven Main Feedwater Pump to Trip Because of 
Contaminated Oil 

* IN 94-58, Reactor Coolant Pump Lube Oil Fire 

No unique aging effects were identified in the above documents beyond those already 
identified in this section.  

3.5.2.3.2 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for brass, bronze, carbon steel, copper, and stainless steel components in an 
oil/fuel oil environment. This review included a survey of any documented instances of 
component aging along with interviews with responsible engineering personnel. No 
unique aging effects were identified from this review beyond those identified in this 
section.  

3.5.2.3.3 CONCLUSION 

The applicable aging effects for the mechanical components exposed to an oil/fuel oil 
environment for the period of extended operation are: 

* Loss of material due to general corrosion is an applicable aging effect for carbon steel 
in an oil/fuel oil environment at locations containing water.  

* Loss of material due to pitting corrosion is an applicable aging effect for brass, 
bronze, carbon steel, copper, and stainless steel materials in an oil/fuel oil 
environment containing oxygenated water with contaminates such as halogens or 
sulfates.  

* Loss of material due to crevice corrosion is an applicable aging effect for brass, 
bronze, carbon steel, copper, and stainless steel materials in an oil/fuel oil 
environment at locations containing oxygenated water.  
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* Loss of material due to galvanic corrosion in an oil/fuel oil environment is an 
applicable aging effect for carbon steel in contact with a material with a higher 
electrochemical potential in the presence of oxygenated water.  

* Loss of material due to microbiologically influenced corrosion (MIC) is an applicable 
aging effect for brass, carbon steel, copper, and stainless steel materials exposed to 
fuel oil.  

* Cracking due to stress corrosion of the stainless steel material in a fuel oil 
environment is an applicable aging effect at locations containing oxygenated water.  

Association of these applicable aging effects to specific components is provided in the 
system-specific discussions in Sections 3.5.3 through 3.5.14 and in the tables at the end of 
Chapter 3.5.  
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3.5.2.4 Applicable Aging Effects for a Raw Water Environment 

The raw water internal operating environment includes the systems within the scope of 
license renewal using water from Lake Keowee. The mechanical systems within the 
scope of license renewal which have components primarily [Footnote 3] exposed to a raw 
water internal operating environment include: 

* Auxiliary Service Water System 
* Condenser Circulating Water System 
* High Pressure Service Water System 
* Low Pressure Service Water System 
* Service Water System (Keowee) 
* Turbine Sump Pump System (Keowee) 
* Turbine Generator Cooling Water System (Keowee) 
* Auxiliary Service Water System (Standby Shutdown Facility) 
* Sanitary Lift System (Standby Shutdown Facility) 

The materials of construction for mechanical system components within these systems are 
identified in Tables 2.5-2 through 2.5-25. The mechanical system component riaerials 
exposed to a raw water environment are admiralty brass, brass, bronze, carbon steel, cast 
iron, copper, 90-10 copper-nickel, ductile cast iron, and stainless steel. The applicable 
aging effects for these materials in a raw water environment are discussed further in the 
following paragraphs.  

Loss of material due to general corrosion is an applicable aging effect for admiralty brass, 
brass, bronze, carbon steel, cast iron, copper, 90-10 copper-nickel, and ductile cast iron 
component materials in a raw water environment. General corrosion is the result of a 
chemical or electrochemical reaction on the material when both oxygen and moisture are 
present. General corrosion is characterized by uniform attack resulting in material 
dissolution and sometimes corrosion product buildup. The stainless steel materials in the 
plant raw water environments are resistant to general corrosion.  

Loss of material due to pitting corrosion is an applicable aging effect for admiralty brass, 
brass, bronze carbon steel, cast iron, copper, 90-10 copper-nickel, ductile cast iron, and 
stainless steel materials in a raw water environment. Pitting corrosion is a form of 
localized attack that results in depressions in the metal. Oxygen is required for the 
initiation of pitting corrosion with halogen or sulfates required for continued dissolution 

3. Portions of several of these systems are also exposed to an air/gas environment.  
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of the material. Pitting corrosion can be inhibited by maintaining an adequate flow rate 
which prevents impurities from adhering to the material surface. The more susceptible 
locations for pitting corrosion to occur in materials in a raw water environment are 
locations of low or stagnant flow.  

Loss of material due to galvanic corrosion in a raw water environment can occur only 
when materials with different electrochemical potentials are in contact in the presence of 
water. In all galvanic couples involving admiralty brass, brass, bronze, carbon steel, cast 
iron, copper, 90-10 copper-nickel, ductile cast iron, and stainless steel, the lower potential 
(more anodic) brass, bronze, carbon steel, copper, 90-10 copper-nickel, cast iron and 
ductile cast iron materials would be preferentially attacked in a galvanic couple.  

Loss of material due to microbiologically influenced corrosion (MIC) is an applicable 
aging effect for admiralty brass, brass, bronze, carbon steel, cast iron, copper, 90-10 
copper-nickel, ductile cast iron, and stainless steel materials exposed to raw water. MIC 
is a localized, corrosive attack accelerated by the influence of microbiological activity.  
Microbiological organisms present in the raw water can produce corrosive substances as a 
byproduct of their biological processes that disrupt the protective oxide layer on the 
component materials, leading to a material depression similar to pitting corrosion.  

Loss of material due to selective leaching is an applicable aging effect for cast iron 
component materials in a raw water environment. Ductile cast iron is not susceptible to 
selective leaching because the material properties are different from cast iron. Selective 
leaching is the dissolution of iron at the metal surface that leaves a weakened network of 
graphite and iron corrosion products.  

In addition, fouling which is not a material degradation phenomenon, but is an applicable 
aging effect for a limited set of component geometries in Oconee raw water systems, is 
addressed for the Oconee raw water systems in Sections 3.5.6, 3.5.11 and 3.5.12.  

3.5.2.4.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical components 
exposed to a raw water internal operating environment, a review of industry and Oconee
specific experience was performed.  

The survey of industry experience included NRC generic communications, licensee event 
reports from nuclear power plants other than Oconee, and NRC NUREG documents. The 
following documents were reviewed in this search: 
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* IE Bulletin 81-03, Flow Blockage of Cooling Water to Safety System components by 
Corbicula sp. (asiatic clam) and Mytilus sp. (mussel) 

* IN 85-24, Failures of Protective Coatings in Pipes and Heat Exchangers 
* IN 85-30, Microbiologically Induced Corrosion of Containment Service Water System 
* IN 88-37, Flow Blockage of Cooling Water to Safety System Components 
* IN 89-01, Valve Body Erosion 
* IN 89-76, Biofouling Agent: Zebra Mussel 
* GL 89-13, Service Water System Problems Affecting Safety-Related Equipment 
* IN 90-39, Recent Problems with Service Water Systems 
* IN 94-03, Deficiencies Identified During Service Water System Operational 

Performance Inspections 
* IN 94-59, Accelerated Dealloying of Cast Aluminum-Bronze Valves Caused by 

Microbiologically Induced Corrosion 
* IN 94-79, Microbiologically Influenced Corrosion of Emergency Diesel Generator 

Service Water Piping 

No unique aging effects were identified in the above documents beyond those already 
identified in this section.  

3.5.2.4.2 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for admiralty brass, brass, bronze, carbon steel, cast iron, copper, 90-10 copper
nickel ductile iron, and stainless steel components in raw water environment. This 
review included a survey of any documented instances of component aging along with 
interviews with responsible engineering personnel. No unique aging effects were 
identified from this review beyond those identified in this section.  

3.5.2.4.3 CONCLUSION 

The applicable aging effects for the mechanical components exposed to a raw water 
environment are: 

* Loss of material due to general corrosion is an applicable aging effect for admiralty 
brass, brass, bronze, carbon steel, cast iron, copper, 90-10 copper-nickel, and ductile 
cast iron component materials in a raw water environment 

* Loss of material due to pitting corrosion is an applicable aging effect for admiralty 
brass, brass, bronze carbon steel, cast iron, copper, 90-10 copper-nickel, ductile cast 
iron, and stainless steel materials in a raw water environment where the more 
susceptible locations for pitting are locations of low or stagnant flow.  
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* Loss of material due to galvanic corrosion in a raw water environment is an 
applicable aging effect for brass, bronze, carbon steel, cast iron, copper, 90-10 
copper-nickel, and ductile cast iron when in contact with a material with a higher 
electrochemical potential in the presence of water.  

* Loss of material due to microbiologically influenced corrosion (MIC) is an applicable 
aging effect for admiralty brass, brass, bronze, carbon steel, cast iron, copper, 90-10 
copper-nickel, ductile cast iron, and stainless steel materials exposed to raw water.  

* Loss of material due to selective leaching is an applicable aging effect for cast iron 
component materials in a raw water environment.  

Association of these applicable aging effects to specific components is provided in the 
system-specific discussions in Sections 3.5.3 through 3.5.14 and in the tables at the end of 
Chapter 3.5. In addition, fouling which is not a material degradation phenomenon, but is 
an applicable aging effect for a limited set of component geometries in Oconee raw water 
systems, is addressed for the Oconee raw water systems in Sections 3.5.6, 3.5.11 and 
3.5.12.  
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3.5.2.5 Applicable Aging Effects for a Treated Water Environment 

The treated water internal operating environment includes all systems within the scope of 
license renewal using treated water, except those using borated water. The mechanical 
systems within the scope of license which have components primarily [Footnote 4] 

exposed to a treated water operating environment include: 

* Chemical Addition System 
* Component Cooling System 
* Condensate System 
* Demineralized Water System 
* Emergency Feedwater System 
* Feedwater System 
* Filtered Water System 
* Main Steam System 
* Standby Shutdown Facility Drinking Water System 

The materials of construction for mechanical system components within these systems are 
identified in Tables 2.5-2 through 2.5-25. The mechanical system component materials 
exposed to a treated water environment are admiralty brass, brass, carbon steel, cast iron, 
copper, low-alloy steel, and stainless steel. The applicable aging effects for these 
materials in a treated water environment are discussed further in the following 
paragraphs.  

Loss of material due to general corrosion is an applicable aging effect for admiralty brass, 
brass, carbon steel, cast iron, copper, and low-alloy steel in a treated water environment 
due to the presence of oxygen. General corrosion is the result of a chemical or 
electrochemical reaction on the material when both oxygen and moisture are present.  
General corrosion is characterized by uniform attack resulting in material dissolution and 
sometimes corrosion product buildup. The stainless steel materials in the plant treated 
water environments are resistant to general corrosion.  

Loss of material due to pitting corrosion is an applicable aging effect for admiralty brass, 
brass, carbon steel, cast iron, copper, low-alloy steel, and stainless steel materials in a 
treated water environment under certain relevant. Pitting corrosion is a form of localized 
attack that results in depressions in the metal. Oxygen is required for the initiation of 
pitting corrosion with halogens or sulfates required for continued dissolution of the 

4. Portions of several of these systems are also exposed to an air/gas environment.  
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material. For a treated water environment, two sets of relevant conditions can lead to 
pitting corrosion. The first set of relevant conditions needed for the occurrence of pitting 
corrosion is the continual presence of halogens in excess of 150 ppb, oxygen in excess of 
100 ppb and stagnant or low flow conditions. A second set of relevant conditions needed 
for the occurrence of pitting corrosion is the continual presence of sulfates in excess of 
100 ppb, oxygen in excess of 100 ppb and stagnant or low flow conditions.  

Loss of material due to galvanic corrosion in a treated water environment can occur only 
when materials with different electrochemical potentials are in contact in the presence of 
oxygenated water. In all galvanic couples involving admiralty brass, brass, carbon steel, 
cast iron, copper, low-alloy steel and stainless steel materials, the lower potential (more 
anodic) carbon steel, cast iron and low-alloy steel materials would be preferentially 
attacked in a galvanic couple.  

Loss of material due to selective leaching is an applicable aging effect for cast iron 
component materials in a treated water environment. Selective leaching is the dissolution 
of iron at the metal surface that leaves a weakened network of graphite and iron corrosion 
products.  

Loss of material due to erosion/corrosion is an applicable aging effect for carbon steel 
component materials in treated water systems under certain relevant conditions. Erosion
corrosion is a term used to describe the alternating pattern of oxide erosion due to fluid 
flow followed by corrosion of the newly exposed material surface which is again 
followed by oxide erosion as the pattern repeats. Relevant conditions required for 
erosion-corrosion to be a concern in treated water systems include physical parameters 
such as fluid temperature, fluid (steam) quality, fluid velocity, fluid pH, mechanical 
component geometry and configuration. Loss of material due to erosion-corrosion is 
considered an applicable aging effect for carbon steel component materials in a treated 
water environment when the system operates more than 2% of plant operating time at a 
temperature greater than 200'F, but where the steam is not superheated.  

Cracking due to stress corrosion of the stainless steel materials in a treated water 
environment is an applicable aging effect under certain relevant conditions. Stress 
corrosion cracking is an aging effect requiring a combination of a susceptible material, a 
corrosive environment and tensile stress. Since tensile stresses are unknown, the stresses 
are assumed to be sufficient to initiate stress corrosion cracking if the other conditions 
require for occurrence are met. For stainless steel, the relevant conditions required for 
stress corrosion cracking is the continual presence of halogens in excess of 150 ppb or 
sulfates in excess of 100 ppb. If either of these relevant conditions is satisfied, stress 
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corrosion cracking is an applicable aging effect for stainless steel materials in a treated 
water environment 

3.5.2.5.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical components 
exposed to a treated water internal operating, a review of industry and Oconee-specific 
experience was performed.  

The survey of industry experience included NRC generic communications, licensee event 
reports from nuclear plants other than Oconee, and NRC NUREG documents. The 
following documents were reviewed in this search: 

* GL 79-20, Cracking in Feedwater Lines 
* GL 89-08, Erosion/Corrosion-Induced Pipe Wall Thinning 
* IE Bulletin 79-13, Revisions 0, 1, 2, Cracking in Feedwater System Piping 
* IE Bulletin 87-01, Thinning of Pipe Walls in Nuclear Power Plants 
* IN 81-04, Cracking in Main Steam Lines 
* IN 82-22, Failures in Turbine Exhaust Lines 
* IN 84-32, Auxiliary Feedwater Sparger and Pipe Hanger Damage 
* IN 86-106, Revisions 0, 1, 2, 3, Feedwater Line Break 
* IN 87-36, Significant Unexpected Erosion of Feedwater Lines 
* IN 88-17, Summary of Responses to NRC Bulletin 87-01, "Thinning of Pipe Walls in 

Nuclear Power Plants" 
* IN 89-01, Valve Body Erosion 
* IN 89-53, Rupture of Extraction Steam Line on High Pressure Turbine 
* IN 9 1-18, Revision 1, High-Energy Pipe Failures Caused by Wall Thinning 
* IN 91-28, Cracking in Feedwater System Piping 

No unique aging effects were identified in the above documents beyond those already 
identified in this section.  

3.5.2.5.2 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for admiralty brass, brass, carbon steel, cast iron, copper, low-alloy steel, and 
stainless steel components in a treated water environment. This review included a survey 
of any documented instances of component aging along with interviews with responsible 
engineering personnel. No unique aging effects were identified from this review beyond 
those identified in this section.  
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3.5.2.5.3 CONCLUSION 

The applicable aging effects for the mechanical components exposed to a treated water 
environment are: 

* Loss of material due to general corrosion is an applicable aging effect for admiralty 
brass, brass, carbon steel, cast iron, copper, and low-alloy steel in a treated water 
environment due to the presence of oxygen.  

* Loss of material due to pitting corrosion is an applicable aging effect for admiralty 
brass, brass, carbon steel, cast iron, copper, low-alloy steel, and stainless steel 
materials in a treated water environment in the continual presence of halogens in 
excess of 150 ppb, oxygen in excess of 100 ppb and stagnant or low flow conditions.  

* Loss of material due to pitting corrosion is an applicable aging effect for admiralty 
brass, brass, carbon steel, cast iron, copper, low-alloy steel, and stainless steel 
materials in a treated water environment in the continual presence of sulfates in 
excess of 100 ppb, oxygen in excess of 100 ppb and stagnant or low flow conditions.  

* Loss of material due to galvanic corrosion is an applicable aging effect for carbon 
steel, cast iron, and low alloy steel when in contact with a material with a higher 
electrochemical potential in the presence of oxygenated water.  

* Loss of material due to selective leaching is an applicable aging effect for cast iron 

component materials in a treated water environment 
* Loss of material due to erosion/corrosion is an applicable aging effect for carbon steel 

component materials in treated water systems which operate more than 2% of plant 
operating time at a temperature greater than 200'F, but where the steam is not 
superheated. Relevant conditions required for erosion-corrosion to be a concern in 
treated water systems include physical parameters such as fluid temperature, fluid 
(steam) quality, fluid velocity, fluid pH, mechanical component geometry and 
configuration.  

* Cracking due to stress corrosion of the stainless steel materials in a treated water 
environment is an applicable aging effect in the continual presence of halogens in 
excess of 150 ppb or sulfates in excess of 100 ppb.  

Association of these applicable aging effects to specific components is provided in the 
system-specific discussions in Sections 3.5.3 through 3.5.14 and in the tables at the end of 
Chapter 3.5.  
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3.5.2.6 Applicable Aging Effects for a Ventilation Air Environment 

The ventilation internal operating environment includes filtered and unfiltered ventilation 
systems within the scope of license renewal. The mechanical systems within the scope of 
license renewal which are exposed to a ventilation air environment include: 

* Auxiliary Building Ventilation System 
* Control Room Pressurization and Filtration System 
* Penetration Room Ventilation System 
* Reactor Building Cooling System 
* Reactor Building Purge System 
* Standby Shutdown Facility HVAC System 

The materials of construction for mechanical system components within these systems are 
identified in Tables 2.5-2 through 2.5-25. The mechanical system component materials 
exposed to a ventilation air environment are aluminum, brass, carbon steel, copper, 90-10 
copper-nickel, galvanized steel, and stainless steel. The applicable aging effects for these 
materials in a ventilation air environment are discussed further in the following 
paragraphs.  

Loss of material due to galvanic corrosion in a ventilation air environment can occur only 
when materials with different electrochemical potentials are in contact in the presence of 
water. In all galvanic couples involving aluminum, brass, carbon steel, copper, 90-10 
copper-nickel, galvanized steel, and stainless steel materials, the lower potential (more 
anodic) aluminum, 90-10 copper-nickel, and galvanized steel would be preferentially 
attacked in a galvanic couple.  

Loss of material due to boric acid wastage is an applicable aging effect for aluminum, 
brass, carbon steel, copper, and galvanized steel in a ventilation air environment 
containing the presence of a concentrated boric acid solution. Leaking fluid from a 
pressurized mechanical system containing borated water can vaporize, suspending the 
borated water in the air and allowing it to be transported to and deposited within the 
ventilation system components. If the boric acid deposits are re-dissolved by a wetted 
environment in the ventilation system, the boric acid solution will concentrate. When 
aluminum, brass, carbon steel, copper, and galvanized steel materials are exposed to a 
concentrated solution of boric acid, boric acid wastage can cause volumetric loss of 
material. Opportunities for Oconee ventilation systems to contain such a concentrated 
boric acid solution are limited to the Reactor Building Cooling System inside the Reactor 
Building. Loss of material due to boric acid wastage is an applicable aging effect for the 
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aluminum, 90-10 copper-nickel, and galvanized steel in the Reactor Building Cooling 
System 

3.5.2.6.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical components 
exposed to a ventilation air internal operating environment, a review of industry and 
Oconee-specific experience was performed.  

The survey of industry experience included NRC generic communications, licensee event 
reports from nuclear power plants other than Oconee, and NRC NUREG documents. No 
documents associated with the aging effects of ventilation air systems were identified.  

3.5.2.6.2 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for aluminum, brass, carbon steel, copper, 90-10 copper-nickel, galvanized steel 
and stainless steel components in a ventilation air environment. This review included a 
survey of any documented instances of component aging along with interviews with 
responsible engineering personnel. No unique aging effects were identified from this 
review beyond those identified in this section.  

3.5.2.6.3 CONCLUSION 

The applicable aging effects for the mechanical components exposed to a ventilation air 
environment for the period of extended operation are: 

* Loss of material due to galvanic corrosion is an applicable aging effect for aluminum, 
90-10 copper-nickel, and galvanized steel in contact with a material with a high 
electrochemical potential in the presence of water.  

* Loss of material due to boric acid wastage is an applicable aging effect for aluminum, 
90-10 copper-nickel, and galvanized steel in a ventilation environment containing the 
presence of a concentrated boric acid solution. Opportunities for Oconee ventilation 
systems to contain such a concentrated boric acid solution are limited to the Reactor 
Building Cooling System inside the Reactor Building.  

Association of these applicable aging effects to specific components is provided in the 
system-specific discussions in Sections 3.5.3 through 3.5.14 and in the tables at the end of 
Chapter 3.5.  
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3.5.2.7 Applicable Aging Effects for External Surface Environments 

The preceding sections describe the applicable aging effects associated with the six 
internal operating environments of the mechanical components. This section describes 
the applicable aging effects associated with the set of five external surface environments 
to which these components are exposed. Additionally, because components of similar 
material will age similarly in the same environment, the aging management programs 
required to manage the applicable aging effects for all component external surfaces within 
these environments are identified. The mechanical components within the scope of 
license renewal are found in the following locations on the Oconee site: 

* Reactor Building 
* Sheltered (includes Auxiliary Building, Intake Structure, Turbine Building, 

Warehouse, Keowee Hydroelectric Plant, and Standby Shutdown Facility) 
* Yard 
* Underground 
* Embedded 

The determination of aging effects that are applicable to Oconee considers the materials, 
environment, and operating stresses associated with the component and system design.  
The applicable aging effects for the external surfaces of component materials exposed to 
these environments along with the aging management programs are discussed further in 
the following sections.  
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3.5.2.7.1 APPLICABLE AGING EFFECTS FOR THE REACTOR BUILDING 
ENVIRONMENT 

The Reactor Building environment is a warm, moist air environment. Temperatures in 
the higher elevations inside the Reactor Building can reach 130 0 F during normal unit 
operation with relative humidity assumed to reach as high as 100 %. The Reactor 
Building environment is cooled by the Reactor Building Cooling System, which consists 
of three cooling units that reject heat to the Low Pressure Service Water System.  

The systems with mechanical components exposed to the Reactor Building environment 
are: 

* Breathing Air System a Leak Rate Test System 
* Chemical Addition System 0 Low Pressure Injection System 
* Component Cooling System 0 Low Pressure Service Water System 
* Containment Hydrogen Control System 9 Main Steam System 
* Coolant Storage System * Nitrogen Purge and Blanket System 
* Core Flood System 0 Post-Accident Monitoring System 
* Demineralized Water System 0 Reactor Building Cooling System 
* Emergency Feedwater System 0 Reactor Building Purge System 
* Feedwater System 0 Reactor Building Spray System 
* Filtered Water System * Standby Shutdown Facility Reactor 
* Gaseous Waste Disposal System Coolant Makeup System 
* High Pressure Injection System 0 Reactor Coolant System 

Instrument Air System * Spent Fuel Cooling System 

The materials of construction for the mechanical system components in these systems that 
are exposed to a Reactor Building environment are identified in Tables 2.5-2 through 
2.5-25. Since different component types constructed from the same material, located in 
the same environment, and operating under similar operating stresses will experience 
similar aging effects, the applicable aging effects for the external surfaces of these 
components can be determined on a material basis. The materials of construction for the 
mechanical components within the scope of license renewal located inside the Reactor 
Building are aluminum, brass, bronze, carbon steel, copper, galvanized steel, inconel, and 
stainless steel. The applicable aging effects for these materials in the Reactor Building 
environment are discussed further in the following paragraphs.  

Loss of material due to boric acid wastage is an applicable aging effect for the external 
surfaces of aluminum, brass, bronze, carbon steel, copper, and galvanized steel 
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component materials located in the Reactor Building environment. Leaking fluid from a 
borated water system may expose the external surfaces of components made from these 
materials to a concentrated boric acid solution which can ultimately lead to volumetric 
loss of material. Loss of material due to boric acid wastage could lead to loss of the 
pressure boundary function.  

Loss of material due to general corrosion is an applicable aging effect for carbon steel 
materials in the Reactor Building environment if the material is in contact with a moist air 
environment. General corrosion is the result of a chemical or electrochemical reaction 
between the material and the air environment when both oxygen and moisture are present.  
General corrosion is characterized by uniform attack resulting in material dissolution and 
sometimes corrosion product buildup.  

Loss of material due to galvanic corrosion in the Reactor Building environment can occur 
when materials with different electrochemical potentials are in contact in the presence of 
water which is needed to establish the galvanic couple. In all galvanic couples involving 
aluminum, brass, bronze, carbon steel, copper, galvanized steel, inconel, and stainless 
steel materials, the lower potential (more anodic) carbon steel would be preferentially 
attacked in a galvanic couple. In the Reactor Building environment, only systems 
continually operating at a temperature where surface condensation occurs will have water 
present on their external surface.  

No applicable aging effects were identified for inconel and stainless steel in the Reactor 
Building environment.  

3.5.2.7.1.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging for mechanical component external 
surfaces exposed to the Reactor Building environment, a review of industry and Oconee
specific experience was performed. The survey of industry experience included NRC 
generic communications, licensee event reports from nuclear plants other than Oconee, 
and NRC NUREGs. The following documents were reviewed in this survey: 

* IN 86-108, Degradation of Reactor Coolant System Pressure Boundary Resulting 
From Boric Acid Corrosion 

* GL 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 
Components in PWR Plants 

No unique aging effects were identified in the above documents beyond those already 
identified in this section.  
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3.5.2.7.1.2 OCONEE EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the external surfaces of component materials in the Reactor Building 
environment. This review included a survey of any documented instances of component 
aging along with interviews with responsible engineering personnel. No unique aging 
effects were identified from this review beyond those identified in this section.  

3.5.2.7.1.3 CONCLUSIONS 

The applicable aging effects for mechanical components exposed to the Reactor Building 
environment are: 

* Loss of material due to boric acid wastage is an applicable aging effect for the 
external surfaces of aluminum, brass, bronze, carbon steel, copper, and galvanized 
steel component materials located in the Reactor Building environment due to the 
potential for exposure to leaking fluid from borated water systems.  

* Loss of material due to general corrosion is an applicable aging effect for carbon steel 
materials in the Reactor Building environment if the material is in contact with a 
moist air environment.  

* Loss of material due to galvanic corrosion is an applicable aging effect for carbon 
steel in the Reactor Building environment when in contact with a material with a 
higher electrochemical potential in the presence of water.  

3.5.2.7.1.4 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 for the systems listed in Section 3.5.2.7.1 
will be maintained consistent with the current licensing basis for the period of extended 
operation. The applicable aging effects for the component external surface materials in 
the Reactor Building environment will be managed by monitoring and controlling either 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

Loss of material due to boric acid wastage of aluminum, brass, bronze, carbon steel, 
copper, and galvanized steel components will be managed by the following program 
which is described in Chapter 4 of OLRP-1001: 

* Boric Acid Wastage Surveillance Program 
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Loss of material due to general corrosion and galvanic corrosion of carbon steel will be 
managed by the following program which is described in Chapter 4 of OLRP-1001: 

* Inspection Program for Civil Engineering Structures and Components 
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3.5.2.7.2 APPLICABLE AGING EFFECTS FOR A SHELTERED ENVIRONMENT 

The sheltered environment includes mechanical components located in the Auxiliary 
Building, Intake Structure, Turbine Building, Warehouse, Keowee Hydroelectric Plant, 
and Standby Shutdown Facility. The components located in these areas are exposed to 
moist air but are protected from dew and meteorological precipitation. The Auxiliary 
Building and Standby Shutdown Facility (SSF) are heated and cooled. The Turbine 
Building, Warehouse, and Keowee Hydroelectric Plant are heated in the winter and 
ventilated in the summer. The Intake Structure is neither heated nor cooled. The systems 
with mechanical components exposed to a sheltered environment are: 

* Auxiliary Building Ventilation System * Nitrogen Purge and Blanket System 
* Auxiliary Service Water System * Penetration Room Ventilation System 
* Breathing Air System * Post Accident Monitoring System 
* Chemical Addition System * Reactor Building Purge System 
* Component Cooling System * Reactor Building Spray System 
* Condensate System * Reactor Coolant System 
* Condenser Circulating Water System * Spent Fuel Cooling System 
* Containment Hydrogen Control System * Air Intake and Exhaust System 
* Control Room Pressurization and * SSF Diesel Generator Fuel Oil System 

Filtration System * Sanitary Lift System 
* Coolant Storage System * SSF Auxiliary Service Water System 
* Core Flood System * SSF Drinking Water System 
* Demineralized Water System * SSF HVAC System 
* Emergency Feedwater System * Starting Air System 
* Feedwater System * Carbon Dioxide 
* Filtered Water System * Depressing Air 
* Gaseous Waste Disposal System * Generator High Pressure Oil System 
* High Pressure Injection System * Governor Air System 
* High Pressure Service Water System * Governor Oil System 
* Instrument Air System * Service Water System 
* Leak Rate Test System * Turbine Generator Cooling Water 
* Liquid Waste Disposal System System 
* Low Pressure Injection System * Turbine Guide Bearing Oil System 
* Low Pressure Service Water System * Turbine Sump Pump System 
* Main Steam System 

The materials of construction for the mechanical system components in these systems that 
are exposed to a sheltered environment are identified in Tables 2.5-2 through 2.5-25.  
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Since different component types constructed from the same material, located in the same 
environment, and operating under similar operating stresses will experience similar aging 
effects, the applicable aging effects for the external surfaces of these components can be 
determined on a material basis. The materials of construction for the mechanical 
components within the scope of license renewal located inside the Sheltered 
environments are aluminum, brass, bronze, carbon steel, cast iron, chrome-molybdenum, 
copper, galvanized steel, low-alloy steel and stainless steel. The applicable aging effects 
for these materials in the sheltered environments are discussed further in the following 
paragraphs.  

Loss of material due to boric acid wastage is an applicable aging effect for the external 
surfaces of aluminum, brass, bronze, carbon steel, cast iron, copper, and galvanized steel 
component materials located in the Auxiliary Building environment only. Leaking fluid 
from a borated water system may expose the external surfaces of components made from 
these materials to a concentrated boric acid solution which can ultimately lead to 
volumetric loss of material. Loss of material due to boric acid wastage could lead to a 
loss of the pressure boundary function.  

Loss of material due to general corrosion is an applicable aging effect for carbon steel, 
cast iron, chrome-molybdenum and low-alloy steel materials in the sheltered .
environments if the materials are in contact with a moist air environment. General 
corrosion is the result of a chemical or electrochemical reaction between the material and 
the air environment when both oxygen and moisture are present. General corrosion is 
normally characterized by uniform attack resulting in material dissolution and sometimes 
corrosion product buildup.  

Loss of material due to galvanic corrosion in the sheltered environments can occur when 
materials with different electrochemical potentials are in contact in the presence of water 
which is needed to establish the galvanic couple. In all galvanic couples involving 
aluminum, brass, bronze, carbon steel, cast iron, chrome-molybdenum, copper, 
galvanized steel, low-alloy steel and stainless steel materials, the lower potential (more 
anodic) carbon steel and cast iron would be preferentially attacked in a galvanic couple.  
In the sheltered environments, only systems continually operating at a temperature where 
surface condensation occurs will have water present on their external surface, which are 
the raw water systems.  

No applicable aging effects were identified for stainless steel in the sheltered 
environments.  
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3.5.2.7.2.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects and for mechanical component 
external surfaces exposed to the sheltered environments, a review of industry and 
Oconee-specific experience was performed. The survey of industry experience included 
NRC generic communications, licensee event reports from nuclear plants other than 
Oconee, and NRC NUREGs. No documents associated with aging effects of external 
surfaces of mechanical components were identified. Documents identified in Section 
3.5.2.7.1.1 are applicable for borated water systems in the Auxiliary Building.  

3.5.2.7.2.2 OCONEE EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the external surfaces of component materials in the sheltered environments.  
This review included a survey of any documented instances of component aging along 
with interviews with responsible engineering personnel. No unique aging effects were 
identified from this review beyond those identified in this section.  

3.5.2.7.2.3 CONCLUSIONS 

The applicable aging effects for mechanical components exposed to the sheltered 
environments are: 

* Loss of material due to boric acid wastage is an applicable aging effect for the 
external surfaces of aluminum, brass, bronze, carbon steel, cast iron, copper, and 
galvanized steel component materials located in the Auxiliary Building environment 
due to the potential for exposure to leaking fluid from borated water systems.  

* Loss of material due to general corrosion is an applicable aging effect for the external 
surfaces of the carbon steel, cast iron, chrome-molybdenum, and low-alloy steel 
materials in the Sheltered environment if the material is in contact with the moist air 
environment.  

* Loss of material due to galvanic corrosion is an applicable aging effect for carbon 
steel in the Sheltered environments when in contact with a material with a higher 
electrochemical potential in the presence of water. In the Sheltered environment the 
material couples identified in this section for systems containing service water meet 
this criteria.  

3.5.2.7.2.4 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 for the systems listed in Section 3.5.2.7.2 
will be maintained consistent with the current licensing basis for the period of extended 
operation. The applicable aging effects for the component external surface materials in 
the sheltered environments will be managed by monitoring and controlling either the 
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aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

Loss of material due to boric acid wastage of aluminum, brass, bronze, carbon steel, cast 
iron, copper, and galvanized steel components in the Auxiliary Building will be managed 
by the following program which is described in Chapter 4 of OLRP-1001: 

* Boric Acid Wastage Surveillance Program 

Loss of material due to general corrosion and galvanic corrosion of exposed surfaces of 
carbon steel will be managed by the following program which is described in Chapter 4 
of OLRP-1001: 

* Inspection Program for Civil Engineering Structures and Components 
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3.5.2.7.3 APPLICABLE AGING EFFECTS FOR THE YARD ENVIRONMENT 

The yard environment includes mechanical components within the scope of license 
renewal located outside. These components are subject to the natural elements of 
precipitation, wind, sun, and varying temperatures. The systems with mechanical 
components exposed to the yard environment are: 

* Air Intake and Exhaust System * Standby Shutdown Facility Auxiliary 
* Condenser Circulating Water System Service Water System 
* Containment Hydrogen Control System * Service Water System (Keowee) 
* High Pressure Service Water System * Turbine Generator Cooling Water 
* Low Pressure Injection System System (Keowee) 
* Main Steam System 

The materials of construction for the mechanical system components in these systems 
which are exposed to the yard environment are identified in Tables 2.5-2 through 2.5-25.  
Since different component types constructed from the same material, located in the same 
environment, and operating under similar operating stresses will experience similar aging 
effects, the applicable aging effects for the external surfaces of these components can be 
determined on a material basis. The materials of construction for the mechanical 
components within the scope of license renewal located outside in the yard environment 
are aluminum, bronze, carbon steel, cast iron, chrome-molybdenum, galvanized steel, and 
stainless steel. The applicable aging effects for these materials in the yard environment 
are discussed further in the following paragraphs.  

Loss of material due to general corrosion is an applicable aging effect for carbon steel, 
cast iron, and chrome-molybdenum materials in the yard environment if the materials are 
in contact with a moist air environment. General corrosion is the result of a chemical or 
electrochemical reaction between the material and the air environment when both oxygen 
and moisture are present. General corrosion is characterized by uniform attack resulting 
in material dissolution and sometimes corrosion product buildup.  

Loss of material due to galvanic corrosion in the yard environments can occur when 
materials with different electrochemical potentials are in contact in the presence of water 
which is needed to establish the galvanic couple. In all galvanic couples involving 
aluminum, brass, bronze, carbon steel, cast iron, chrome-molybdenum, galvanized steel, 
and stainless steel materials, the lower potential (more anodic) carbon steel and cast iron 
would be preferentially attacked in a galvanic couple. In the yard environment, only 
systems continually operating at a temperature where surface condensation occurs will 
have water present on their external surface, which are the raw water systems.  
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No applicable aging effects were identified for aluminum, brass, bronze, galvanized steel 
or stainless steel components exposed to the yard environment.  

3.5.2.7.3.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical component external 
surfaces exposed to the yard environment, a review of industry and Oconee-specific 
experience was performed. The survey of industry experience included NRC generic 
communications, licensee event reports from nuclear plants other than Oconee, and NRC 
NUREGs. No documents associated with aging effects of external surfaces of 
mechanical components were identified.  

3.5.2.7.3.2 OCONEE EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the external surfaces of component materials in the yard environment. This 
review included a survey of any documented instances of component aging along with 
interviews with responsible engineering personnel. No unique aging effects were 
identified from this review beyond those identified in this section.  

3.5.2.7.3.3 CONCLUSIONS 

The applicable aging effects for mechanical components exposed to the yard environment 
are: 

* Loss of material due to general corrosion is an applicable aging effect for the external 
surfaces of the carbon steel, cast iron, and chrome-molybdenum materials in the yard 
environment if the material is in contact with a moist air environment.  

* Loss of material due to galvanic corrosion is an applicable aging effect for carbon 
steel and cast iron in the yard environment when in contact with materials with a 
higher electrochemical potential in the presence of water. In the yard environment the 
material couples identified in this section for systems containing service water meet 
this criteria. This aging effect is also applicable for the internal surfaces of these 
material couples.  

3.5.2.7.3.4 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 for the systems listed in Section 3.5.2.7.3 
will be maintained consistent with the current licensing basis for the period of extended 
operation. The applicable aging effects for the component external surface materials in 
the yard environment are managed by monitoring and controlling either the aging effects 
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directly or the relevant conditions which contribute to the onset and propagation of a 
specific aging effect.  

Loss of material due to general corrosion and galvanic corrosion of exposed surfaces of 
carbon steel and cast iron will be managed by the following program which is described 
in Chapter 4 of OLRP-1001: 

* Inspection Program for Civil Engineering Structures and Components 
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3.5.2.7.4 APPLICABLE AGING EFFECTS FOR AN UNDERGROUND 
ENVIRONMENT 

The underground environment includes mechanical components that are located below 
grade. The soil and groundwater are untreated and could be corrosive to materials located 
there. The systems with mechanical components exposed to an underground environment 
are: 

* Condenser Circulating Water System 
* High Pressure Service Water System 
* Service Water System (Keowee) 
* Standby Shutdown Facility Diesel Generator Fuel Oil System 
* Turbine Generator Cooling Water System (Keowee) 

The materials of construction for the mechanical system components in these systems 
which are exposed to an underground environment are identified in Tables 2.5-2 through 
2.5-25. Since different component types constructed from the same material, located in 
the same environment, and operating under similar operating stresses will experience 
similar aging effects, the applicable aging effects for the external surfaces of these 
components can be determined on a material basis. The materials of construction for the 
mechanical components within the scope of license renewal located in an underground 
environment are carbon steel, cast iron, and stainless steel. The applicable aging effects 
for these materials in the Underground environment are discussed further in the following 
paragraphs.  

Loss of material due to general corrosion is an applicable aging effect for carbon steel and 
cast iron materials in the underground environment if the materials are in contact with 
soil or groundwater. General corrosion is the result of a chemical or electrochemical 
reaction between the material and the air environment when both oxygen and moisture 
are present. General corrosion is characterized by uniform attack resulting in material 
dissolution and sometimes corrosion product buildup.  

Loss of material due to pitting corrosion is an applicable aging effect for the external 
surfaces of carbon steel, cast iron, and stainless steel materials in an underground 
environment if the materials are in contact with soil or groundwater. Pitting corrosion is 
a form of localized attack that results in depressions in the metal. Oxygen is required for 
initiation of pitting corrosion with contaminants such as halogens or sulfates required for 
continued material dissolution.  
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Loss of material due to microbiologically influenced corrosion (MIC) is an applicable 
aging effect for the external surfaces of carbon steel, cast iron, and stainless steel 
materials in an underground environment if the materials are in contact with soil or 
groundwater. MIC is a localized, corrosive attack accelerated by the influence of 
microbiological activity. Microbiological organisms present in the soil or groundwater 
can produce corrosive substances as a byproduct of their biological processes that disrupt 
the protective oxide layer on the component materials, leading to a material depression 
similar to pitting corrosion.  

Loss of material due to galvanic corrosion in an underground environment can occur 
when materials with different electrochemical potentials are in contact in the presence of 
water. However, in an underground environment, galvanic corrosion occurs between the 
material and the surrounding soil and groundwater. Loss of material due to galvanic 
corrosion is an applicable aging effect for the external surfaces of carbon steel, cast iron, 
and stainless steel components in an underground environment if the materials are in 
contact with the soil or groundwater.  

Loss of material due to selective leaching is an applicable aging effect for cast iron 
component materials in an underground environment if the materials are in contact with 
soil or groundwater. Selective leaching is the dissolution of iron at the metal surface that 
leaves a weakened network of graphite and iron corrosion products.  

Cracking due to stress corrosion is an applicable aging effect for stainless steel in an 
underground environment if the materials are in contact with soil or groundwater. Stress 
corrosion cracking is an aging effect requiring a combination of a susceptible material, a 
corrosive environment and tensile stress. Since tensile stresses are unknown, the stresses 
are assumed to be sufficient to initiate stress corrosion cracking if the other conditions for 
its occurrence are met. For stainless steel in an underground environment, the presence 
of soil or groundwater could provide the corrosive environment conducive to stress 
corrosion cracking of stainless steel 

3.5.2.7.4.1 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects for mechanical component external 
surfaces exposed to the underground environment, a review of industry and Oconee
specific experience was performed. The survey of industry experience included NRC 
generic communications, licensee event reports from nuclear plants other than Oconee, 
and NRC NUREGs. No documents specifically associated with aging effects of external 
surfaces of mechanical components were identified, but the following documents were 
reviewed in this survey: 
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* IN 85-24, Failures of Protective Coatings in Pipes and Heat Exchangers 
* IN 85-30, Microbiologically Induced Corrosion of Containment Service Water System 
* GL 89-13, Service Water System Problems Affecting Safety-Related Equipment 
* IN 90-39, Recent Problems with Service Water Systems 
* IN 94-79, Microbiologically Influenced Corrosion of Emergency Diesel Generator 

Service Water Piping 

No unique aging effects were identified from the above documents beyond those already 
identified in this section.  

3.5.2.7.4.2 OCONEE EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for the external surfaces of component materials in an underground environment.  
This review included a survey of any documented instances of component aging along 
with interviews with responsible engineering personnel. A review of Oconee operating 
experience has identified a limited number of concerns with components in an 
underground environment.  

In 1992, the presence of standing water in the transformer yard and substantial quantities 
of water flowing down the Turbine Building basement wall opposing the transiuiner yard 
was reported. Upon investigation, the source of the water was identified to be a small 
hole which was centered in a deep symmetrical indentation in a buried Condenser 
Circulating Water System branch line pipe. The root cause was galvanic or pitting 
corrosion of the pipe at a pinhole coatings void.  

Another, more recent, experience was reported in October 1997. A maintenance activity 
was performed on the main Unit 1 Condenser Circulating Water System discharge piping 
to remove existing internal coatings that contained asbestos. During this activity a small, 
one inch diameter hole was discovered in the 11 feet diameter piping. The hole was 
characterized as being nearly circular with pit walls steeply tapered from the outer 
diameter inward, implying that the corrosion initiated on the outer surface due to the 
presence of soil or groundwater. Analysis by Duke metallurgists determined that the root 
cause of this leak was a local galvanic cell created by a void in the exterior coating.  

No unique aging effects were identified from the review or these incidents beyond those 
identified in this section.  

3.5.2.7.4.3 CONCLUSIONS 

The applicable aging effects for mechanical components exposed to an underground 
environment are: 
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* Loss of material due to general corrosion is an applicable aging effect for carbon steel 
and cast iron materials in the underground environment if the materials are in contact 
with soil or groundwater.  

* Loss of material due to pitting corrosion is an applicable aging effect for the external 
surfaces of carbon steel, cast iron, and stainless steel materials in an underground 
environment if the materials are in contact with soil or groundwater.  

* Loss of material due to microbiologically influenced corrosion (MIC) is an applicable 
aging effect for the external surfaces of carbon steel, cast iron, and stainless steel 
materials in an underground environment if the materials are in contact with soil or 
groundwater.  

* Loss of material due to galvanic corrosion is an applicable aging effect for carbon 
steel, cast iron, and stainless steel component materials in an underground 
environment if the materials are in contact with soil or groundwater.  

* Loss of material due to selective leaching is an applicable aging effect for cast iron 
component materials in an underground environment if the materials are in contact 
with soil or groundwater.  

* Cracking due to stress corrosion is an applicable aging effect for stainless steel in an 
underground environment if the materials are in contact with soil or groundwater.  

3.5.2.7.4.4 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 for the systems listed in Section 3.5.2.7.4 
will be maintained consistent with the current licensing basis for the period of extended 
operation. The applicable aging effects for the component external surface materials in 
the underground environment will be managed by monitoring and controlling either the 
aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The relevant condition required for each of the applicable aging effects requires the 
presence of soil or groundwater. Oconee construction practice to preclude exposure of 
these component materials to soil and groundwater was to use a protective coating on the 
external surface of buried components. At Oconee, buried piping and other components 
(like the Standby Shutdown Facility Fuel Oil Tank) received an external protective 
coating during installation. Continued presence of an intact coating precludes the 
applicable aging effects on external surface material. The applicable aging effects will 
only be an issue if the coatings develop voids and even then the loss of material will be 
localized to the area of the void.  
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The underground CCW piping comprises greater than 90% (> 450,000 square feet) of 
below grade component surface area that could be exposed to soil or groundwater. The 
limited number of piping leaks identified for such a large surface area testifies to the 
success of the coatings used on components located below grade at Oconee. Because 
much of the CCW piping is available for internal inspection, discovery of an increasing 
amount of through wall corrosion would be indicative of a larger external coatings 
breakdown and would lead to more general corrective actions to assure component 
integrity. The localized nature of the limited number of piping leaks and none of these 
being considered a structural concern like would be caused by more wide-spread aging 
indicate that the aging effects on the external surfaces of these components can be 
managed by internal surface inspection and discovery of the symptomatic evidence of 
external aging. Locations where voids in the coatings occur will expose the component 
materials to soil or groundwater and will eventually lead to through wall corrosion. The 
behavior of all materials of concern here are bounded by the existing inspection on the 
carbon and stainless steel Condenser Circulating Water System intake and discharge 
piping and Standby Shutdown Facility Diesel Generator Fuel Oil Tank. Because this 
existing program covers the vast majority of buried component surface area and because 
the internal surfaces are accessible on a periodic basis, symptomatic evidence can be 
gathered to assess the condition of the external surfaces. The applicable aging effects will 
be managed by the following program which is described in Chapter 4 of OLRP- 1001: 

* Preventive Maintenance Activities 
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3.5.2.7.5 APPLICABLE AGING EFFECTS FOR AN EMBEDDED ENVIRONMENT 

The embedded environment includes mechanical components within the scope of license 
renewal that are in contact with concrete on their external surfaces. The systems with 
mechanical components exposed to an embedded environment are: 

* Chemical Addition System * Low Pressure Service Water System 
* Condensate System * Spent Fuel Cooling System (Fuel 
* Condenser Circulating Water System Transfer Tube) 
* Coolant Storage System * Turbine Sump Pump System (Keowee) 
* Liquid Waste Disposal System 

The materials of construction for the mechanical system components in these systems 
which are exposed to an embedded environment are identified in Tables 2.5-2 through 
2.5-25. Since different component types constructed from the same material, located in 
the same environment, and operating under similar operating stresses will experience 
similar aging effects, the applicable aging effects for the external surfaces of these 
components can be determined on a material basis. The materials of construction for the 
mechanical components within the scope of license renewal located in an embedded 
environment are brass, carbon steel, and stainless steel. No applicable aging effects were 
identified for these components in an embedded environment due to the presence of the 

protective concrete cover.  

3.5.2.7.5.1 INDUSTRY EXPERIENCE 

In order to validate that no applicable aging effects exist for the mechanical component 
external surfaces exposed to an embedded environment, a review of industry and Oconee
specific experience was performed. The survey of industry experience included NRC 
generic communications, licensee event reports from nuclear plants other than Oconee, 
and NRC NUREGs. No documents associated with aging effects of external surfaces of 
mechanical components were identified.  

3.5.2.7.5.2 OCONEE EXPERIENCE 

Oconee operating experience was reviewed to validate that no applicable aging effects 
exist for the external surfaces of component materials in an embedded environment. This 
review included a survey of any documented instances of component aging along with 
interviews with responsible engineering personnel. No aging effects were identified from 
this review.  
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3.5.2.7.5.3 CONCLUSIONS 

From the Oconee aging management review and supported by a review of industry 
information, NRC generic communications, and Oconee operating experience, no aging 
effects for the component materials in an embedded environment have been identified.  

3.5.2.7.5.4 AGING MANAGEMENT PROGRAMS 

No aging management programs are required for brass, carbon steel and stainless steel 
components that are in an embedded environment due to the presence of the protective 
concrete cover on their external surface.  
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3.5.3 CONTAINMENT HEAT REMOVAL SYSTEMS 

The Containment heat removal systems are those systems designed to remove heat from 
the Reactor Building following a design basis event and include the following: 

* Reactor Building Cooling System 
* Reactor Building Spray System 

Section 2.5.3 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-1 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.3.1 Reactor Building Cooling System 

3.5.3.1.1 ENVIRONMENTS 

The Reactor Building Cooling System components are exposed externally to the ambient 
conditions within the Reactor Building. Internally, the system components are exposed to 
a ventilation air environment. The applicable aging effects for the materials in the 
ventilation air environment are identified in Section 3.5.2.6.  

The Reactor Building Cooling System includes Reactor Building cooling units that are 
within the scope of license renewal. In order to remove post-accident heat sufficiently 
from the Reactor Building, the Reactor Building cooling units must remain functional.  
The Reactor Building cooling units, which are located in the Reactor Building, are 
exposed to raw water (from the Low Pressure Service Water System) through the tubes 
and ventilation air through the ducts and on the outside of the tubes. The applicable 
aging effects for the materials in the raw water environment are identified in Section 
3.5.2.4 and for the materials in the ventilation air environment, the applicable aging 
effects are identified in Section 3.5.2.6.  
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3.5.3.1.2 APPLICABLE AGING EFFECTS 

The Reactor Building Cooling System contains ductwork constructed of aluminum, 
galvanized steel, and stainless steel exposed to ventilation air. The applicable aging 
effect for the system components exposed to a ventilation air environment is loss of 
material in the aluminum and galvanized steel components. No applicable aging effects 
have been identified for the stainless steel components exposed to a ventilation air 
environment.  

The Reactor Building cooling units are constructed of 90-10 copper-nickel tubes exposed 
to ventilation air and raw water, tube fins constructed from copper exposed to ventilation 
air, and stainless steel headers exposed to raw water. The applicable aging effects for the 
portions of the Reactor Building cooling units exposed to a raw water environment are 
loss of material and fouling. The applicable aging effect for the portions of the Reactor 
Building cooling units exposed to a ventilation air environment is loss of material.  

3.5.3.1.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Reactor Building Cooling System components will be managed by monitoring and 
controlling either the aging effects directly or the relevant conditions which contribute to 
the onset and propagation of a specific aging effect.  

The loss of material for the aluminum, copper, 90-10 copper-nickel, and galvanized steel 
components exposed to a ventilation air environment will be managed by maintenance 
activities that inspect and clean the Reactor Building cooling units and ductwork. These 
maintenance activities will be implemented by the following activity which is described 
in Chapter 4 of OLRP-1001: 

* Preventive Maintenance Activities 

The loss of material and fouling for portions of the Reactor Building cooling units 
exposed to a raw water environment will be managed through testing to verify cooling 
unit heat removal capability and maintenance activities to inspect the internal portions of 
the cooling units. These testing and maintenance activities will be implemented by the 
following activities which are described in Chapter 4 of OLRP-1001: 

* Heat Exchanger Performance Testing Activities 
* Preventive Maintenance Activities 
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3.5.3.2 Reactor Building Spray System 

3.5.3.2.1 ENVIRONMENTS 

The Reactor Building Spray System is exposed externally to the ambient conditions 
within the Reactor Building and the Auxiliary Building. Internally, the system is exposed 
to a borated water environment (upstream of the pump discharge valves) and to an air 
environment (downstream of the pump discharge valves). The applicable aging effects 
for the materials in the borated water environment are identified in Section 3.5.2.2 and for 
the materials in an air environment, the applicable aging effects are identified in 
Section 3.5.2.1.  

3.5.3.2.2 AGING EFFECTS 

The Reactor Building Spray System contains piping, valves, and other components 
constructed of stainless steel. The applicable aging effects for the system components 
exposed to a borated water environment are loss of material and cracking in the stainless 
steel components. The applicable aging effects for the system components exposed to an 
air environment are loss of material and cracking in the stainless steel components.  

3.5.3.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Reactor Building Spray System will be managed by monitoring and controlling 
either the aging effects directly or the relevant conditions which contribute to the onset 
and propagation of a specific aging effect.  

The loss of material and cracking for the components constructed of stainless steel 
exposed to a borated water environment will be managed by controlling the relevant 
conditions that could lead to the onset and propagation of loss of material and cracking.  
The relevant conditions in the Reactor Building Spray System will be controlled by the 
following program which is described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 
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The loss of material and cracking for the stainless steel components exposed to an air 
environment have not been fully characterized and their applicability will need to be 
verified by a one-time inspection. This inspection will be implemented by the following 
activity which is described in Chapter 4 of OLRP-1001: 

* Reactor Building Spray System Inspection 
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3.5.4 CONTAINMENT ISOLATION SYSTEM 

Containment isolation is an engineered safety feature that provides for the closure of all 
fluid penetrations not required for operation of the Engineered Safeguards System to 
prevent the leakage of uncontrolled or unmonitored radioactive materials to the 
environment following a design basis event. Containment Isolation includes the following 
systems: 

* Breathing Air System 
* Component Cooling System 
* Demineralized Water System 
* Filtered Water System 
* Gaseous Waste Disposal System 
* Instrument Air System 
* Leak Rate Test System 
* Liquid Waste Disposal System 
* Nitrogen Purge and Blanket System 
* Reactor Building Purge System 

Section 2.5.4 provide- a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-2 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP- 1001.  

3.5.4.1 Breathing Air System 

3.5.4.1.1 ENVIRONMENTS 

The Breathing Air System components are exposed externally to the ambient conditions 
within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to an air environment. The applicable aging effects for the 
materials in an air environment are identified in Section 3.5.2.1.  
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3.5.4.1.2 APPLICABLE AGING EFFECTS 

The Breathing Air System contains piping and valves constructed of stainless steel. No 
applicable aging effects have been identified for the stainless steel components exposed 
to an air environment.  

3.5.4.1.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Breathing Air 
System within the scope of license renewal. Therefore, no aging management program is 
required during the period of extended operation.  

3.5.4.2 Component Cooling System 

3.5.4.2.1 ENVIRONMENTS 

The Component Cooling System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to a treated water environment. The applicable aging effects for 
the materials in a treated water environment are identified in Section 3.5.2.5.  

3.5.4.2.2 APPLICABLE AGING EFFECTS 

The Component Cooling System contains piping and valves constructed of carbon steel 
and stainless steel. The applicable aging effects for the system components exposed to 
treated water are the loss of material in the carbon steel components and cracking in the 
stainless steel components (cracking is applicable only to Unit 2).  

3.5.4.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Component Cooling System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material for the carbon steel components exposed to a treated water 
environment will be managed by controlling the environment with a corrosion inhibitor.  
The environment will be controlled by the following program which is described in 
Chapter 4 of OLRP-1001: 

* Chemistry Control Program 
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Cracking in the stainless steel components (applicable only to Unit 2) exposed to a treated 
water environment have not been fully characterized and its applicability will need to be 
verified by a one-time inspection. This inspection will be implemented by the following 
activity which is described in Chapter 4 of OLRP-1001: 

* Treated Water Systems Stainless Steel Inspection 

3.5.4.3 Demineralized Water System 

3.5.4.3.1 ENVIRONMENTS 

The Demineralized Water System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to demineralized water (treated water environment). The 
applicable aging effects for the materials in a treated water environment are identified in 
Section 3.5.2.5.  

3.5.4.3.2 APPLICABLE AGING EFFECTS 

The Demineralized Water System contains piping and valves constructed of stainless 
steel. The applicable aging effects for the stainless steel components exposed to a treated 
water environment are loss of material and cracking.  

3.5.4.3.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Demineralized Water System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the stainless steel components exposed to a treated 
water environment have not been fully characterized and their applicability will need to 
be verified by a one-time inspection. This inspection will be implemented by the 
following activity which is described in Chapter 4 of OLRP-1001: 

* Treated Water Systems Stainless Steel Inspection 
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3.5.4.4 Filtered Water System 

3.5.4.4.1 ENVIRONMENTS 

The Filtered Water System components are exposed externally to the ambient conditions 
within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to filtered water (treated water environment). The applicable 
aging effects for the materials in a treated water environment are identified in Section 
3.5.2.5.  

3.5.4.4.2 APPLICABLE AGING EFFECTS 

The Filtered Water System contains piping and valves constructed of stainless steel. The 
applicable aging effects for the stainless steel components exposed to a treated water 
environment are loss of material and cracking.  

3.5.4.4.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Filtered Water System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material and cracking for the stainless steel components exposed to a treated 
water environment have not been fully characterized and their applicability will need to 
be verified by a one-time inspection. This inspection will be implemented by the 
following activity which is described in Chapter 4 of OLRP-1001: 

* Treated Water Systems Stainless Steel Inspection 

3.5.4.5 Gaseous Waste Disposal System 

3.5.4.5.1 ENVIRONMENTS 

The Gaseous Waste Disposal System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to nitrogen from an air/gas environment. The applicable aging 
effects for the materials in an air/gas environment are identified in Section 3.5.2.1.  
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3.5.4.5.2 APPLICABLE AGING EFFECTS 

The Gaseous Waste Disposal System contains piping and valves constructed of stainless 
steel. No applicable aging effects have been identified for the stainless steel components 
in a nitrogen environment.  

3.5.4.5.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Gaseous 
Waste Disposal System within the scope of license renewal. Therefore, no aging 
management program is required during the period of extended operation.  

3.5.4.6 Instrument Air System 

3.5.4.6.1 ENVIRONMENTS 

The Instrument Air System components are exposed externally to the ambient conditions 
within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to an air environment. For the materials exposed to air, the 
applicable aging effects are identified in the air/gas environment in Section 3.5.2.1 

3.5.4.6.2 APPLICABLE AGING EFFECTS 

The Instrument Air System contains piping and valves constructed of carbon steel and 
stainless steel. No applicable aging effects have been identified for the carbon steel or the 
stainless steel components in a dry air environment.  

3.5.4.6.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Instrument Air 
System within the scope of license renewal. Therefore, no aging management program is 
required during the period of extended operation.  

3.5.4.7 Leak Rate Test System 

3.5.4.7.1 ENVIRONMENTS 

The Leak Rate Test System components are exposed externally to the ambient conditions 
within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to an air environment. The applicable aging effects for the 
materials in an air/gas environment are identified in Section 3.5.2.1.  
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3.5.4.7.2 APPLICABLE AGING EFFECTS 

The Leak Rate Test System contains piping, valves, and other components constructed of 
carbon steel and stainless steel. No applicable aging effects have been identified for the 
carbon steel or the stainless steel components in an air environment.  

3.5.4.7.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Leak Rate 
Test System within the scope of license renewal. Therefore, no aging management 
program is required during the period of extended operation.  

3.5.4.8 Liquid Waste Disposal System 

3.5.4.8.1 ENVIRONMENTS 

The Liquid Waste Disposal System components are exposed externally to the ambient 
conditions within the Auxiliary Building with some portions of the system embedded in 
concrete. Internally, the system components are exposed to a borated water environment.  
The applicable aging effects for the materials in a borated water environment are 
identified in Section 3.5.2.2.  

3.5.4.8.2 APPLICABLE AGING EFFECTS 

The Liquid Waste Disposal System contains piping and valves constructed of stainless 
steel. The applicable aging effects for the stainless steel components exposed to a borated 
water environment are loss of material and cracking.  

3.5.4.8.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Liquid Waste Disposal System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the stainless steel components exposed to a borated 
water environment have not been fully characterized and their applicability will need to 
be verified by a one-time inspection. This inspection will be implemented by the 
following activity which is described in Chapter 4 of OLRP- 1001: 

* Treated Water Systems Stainless Steel Inspection 
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3.5.4.9 Nitrogen Purge and Blanketing System 

3.5.4.9.1 ENVIRONMENTS 

The Nitrogen Purge and Blanketing System components are exposed externally to the 
ambient conditions within the Reactor Building and the Auxiliary Building. Internally, 
the system components are exposed primarily to a nitrogen environment with some 
portions exposed to a borated water environment during makeup to the core flood tanks.  
The applicable aging effects for the materials in an air/gas environment are identified in 
Section 3.5.2.1 and the materials in a borated water environment are identified in Section 
3.5.2.2.  

3.5.4.9.2 APPLICABLE AGING EFFECTS 

The Nitrogen Purge and Blanketing System contains piping, valves, and other 
components constructed of carbon steel and stainless steel. No applicable aging effects 
have been identified for the carbon steel or stainless steel components exposed to a 
nitrogen environment. The applicable aging effects for the stainless steel components 
exposed to a borated water environment are loss of material and cracking. The carbon 
steel components are only exposed to a nitrogen environment.  

3.5.4.9.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Nitrogen Purge and Blanketing System components will be managed by 
monitoring and controlling the aging effects directly or the relevant conditions which 
contribute to the onset and propagation of a specific aging effect.  

The loss of material for the stainless steel components exposed to a borated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effect. The relevant conditions will be controlled by 
following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

The cracking in the stainless steel components exposed to a borated water environment 
has not been fully characterized and its applicability will need to be verified by a one-time 
inspection. This inspection will be implemented by the following activity which is 
described in Chapter 4 of OLRP-1001: 
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* Reactor Building Spray System Inspection 

3.5.4.10 Reactor Building Purge System 

3.5.4.10.1 ENVIRONMENTS 

The Reactor Building Purge System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to air (a ventilation air environment). The applicable aging 
effects for the materials in a ventilation air environment are identified in Section 3.5.2.6.  

3.5.4.10.2 APPLICABLE AGING EFFECTS 

The Reactor Building Purge System contains ductwork, piping, valves, and other 
components constructed of aluminum, brass, carbon steel, copper, galvanized steel, and 
stainless steel. No applicable aging effects have been identified for the components 
constructed from these materials in a ventilation air environment.  

3.5.4.10.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Reactor 
Building Purge System within the scope of license renewal. Therefore, no aging 
management program is required during the period of extended operation.  
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3.5.5 EMERGENCY CORE COOLING SYSTEMS 

The emergency core cooling systems are those systems designed to cool the reactor core 
and provide shutdown capability following a design basis accident and include the 
following: 

* Core Flood System 
* High Pressure Injection System 
* Low Pressure Injection System 

Section 2.5.5 provides a description of these systems and identifies the components 
requiring aging management for license renewal. The aging effects of specific material 
and environment combinations are described in Section 3.5.2. The following sections use 
this aging effect information to identify the applicable aging effects for the system 
components. The results are summarized in Table 3.5-3 for the components in each 
system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.5.1 Core Flood System 

3.5.5.1.1 ENVIRONMENTS 

The Core Flood System components are exposed externally to the ambient conditions 
within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed primarily to a borated water environment with portions exposed 
to a nitrogen environment in the core flood tanks. The applicable aging effects for the 
materials in the borated water environment are identified in Section 3.5.2.2. For the 
materials exposed to nitrogen, the applicable aging effects are identified in the air/gas 
environment in Section 3.5.2.1.  

3.5.5.1.2 APPLICABLE AGING EFFECTS 

The Core Flood System contains piping, valves, and other components constructed of 
carbon steel, inconel, and stainless steel. The applicable aging effects for the system 
components exposed to a borated water environment are loss of material and cracking in 
the inconel and stainless steel components.  
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No applicable aging effects have been identified for the inconel and stainless steel 
components exposed to a nitrogen environment. The carbon steel is not exposed to 
borated water or nitrogen since the core flood tanks are cladded internally with stainless 
steel.  

3.5.5.1.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Core Flood System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material and cracking for the subject components exposed to a borated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effect. The relevant conditions will be controlled by 
the following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

3.5.5.2 High Pressure Injection System 

3.5.5.2.1 ENVIRONMENTS 

The High Pressure Injection System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed primarily to a borated water environment with portions exposed 
to a hydrogen environment inside the letdown storage tank. The applicable aging effects 
for the materials in the borated water environment are identified in Section 3.5.2.2. For 
the materials exposed to Hydrogen, applicable aging effects are identified in the air/gas 
environment in Section 3.5.2.1.  

In order to maintain the reactor coolant pump seal flow path and prevent the dilution of 
borated water, components in the High Pressure Injection System must remain intact 
including the reactor coolant pump seal return coolers and the reactor coolant pump 
coolers (applicable to Unit 2 and Unit 3 only).  

The reactor coolant pump seal return coolers, which are located in the Auxiliary Building, 
are exposed to treated water (from the Recirculated Cooling Water System) through the 
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tubes and borated water (from the High Pressure Injection System) in the shell and on the 
outside of the tubes. The applicable aging effects for the materials in the treated water 
environment are identified in Section 3.5.2.5 and for the materials in the borated water 
environment, the applicable aging effects are identified in Section 3.5.2.2.  

The reactor coolant pump coolers, which are located in the Reactor Building, are exposed 
to borated water (from the High Pressure Injection System) through the inner coil and 
treated water (from the Component Cooling System) in the outer coil and on the outside 
of the inner coil. The applicable aging effects for the materials in the borated water 
environment are identified in Section 3.5.2.2 and for the materials in the treated water 
environment, the applicable aging effects are identified in Section 3.5.2.5.  

3.5.5.2.2 APPLICABLE AGING EFFECTS 

The High Pressure Injection System contains piping, valves, and other components 
constructed of stainless steel. The applicable aging effects for the system components 
exposed to a borated water environment are loss of material and cracking in the stainless 
steel components. No applicable aging effects have been identified for the stainless steel 
components exposed to a hydrogen environment.  

The channel heads of the reactor coolant pump seal return coolers are constructed from 
carbon steel with all other components of the coolers constructed from stainless steel.  
The applicable aging effects for components in the reactor coolant pump seal return 
coolers exposed to a treated water or borated water environment are the loss of material 
and cracking in the stainless steel components. The carbon steel components in these 
coolers are not within the scope of license renewal.  

The reactor coolant pump coolers are constructed entirely from stainless steel. The 
applicable aging effect for the stainless steel reactor coolant pump coolers exposed to a 
borated water or a treated water environment is cracking.  

3.5.5.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the High Pressure Injection System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the stainless steel components, including the heat 
exchangers, exposed to a borated water environment will be managed by controlling the 

3.5-58 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Mechanical System Components 

relevant conditions that could lead to the onset and propagation of the aging effect. The 
relevant conditions will be controlled by following program which is described in 
Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

The loss of material for the stainless steel components, including the heat exchangers, 
exposed to a treated water environment will be managed by controlling the relevant 
conditions that could lead to the onset and propagation of the aging effect. The relevant 
conditions will be controlled by following program which is described in Chapter 4 of 
OLRP-1001: 

* Chemistry Control Program 

Cracking in the stainless steel components, including the heat exchangers, exposed to a 
treated water environment will be managed by controlling the relevant conditions that 
could lead to the onset and propagation of the aging effect and monitoring for evidence 
that leakage has occurred. The relevant conditions will be controlled by and leakage 
monitoring will be performed by the following programs which are described in Chapter 
4 of OLRP-1001: 

* Chemistry Control Program (RCP seal return coolers only) 
* Reactor Coolant System Operational Leakage Monitoring 

3.5.5.3 Low Pressure Injection System 

3.5.5.3.1 ENVIRONMENTS 

The Low Pressure Injection System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building with portions of the 
system components being exposed to the yard environment (some piping, valves, and the 
borated water storage tank). Internally, the system components are exposed primarily to a 
borated water environment with portions exposed to an air environment (upper portion of 
the borated water storage tank). The applicable aging effects for the materials in the 
borated water environment are identified in Section 3.5.2.2 and for the materials in an 
air/gas environment the applicable aging effects are identified in Section 3.5.2.1.  

In order to provide the necessary heat removal and maintain the Reactor Coolant System 
pressure boundary, the decay heat removal coolers must remain intact and provide a heat 
transfer function. The decay heat removal coolers, which are located in the Auxiliary 
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Building, are exposed to borated water (from the Reactor Coolant System) through the 
tubes and raw water (from the Low Pressure Service Water System) in the shell and on 
the outside of the tubes. The applicable aging effects for the materials in the borated 
water environment are identified in Section 3.5.2.2 and for the materials exposed to the 
raw water environment the applicable aging effects are identified in Section 3.5.2.4.  

3.5.5.3.2 APPLICABLE AGING EFFECTS 

The Low Pressure Injection System contains piping, valves, and other components 
constructed of carbon steel and stainless steel. The applicable aging effects for the 
system components exposed to a borated water environment are loss of material in the 
carbon steel and stainless steel components and cracking in the stainless steel 
components.  

The applicable aging effects for the system components exposed to an air environment 
are loss of material in the carbon steel components. There are no stainless steel 
components in this system exposed internally to an air environment.  

The shell of the decay heat removal coolers is constructed from carbon steel with all other 
components of the heat exchangers constructed from stainless steel. The applicable aging 
effects for the components in the heat exchangers exposed to a borated water environment 
are loss of material and cracking in the stainless steel components. The carbon steel shell 
is not exposed to borated water.  

The applicable aging effects for components in the decay heat removal coolers exposed to 
a raw water environment are loss of material in the carbon steel and stainless steel 
components and fouling in the stainless steel components.  

3.5.5.3.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Low Pressure Injection System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the stainless steel components, including the decay 
heat removal coolers, exposed to a borated water environment will be managed by 
controlling the relevant conditions that could lead to the onset and propagation of the 
aging effects. The relevant conditions will be controlled by following program which is 
described in Chapter 4 of OLRP- 1001: 
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Chemistry Control Program 

The loss of material for the carbon steel components exposed to an air environment or a 
borated water environment will be managed by inspecting the components for evidence 
that the coating has failed. This inspection will be performed by following activity which 
is described in Chapter 4 of OLRP- 1001: 

* Preventive Maintenance Activities 

The loss of material for the portions of the decay heat removal coolers exposed to a raw 
water environment will be managed by the following program and activity which are 
described in Chapter 4 of OLRP- 1001: 

* Preventive Maintenance Activities 
* Service Water Piping Corrosion Program 

The loss of material due to galvanic corrosion of carbon steel components for the portions 
of the decay heat removal coolers exposed to a raw water environment has not been fully 
characterized and will need to be verified by a one-time inspection whose results will be 
applied to this cooler. The inspection will be performed by the following activity which 
is described in Chapter 4 of OLRP-1001: 

* Galvanic Susceptibility Inspection 

Fouling in the portions of the decay heat removal coolers exposed to a raw water 
environment will be managed by the following activity which is described in Chapter 4 of 
OLRP-1001: 

* Heat Exchanger Performance Testing Activities 
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3.5.6 AUXILIARY SYSTEMS 

The auxiliary systems are those systems required to support the reactor during normal 
operation and include the following: 

* Spent Fuel Cooling System 
* Auxiliary Service Water System 
* Condenser Circulating Water System 
* High Pressure Service Water System 
* Low Pressure Service Water System 

Section 2.5.6 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-4 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent,on the 
component location rather than the system in which the component resides. Applicable 

aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.6.1 Spent Fuel Cooling System 

3.5.6.1.1 ENVIRONMENTS 

The Spent Fuel Cooling System components are exposed externally to the ambient 
conditions within the Auxiliary Building except for the spent fuel transfer tube, parts of 
which are exposed to the Reactor Building environment, immersed in borated water, or 
embedded in concrete. Internally, the system components are exposed to a borated water 
environment. The applicable aging effects for the materials in the borated water 
environment (internally as well as any external exposure to borated water) are identified 
in Section 3.5.2.2.  

In order to maintain the necessary flow path to the spent fuel pool, the spent fuel coolers 
must remain intact. The spent fuel coolers, which are located in the Auxiliary Building, 
are exposed to treated water (from the Recirculating Cooling Water System) through the 
tubes and borated water (from the Spent Fuel Pool) in the shell and on the outside of the 
tubes. The applicable aging effects for the materials in the borated water environment are 
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identified in Section 3.5.2.2 and for the materials in the treated water environment, the 
applicable aging effects are identified in Section 3.5.2.5.  

3.5.6.1.2 APPLICABLE AGING EFFECTS 

The Spent Fuel Cooling System contains piping, valves, and other components 
constructed of stainless steel including the spent fuel coolers. The applicable aging 
effects for the stainless steel components and heat exchangers exposed to a borated water 
environment are loss of material and cracking.  

The applicable aging effects for the stainless steel components in the spent fuel coolers 
exposed to a treated water environment are loss of material and cracking.  

3.5.6.1.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Spent Fuel Cooling System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the subject components exposed to a borated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effect. The relevant conditions will be controlled by 
following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

The loss of material and cracking for the portions of the spent fuel coolers exposed to a 
treated water environment will be managed by controlling the relevant conditions that 
could lead to the onset and propagation of the aging effect. The relevant conditions will 
be controlled by following program which is described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 
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3.5.6.2 Auxiliary Service Water System 

3.5.6.2.1 ENVIRONMENTS 

The Auxiliary Service Water System components are exposed externally to the ambient 
conditions within the Auxiliary Building and the Turbine Building. Internally, the system 
components are exposed to a raw water environment (upstream of the pump discharge 
valve) and to an air environment (downstream of the pump discharge valve). The 
applicable aging effects for the materials in the raw water environment are identified in 
Section 3.5.2.4 and for the materials in an air/gas environment, the applicable aging 
effects are identified in Section 3.5.2.1.  

3.5.6.2.2 APPLICABLE AGING EFFECTS 

The Auxiliary Service Water System contains piping, valves, and other components 
constructed of carbon steel, cast iron, and stainless steel. The applicable aging effects for 
the system components exposed to a raw water environment are loss of material and 
fouling in the carbon steel, cast iron (except for fouling in the pump casing), and stainless 
steel components.  

The applicable aging cTcts for the system components exposed to an air environment 
are loss of material in the carbon steel and stainless steel components. Cast iron 
components in this system are not exposed to an air environment.  

3.5.6.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Auxiliary Service Water System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and fouling for the subject components exposed to a raw water 
environment will be managed by the following program and activity which are described 
in Chapter 4 of OLRP-1001: 

* Service Water Piping Corrosion Program 
* System Performance Testing Activities 

The loss of material due to galvanic corrosion of the carbon steel and cast iron 
components exposed to a raw water environment has not been fully characterized and its 
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applicability needs to be verified by a one-time inspection. A sample of the galvanic 
couple will be inspected with the results being applied to all the galvanic couples. This 
inspection will be performed by the following activity which is described in Chapter 4 of 
OLRP-1001: 

* Galvanic Susceptibility Inspection 

The loss of material due to selective leaching of cast iron components exposed to a raw 
water environment has not been fully characterized and its applicability needs to be 
verified by a one-time inspection. A sample of cast iron components will be inspected 
with the results being applied to all cast iron components. This inspection will be 
performed by the following activity which is described in Chapter 4 of OLRP-1001: 

* Cast Iron Selective Leaching Inspection 

The loss of material for the subject components exposed to an air environment will be 
managed by visual inspection. The visual inspection will be performed by the following 
activity which is described in Chapter 4 of OLRP-1001: 

Preventive Maintenance Activities 

3.5.6.3 Condenser Circulating Water System 

3.5.6.3.1 ENVIRONMENTS 

The Condenser Circulating Water System components are exposed externally to the 
ambient conditions within the Auxiliary Building and the Turbine Building, the Intake 
Structure, and outside yard with portions exposed externally to an embedded or 
underground environment. Internally, the system components are exposed to a raw water 
environment. The applicable aging effects for the materials in a raw water environment 
are identified in Section 3.5.2.4.  

3.5.6.3.2 APPLICABLE AGING EFFECTS 

The Condenser Circulating Water System contains piping, valves, and other components 
constructed of bronze, carbon steel, and stainless steel. The applicable aging effects for 
the system components exposed to a raw water environment are loss of material in the 
bronze, carbon steel, and stainless steel components.  
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3.5.6.3.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Condenser Circulating Water System components will be managed by monitoring 
and controlling the aging effects directly or the relevant conditions that contribute to the 
onset and propagation of a specific aging effect.  

The loss of material for the bronze, carbon steel, and stainless steel components exposed 
to a raw water environment will be managed by inspection and analysis to verify integrity 
of service water components. This inspection and analysis will be performed by the 
following program which is described in Chapter 4 of OLRP-1001: 

* Service Water Piping Corrosion Program 

The loss of material due to galvanic corrosion of the carbon steel components exposed to 
a raw water environment has not been fully characterized and its applicability needs to be 
verified by a one-time inspection. A sample of the galvanic couple will be inspected with 
the results being applied to all the galvanic couples. This inspection will be performed by 
the following activity which is described in Chapter 4 of OLRP-1001: 

* Galvanic Susceptibility Inspection 

The loss of material for the underground large-diameter carbon steel piping exposed to a 
raw water environment will be managed by the inspection of the interior surfaces for 
signs of degradation. This inspection will be performed by the following activity which 
is described in Chapter 4 of OLRP-1001: 

* Preventive Maintenance Activities 

3.5.6.4 High Pressure Service Water System 

3.5.6.4.1 ENVIRONMENTS 

The High Pressure Service Water System components are exposed externally to the 
ambient conditions within the Auxiliary Building, Turbine Building, and outside yard 
with portions of the piping located underground. Internally, the system components are 
exposed primarily to a raw water environment with portions exposed to an air 
environment (in the dry pipe portion of the Fire Protection System). The applicable aging 
effects for the materials in the raw water environment are identified in Section 3.5.2.4 and 
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for the materials in the air/gas environment, the applicable aging effects are identified in 
Section 3.5.2.1.  

3.5.6.4.2 APPLICABLE AGING EFFECTS 

The High Pressure Service Water System contains piping, valves, and other components 
constructed of bronze, cast iron, carbon steel, and stainless steel. The applicable aging 
effects for the system components exposed to a raw water environment are loss of 
material and fouling in the bronze, cast iron, carbon steel, and stainless steel components.  
Fouling of the cast iron pump casing is not an applicable aging effect.  

The applicable aging effects for the system components exposed to an air environment 
are loss of material in the carbon steel, cast iron, and stainless steel components. No 
bronze components are exposed to an air environment.  

3.5.6.4.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the High Pressure Service Water System components will be managed by monitoring 
and controlling the aging effects directly or the relevant conditions that contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and fouling for the subject components exposed to a raw water 
environment will be managed by inspection and analysis to verify integrity of service 
water components, and testing, inspection, and maintenance activities. These actions will 
be performed by the following programs which are described in Chapter 4 of OLRP
1001: 

* Service Water Piping Corrosion Program 
* Fire Protection Program 

The loss of material due to galvanic corrosion of the carbon steel and cast iron 
components exposed to a raw water environment has not been fully characterized and its 
applicability needs to be verified by a one-time inspection. A sample of the galvanic 
couple will be inspected with the results being applied to all the galvanic couples. This 
inspection will be performed by the following activity which is described in Chapter 4 of 
OLRP-1001: 

* Galvanic Susceptibility Inspection 
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The loss of material due to selective leaching of cast iron components exposed to a raw 
water environment has not been fully characterized and its applicability needs to be 
verified by a one-time inspection. A sample of cast iron components will be inspected 
with the results being applied to all cast iron components. This inspection will be 
performed by the following activity which is described in Chapter 4 of OLRP- 1001: 

* Cast Iron Selective Leaching Inspection 

The loss of material for the subject components exposed to an air environment will be 
managed by testing, inspection, and maintenance activities. These actions will be 
performed by the following program which is described in Chapter 4 of OLRP- 1001: 

* Fire Protection Program 

3.5.6.5 Low Pressure Service Water System 

3.5.6.5.1 ENVIRONMENTS 

The Low Pressure Service Water System components are exposed externally to the 
ambient conditions within the Reactor Building, Auxiliary Building, and Turbine 
Building with portions of the piping embedded. Internally, the system components are 
exposed to a raw water environment. The applicable aging effects for the materials in a 
raw water environment are identified in Section 3.5.2.4.  

In order to maintain the Low Pressure Service Water System pressure boundary, the 
component coolers must remain intact. The component coolers, which are located in the 
Auxiliary Building, are exposed to raw water (from the Low Pressure Service Water 
System) through the tubes and treated water (from the Component Cooling System) in the 
shell and on the outside of the tubes. The applicable aging effects for the materials in the 
raw water environment are identified and for components in the treated water 
environment, the applicable aging effects are identified in Section 3.5.2.5.  

3.5.6.5.2 APPLICABLE AGING EFFECTS 

The Low Pressure Service Water System contains piping, valves, and other components 
constructed of brass, bronze, carbon steel, cast iron, copper, and stainless steel. The 
applicable aging effects for the system components exposed to a raw water environment 
are loss of material and fouling in the brass, bronze, carbon steel, cast iron, copper and 
stainless steel components.  
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The component coolers are constructed of admiralty brass tubes and tube sheets, and 
carbon steel channel heads and shell. The applicable aging effects for the heat exchanger 
components exposed to a raw water environment are loss of material in the admiralty 
brass and carbon steel components. The applicable aging effect for the heat exchanger 
components exposed to a treated water environment is loss of material in the admiralty 
brass and carbon steel components.  

3.5.6.5.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Low Pressure Service Water System components will be managed by monitoring 
and controlling the aging effects directly or the relevant conditions that contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and fouling for the system components (except the heat exchangers) 
exposed to a raw water environment will be managed by inspection and analysis to verify 
the integrity of the service water components. In addition, performance testing verifies 
the capability of these components to perform their component intended functions. These 
actions will be performed by the following program and activities which are described in 
Chapter 4 of OLRP-1001: 

* Service Water Piping Corrosion Program 
* System Performance Testing Activities 

The loss of material due to galvanic corrosion of the carbon steel, copper, and brass 
components exposed to a raw water environment has not been fully characterized and its 
applicability needs to be verified by a one-time inspection. A sample of the galvanic 
couple will be inspected with the results being applied to all the galvanic couples. This 
inspection will be performed by the following activity which is described in Chapter 4 of 
OLRP-1001: 

* Galvanic Susceptibility Inspection 

The loss of material for the portions of the component coolers exposed to a raw water 
environment will be managed by the testing and inspection of the coolers. These 
activities will be performed by the following activity which is described in Chapter 4 of 
OLRP-1001: 

* Preventive Maintenance Activities 
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The loss of material for the portions of the component coolers exposed to a treated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effect. The relevant conditions will be controlled by 
the following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 
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3.5.7 PROCESS AUXILIARIES 

The process auxiliary systems are those systems required to support the reactor during 
normal operation and include the following: 

* Chemical Addition System 
* Coolant Storage System 

Section 2.5.7 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-5 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and not 
discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.7.1 Chemical Addition System 

3.5.7.1.1 ENVIRONMENTS 

The Chemical Addition System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to a treated water environment where samples are drawn from 
the secondary side of the steam generators and exposed to a borated water environment 
where samples are drawn from the primary side of the steam generators. The applicable 
aging effects for the materials in a treated water environment are identified in Section 
3.5.2.5 and for the materials in the borated water environment, the applicable aging 
effects are identified in Section 3.5.2.2.  

3.5.7.1.2 APPLICABLE AGING EFFECTS 

The Chemical Addition System contains piping, valves, and other components 
constructed of stainless steel. The applicable aging effects for the stainless steel 
components exposed to a treated water environment are loss of material and cracking.  
The applicable aging effects for the stainless steel components exposed to a borated water 
environment are also loss of material and cracking.  
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3.5.7.1.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Chemical Addition System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the subject components exposed to treated water 
and borated water environments will be managed by controlling the relevant conditions 
that could lead to the onset and propagation of the aging effect. The relevant conditions 
will be controlled by the following program which is described in Chapter 4 of 
OLRP-1001: 

* Chemistry Control Program 

In addition, loss of material and cracking for the stainless steel components exposed to a 
treated water environment in the caustic addition portion of this system cannot be fully 
characterized and their applicability needs to be verified by a one-time inspection. This 
inspection will be implemented by the following activity which is described in Chapter 4 
of OLRP-1001: 

* Treated Water Systems Stainless Steel Inspection 

3.5.7.2 Coolant Storage System 

3.5.7.2.1 ENVIRONMENTS 

The Coolant Storage System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building with portions of the 
system piping exposed to an embedded environment. Internally, the system components 
are exposed to a borated water environment. The applicable aging effects for the 
materials in the borated water environment are identified in Section 3.5.2.2.  

3.5.7.2.2 APPLICABLE AGING EFFECTS 

The Coolant Storage System contains piping, valves, and other components constructed 
of stainless steel. The applicable aging effects for the system components exposed to a 
borated water environment are loss of material and cracking in the stainless steel 
components.  
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3.5.7.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Coolant Storage System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking will be managed for the subject components exposed to 
a borated water environment by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effects. The relevant conditions will be controlled by 
the following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 
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3.5.8 AIR CONDITIONING, HEATING, COOLING AND VENTILATION SYSTEMS 

The air conditioning, heating, cooling and ventilation systems are those systems designed 
to maintain the ambient air conditions within the Auxiliary Building and include the 
following: 

* Auxiliary Building Ventilation System 
* Control Room Pressurization and Filtration System 
* Penetration Room Ventilation System 

Section 2.5.8 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-6 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 2nd not 
discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP- 1001.  

3.5.8.1 Auxiliary Building Ventilation System 

3.5.8.1.1 ENVIRONMENTS 

The Auxiliary Building Ventilation System components are exposed externally to the 
ambient conditions within the Auxiliary Building. Internally, the system components are 
exposed to a ventilation air environment. The applicable aging effects for the materials in 
a ventilation air environment are identified in Section 3.5.2.6.  

3.5.8.1.2 APPLICABLE AGING EFFECTS 

The Auxiliary Building Ventilation System contains ductwork and other components 
constructed of aluminum, galvanized steel, and stainless steel. No applicable aging 
effects have been identified for the components constructed from these materials in a 
ventilation air environment.  
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3.5.8.1.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Auxiliary 
Building Ventilation System within the scope of license renewal. Therefore, no aging 
management program is required during the period of extended operation.  

3.5.8.2 Control Room Pressurization and Filtration System 

3.5.8.2.1 ENVIRONMENTS 

The Control Room Pressurization and Filtration System components are exposed 
externally to the ambient conditions within the Auxiliary Building. Internally, the system 
components are exposed to a ventilation air environment. The applicable aging effects 
for the materials in a ventilation air environment are identified in Section 3.5.2.6.  

3.5.8.2.2 APPLICABLE AGING EFFECTS 

The Control Room Pressurization and Filtration System contains ductwork and other 
components constructed of aluminum, brass, carbon steel, copper, galvanized steel, and 
stainless steel. No applicable aging effects have been identified for the components 
constructed from these p'aterials in a ventilation air environment.  

3.5.8.2.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Control Room 
Pressurization and Filtration System within the scope of license renewal. Therefore, no 
aging management program is required during the period of extended operation.  

3.5.8.3 Penetration Room Ventilation System 

3.5.8.3.1 ENVIRONMENTS 

The Penetration Room Ventilation System components are exposed externally to the 
ambient conditions within the Auxiliary Building. Internally, the system components are 
exposed to a ventilation air environment. The applicable aging effects for the materials in 
a ventilation air environment are identified in Section 3.5.2.6.  

3.5.8.3.2 APPLICABLE AGING EFFECTS 

The Penetration Room Ventilation System contains piping, valves, and other components 
constructed of aluminum, brass, carbon steel, copper, galvanized steel, and stainless steel.  
No applicable aging effects have been identified for the components constructed from 
these materials in a ventilation air environment.  
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3.5.8.3.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Penetration 
Room Ventilation System within the scope of license renewal. Therefore, no aging 
management program is required during the period of extended operation.  
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3.5.9 STEAM AND POWER CONVERSION SYSTEMS 

The steam and power conversion systems are those systems designed to remove heat from 
the Reactor Coolant System and include the following: 

* Main Steam System 
* Condensate System 
* Emergency Feedwater System 
* Feedwater System 

Section 2.5.9 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-7 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and not 
discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP- 1001.  

3.5.9.1 Main Steam System 

3.5.9.1.1 ENVIRONMENTS 

The Main Steam System components are exposed externally to the ambient conditions 
within the Reactor Building, the Auxiliary Building, and the Turbine Building with 
portions of the system exposed to the yard environment. Internally, the system 
components are exposed to a treated water environment. The applicable aging effects for 
the materials in a treated water environment are identified in Section 3.5.2.5.  

3.5.9.1.2 APPLICABLE AGING EFFECTS 

The Main Steam System contains piping, valves, and other components constructed of 
carbon steel and stainless steel. The applicable aging effects for the system components 
exposed to a treated water environment are loss of material in the carbon steel and 
stainless steel components and cracking in the stainless steel components.  
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3.5.9.1.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Main Steam System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material and cracking for the carbon steel components exposed to a treated 
water environment will be managed by controlling the relevant conditions that could lead 
to the onset and propagation of the aging effect. In addition, inspection and analysis will 
be performed to investigate and verify the integrity of the piping systems. Controlling the 
relevant conditions and verifying the integrity of the piping will be performed by the 
following programs which are described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 
* Piping Erosion/Corrosion Program 

The loss of material and cracking for the stainless steel components exposed to a treated 
water environment will be managed by controlling the relevant conditions that could lead 
to the onset and propagation of the aging effect. Controlling the relevant conditions will 
be performed by the following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

3.5.9.2 Condensate System 

3.5.9.2.1 ENVIRONMENTS 

The Condensate System components are exposed externally to the ambient conditions 
within the Turbine Building with portions of the system piping embedded. Internally, the 
system components are exposed primarily to a treated water environment with portions 
exposed to a vacuum environment at the top of the upper surge tanks and upper regions of 
the condenser hotwell. The applicable aging effects for the materials in a treated water 
environment are identified in Section 3.5.2.5. For the materials exposed to a vacuum, the 
applicable aging effects are identified in the air/gas environment in Section 3.5.2.1.  

The Condensate System components include main condensers, condensate coolers, and 
generator water coolers that are within the scope of license renewal. In order to maintain 
the pressure boundary of the Condensate System (as well as the Condenser Circulating 
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0 
Water System), these heat exchangers, which are located in the Turbine Building, must 
remain intact. The main condensers and the condensate coolers are exposed to raw water 
through the tubes (condenser circulating water) and treated water in the shell and on the 
outside of the tubes (condensate). The generator water coolers are exposed to treated 
water through the tubes (condensate) and treated water in the shell and on the outside of 
the tubes (stator cooling water). The applicable aging effects for the materials in the 
treated water environment are identified in Section 3.5.2.5 and for the materials in the 
raw water environment the applicable aging effects are identified in Section 3.5.2.4.  

3.5.9.2.2 APPLICABLE AGING EFFECTS 

The Condensate System contains piping, valves, and other components constructed of 
brass, carbon steel, cast iron, copper, and stainless steel. The applicable aging effects for 
the system components exposed to a treated water environment are loss of material in the 
brass, carbon steel, cast iron, copper and stainless steel components and cracking in the 
stainless steel components. No applicable aging effects were identified for the system 
components exposed to a vacuum environment.  

The tubes of the main condenser and the condensate coolers are constructed from 
stainless steel with all other components of the heat exchangers constructed from car"on 
steel. The applicable aging effects for components in the heat exchangers exposed to a 
treated water environment are loss of material in the carbon steel and stainless steel 
components and cracking in the stainless steel components. The applicable aging effects 
for components in the heat exchangers exposed to a raw water environment are loss of 
material in the carbon steel and stainless steel components.  

The generator water coolers are constructed entirely from stainless steel. The applicable 
aging effect for stainless steel components in the heat exchangers exposed to a treated 
water environment is cracking.  

3.5.9.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Condensate System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material and cracking for the system components exposed to a treated water 
environment will be managed by controlling the relevant conditions that could lead to the 
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onset and propagation of the aging effect. The relevant conditions will be controlled by 
the following program which is described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 

The loss of material due to selective leaching of cast iron components exposed to a 
treated water environment has not been fully characterized and its applicability needs to 
be verified by a one-time inspection. A sample of cast iron components will be inspected 
with the results being applied to all cast iron components. This inspection will be 
performed by the following activity which is described in Chapter 4 of OLRP-1001: 

* Cast Iron Selective Leaching Inspection 

The loss of material for the stainless steel components of the heat exchangers exposed to 
a raw water environment will be managed by testing and inspection to verify component 
integrity. These activities will be performed by following activity which is described in 
Chapter 4 of OLRP-1001: 

* Preventive Maintenance Activities 

The loss of material for the carbon steel components of the heat exchangers exposed to a 
raw water environment will be managed by inspection and analysis to verify integrity of 
service water components. This inspection and analysis will be performed by the 
following program which is described in Chapter 4 of OLRP-1001: 

* Service Water Piping Corrosion Program 

The loss of material due to galvanic corrosion of the carbon steel components of the heat 
exchangers exposed to a raw water environment has not been fully characterized and its 
applicability needs to be verified by a one-time inspection. A sample of galvanic couples 
will be inspected with the results being applied to all galvanic couples. This inspection 
will be performed by the following activity which is described in Chapter 4 of OLRP
1001: 

* Galvanic Susceptibility Inspection 
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3.5.9.3 Emergency Feedwater System 

3.5.9.3.1 ENVIRONMENTS 

The Emergency Feedwater System components are exposed externally to the ambient 
conditions within the Reactor Building and the Turbine Building. Internally, the system 
components are exposed to a treated water environment. The applicable aging effects for 
the materials in a treated water environment are identified in Section 3.5.2.5.  

3.5.9.3.2 APPLICABLE AGING EFFECTS 

The Emergency Feedwater System contains piping, valves, and other components 
constructed of carbon steel, low-alloy steel, and stainless steel. The applicable aging 
effects for the system components exposed to a treated water environment are loss of 
material in the carbon steel, low-alloy steel, and stainless steel components and cracking 
in the stainless steel components.  

3.5.9.3.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Emergency Feedwater System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the subject components exposed to a treated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effect. The relevant conditions will be controlled by 
the following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

3.5.9.4 Feedwater System 

3.5.9.4.1 ENVIRONMENTS 

The Feedwater System components are exposed externally to the ambient conditions 
within the Reactor Building, Auxiliary Building, and Turbine Building. Internally, the 
system components are exposed to a treated water environment. The applicable aging 
effects for the materials in a treated water environment are identified in Section 3.5.2.5.  
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3.5.9.4.2 APPLICABLE AGING EFFECTS 

The Feedwater System contains piping, valves, and other components constructed of 
carbon steel and stainless steel. The applicable aging effects for the system components 
exposed to a treated water environment are loss of material in the carbon steel and 
stainless steel components and cracking in the stainless steel components.  

3.5.9.4.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Feedwater System components will be managed by monitoring and controlling tlie 
aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material for the carbon steel components exposed to a treated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effect. In addition, inspection and analysis is 
performed to investigate and verify the integrity of the piping systems. Controlling the 
relevant conditions and verifying the integrity of the piping will be performed by the 
following programs which are described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 
* Piping Erosion/Corrosion Program 

The loss of material and cracking in the stainless steel components exposed to a treated 
water environment will be managed by controlling the relevant conditions that could lead 
to the onset and propagation of the aging effect. The relevant conditions will be 
controlled by the following program which is described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 
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3.5.10 POST-ACCIDENT HYDROGEN CONTROL 

The post-accident hydrogen control systems are those systems designed to preclude 
excessive hydrogen concentrations from occurring within the Reactor Building following 
certain design basis accidents and include the following: 

* Containment Hydrogen Control System 
* Post-Accident Monitoring System 

Section 2.5.10 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-8 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP- 1001.  

3.5.10.1 Containment Hydrogen Control System 

3.5.10.1.1 ENVIRONMENTS 

The Containment Hydrogen Control System components are exposed externally to the 
ambient conditions within the Reactor Building and the Auxiliary Building. Internally, 
the system components are exposed to an air environment. The applicable aging effects 
for the materials in an air/gas environment are identified in Section 3.5.2.1.  

The hydrogen recombiner is a part of the Containment Hydrogen Control System but is 
discussed separately since it is not a permanently installed piece of equipment. The 
hydrogen recombiner is exposed externally to the ambient conditions in an on-site 
warehouse. Internally, the system components are exposed to an air environment. The 
applicable aging effects for the materials in an air/gas environment are identified in 
Section 3.5.2.1.  
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3.5.10.1.2 APPLICABLE AGING EFFECTS 

The Containment Hydrogen Control System contains piping, valves, and other 
components constructed of stainless steel. No applicable aging effects have been 
identified for the stainless steel components in an air environment.  

The hydrogen recombiner contains mechanical components constructed of stainless steel.  
No applicable aging effects have been identified for the stainless steel components in an 
air environment.  

3.5.10.1.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Containment 
Hydrogen Control System within the scope of license renewal. Therefore, no aging 
management program is required during the period of extended operation.  

No applicable aging effects have been identified for the hydrogen recombiner, which is 
within the scope of license renewal. Therefore, no aging management program is 
required during the period of extended operation.  

3.5.10.2 Post-Accident Monitoring System 

3.5.10.2.1 ENVIRONMENTS 

The Post-Accident Monitoring System components are exposed externally to the ambient 
conditions within the Reactor Building and the Auxiliary Building. Internally, the system 
components are exposed to an air environment. The applicable aging effects for the 
materials in an air/gas environment are identified in Section 3.5.2.1.  

3.5.10.2.2 APPLICABLE AGING EFFECTS 

The Post-Accident Monitoring System contains piping, tubing, and valves constructed of 
stainless steel. No applicable aging effects have been identified for the stainless steel 
components in an air environment.  

3.5.10.2.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Post-Accident 
Monitoring System within the scope of license renewal. Therefore, no aging management 
program is required during the period of extended operation.  
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3.5.11 REACTOR COOLANT PUMP MOTOR OIL COLLECTION SYSTEM 

The Reactor Coolant Pump Motor Oil Collection System is described in Section 2.5.11 of 
ORLP-1001. This system is a subsystem of the Reactor Coolant System. Due to the 
substantial differences between this subsystem and the remaining Reactor Coolant 
System, the oil collection system is addressed separately. The system intended function is 
to provide for oil collection and drainage as part of the fire protection of the reactor 
coolant pump motors.  

The aging effects of the components applicable to the materials and environment 
combinations are described in Section 3.5.2. The following sections describe the 
applicable aging effects for the system components with the results summarized in 
Table 3.5-9.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and not 
discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP- 1001.  

3.5.11.1 Environments 

The Reactor Coolant Pump Motor Oil Collection System components are exposed 
externally to the ambient conditions within the Reactor Building. Internally, the system 
components are exposed primarily to an air environment with any oil leakage being 
collected and routed to the tanks. The applicable aging effects for the materials in an 
air/gas environment are identified in Section 3.5.2.1 and for the materials in the oillfuel 
oil environment, the applicable aging effects are identified in Section 3.5.2.3.  

3.5.11.2 Applicable Aging Effects 

The Reactor Coolant Pump Motor Oil Collection System contains piping, valves, and 
other components constructed of brass, carbon steel, copper, and stainless steel. No 
applicable aging effects have been identified for the system components exposed to an air 
environment. The applicable aging effects for the system components exposed to an oil 
environment are loss of material in the brass, carbon steel, copper, and stainless steel 
components.  

3.5.11.3 Aging Management Programs 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
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current licensing basis for the period of extended operation. The applicable aging effects 
for the Reactor Coolant Pump Motor Oil Collection System components will be managed 
by monitoring and controlling the aging effects directly or the relevant conditions which 
contribute to the onset and propagation of a specific aging effect.  

The loss of material for the subject components exposed to an oil environment has not 
been fully characterized and its applicability needs to be verified with a one-time 
inspection. This inspection will be performed by the following activity which is 
described in Chapter 4 of OLRP-1001: 

* Reactor Coolant Pump Motor Oil Collection System Inspection 
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3.5.12 REACTOR COOLANT SYSTEM VENTS, DRAINS, AND INSTRUMENT LINES 

The portion of the Reactor Coolant System that is not Duke Inservice Inspection Class A 
is described in Section 2.5.12. It includes the mechanical components that are not 
included within the Duke Inservice Inspection Class A scope as defined in Section 2.4.  
These components are the vents, drains, and instrument lines within the Reactor Coolant 
System boundary.  

The system intended functions are: (1) to maintain the Reactor Coolant System pressure 
boundary as a barrier to the release of fission products from the reactor core, and (2) to 
vent non-condensable gases and steam following postulated accidents or events. The 
aging effects of the components applicable to the materials and environment 
combinations are described in Section 3.5.2. The following sections describe the 
applicable aging effects for the system components with the results summarized in Table 
3.5.1.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the compone + 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.12.1 Environments 

The Reactor Coolant System Vents, Drains, and Instrument Lines are exposed externally 
to the ambient conditions within the Reactor Building and the Auxiliary Building.  
Internally, the system components are exposed to a borated water environment. The 
applicable aging effects for the materials in a borated water environment are identified in 
Section 3.5.2.2.  

3.5.12.2 Applicable Aging Effects 

The Reactor Coolant System Vents, Drains, and Instrument Lines contain piping, valves, 
and other components constructed of stainless steel. The applicable aging effects for the 
system components exposed to a borated water environment are loss of material and 
cracking in the stainless steel components.  

3.5.12.3 Aging Management Programs 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
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for the Reactor Coolant System Vents, Drains, and Instrument Lines will be managed by 
monitoring and controlling the aging effects directly or the relevant conditions which 
contribute to the onset and propagation of a specific aging effect.  

The loss of material and cracking for the stainless steel components exposed to a borated 
water environment will be managed by controlling the relevant conditions that could lead 
to the onset and propagation of the aging effect. The relevant conditions will be 
controlled by the following program which is described in Chapter 4 of OLRP-1001: 

Chemistry Control Program 
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3.5.13 KEOWEE HYDROELECTRIC STATION 

Keowee Hydroelectric Station (Keowee) is described in Section 1.4 of ORLP-1001. The 
systems at Keowee are those required to support the operation of the station and include 
the following: 

* Carbon Dioxide System 
* Depressing Air System 
* Generator High Pressure Oil System 
* Governor Air System 
* Governor Oil System 
* Service Water System 
* Turbine Generator Cooling Water System 
* Turbine Guide Bearing Oil System 
* Turbine Sump Pump System 

Section 2.5.13 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-11 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.13.1 Carbon Dioxide System 

3.5.13.1.1 ENVIRONMENTS 

The Carbon Dioxide System components are exposed externally to the ambient 
conditions within Keowee. Internally, the system components are exposed to an air 
environment as the system is open to the atmosphere. The only portions of the system 
normally exposed to carbon dioxide are storage bottles, including the shut-off valves.  
The storage bottles, including the shut-off valves, are vendor supplied and are not within 
the scope of license renewal. For the materials exposed to air, the applicable aging 
effects are identified in the air/gas environment in Section 3.5.2.1.  
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3.5.13.1.2 APPLICABLE AGING EFFECTS 

The Carbon Dioxide System contains piping, valves, and other components constructed 
of carbon steel and stainless steel. The applicable aging effects for the system 
components exposed to an air environment are loss of material in the carbon steel 
components. No applicable aging effects have been identified for the stainless steel 
components in an air environment.  

3.5.13.1.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects identified in the previous section need to be managed for the 
period of extended operation because they could, if not managed, result in an adverse 
impact on one or more of the component intended functions listed in Table 2.5-23. The 
applicable aging effects for the Carbon Dioxide System components are managed by 
monitoring and controlling the aging effects directly or the relevant conditions which 
contribute to the onset and propagation of a specific aging effect.  

The loss of material for the subject components exposed to an air environment have not 
been fully characterized and its applicability needs to be verified by a one-time 
inspection. This inspection will be implemented by the following activity which is 
described in Chapter 4 of OLRP-1001: 

* Keowee Air and Gas Systems Inspection 

3.5.13.2 Depressing Air System 

3.5.13.2.1 ENVIRONMENTS 

The Depressing Air System components are exposed externally to the ambient conditions 
within Keowee. Internally, the system components are exposed to an air environment.  
For the materials exposed to air, the applicable aging effects are identified in the air/gas 
environment in Section 3.5.2.1.  

3.5.13.2.2 AGING EFFECTS 

The Depressing Air System contains piping and valves constructed of carbon steel. The 
applicable aging effect for the system components exposed to an air environment is loss 
of material in the carbon steel components.  

3.5.13.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
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current licensing basis for the period of extended operation. The applicable aging effects 
for the Depressing Air System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material for the subject components exposed to an air environment have not 
been fully characterized and its applicability needs to be verified by a one-time 
inspection. This inspection will be implemented by the following activity which is 
described in Chapter 4 of OLRP-1001: 

* Keowee Air and Gas Systems Inspection 

3.5.13.3 Generator High Pressure Oil System 

3.5.13.3.1 ENVIRONMENTS 

The Generator High Pressure Oil System components are exposed externally to the 
ambient conditions within the Keowee. Internally, the system components are exposed to 
a lubricating oil environment with portions exposed to an air environment. For the 
materials exposed to lubricating oil, the applicable aging effects are identified in the 
oil/fuel oil environment in Section 3.5.2.3. For the materials exposed to air, the applicable 
aging effects are identified in the air/gas environment in Section 3.5.2.1.  

3.5.13.3.2 APPLICABLE AGING EFFECTS 

The Generator High Pressure Oil System contains piping, valves, and other components 
constructed of brass, bronze, carbon steel, copper, and stainless steel. No applicable 
aging effects have been identified for the components constructed from these materials in 
the a lubricating oil environment or the air environment.  

3.5.13.3.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Generator 
High Pressure Oil System within the scope of license renewal. Therefore, no aging 
management program is required during the period of extended operation.  

3.5.13.4 Governor Air System 

3.5.13.4.1 ENVIRONMENTS 

The Governor Air System components are exposed externally to the ambient conditions 
within the Keowee. Internally, the system components are exposed to an air environment.  

3.5-91 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Mechanical System Components 

For the materials exposed to air, the applicable aging effects are identified in the air/gas 
environment Section 3.5.2.1.  

3.5.13.4.2 APPLICABLE AGING EFFECTS 

The Governor Air System contains piping, valves, and tanks constructed of carbon steel.  
The applicable aging effects for the system components exposed to an air environment 
are loss of material in the carbon steel components.  

3.5.13.4.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Governor Air System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material for the subject components exposed to an air environment have not 
been fully characterized and its applicability needs to be verified by a one-time 
inspection. This inspection will be implemented by the following activity which is 
described in Chapter 4 of OLRP-1001: 

* Keowee Air and Gas Systems Inspection 

3.5.13.5 Governor Oil System 

3.5.13.5.1 ENVIRONMENTS 

The Governor Oil System components are exposed externally to the ambient conditions 
within Keowee. Internally, the system components are exposed primarily to an oil 
environment with portions of the system exposed to air in upper portions of tanks. For 
the materials exposed to oil, the applicable aging effects are identified in an oil/fuel oil 
environment in Section 3.5.2.3. For the materials exposed to air, the applicable aging 
effects are identified in the air/gas environment in 3.5.2.1.  

3.5.13.5.2 AGING EFFECTS 

The Governor Oil System contains piping, valves, and other components constructed of 
carbon steel and stainless steel. The applicable aging effect for the system components 
exposed to an oil environment is loss of material in the carbon steel and stainless steel 
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components. No applicable aging effects have been identified for the system components 
exposed to an air environment.  

3.5.13.5.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Governor Oil System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material for the subject components exposed to an oil environment will be 
managed by taking samples and determining water content. This analysis will be 
performed by the following program which is described in Chapter 4 of OLRP-1001: 

* Keowee Oil Sampling Program 

3.5.13.6 Service Water System 

3.5.13.6.1 ENVIRONMENTS 

The Service Water System components are exposed externally to the ambient conditions 
within Keowee with portions of the system exposed to an underground environment.  
Internally, the system components are exposed to a raw water environment and an air 
environment in the dry pipe portions of the Fire Protection System. The applicable aging 
effects for the materials in a raw water environment are identified in Section 3.5.2.4. For 
the materials exposed to air, the applicable aging effects are identified in the air/gas 
environment Section 3.5.2.1.  

3.5.13.6.2 AGING EFFECTS 

The Service Water System contains mechanical components constructed of bronze, 
carbon steel, cast iron, ductile cast iron, and stainless steel. The applicable aging effects 
for the system components exposed to a raw water environment are loss of material and 
fouling in the bronze, carbon steel, cast iron, ductile cast iron, and stainless steel 
components. The applicable aging effects for the system components exposed to an air 
environment are loss of material in the cast iron, carbon steel, and stainless steel 
components. None of the other component materials are exposed to an air environment.  
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3.5.13.6.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Service Water System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material and fouling for the subject components exposed to a raw water 
environment will be managed by inspection and analysis as well as testing, inspection, 
and maintenance activities to verify integrity of the components. These actions will be 
performed by the following programs which are described in Chapter 4 of OLRP- 1001: 

* Service Water Piping Corrosion Program 
* Fire Protection Program 

The loss of material due to galvanic corrosion of the carbon steel and cast iron 
components exposed to a raw water environment has not been fully characterized and its 
applicability needs to be verified by a one-time inspection. A sample of galvanic couples 
will be inspected with the results being applied to all galvanic couples. This inspection 
will be performed by the following activity which is described in Chapter 4 of OLRP
1001: 

* Galvanic Susceptibility Inspection 

The loss of material due to selective leaching of cast iron components exposed to a raw 
water environment has not been fully characterized and its applicability needs to be 
verified by a one-time inspection. A sample of cast iron components will be inspected 
with the results being applied to all cast iron components. This inspection will be 
performed by the following activity which is described in Chapter 4 of OLRP-1001: 

* Cast Iron Selective Leaching Inspection 

The loss of material for the subject components exposed to an air environment will be 
managed by testing, inspection, and maintenance activities to verify integrity of the 
components. These actions will be performed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Fire Protection Program 
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3.5.13.7 Turbine Generator Cooling Water System 

3.5.13.7.1 ENVIRONMENTS 

The Turbine Generator Cooling Water System components are exposed externally to the 
ambient conditions within the Keowee with some portions of the system exposed to the 
yard or underground environments. Internally, the system components are exposed to a 
raw water environment. The applicable aging effects for the materials in a raw water 
environment are identified in Section 3.5.2.4.  

3.5.13.7.2 APPLICABLE AGING EFFECTS 

The Turbine Generator Cooling Water System contains piping, valves, and other 
components constructed of brass, bronze, carbon steel, copper, and stainless steel. The 
applicable aging effects for the system components exposed to a raw water environment 
are loss of material and fouling in the brass, bronze, carbon steel, copper, and stainless 
steel components.  

3.5.13.7.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Turbine Generator Cooling Water System components will be managed by 
monitoring and controlling the aging effects directly or the relevant conditions which 
contribute to the onset and propagation of a specific aging effect.  

The loss of material and fouling for the subject components exposed to a raw water 
environment will be managed by testing, inspection, analysis, and maintenance activities 
to verify integrity of service water components. These activities will be performed by the 
following program and activities which are described in Chapter 4 of OLRP- 1001: 

* Service Water Piping Corrosion Program 
* System Performance Testing Activities 
* Preventive Maintenance Activities 

The loss of material due to galvanic corrosion of the brass, bronze, carbon steel, and 
copper components exposed to a raw water environment has not been fully characterized 
and its applicability needs to be verified by a one-time inspection. A sample of galvanic 
couples will be inspected with the results being applied to all galvanic couples. This 
inspection will be performed by the following activity which is described in Chapter 4 of 
OLRP-1001: 
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* Galvanic Susceptibility Inspection 

3.5.13.8 Turbine Guide Bearing Oil System 

3.5.13.8.1 ENVIRONMENTS 

The Turbine Guide Bearing Oil System components are exposed externally to the ambient 
conditions within the Keowee. Internally, the system components are exposed primarily 
to a lubricating oil environment except for the air environment that exists in the upper 
region of the upper oil reservoir and the lines that connect to it. For the materials exposed 
to lubricating oil, the applicable aging effects are identified in the oil/fuel oil environment 
in Section 3.5.2.3. For the materials exposed to air, the applicable aging effects are 
identified in the air/gas environment Section 3.5.2.1.  

The Turbine Guide Bearing Oil System includes the turbine guide bearing oil coolers that 
are within the scope of license renewal. In order to provide the necessary flow of 
lubrication oil to the turbine guide bearings, the turbine guide bearing oil coolers must 
remain intact. These heat exchangers, located in the Keowee Hydroelectric Station are 
exposed to lubricating oil (num the Turbine Guide Bearing Oil System) through the tubes 
and raw water (from the Turbine Generator Cooling Water System) in the shell and on the 
outside of the tubes. For the materials exposed to lubricating oil, the applicable aging 
effects are identified in the oil/fuel oil environment in Section 3.5.2.3. For the materials 
in the raw water environment, the applicable aging effects are identified in Section 
3.5.2.4.  

3.5.13.8.2 APPLICABLE AGING EFFECTS 

The Turbine Guide Bearing Oil System contains piping, valves, and other components 
constructed of brass, carbon steel, copper, and stainless steel. No applicable aging effects 
have been identified for the components constructed from these materials in the 
lubricating oil or air environments.  

The turbine guide bearing oil coolers are constructed entirely from stainless steel. No 
applicable aging effects have been identified for the stainless steel components in the heat 
exchangers exposed to a lubricating oil environment. The applicable aging effect for 
components in the turbine guide bearing oil coolers exposed to a raw water environment 
is loss of material in the stainless steel components.  
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3.5.13.8.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Turbine Guide Bearing Oil System components will be managed by monitoring 
and controlling the aging effects directly or the relevant conditions which contribute to 
the onset and propagation of a specific aging effect.  

The loss of material for the portions of the turbine guide bearing oil coolers exposed to a 
raw water environment will be managed by taking oil samples and analyzing them for 
water contamination as evidence of cooler leakage. These activities will be performed by 
the following program which is described in Chapter 4 of OLRP- 1001: 

* Keowee Oil System Sampling Program 

3.5.13.9 Turbine Sump Pump System 

3.5.13.9.1 ENVIRONMENTS 

The Turbine Sump Pump System components are exposed externally to the ambient 
conditions within Keowee with some portions of the system exposed to an embedded 
environment. Internally, the system components are exposed to a raw water environment.  
The applicable aging effects for the materials in a raw water environment are identified in 
Section 3.5.2.4.  

3.5.13.9.2 APPLICABLE AGING EFFECTS 

The Turbine Sump Pump System contains piping, valves, and other components 
constructed of brass, bronze, carbon steel, and stainless steel. The applicable aging 
effects for the system components exposed to a raw water environment are loss of 
material and fouling in the brass, bronze, carbon steel, and stainless steel components.  

3.5.13.9.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Turbine Sump Pump System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  
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The loss of material and fouling for the system components exposed to a raw water 
environment will be managed by testing, inspection, and analysis to verify integrity of 
service water components. The inspection and analysis will be performed by the 
following program and activities which are described in Chapter 4 of OLRP-1001: 

* Service Water Piping Corrosion Program 
* System Performance Testing Activities 

The loss of material due to galvanic corrosion of the carbon steel components exposed to 
a raw water environment has not been fully characterized and its applicability needs to be 
verified by a one-time inspection. A sample of the galvanic couple will be inspected with 
the results being applied to all the galvanic couples. This inspection will be performed by 
the following activity which is described in Chapter 4 of OLRP-1001: 

* Galvanic Susceptibility Inspection 
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3.5.14 STANDBY SHUTDOWN FACILITY 

The Standby Shutdown Facility (SSF) is described in Section 1.4 of ORLP-1001. The 
systems at the Standby Shutdown Facility are those required to support the operation of 
the facility and include the following: 

* Air Intake and Exhaust System 
* Diesel Generator Fuel Oil System 
* Drinking Water System 
* Heating, Ventilation, and Air Conditioning System 
* Reactor Coolant Makeup System 
* Sanitary Lift System 
* Standby Shutdown Facility Auxiliary Service Water System 
* Starting Air System 

Section 2.5.14 provides a description of these systems and identifies the components 
requiring aging management review for license renewal. The aging effects of specific 
material and environment combinations are described in Section 3.5.2. The following 
sections use this aging effect information to identify the applicable aging effects for the 
system components. The results are summarized in Table 3.5-12 for the components in 
each system.  

The applicable aging effects for the component external surfaces are dependent on the 
component location rather than the system in which the component resides. Applicable 
aging effects for all component external surfaces are addressed in Section 3.5.2.7 and are 
not discussed here. The programs utilized to manage aging effects for the component 
external surfaces are described in Chapter 4 of OLRP-1001.  

3.5.14.1 Air Intake and Exhaust System 

3.5.14.1.1 ENVIRONMENTS 

The Air Intake and Exhaust System components are exposed externally to the ambient 
conditions within the Standby Shutdown Facility with portions of the system piping 
exposed to the outside yard environment. Internally, the system components are exposed 
primarily to an air environment with portions exposed to an exhaust gas environment in 
the diesel exhaust piping during periodic operation. For the materials exposed to air and 
exhaust gases, the applicable aging effects are identified in the air/gas environment in 
Section 3.5.2.1.  
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3.5.14.1.2 APPLICABLE AGING EFFECTS 

The Air Intake and Exhaust System contains piping, screens, and other components 
constructed of carbon steel, chrome-molybdenum, and stainless steel. No applicable 
aging effects have been identified for the system components exposed to an air/gas 
environment.  

3.5.14.1.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Air Intake and 
Exhaust System within the scope of license renewal. Therefore, no aging management 
program is required during the period of extended operation.  

3.5.14.2 Diesel Generator Fuel Oil System 

3.5.14.2.1 ENVIRONMENTS 

The Diesel Generator Fuel Oil System components are exposed externally to the ambient 
conditions within the Standby Shutdown Facility with the exception of some piping and 
the main fuel oil storage tank that are underground. Internally, the system components 
are exposed primarily to a fuel oil environment with portions of the system exposed to air 
in the upper portion and lines connecting to the top of the tanks. For the materials 

exposed to fuel oil, the applicable aging effects are identified in the oil/fuel oil 
environment in Section 3.5.2.3. For the materials exposed to air, the applicable aging 
effects are identified in the air/gas environment in Section 3.5.2.1.  

3.5.14.2.2 AGING EFFECTS 

The Diesel Generator Fuel Oil System contains piping, valves, and other components 
constructed of brass, carbon steel, copper, and stainless steel. The applicable aging 
effects for the system components exposed to a fuel oil environment are loss of material 
in the brass, carbon steel, copper, and stainless steel components and cracking in the 
stainless steel components.  

No applicable aging effects for the brass, carbon steel, copper, and stainless steel 
components were identified in an air environment.  

3.5.14.2.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Diesel Generator Fuel Oil System components will be managed by monitoring and 
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controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking will be managed for the subject components exposed to 
a fuel oil environment by controlling the relevant conditions that could lead to the onset 
and propagation of the aging effect. The relevant conditions will be controlled by the 
following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

3.5.14.3 Drinking Water System 

3.5.14.3.1 ENVIRONMENTS 

The Drinking Water System components are exposed externally to the ambient conditions 
within the Standby Shutdown Facility. Internally, the system components are exposed to 
a treated water environment. The applicable aging effects for the materials in a treated 
water environment are identified in Section 3.5.2.5.  

3.5.14.3.2 APPLICABLE AGING EFFECTS 

The Drinking Water System contains piping, valves, and hose connections constructed of 
stainless steel. The applicable aging effects for the system components exposed to a 
treated water environment are loss of material and cracking in the stainless steel 
components.  

3.5.14.3.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Drinking Water System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the subject components exposed to a treated water 
environment have not been fully characterized and its applicability needs to be verified by 
a one-time inspection. This inspection will be implemented by the following activity 
which is described in Chapter 4 of OLRP- 1001: 

* Treated Water Systems Stainless Steel Inspection 
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3.5.14.4 Heating, Ventilation, and Air Conditioning System 

3.5.14.4.1 ENVIRONMENTS 

The Standby Shutdown Facility Heating, Ventilation, and Air Conditioning (HVAC) 
System is exposed externally to the ambient conditions within the Standby Shutdown 
Facility except for the portions of the system exposed to the outside yard environment.  
Internally, the system components are exposed to a ventilation air environment. The 
applicable aging effects for the materials exposed to the ventilation air environment are 
identified in Section 3.5.2.6.  

In order to provide the necessary heating, ventilation, and air conditioning for the Standby 
Shutdown Facility, the Standby Shutdown Facility HVAC System heat exchangers in the 
scope of license renewal must remain functional. The Standby Shutdown Facility HVAC 
System includes three types of heat exchangers; water-cooled condensers (in scope and 
discussed in the SSF Auxiliary Service Water System), air-cooled condensers (out-of
scope), and air cooling coils. The cooling coils transfer heat from the supply air in the 
Standby Shutdown Facility HVAC System to the refrigerant while the condensers reject 
the heat from the refrigerant to either the SSF Auxiliary Service Water System or to the 
atmosphere. The air conditioning units that include air cooling coils and their 
corresponding air-cooled condensers are not in the scope of license renewal. Only the air 
cooling coils associated with the water-cooled condensers are within the SSF HVAC 
System boundary and in the scope of license renewal.  

The cooling coils are exposed to refrigerant within the tubes of the heat exchanger while 
the external surface is exposed to the ventilation air environment within the ventilation 
ducts. The applicable aging effects for the materials of the heat exchangers exposed to a 
refrigerant environment will be discussed in the following section.  

3.5.14.4.2 APPLICABLE AGING EFFECTS 

The SSF HVAC System contains mechanical components other than heat exchangers that 
are constructed of aluminum, galvanized steel, and stainless steel. No applicable aging 
effects have been identified for the components constructed from these materials in a 
ventilation air environment.  

The tubes of the cooling coils are constructed from copper with aluminum fins. The 
applicable aging effects for the components in the heat exchangers exposed to a 
ventilation air environment are loss of material in the aluminum components. No 
applicable aging effects have been identified for the copper components exposed to a 
ventilation air environment.  
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No applicable aging effects for the portions of the heat exchangers exposed to the 
refrigerant R22 were identified for the aluminum or copper components. When materials 
are exposed to "dry" gases, there are no identifiable aging effects. The SSF HVAC 
System is evacuated, dried, and charged with moisture-free freon. Moisture is removed 
from freon-based systems because any moisture would be subject to freezing and could 
possibly lead to significant damage to the system. As with other gases, materials exposed 
to a dried freon environment will not experience any applicable aging effects.  

3.5.14.4.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effect 
for the SSF HVAC System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  

The loss of material for the portions of the air cooling coils exposed to a ventilation air 
environment will be managed by monitoring the system performance during norml 
operation. This monitoring will be performed by the following activity which is 
described in Chapter 4 of OLRP-1001: 

* Heat Exchanger Performance Testing Activities 

3.5.14.5 Reactor Coolant Makeup System 

3.5.14.5.1 ENVIRONMENTS 

The Reactor Coolant Makeup System components are exposed externally to the ambient 
conditions within the Reactor Building. Internally, the system components are exposed to 
a borated water environment. The applicable aging effects for the materials in a borated 
water environment are identified in Section 3.5.2.2.  

3.5.14.5.2 APPLICABLE AGING EFFECTS 

The Reactor Coolant Makeup System contains piping, valves, and other components 
constructed of stainless steel. The applicable aging effects for the system components 
exposed to a borated water environment are loss of material and cracking in the stainless 
steel components.  
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3.5.14.5.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Reactor Coolant Makeup System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and cracking for the subject components exposed to a borated water 
environment will be managed by controlling the relevant conditions that could lead to the 
onset and propagation of the aging effects. The relevant conditions will be controlled by 
following program which is described in Chapter 4 of OLRP-1001: 

* Chemistry Control Program 

3.5.14.6 Sanitary Lift System 

3.5.14.6.1 ENVIRONMENTS 

The Sanitary Lift System components are exposed externally to the ambient conditions 
within the Standby Shutdown Facility. Due to the infrequent use of the system, the 
system components are primarily exposed internally to an air environment. For the 
materials exposed to air, the applicable aging effects are identified in the air/gas 
environment in Section 3.5.2.1.  

3.5.14.6.2 APPLICABLE AGING EFFECTS 

The Sanitary Lift System contains piping, valves, and hose connections constructed of 
stainless steel. The applicable aging effects for the system components exposed to an air 
environment are loss of material and cracking in the stainless steel components.  

3.5.14.6.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Sanitary Lift System components will be managed by monitoring and controlling 
the aging effects directly or the relevant conditions which contribute to the onset and 
propagation of a specific aging effect.  
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The loss of material and cracking for the subject components exposed to an air 
environment have not been fully characterized and their applicability needs to be verified 
by a one-time inspection. This inspection will be implemented by the following activity 
which is described in Chapter 4 of OLRP-1001: 

* Treated Water Systems Stainless Steel Inspection 

3.5.14.7 Standby Shutdown Facility Auxiliary Service Water System 

3.5.14.7.1 ENVIRONMENTS 

The Auxiliary Service Water System components are exposed externally to the ambient 
conditions within the Standby Shutdown Facility and the Auxiliary Building with 
portions of the system exposed to the yard environment. Internally, the system 
components are exposed to a raw water environment. The applicable aging effects for the 
materials in a raw water environment are identified in Section 3.5.2.4.  

The Auxiliary Service Water System includes the water-cooled Standby Shutdown 
Facility HVAC condensers that are within the scope of license renewal. In order to 
provide the necessary heat removal and maintain the Auxiliary Service Water System and 
SSF HVAC System pressure boundaries, the water-cooled Standby Shutdown Facility 
HVAC condensers must remain functional. These heat exchangers, which are located in 
the Standby Shutdown Facility, are exposed to raw water (from the SSF Auxiliary Service 
Water System) through the tubes and refrigerant 22 (from the SSF HVAC System) in the 
shell and on the outside of the tubes.  

The applicable aging effects for the materials in the raw water environment are identified 
in Section 3.5.2.4 and the applicable aging effects for a refrigerant environment, will be 
discussed in the following section.  

The submersible pump is a part of the Auxiliary Service Water System in the Standby 
Shutdown Facility but is discussed separately since it is not a permanently installed piece 
of equipment. It normally is exposed externally to the ambient conditions within the 
Standby Shutdown Facility and, every two years, is placed in the intake canal (Lake 
Keowee) for testing. Internally, the system components are primarily exposed to an air 
environment with the occasional exposure to raw water during testing. For the materials 
exposed to air, the applicable aging effects are identified in the air/gas environment in 
Section 3.5.2.1. For the materials in the raw water environment, the applicable aging 
effects are identified in Section 3.5.2.4.  
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3.5.14.7.2 APPLICABLE AGING EFFECTS 

The Auxiliary Service Water System contains piping, valves, and other components 
constructed of carbon steel and stainless steel. The applicable aging effects for the 
system components exposed to a raw water environment are loss of material and fouling 
in the carbon steel and stainless steel components.  

The tubes and tubesheet of the water-cooled Standby Shutdown Facility HVAC 
condensers are constructed from 90-10 copper-nickel with all other components of the 
heat exchangers constructed from carbon steel. The applicable aging effects for the 
components in the heat exchangers exposed to a raw water environment are loss of 
material and fouling in the carbon steel and 90-10 copper-nickel components.  

No applicable aging effects for the portions of the heat exchangers exposed to the 
refrigerant R22 were identified for the carbon steel or 90-10 copper-nickel components.  
When materials are exposed to "dry" gases, there are no identifiable aging effects. The 
SSF HVAC System is evacuated, dried, and charged with moisture-free freon. Moisture 
is removed from freon-based systems because any moisture would be subject to freezing 
and could lead to significant damage to the system. As with other gases, materials 
exposed to a dried freon environment will not experience any applicable aging effects.  

The submersible pump casing is constructed of cast iron. No applicable aging effects 
have been identified for the cast iron pump casing in an air environment or raw water 
environment that would prevent it from performing its component intended function.  

3.5.14.7.3 AGING MANAGEMENT PROGRAMS 

The applicable aging effects must be adequately managed so that the intended functions 
listed in the appropriate tables in Section 2.5 will be maintained consistent with the 
current licensing basis for the period of extended operation. The applicable aging effects 
for the Auxiliary Service Water System components will be managed by monitoring and 
controlling the aging effects directly or the relevant conditions which contribute to the 
onset and propagation of a specific aging effect.  

The loss of material and fouling for the system components exposed to a raw water 
environment will be managed by testing, inspection, and analysis to verify integrity of 
service water components. The inspection, testing, and analysis will be performed by the 
following program and activities which are described in Chapter 4 of OLRP- 1001: 

* Service Water Piping Corrosion Program 
* System Performance Testing Activities 
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The loss of material due to galvanic corrosion of the carbon steel components exposed to 
a raw water environment has not been fully characterized and its applicability needs to be 
verified by a one-time inspection. A sample of galvanic couples will be inspected with 
the results being applied to all galvanic couples. This inspection will be performed by the 
following activity which is described in Chapter 4 of OLRP-1001: 

* Galvanic Susceptibility Inspection 

The loss of material and fouling for the portions of the water-cooled Standby Shutdown 
Facility HVAC condensers exposed to a raw water environment will be managed by 
monitoring the system performance during normal operation. This monitoring will be 
performed by the following activity which is described in Chapter 4 of OLRP- 1001: 

* Heat Exchanger Performance Testing Activities 

No applicable aging effects have been identified for the submersible pump casing, which 
is within the scope of license renewal. Therefore, no aging management program is 
required during the period of extended operation.  

3.5.14.8 Starting Air System 

3.5.14.8.1 ENVIRONMENTS 

The Starting Air System components are exposed externally to the ambient conditions 
within the Standby Shutdown Facility. Internally, the system components are exposed to 
an air environment. For the materials exposed to air, the applicable aging effects are 
identified in the air/gas environment in Section 3.5.2.1.  

3.5.14.8.2 APPLICABLE AGING EFFECTS 

The Starting Air System contains piping, tanks, and valves constructed of carbon steel.  
No applicable aging effects have been identified for the carbon steel components in an air 
environment.  

3.5.14.8.3 AGING MANAGEMENT PROGRAMS 

No applicable aging effects have been identified for the components of the Starting Air 
System within the scope of license renewal. Therefore, no aging management program is 
required during the period of extended operation.  
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Table 3.5-1 Applicable Aging Effects for Components of 
Containment Heat Removal Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Reactor Building Cooling System 

Ductwork Aluminum Air Loss of Material Preventive Maintenance Activities 

Ductwork Galvanized Air Loss of Material Preventive Maintenance Activities 
Steel 

Ductwork Stainless Steel Air None None Required 

Reactor Building Cooling Units 
HX Stainless Steel Raw Water Loss of Material Preventive Maintenance Activities 
Channel/Head 

Fouling Heat Exchanger Performance Testing 
Activities 

HX Tube Fins Copper Air Loss of Material Preventive Maintenance Activities 

HX Tubes 90-10 Raw Water Loss of Material Preventive Maintenance Activities 
Copper-Nickel 

Fouling Heat Exchanger Performance Testing 
Activities 

HX Tubes 90-10 Air Loss of Material Preventive Maintenance Activities 
Copper-Nickel 

Reactor Building Spray System 

Mechanical Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Expansion Cracking 
Joint 

Orifice Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Stainless Steel Air Loss of Material Reactor Building Spray System Inspection 
Cracking 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pump Casing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Spray Nozzle Stainless Steel Air Loss of Material Reactor Building Spray System Inspection 
Cracking 

Valve Bodies Stainless Steel Air Loss of Material Reactor Building Spray System Inspection 
Cracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
ReactorBuildingSpraySystemInspeiCrackingo 
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Table 3.5-2 Applicable Aging Effects for Components of 
Containment Isolation Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Breathing Air System 

Pipe Stainless Steel Air None identified None Required 

Valve Bodies Stainless Steel Air None identified None Required 

Component Cooling System 

Pipe Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Pipe Stainless Steel Treated Water Cracking (Unit 2) Treated Water Systems Stainless Steel 

Inspection 
Orifice Stainless Steel Treated Water None identified None required 

Valve Bodies Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Valve Bodies Stainless Steel Treated Water Cracking (Unit 2) Treated Water Systems Stainless Steel 
______ I__ I_______ _________ ________ Inspection 

Demineralized Water System 

Pipe Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspection 

Valve Bodies Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 

Cracking Inspection 

Filtered Water System 

Pipe Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspection 

Valve Bodies Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspection 

Gaseous Waste Disposal System 

Pipe Stainless Steel Nitrogen None identified None required 

Valve Bodies Stainless Steel Nitrogen None identified None required 
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Table 3.5-2 Applicable Aging Effects for Components of 
Containment Isolation Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Instrument Air System 

Pipe Carbon Steel Air None identified None required 

Pipe Stainless Steel Air None identified None required 

Valve Bodies Carbon Steel Air None identified None required 

Valve Bodies Stainless Steel Air None identified None required 

Leak Rate Test System 

Hose Carbon Steel Air None identified None required 
Connection 
Hose Stainless Steel Air None identified None required 
Connection 

Pipe Carbon Steel Air None identified None required 

* Pipe Stainless Steel Air None identified None required 

Valve Bodies Carbon Steel Air None identified None required 

Valve Bodies Stainless Steel Air None identified None required 

Liquid Waste Disposal System 

Pipe Stainless Steel Borated Water Cracking Treated Water Systems Stainless Steel 
Loss of Material Inspection 

Valve Bodies Stainless Steel Borated Water Cracking Treated Water Systems Stainless Steel 
Loss of Material Inspection 
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0 Table 3.5-2 Applicable Aging Effects for Components of 
Containment Isolation Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Nitrogen Purge and Blanket System 

Pipe Carbon Steel Nitrogen None identified None required 

Pipe Stainless Steel Nitrogen None identified None required 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 

Cracking Reactor Building Spray System Inspection 

Tubing Stainless Steel Nitrogen None identified None required 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 

Cracking Reactor Building Spray System Inspection 

Valve Bodies Carbon Steel Nitrogen None identified None required 

Valve Bodies Stainless Steel Nitrogen None identified None required 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 

Cracking Reactor Building Spray System Inspection 
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Table 3.5-2 Applicable Aging Effects for Components of 
Containment Isolation Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Reactor Building Purge System 

Air Flow Aluminum Air None None Required 
Monitor 

Air Flow Galvanized Air None identified None required 
Monitor Steel 

Air Flow Stainless Steel Air None identified None required 
Monitor 

Annubar Tube Stainless Steel Air None identified None required 

Ductwork Aluminum Air None identified None required 

Ductwork Galvanized Air None identified None required 
Steel 

Ductwork Stainless Steel Air None identified None required 

* Filter Aluminum Air None identified None required 

Filter Galvanized Air None identified None required 
Steel 

Filter Stainless Steel Air None identified None required 

Grill Aluminum Air None identified None required 

Grill Galvanized Air None identified None required 
Steel 

Grill Stainless Steel Air None identified None required 

Pipe Carbon Steel Air None identified None required 

Tubing Brass Air None identified None required 

Tubing Carbon Steel Air None identified None required 

Tubing Copper Air None identified None required 

Valve Bodies Carbon Steel Air None identified None required 

3.5-112 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 

Aging Effects for Mechanical System Components 

Table 3.5-3 Applicable Aging Effects for Components of 
Emergency Core Cooling Systems 

COMPONENT MATERIAL INTERNAL AGING EFFECTS AGING MANAGEMENT PROGRAM/ACTIVITY 
TYPE I ENVIRONMENT 

Core Flood System 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Tank Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Tank Stainless Steel Nitrogen None identified None required 

Tank Nozzle Inconel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Tank Nozzle Inconel Nitrogen None identified None required 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

High Pressure Injection System 

Demineralizer Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Filter Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Flex Hose Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Flow Meter Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Flow Nozzle Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Mechanical Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Expansion Cracking 
JointmisryonrolProra 

Orifice Stainless Steel B orated Water Loss Of Material Chemistry Control Program 
_____________Cracking _____________________ 

Pipe Stainless Steel Borated Water Loss Of Material Chemistry Control Program 
______________Cracking ______________________ 

Pump Casing Stainless Steel Borated Water Loss Of Material Chemistry Control Program 
tCracking 

Tank Stainless Steel Borated Water Loss Of Material Chemistry Control Program 
Cracking 

Tank Stainless Steel Hydrogen None Identified None Required 

0 3.5-113 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Mechanical System Components 

Table 3.5-3 Applicable Aging Effects for Components of 
Emergency Core Cooling Systems 

COMPONENT MATERIAL INTERNAL AGING EFFECTS AGING MANAGEMENT PROGRAM/ACTIVITY 
TYPE I ENVIRONMENT 

High Pressure Injection System (Continued) 

Tubing Stainless Steel Borated Water Loss Of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel Borated Water Loss Of Material Chemistry Control Program 
Cracking 

Reactor Coolant Pump Coolers (Units 2 and 3 Only) 

HX Coil Stainless Steel Borated Water Cracking Chemistry Control Program 

HX Coil Stainless Steel Treated Water Cracking Chemistry Control Program 
Reactor Coolant System Operational Leakage 

Monitoring 

Reactor Coolant Pump Seal Return Coolers 

HX Shell Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

HX Tubes Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

HX Tubes Stainless Steel Treated Water Loss of Material Chemistry Control Program 

Cracking Chemistry Control Program 
Reactor Coolant System Operational Leakage 

Monitoring 

HX Tubesheet Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

HX Tubesheet Stainless Steel Treated Water Loss of Material Chemistry Control Program 

Cracking Chemistry Control Program 
Reactor Coolant System Operational Leakage 

Monitoring 

HX Shell Carbon Steel Treated Water None identified None required 
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Table 3.5-3 Applicable Aging Effects for Components of 
Emergency Core Cooling Systems 

(continued) 

COMPONENT MATERIAL INTERNAL AGING EFFECTs AGING MANAGEMENT PROGRAM/ACTIVITY 
TYPE ENVIRONMENT 

Low Pressure Injection System 

Annubar Tube Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Orifice Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pump Casing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Tank Carbon Steel Air Loss of Material Preventive Maintenance Activities 
(Lined) 

Tank Carbon Steel Borated Water Loss of Material Preventive Maintenance Activities 
(Lined) 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
1 _Cracking 

Decay Heat Removal Coolers 

HX Channel Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Heads Cracking 
HX Shell Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
HXGalvanic Suscetibilit Insection 
HX Tubes Stainless Steel Borated Water Loss of Material Chemistry Control Program 

Cracking 

HX Tubes Stainless Steel Raw Water Loss of Material Preventive Maintenance Activities 

Fouling Heat Exchanger Performance Testing 
_____________ _______________Activities 

HX Tubesheet Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

HX Tubesheet Stainless Steel Raw Water Loss of Material Preventive Maintenance Activities 

Fouling Heat Exchanger Performance Testing 
Activities 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Spent Fuel Cooling System 

Demineralizer Stainless Steel Borated Water Loss of Material Chemistry Control Program 
______________ Cracking _____________________ 

Filter Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking _____________________ 

Flexible Hose Stainless Steel Borated Water Loss of Material Chemistry Control Program 
_______________ ~~~~Cracking_______________________ 

Orifice Stainless Steel Borated Water Loss of Material Chemistry Control Program 
____________Cracking 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pump Casing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
___________ ___________ ____________Cracking 

Spent Fuel Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Transfer Tube Cracking 

Tank Stainless Steel Borated Water Loss of Material Chemistry Control Program 
____________ ____________Cracking 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
____________ ____________Cracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
____________ ____________Cracking 

Spent Fuel Coolers 

HX Channel Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Head Cracking 

HX Shell Stainless Steel Borated Water Loss of Material Chemistry Control Program 
___________ ________________________Cracking 

HX Tubes Stainless Steel Borated Water Loss of Material Chemistry Control Program 
____________ ____________Cracking 

HX Tubes Stainless Steel Treated Water Loss of Material Chemistry Control Program 
HXTbset Stilste B dCracking 

HX Tubesheet Stainless Steel Borated Water Loss of Material Chemistry Control Program 
HXPlte SanlssSte BCracking 

HX Tubesheet Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

HX Plates Stainless Steel B orated Water Loss of Material Chemistry Control Program 
Cracking 

HX Plates Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Auxiliary Service Water System 

Annubar Tube Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pipe Carbon Steel Air Loss of Material Preventive Maintenance Activities 

Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Pipe Stainless Steel Air Loss of Material Preventive Maintenance Activities 

Pipe Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

* Pump Casing Cast Iron Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Tubing Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Valve Bodies Carbon Steel Air Loss of Material Preventive Maintenance Activities 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Valve Bodies Stainless Steel Air Loss of Material Preventive Maintenance Activities 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Condenser Circulating Water System 

Mechanical Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Expansion Galvanic Susceptibility Inspection 
Joint 
Mechanical Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Expansion 
Joint 
Orifice Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Preventive Maintenance Activities 

(underground piping only) 
Galvanic Susceptibility Inspection 

Pipe Stainless Steel Raw Water Loss of Material Service Water System Corrosion Program 

Pump Casing Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Pump Casing Cast Iron Raw Water None identified None required 

Recirculating Admiralty Raw Water None identified None required 
Cooling Water Brass Treated Water 
Heat Carbon Steel 
Exchangers 

Screens Carbon Steel Raw Water None identified None required 

Screens Stainless Steel Raw Water None identified None required 

Valve Bodies Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water System Corrosion Program 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

High Pressure Service Water System 

Filter Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Fire Hydrant Cast Iron Air Loss of Material Fire Protection Program 

Fire Hydrant Cast Iron Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Fouling Fire Protection Program 

Hose Rack Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 

Fouling Fire Protection Program 

Hose Rack Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program- Hose Stations 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Hose Rack Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 

Fouling Fire Protection Program 

Mechanical Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Expansion Fire Protection Program- Deluge Valves 
Joint Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Mechanical Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Expansion Fire Protection Program- Deluge Valves 
Joint 

Fouling Fire Protection Program 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIvITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

High Pressure Service Water System (Continued) 

Mulsifyer Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Orifice Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 

Fouling Fire Protection Program 

Pipe Carbon Steel Air Loss of Material Fire Protection Program 

Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Ins, tion 

Fouling Fire Protection Program 

Pipe Cast Iron Air Loss of Material Fire Protection Program 

Pipe Cast Iron Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Fouling Fire Protection Program 

Pipe Stainless Steel Air Loss of Material Fire Protection Program 

Pipe Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 

Fouling Fire Protection Program 

Pump Casing Cast Iron Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

High Pressure Service Water System (continued) 

Tubing Brass Raw Water None identified None required 

Tubing Carbon Steel Raw Water None identified None required 

Tubing Copper Raw Water None identified None required 

Tubing Stainless Steel Raw Water None identified None required 

Sprinkler Bronze Air Loss of Material Fire Protection Program 

Sprinkler Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Strainer Cast Iron Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Fouling Fire Protection Program 

Valve Bodies Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program- Surveillance Test 

Fouling Fire Protection Program 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program- Surveillance Test 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Valve Bodies Cast Iron Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program- Surveillance Test 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Fouling Fire Protection Program 
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is Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

High Pressure Service Water System (continued) 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Fire Protection Program- Surveillance Test 

Fouling Fire Protection Program 

Low Pressure Service Water System 

Annubar Tube Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Filter Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Filter Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Flex Hose Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE I AGING MANAGEMENT PROGRAMIACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Low Pressure Service Water (continued) 

Hose Rack Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Hose Rack Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Mechanical Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Expansion Galvanic Susceptibility Inspection 
Joint 

Fouling System Performance Testing Activities 

Mechanical Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Expansion 
Joint 

Fouling System Performance Testing Activities 

Orifice Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Pipe Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pump Casing Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Low Pressure Service Water System (continued) 

Site Glass Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Strainer Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Strainer Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program.  

Fouling System Performance Testing Activities 

Tubing Brass Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Tubing Copper Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Tubing Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Valve Bodies Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 
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Table 3.5-4 Applicable Aging Effects for Components of 
Auxiliary Systems 

(continued) 

MEHA IA IATRI A ITE IA MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Low Pressure Service Water System (continued) 

Component Coolers 

HX Channel Carbon Steel Raw Water Loss of Preventive Maintenance Activities 
Head Material 
HX Shell Carbon Steel Treated Water Loss of Chemistry Control Program 

Material 

HX Tubes Admiralty Brass Raw Water Loss of Preventive Maintenance Activities 
Material 

HX Tubes Admiralty Brass Treated Water Loss of Chemistry Control Program 
Material 

HX Tubesheet Admiralty Brass Raw Water Loss of Preventive Maintenance Activities 
Material 

HX Tubesheet Admiralty Brass Treated Water Loss of Chemistry Control Program 
Material 
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Table 3.5-5 Applicable Aging Effects for Components of 
Process Auxiliaries 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Chemical Addition System 

Accumulator Stainless Steel (Caustic Area) Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspections 

Expansion Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Coil Cracking 
Flex Hose Stainless Steel Borated Water Loss of Material Chemistry Control Program 

Cracking 
Orifices Stainless Steel Borated Water Loss of Material Chemistry Control Program 

Cracking 
Pipe Stainless Steel (Caustic Area) Loss of Material Treated Water Systems Stainless Steel 

Cracking Inspections 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Pump Casing Stainless Steel (Caustic Area) Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspection 

Tubing Stainless Steel (Caustic Area) Loss of Material Treated Water Systems Stainless Steel 
___________Cracking Inspection 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel (Caustic Area) Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspection 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Coolant Storage System 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Spray Nozzle Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
I_ _ ICracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 
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Table 3.5-6 Applicable Aging Effects for Components of 
Air Conditioning, Heating, Cooling and Ventilation Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT I AGING EFFECTS 

Auxiliary Building Ventilation System 

Air Flow Aluminum Air None identified None required 
Monitors 
Air Flow Galvanized Air None identified None required 
Monitors Steel 

Air Flow Stainless Steel Air None identified None required 
Monitors 
Air Handling Aluminum Air None identified None required 
Unit 

Air Handling Galvanized Air None identified None required 
Unit Steel 

Air Handling Stainless Steel Air None identified None required 
Unit 

Ductwork Aluminum Air None identified None required 

Ductwork Galvanized Air None identified None required 
Steel 

* Ductwork Stainless Steel Air None identified None required 

Filter Aluminum Air None identified None required 

Filter Galvanized Air None identified None required 
Steel 

Filter Stainless Steel Air None identified None required 

Grill Aluminum Air None identified None required 

Grill Galvanized Air None identified None required 
Steel 

Grill Stainless Steel Air None identified None required 
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Table 3.5-6 Applicable Aging Effects for Components of 
Air Conditioning, Heating, Cooling and Ventilation Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Control Room Pressurization and Filtration System 

Air Flow Aluminum Ventilation None identified None required 
Monitor 

Air Flow Aluminum Ventilation None identified None required 
Monitor 

Air Flow Stainless Steel Ventilation None identified None required 
Monitor 

Air Handling Aluminum Ventilation None identified None required 
Unit 

Air Handling Galvanized Ventilation None identified None required 
Unit Steel 

Air Handling Stainless Steel Ventilation None identified None required 
Unit 

Ductwork Aluminum Ventilation None identified None required 

Ductwork Galvanized Ventilation None identified None required 
Steel 

Ductwork Stainless Steel Ventilation None identified None required 

Filter Aluminum Ventilation None identified None required 

Filter Galvanized Ventilation None identified None required 
Steel 

Filter Stainless Steel Ventilation None identified None required 

Grill Aluminum Ventilation None identified None required 

Grill Galvanized Ventilation None identified None required 
Steel 

Grill Stainless Steel Ventilation None identified None required 

Heater Aluminum Ventilation None identified None required 
(PB Only) 

Heater Galvanized Ventilation None identified None required 
(PB Only) Steel 

Heater Stainless Steel Ventilation None identified None required 
(PB Only) 

3.5-128 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 

Aging Effects for Mechanical System Components 

Table 3.5-6 Applicable Aging Effects for Components of 
Air Conditioning, Heating, Cooling and Ventilation Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Control Room Pressurization and Filtration System (continued) 

Tubing Brass Ventilation None identified None required 

Tubing Carbon Steel Ventilation None identified None required 

Tubing Copper Ventilation None identified None required 

Tubing Stainless Steel Ventilation None identified None required 

Penetration Room Ventilation System 

Filter Carbon Steel Air None identified None required 

Grill Aluminum Air None identified None required 

Grill Galvanized Air None identified None required 
_ _ _ Steel 

Grill Stainless Steel Air None identified None required 

Orifice Stainless Steel Air None identified None required 

Pipe Carbon Steel Air None identified None required 

Tubing Brass Air None identified None required 

Tubing Carbon Steel Air None identified None required 

Tubing Copper Air None identified None required 

Tubing Stainless Steel Air None identified None required 

Valve Bodies Carbon Steel Air None identified None required 
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Table 3.5-7 Applicable Aging Effects for Components of 
Steam and Power Conversion Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Main Steam System 

EFWP Turbine Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Casing Piping Erosion/Corrosion Program 

Filter Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Orifice Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Piping Erosion/Corrosion Program 

Tubing Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Valve Bodies Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Piping Erosion/Corrosion Program 

Condensate System 

Demineralizer Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Mechanical Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Expansion 
Joint 

Filter Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Orifice Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Pipe Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Pump Casing Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Pump Casing Cast Iron Treated Water Loss of Material Chemistry Control Program 
Cast Iron Selective Leaching Inspection 

Strainer Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Tank Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Tubing Brass Treated Water Loss of Material Chemistry Control Program 

Tubing Carbon Steel Treated Water Loss of Material Chemistry Control Program 
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Table 3.5-7 Applicable Aging Effects for Components of 
Steam and Power Conversion Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Condensate System (Continued) 

Tubing Copper Treated Water Loss of Material Chemistry Control Program 

Tubing Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Valve Bodies Stainless Steel Treated Water Loss of Material Chemistry Control Program 
I I_ Cracking 

Condensate Coolers 
HX Tubes Stainless Steel Treated Water Loss of Material Chemistry Control Program 

Cracking 

HX Tubes Stainless Steel Raw Water Loss of Material Preventive Maintenance Activities 

HX Tubesheet Carbon Steel Treated Water Loss of Material Chemistry Control Program 

HX Tubesheet Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

HX Shell Carbon Steel Treated Water Loss of Material Chemistry Control Program 

HX Channel Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Heads I II_ I 

Generator Water Coolers 
HX Channel Stainless Steel Treated Water Cracking Chemistry Control Program 
Heads 

HX Tubes Stainless Steel Treated Water Cracking Chemistry Control Program 

HX Shell Stainless Steel Treated Water Cracking Chemistry Control Program 

HX Tubesheet Stainless Steel Treated Water Cracking Chemistry Control Program 

Main Condensers 

HX Tubes Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

HX Tubes Stainless Steel Raw Water Loss of Material Preventive Maintenance Activities 

HX Tubesheet Carbon Steel Treated Water Loss of Material Chemistry Control Program 
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Table 3.5-7 Applicable Aging Effects for Components of 
Steam and Power Conversion Systems 

(Continued) 

Condensate System (Continued) 

HX Tubesheet Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

HX Shell Carbon Steel Treated Water Loss of Material Chemistry Control Program 

HX Channel Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Heads I I I 

Emergency Feedwater System 

Flow Nozzle Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Flow Sensor Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Orifice Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Pump Casing Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Pump Casing Low Alloy Treated Water Loss of Material Chemistry Control Program 
Steel (6%) 

Tubing Carbon Steel Treated Water Loss of Material Chemistry Control Program 

Tubing Stainless Steel Treated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Carbon Steel Treated Water Loss of Material Chemistry Control Program 
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Table 3.5-7 Applicable Aging Effects for Components of 
Steam and Power Conversion Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Feedwater System 

Emergency Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Feedwater Piping Erosion/Corrosion Program 
Header 
Flow Nozzle Stainless Steel Treated Water Loss of Material Chemistry Control Program 

Cracking 

Main Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Feedwater Piping Erosion/Corrosion Program 
Header 
Pipe Carbon Steel Treated Water Loss of Material Chemistry Control Program- Enhanced 

____________ Piing roson/Corrosion Program 

Pipe Stainless Steel Treated Water Loss of Material Chemistry Control Program 
____________Cracking 

Pump Casing Stainless Steel Treated Water Loss of Material Chemistry Control Program 
___________ _______________________Cracking 

Valve Bodies Carbon Steel Treated Water Loss of Material Chemistry Control Program 
Piping Erosion/Corrosion Program 

Valve Bodies Stainles eated Water Loss of Material Chemistry Control Program 

Cracking 

Piping EoRevision 
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Table 3.5-8 Applicable Aging Effects for Components of 
Post-Accident Hydrogen Control Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT I AGING EFFECTS 

Containment Hydrogen Control System 

Flexable Hose Stainless Steel Air None identified None required 

Hydrogen Stainless Steel Air None identified None required 
Recombiner 

Pipe Stainless Steel Air None identified None required 

Valve Bodies Stainless Steel Air None identified None required 

Post-Accident Monitoring System 

Pipe Stainless Steel Air None identified None required 

Tubing Stainless Steel Air None identified None required 

Valve Bodies Stainless Steel Air None identified None required 

0 
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Table 3.5-9 Applicable Aging Effects for Components of 
Reactor Coolant Reactor Coolant Pump Motor Oil Collection System 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Enclosures Carbon Steel Air None identified None required 

Flex Hose Carbon Steel Air None identified None required 

Flex Hose Stainless Steel Air None identified None required 

Pipe Carbon Steel Air None identified None required 

Pipe Carbon Steel Oil Loss of Material RCP Motor Oil Collection System Inspection 

Tank Carbon Steel Air None identified None required 

Tank Carbon Steel Oil Loss of Material RCP Motor Oil Collection System Inspection 

Tubing Brass Air None identified None required 

Tubing Brass Oil Loss of Material RCP Motor Oil Collection System Inspection . Tubing Carbon Steel Air None identified None required 

Tubing Carbon Steel Oil Loss of Material RCP Motor Oil Collection System Inspection 

Tubing Copper Air None identified None required 

Tubing Copper Oil Loss of Material RCP Motor Oil Collection System Inspection 

Tubing Stainless Steel Air None identified None required 

Tubing Stainless Steel Oil Loss of Material RCP Motor Oil Collection System Inspection 

Valve Bodies Carbon Steel Air None identified None required 

Valve Bodies Carbon Steel Oil Loss of Material RCP Motor Oil Collection System Inspection 

Valve Bodies Stainless Steel Air None identified None required 

Valve Bodies Stainless Steel Oil Loss of Material RCP Motor Oil Collection System Inspection 
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Table 3.5-10 Applicable Aging Effects for Components of 
Reactor Coolant Vents and Drains 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PRoGRAM/AcTIvrrY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Mechanical Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Expansion Cracking 
Joint 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pressure Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Breakdown Cracking 
Coil 

Tubing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Carbon Dioxide System 

Flex Hose Carbon Steel Air Loss of Material Keowee Air and Gas Systems Inspection 

Nozzle Carbon Steel Air None identified None required 

Pipe Carbon Steel Air Loss of Material Keowee Air and Gas Systems Inspections 

Pipe Stainless Steel Air None identified None required 

Tubing Stainless Steel Air None identified None required 

Valve Bodies Carbon Steel Air Loss of Material Keowee Air and Gas Systems Inspections 

Depressing Air System 

Pipe Carbon Steel Air/Gas Loss of Material Keowee Air and Gas Systems Inspections 

Valve Bodies Carbon Steel Air/Gas Loss of Material Keowee Air and Gas Systems Inspections 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Generator High Pressure Oil System 

Filter Stainless Steel Oil None identified None required 

Pipe Copper Air None identified None required 

Pipe Copper Oil None identified None required 

Pipe Stainless Steel Oil None identified None required 

Pump Casing Carbon Steel Oil None identified None required 

Tank Carbon Steel Oil None identified None required 

Tubing Brass Oil None identified None required 

Tubing Carbon Steel Oil None identified None required 

Tubing Copper Oil None identified None required 

Tubing Stainless Steel Oil None identified None required 

Valve Bodies Bronze Air None identified None required 

Valve Bodies Bronze Oil None identified None required 

Valve Bodies Copper Air None identified None required 

Valve Bodies Copper Oil None identified None required 

Valve Bodies Stainless Steel Oil None identified None required 

Governor Air System 

Pipe Carbon Steel Air Loss of Material Keowee Air and Gas Systems Inspection 

Tank Carbon Steel Air Loss of Material Keowee Air and Gas Systems Inspection 

Valve Bodies Carbon Steel Air Loss of Material Keowee Air and Gas Systems Inspections 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/AcTIvITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Governor Oil System 

Pipe Carbon Steel Air None identified None required 

Pipe Carbon Steel Oil Loss of Material Keowee Oil Sampling Program 

Pump Casing Carbon Steel Oil Loss of Material Keowee Oil Sampling Program 

Tank Carbon Steel Air None identified None required 

Tank Carbon Steel Oil Loss of Material Keowee Oil Sampling Program 

Tubing Stainless Steel Air None identified None required 

Tubing Stainless Steel Oil Loss of Material Keowee Oil Sampling Program 

Valve Bodies Carbon Steel Oil Loss of Material Keowee Oil Sampling Program 

Valve Bodies Stainless Steel Oil Loss of Material Keowee Oil Sampling Program 

Service Water System 

Annubar Stainless Steel Raw Water Loss of Material Service Water Piping Inspection Program 
Fouling Fire Protection Program 
Fouling Fire Protection Program 

Filter Carbon Steel Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Fire Hydrant Cast Iron Air Loss of Material Fire Protection Program 

Hose Rack Bronze Raw Water Loss of Material Fire Protection Program 
Fouling 

Hose Rack Carbon Steel Raw Water Loss of Material Fire Protection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

3.5-139 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Mechanical System Components 

Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Service Water System (continued) 

Mulsifyer Carbon Steel Raw Water Loss of Material Fire Protection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Pipe Carbon Steel Air Loss of Material Fire Protection Program 

Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Pipe Ductile Iron Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Pump Casing Cast Iron Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Strainer Carbon Steel Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program 

Tubing Brass Raw Water None identified None required 

Tubing Carbon Steel Raw Water None identified None required 

Tubing Copper Raw Water None identified None required 

Tubing Stainless Steel Raw Water None identified None required 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Service Water System (continued) 

Valve Bodies Bronze Raw Water Loss of Material Service Water Piping Inspection Program 

Fouling Fire Protection Program- Piping 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 

Fouling Fire Protection Program- Piping 

Valve Bodies Cast Iron Raw Water Loss of Material Service Water Piping Inspection Program 
Galvanic Susceptibility Inspection 
Cast Iron Selective Leaching Inspection 

Fouling Fire Protection Program- Piping 

Turbine Generator Cooling Water System 

Filter Carbon Steel Raw Water Loss of Material Preventive Maintenance Activities 
Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling Preventive Maintenance Activities 
System Performance Testing Activities 

Filter Stainless Steel Raw Water Loss of Material Preventive Maintenance Activities 
Service Water Piping Corrosion Program 

Fouling Preventive Maintenance Activities 
System Performance Testing Activities 

Orifice Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pipe Brass Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMEPONENT ENVIRONMENT AGING EFFECTS 

Turbine Generator Cooling Water System (Continued) 
Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Galvanic Susceptibility Inspection 
Fouling System Performance Testing Activities 

Pipe Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Tubing Brass Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Tubing Copper Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Tubing Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Valve Bodies Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIvITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Turbine Guide Bearing Oil 

Orifice Stainless Steel Oil None identified None required 

Pipe Carbon Steel Air None identified None required 

Pipe Carbon Steel Oil None identified None required 

Pipe Stainless Steel Air None identified None required 

Pipe Stainless Steel Oil None identified None required 

Pump Casing Carbon Steel Oil None identified None required 

Strainer Stainless Steel Oil None identified None required 

Tank Carbon Steel Air None identified None required 

. Tank Carbon Steel Oil None identified None required 

Tubing Carbon Steel Oil None identified None required 

Tubing Brass Oil None identified None required 

Tubing Copper Oil None identified None required 

Tubing Stainless Steel Oil None identified None required 

Valve Bodies Stainless Steel Oil None identified None required 

Turbine Guide Bearing Oil Coolers 

HX Channel Stainless Steel Oil None identified None required 
Heads 

HX Shell Stainless Steel Raw Water Loss of Material Keowee Oil Sampling Program 
HX Tubes Stainless Steel Oil None identified None required 
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Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT I AGING EFFECTS 

Turbine Guide Bearing Oil (Continued) 

HX Tubes Stainless Steel Raw Water Loss of Material Keowee Oil Sampling Program 
HX Tubesheet Stainless Steel Oil None identified None required 

HX Tubesheet Stainless Steel Raw Water Loss of Material Keowee Oil Sampling Program 
Turbine Sump Pump System 

Filter Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Filter Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pipe Brass Raw Water Loss of Material Service Water Piping C -,sion Program 

Fouling System Performance Testing Activities 

Pipe Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pump Casing Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 
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S Table 3.5-11 Applicable Aging Effects for Components of 
Keowee Hydroelectric Station Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Turbine Sump Pump System (continued) 

Valve Bodies Bronze Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 
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Table 3.5-12 Applicable Aging Effects for Components of 
Standby Shutdown Facility Systems 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Air Intake and Exhaust System 

Muffler Carbon Steel Air None identified None required 
Silencer 
Mechanical Chrome- Air None identified None required 
Expansion Molybdenum 
Joint 

Pipe Carbon Steel Air None identified None required 

Pipe Chrome- Air None identified None required 
Molybdenum 

Screen Carbon Steel Air None identified None required 

Screen Chrome- Air None identified None required 
Molybdenum 

Tubing Carbon Steel Air None identified None required 

Diesel Generator Fuel Oil System 

Orifice Stainless Steel Oil Loss of Material Chemistry Control Program 
Cracking 

Pipe Stainless Steel Air None identified None required 

Pipe Stainless Steel Oil Loss of Material Chemistry Control Program 
Cracking 

Pump Casing Carbon Steel Oil Loss of Material Chemistry Control Program 

Strainer Stainless Steel Oil Loss of Material Chemistry Control Program 
Cracking 

Tank Carbon Steel Air None identified None required 

Tank Carbon Steel Oil Loss of Material Chemistry Control Program 

Tubing Brass Oil Loss of Material Chemistry Control Program 

Tubing Carbon Steel Oil Loss of Material Chemistry Control Program 

Tubing Copper Oil Loss of Material Chemistry Control Program 

Tubing Stainless Steel Oil Loss of Material Chemistry Control Program 
Cracking 
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S Table 3.5-12 Applicable Aging Effects for Components of 
Standby Shutdown Facility Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS I 

Diesel Generator Fuel Oil System (continued) 

Valve Bodies Stainless Steel Air None identified None required 

Valve Bodies Stainless Steel Oil Loss of Material Chemistry Control Program 
Cracking 

Drinking Water 

Hose Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 
Connection Cracking Inspection 

Pipe Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 
Cracking Inspection 

Valve Bodies Stainless Steel Treated Water Loss of Material Treated Water Systems Stainless Steel 
I_ I_ _ ICracking Inspections 

Heating, Ventilation and Air Conditioning 

Air Handling Aluminum Air None identified None required 
Unit 

Air Handling Galvanized Air None identified None required 
Unit Steel 

Cooling Coil Copper Air Loss of Material Heat Exchanger Performance Testing 
Aluminum Activities 

Ductwork Aluminum Air None identified None required 

Ductwork Galvanized Air None identified None required 
Steel 

Ductwork Stainless Steel Air None identified None required 

Filter Aluminum Air None identified None required 

Filter Galvanized Air None identified None required 
Steel 

Filter Stainless Steel Air None identified None required 
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Table 3.5-12 Applicable Aging Effects for Components of 
Standby Shutdown Facility Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Heating, Ventilation and Air Conditioning (continued) 

Grill Aluminum Air None identified None required 

Grill Galvanized Air None identified None required 
Steel 

Grill Stainless Steel Air None identified None required 

Heater Aluminum Air None identified None required 
(PB Only) 

Heater Galvanized Air None identified None required 
(PB Only) Steel 

Heater Stainless Steel Air None identified None required 
(PB Only) 

Reactor Coolant Makeup System 

Accumulator Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Filter Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Orifice Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pipe Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Pulsation Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Damper Cracking 

Pump Casing Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Tubing Stainless Steel Borated Water Loss Of Material Chemistry Control Program 
Cracking 

Valve Bodies Stainless Steel Borated Water Loss of Material Chemistry Control Program 
Cracking 

Sanitary Lift System 

Pipe Stainless Steel Air Loss of Material Treated Water Systems Stainless Steel 
Ch itCracking CionsnEctions 
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Table 3.5-12 Applicable Aging Effects for Components of 
Standby Shutdown Facility Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT ENVIRONMENT AGING EFFECTS 

Standby Shutdown Facility Auxiliary Service Water System 

Air Ejector Stainless Steel Raw Water Loss of Material System Performance Testing Activities 
Fouling 

Annubar Tube Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Orifice Stainless Steel Raw Water Loss of Material System Performance Testing Activities 
Fouling 

Pipe Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Pipe Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Pump Casing Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Pump Casing Cast Iron Air None identified None required 
Pump Casing Cast Iron Raw Water None identified None required 
SSF HVAC Carbon Steel Raw Water Loss of Material Heat Exchanger Performance Testing 
Condensers 90-10 Copper- Fouling Activities 

Nickel 

Strainer Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Strainer Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Tubing Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 
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Is Table 3.5-12 Applicable Aging Effects for Components of 
Standby Shutdown Facility Systems 

(continued) 

MECHANICAL MATERIAL INTERNAL APPLICABLE AGING MANAGEMENT PROGRAM/ACTIVITY 
COMPONENT I ENVIRONMENT AGING EFFECTS 

Standby Shutdown Facility Auxiliary Service Water System (continued) 

Valve Bodies Carbon Steel Raw Water Loss of Material Service Water Piping Corrosion Program 
Galvanic Susceptibility Inspection 

Fouling System Performance Testing Activities 

Valve Bodies Stainless Steel Raw Water Loss of Material Service Water Piping Corrosion Program 

Fouling System Performance Testing Activities 

Starting Air System 

Pipe Carbon Steel Air None identified None required 

Tank Carbon Steel Air None identified None required 

Tubing Carbon Steel Air None identified None required 

Valve Bodies Carbon Steel Air None identified None required 
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3.6 AGING EFFECTS FOR ELECTRICAL COMPONENTS 

3.6.1 DESCRIPTION OF THE PROCESS TO IDENTIFY THE APPLICABLE AGING EFFECTS 
FOR ELECTRICAL COMPONENTS 

Electrical system components within the scope of license renewal that require aging 

management reviews and their intended functions are identified and listed in Section 2.6.  

The process to determine the aging effects applicable to these electrical components 
begins with an understanding of the potential aging effects defined in industry literature.  
From this set of potential aging effects, the component materials, operating environment 
and operating stresses serve to define the applicable aging effects for each component 
subject to aging management review. These applicable aging effects are validated by a 
review of industry and Oconee operating experience to provide reasonable assurance that 
the full set of applicable aging effects is established for the aging management review.  
This process is more fully described in Section 3.2 of OLRP-1001.  

The electrical components that are subject to aging management review are: 

* Bus 
* Insulated Cables & Connections 
* Insulators 
* Transmission Conductors 

Sections 3.6.2 through 3.6.5 describe the results when the process is applied to each of 
these electrical components. Table 3.6-1 summarizes the applicable aging effects for 
each electrical component.  
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3.6.2 Bus 

3.6.2.1 Phase Bus 
Isolated-phase bus, nonsegregated-phase bus, and segregated-phase bus subject to an 
aging management review is identified in Section 2.6.2.1 of OLRP-1001. The review to 
identify the applicable aging effects for bus considers the following potential aging 
effects which have been identified by reviewing available industry literature: 

* Change in material properties 
* Loss of material 

The process to identify the aging effects applicable to bus is consistent with the process 
described in Section 3.2. The isolated-phase bus, nonsegregated-phase bus, and 
segregated-phase bus are constructed of similar materials and exposed to similar service 
environments. Therefore, a common assessment of aging effects for these phase bus is 
provided in the following section. The results are summarized in Table 3.6-1.  

3.6.2.1.1 APPLICABLE AGING EFFECTS FOR PHASE BUS 
Isolated-phase bus, nonsegregated-phase bus, and segregated-phase bus subject to aging 
management review are located in the Keowee Powerhouse, Keowee Transformer Yard, 
Keowee Vault, Turbine Buildings, Unit 1 & 2 Switchgear Blockhouse, Unit 3 Switchgear 
Blockhouse, and the Oconee Transformer Yard. The ambient environmental conditions 
for these areas are described in Section 3.2. These environmental conditions include 
temperatures up to 105 0 F (40.60 C), radiation less than 1 x 103 rads, and exposure to 
moisture from all forms of precipitation. Self-heating contributes an increase in 
temperature of the bus of up to 400 C.  

Phase bus materials brass, bronze, copper, galvanized metals, grout, porcelain, and 
stainless steel have no applicable aging effects in their service environments. Phase bus 
materials aluminum, No-Ox grease, and silicone caulk may be susceptible to change in 
material properties. Steel may be susceptible to loss of material.  

The bus assembly is constructed of sections of aluminum bus that are bolted together.  
Aluminum is also used on the enclosure ground strap connections. Aluminum is highly 
conductive but does not make a good contact surface pure aluminum plus air forms 
aluminum oxide which is a nonconductive surface. To prevent the formation of 
aluminum oxide on connection surfaces, the connections are cleaned with a wire brush (to 
remove any existing aluminum oxide) and covered with No-Ox grease to prevent air from 
contacting the aluminum surface. The No-Ox grease precludes oxidation of the 
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aluminum surface thereby maintaining good conductivity at the bus connections.  
Therefore, change in material properties is not an applicable aging effect for the 
aluminum bus so long as the No-Ox grease covering is maintained.  

No-Ox grease is used on the aluminum bus connections and the enclosure ground strap 
aluminum connections to prevent oxidation of the connection surfaces. No-Ox grease on 
electrical bus connections is replaced during each routine maintenance of the bus. No 
degradation of the No-Ox grease has ever been noted during the routine maintenance.  
Therefore, No-Ox grease is a consumable material and change in material properties is 
not an applicable aging effect.  

Silicone caulk is used to seal around the aluminum bus as it enters and exits a wall 
bushing. Wall bushings are used as a thermal barrier as the bus passes from inside a 
building to the outside. The silicone caulk is a silicone rubber which has a useful upper 
temperature of 392oF (2000 C). Silicone caulk, at the service conditions (ambient 
environment plus self-heating temperature rise) where it is applied, has a projected 
service life of greater than 60 years. Therefore, change in material properties is not an 
applicable aging effect for the silicone caulk.  

Steel hardware (i.e., screws, bolts, washers, and nuts) is used on various parts of the bus 
enclosure assembly. Some sections of bus are installed outside where they are exposed to 
all forms of precipitation. All exposed steel hardware was factory coated to inhibit 
corrosion. After more than 20 years in its service environment, no signs of corrosion 
have been observed. Loss of material for steel hardware is not an applicable aging effect 
that would lead to a loss of intended function for the phase bus for the period of extended 
operation.  
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3.6.2.1.2 INDUSTRY EXPERIENCE 

The industry experience review included a search of NRC generic communications. The 
following documents were identified in this search: 

* Bulletin 79-27, Loss of Non-Class JE Instrumentation and Control Power System Bus 
During Operation 

* Generic Letter 91-11, Resolution of Generic Issues 48, "LCOs for Class 1E Vital 
Instrument Buses," and 49, "Interlocks and LCOs for Class 1E Tie Breakers," 
Pursuant to 10 CFR 50.54(f) 

* IN 86-87, Loss of Offsite Power Upon an Automatic Bus Transfer 
* IN 86-100, Loss of Offsite Power to Vital Buses at Salem 2 
* IN 88-55, Potential Problems Caused by Single Failure of an Engineered Safety 

Feature Swing Bus 
* IN 89-64, Electrical Bus Bar Failures 
* IN 91-57, Operational Experience on Bus Transfers 
* IN 92-09, Overloading and Subsequent Lockout of Electrical Buses During Accident 

Conditions 
* IN 92-40, Inadequate Testing of Emergency Bus Undervoltage Logic Circuitry 
* IN 93-28, Failure to Consider Loss of DC Bus in Emergency Core Cooling System 

Evaluation May Lead to Nonconservative Analysis 

No unique aging effects were identified in the above documents beyond those identified 
in this section.  

3.6.2.1.3 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to identify applicable aging effects for 
electrical bus. This review included a survey of documented instances of component 
aging along with interviews of responsible engineering personnel. No unique aging 
effects were identified from the review beyond those identified in this section.  

3.6.2.1.4 CONCLUSION 
Based upon the review of industry information, NRC generic communications and 
Oconee operating experience, no aging effects are applicable for phase bus. Therefore, 
no aging management program is necessary.  
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3.6.2.2 Switchyard Bus 

Switchyard bus included in the aging management review is identified in Section 2.6.2.2 
of OLRP-1001. The review to identify the applicable aging effects for the switchyard bus 
considers the following potential aging effects which have been identified by reviewing 
available industry literature: 

* Change in material properties due to surface oxidation 

The process to identify the aging effects that are applicable to switchyard bus is consistent 
with the process described in Section 3.2. The assessment of aging effects for switchyard 
bus is provided in the following section. The results are summarized in Table 3.6-1.  

3.6.2.2.1 APPLICABLE AGING EFFECTS FOR SWITCHYARD BUS 

Switchyard bus is located within the 230 kV Switchyard and is exposed to ambient 
environmental conditions for Yard Structures as described in Section 3.2 of OLRP- 1001.  
These environmental conditions include temperatures up to 105 0F (40.60 C), negligible 
radiation, and exposure to moisture from all forms of precipitation. Self heating 
contributes an increase in temperature of the bus of up to approximately 30'C.  

The only material used for the 230 kV switchyard bus is aluminum. All bus connections 
within the review boundaries are welded connections. For the ambient environmental 
conditions at Oconee, no aging effects have been identified that could cause a loss of 
intended function.  

3.6.2.2.2 INDUSTRY EXPERIENCE 

In order to identify aging effects, and to assure no additional aging effects exist beyond 
those discussed herein, a survey of industry experience was performed. This survey 
included NRC generic communications, licensee event reports from nuclear power plants 
other than Oconee, and NRC NUREGs. No documents involving switchyard bus were 
identified.  

3.6.2.2.3 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to identify applicable aging effects for 
switchyard bus. This review included a survey of documented instances of component 
aging along with interviews of responsible engineering personnel. No unique aging 
effects were identified from this review beyond those identified in this section.  
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3.6.2.2.4 CONCLUSION 
Based upon the review of industry information, NRC generic communications, and 
Oconee operating experience, no aging effects are applicable for switchyard bus.  
Therefore, no aging management program is necessary.  
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3.6.3 INSULATED CABLES AND CONNECTIONS 

Insulated cables and connections included in the aging management review are identified 
in Section 2.6.3 of OLRP-1001. A report published by the Department of Energy (DOE), 
Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Cable 
and Terminations [Reference 3.6-1] (DOE Cable AMG), provides a compilation and 
evaluation of information on the topic of aging and aging management for cables and 
their associated connections. The DOE Cable AMG evaluated the stressors acting on 
cable and connection components, industry data on aging and failure of these 
components, and the maintenance activities performed on cable systems. Also evaluated 
were the main subsystems within cables, including the conductors, insulation, shielding, 
tape wraps, jacketing, and drain wires, as well as all subcomponents associated with each 
type of connection.  

The principal aging mechanisms and anticipated effects resulting from environmental and 
operating stresses were identified, evaluated, and correlated with plant experience to 
determine whether the predicted effects are consistent with field experience. As such, the 
information, evaluations, and conclusions contained in the DOE Cable AMG 
[Reference 3.6-1, Table 4-18, page 4-81] are used to identify potential aging effects for 
insulated cables and connections which are listed below: 

* For low voltage cable connectors (< 2 kV) - loss of material due to moisture, leading 
to increased resistance and heating or loss of circuit continuity.  

* For medium voltage cable (2 kV to 15 kV) - change in material properties due to 
moisture, leading to insulation breakdown and electrical failure.  

* For medium voltage and low voltage cables - change in material properties due to 
excessive heat and radiation, leading to reduced insulation resistance or electrical 
failure.  

The process to identify the aging effects applicable to insulated cables and connections is 
consistent with the process described in Section 3.2. The assessment of aging effects for 
insulated cables and connections is provided in the following section. The results are 
summarized in Table 3.6-1.  
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3.6.3.1 Applicable Aging Effects for Insulated Cables and Connections 
The aging management review includes cables and connections installed in the locations 
identified in Table 2.6-9. The ambient environmental conditions for these locations are 
provided in Section 3.2 of OLRP-1001 and Tables 3.2-1 and 3.2-2. Moisture could affect 
cables and connectors located in the Intake Structure, Keowee Structure and Yard 
Structures. The bounding self-heating temperature rise for insulated cables and 
connections is provided in Table 3.6-2. Service conditions for insulated cables and 
connections at Oconee are provided in Table 3.6-3.  

3.6.3.1.1 LOW-VOLTAGE CONNECTOR - MOISTURE 

The DOE Cable AMG [Reference 3.6-1, Section 3.7.2.1.1.3] states that only 3% of all 
low-voltage connector failures were identified as being caused by moisture intrusion.  
Based on the total number of reported connector failures in the DOE Cable AMG, 
moisture intrusion accounted for a total of ten failures in all of the operating plants in the 
United States.  

Structures and areas where electrical components may be exposed to moisture are 
indicated in Table 3.6-3. Connectors located in outside areas, such as the 230 kV 
Switchyard and Intake Structures, are in enclosures and not subject to moisture or 
precipitation. The moisture noted at Keowee was in the shaft well. This moisture, which 
came from wall seepage, is only enough seepage to cause mineral deposits on the wall.  
There is insufficient moisture to cause collection in any area. Therefore, aging effects 
related to moisture are not applicable to low-voltage connectors.  

3.6.3.1.2 MEDIUM-VOLTAGE CABLE - MOISTURE 

DOE Cable AMG, Section 3.7.4, describes a survey of 25 fossil and nuclear power plants 
which was conducted to determine the number and types of medium-voltage cable 
failures that have occurred. The survey identified only 27 failures in almost 1000 plant 
years of experience. The bulk of the failures that did occur were primarily related to 
wetting in conjunction with manufacturing defects or damaged terminations due to 
improper installation, which are not aging effects subject to aging management review.  

Structures and areas where cable may be exposed to moisture are indicated in Table 3.6-3 
and include areas exposed to outside ambient conditions (Intake Structure and Yard 
Structures), isolated areas at Keowee, cable trenches, and direct buried. Medium-voltage 
cables are not located in the isolated areas at Keowee where moisture was observed. The 
medium-voltage cables within scope and within any of these areas are listed in 
Table 3.6-4. Power cables installed in cable trenches, exposed to outside ambient 
conditions, direct buried, or run in conduit are evaluated in separate sections below.  

3.6-8 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Electrical Components 

3.6.3.1.2.1 POWER CABLE INSTALLED IN CABLE TRENCHES 

Cable trenches are subject to moisture from precipitation which can seep around the 
trench covers, down the trench sides, and collect for a time in the trench floor. The 
Condenser Cooling Water cable trenches have floor drainage pipes to drain water. The 
trenches from the Turbine Buildings to the 230 kV Switchyard, and the trenches in the 
230 kV and 525 kV Switchyards, have concrete sides with a sand and gravel bottom for 
water drainage. The trench from the Standby Shutdown Facility is built with a drain to 
prevent flooding. In addition, power cables are mounted to the trench sides and kept off 
the trench floor. This type of limited exposure to moisture (as it runs down the side of the 
cable trench) does not present a moisture concern for power cables. Therefore, aging 
effects caused by exposure to moisture are not applicable to medium-voltage power 
cables installed in a cable trench.  

3.6.3.1.2.2 POWER CABLES EXPOSED To OUTSIDE AMBIENT CONDITIONS 

The Condenser Cooling Water pump power cables are the only medium-voltage cables 
within scope that are exposed to direct precipitation. The Condenser Cooling Water 
pump power cables are exposed to precipitation where they exit the top of the Intake 
Structure to connect to the Condenser Cooling Water pump motors. These cables are all 
constructed with an overall jacket which prevents moisture from contacting the primary 
insulation. The UFSAR states that precipitation at Oconee occurs less than 10% of all 
hours of the year [Reference 3.6-2, Section 2.3.2.1]. This type of limited exposure to 
moisture (direct precipitation) does not present a moisture concern for these cables.  
Therefore, aging effects caused by exposure to moisture are not applicable to the cables 
with an overall jacket exposed to outside ambient conditions.  

3.6.3.1.2.3 DIRECT BURIED POWER CABLES 

The Keowee emergency power cables to Transformer CT4 (CT4 cables) and the 
Transformer CX power cables are the only direct buried medium-voltage cables within 
scope. These cables are direct buried in a trench and are subject to precipitation water 
seepage from the surface as it flows down through the ground and the trench. The trench 
is constructed such that the cables are surrounded with layers of sand for rapid water 
drainage. These cables are single conductor with EPR primary insulation, covered by 
bronze armor and an overall PVC jacket. The overall PVC jacket is designed for direct 
burial and precludes moisture from contacting the primary cable insulation. In addition, 
the 13.8 kV CT4 cables carry power approximately four hours per outage and are 
energized without carrying power whenever a Keowee unit is generating power to the 
230 kV Switchyard, meaning that the CT4 cables are actually energized less than 12% of 
the time. Therefore, aging effects caused by exposure to moisture are not applicable to 
these medium-voltage direct buried cables.  
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3.6.3.1.2.4 POWER CABLES RUN IN CoNDurr 

The medium-voltage cables run in conduit are constructed with EPR primary insulation, 
copper shield tape and a PVC overall jacket. The overall jacket on the cables precludes 
moisture from contacting the primary cable insulation. Therefore, aging effects caused by 
exposure to moisture are not applicable to these medium-voltage cables run in conduit.  

3.6.3.1.3 LOW & MEDIUM-VOLTAGE CABLE- RADIATION 

Table 3.6-5 lists both the lowest threshold dose and the moderate damage dose of gamma 
radiation for insulated cable and connection materials included in the aging management 
review. The threshold value is the amount of radiation that causes incipient to mild 
damage. Once this threshold is exceeded, damage to the insulation increases from mild to 
moderate to severe as the total dose increases by one to two orders of magnitude (an 
increase of one million to ten million rads). The moderate damage value indicates the 
value at which the material has been damaged but is still functional. Additional 
information regarding specific insulation types is given in the right side column of 
Table 3.6-5. Comparing the radiation values given in Table 3.6-5 with the service 
conditions shown in Table 3.6-3 indicates that all of the insulation materials can 
withstand the maximum 60-year normal radiation dose for their installed locations.  
Aging effects caused by radiation exposure will not adversely affect the function of any 
cables during the current or extended period of operation and, therefore, are not 
applicable.  

3.6.3.1.4 LOW & MEDIUM-VOLTAGE CABLE- HEAT 

The total thermal life of insulated cable and connection materials can be calculated using 
the Arrhenius method as described in EPRI NP-1558 [Reference 3.6-3]. The Arrhenius 
method is normally used to calculate a thermal life at a given temperature; however, it 
can be used to calculate a maximum continuous temperature for a specific length of time.  
Therefore, using the Arrhenius method in this way, with the time period fixed at 60 years, 
calculations were performed to determine the maximum continuous temperature to which 
the material can be exposed so that the material will have the indicated "endpoint" at the 
end of 60 years.  

As determined in NUREG/CR-6384 [Reference 3.6-4, page 5-57], the retention-of
elongation of most cable insulation materials can be reduced to 0% and the insulation still 
will be capable of withstanding a loss-of-coolant accident and remain functional.  
Because the insulated cables and connections subject to aging management review will 
not be subjected to an accident environment or are not required to function after being 
subjected to an accident environment, the endpoints chosen for this review are extremely 
conservative. The insulated cable and connection materials can be aged a great deal more 
without loss of function.  
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A comparison of the temperature values given in Table 3.6-6 with the service conditions 
shown in Table 3.6-3 indicates that all of the insulation materials except EP, EPR, 
EPDM, FR-EPR, and Hypalon used in power applications can withstand the bounding 
temperatures for 60 years. These materials and their applications are discussed below.  

The bounding service temperature for EP, EPR, EPDM, FR-EPR and Hypalon is 
158.45 0 F (70.25 0 C). The maximum 60-year life temperature for EP, EPR, EPDM and 
FR-EPR is 154.9 0 F (68.3oC), which is 3.55 0 F less than the bounding service temperature.  
The maximum 60-year life temperature for Hypalon is 154.00 F (67.80 C), which is 4.450 F 
less than the bounding service temperature. These differences (3.55oF and 4.450 F) are 
very small and are considered to be within the conservatisms incorporated into the 
bounding service temperature values, as explained below.  

The 60-year life endpoint for EP, EPR, EPDM and FR-EPR is 40% retention-of
elongation and for Hypalon is 50% elongation. Since the cables and connections subject 
to an aging management review either will not be subjected to accident conditions or are 
not required to remain functional during or after an accident, these values can be reduced 
much further without a loss of function.  

The Oconee units, since initial operation, have a capacity factor of less than 75%. The 
bounding temperature includes a self-heating temperature rise value that does not take this 
into account. Accounting for this time would lessen the aging effects from self-heating.  

Given these conservatisms, reasonable assurance exists that EP, EPR, EPDM, FR-EPR and 
Hypalon insulated cables and connections will not thermally age through extended period 
of operation to the point that they will not be able to perform their function.  

Therefore, no applicable thermal aging effects are identified for insulated cables and 
connections through the period of extended operation.  

3.6.3.2 Industry Experience 

The DOE Cable AMG [Reference 3.6-1, Table 3-5] includes an industry experience 
review that includes a review of NRC generic communications. The DOE Cable AMG 
review was used by Duke to identify the potential aging effects for insulated cables and 
connections.  
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3.6.3.3 Oconee Operating Experience 
Oconee operating experience was reviewed to identify applicable aging effects for 
insulated cables and connections. This review included a survey of documented instances 
of component aging along with interviews of responsible engineering personnel. No 
unique aging effects were identified from this review beyond those identified in this 
section.  

3.6.3.4 Conclusion 
Based the review of industry information, NRC generic communications, and Oconee 
operating experience, no aging effects are applicable for insulated cables and connections.  
Therefore, no aging management program is necessary.  
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3.6.4 INSULATORS 

Electrical insulators included in the aging management review are identified in 
Section 2.6.4 of OLRP-1001. The review to identify the applicable aging effects for 
transmission conductors considers the following potential aging effects, which have been 
identified by reviewing available industry literature: 

* Cracking 
* Loss of material due to wear 
* Surface contamination 

The process to identify the aging effects that are applicable to insulators is consistent with 
the process described in Section 3.2. The assessment of aging effects for insulators at 
Oconee is provided in the following section. The results are summarized in Table 3.6-1.  

3.6.4.1 Aging Effects Assessment for Insulators 
Oconee insulators included in the aging management review are installed outside and are 
exposed to ambient environmental conditions for Yard Structures as described in 
Section 3.2 of OLRP-1001. These environmental conditions include temperatures up to 
105'F (40.6oC), negligible radiation, and exposure to moisture from all forms of 
precipitation. Insulator materials included in the aging management review are porcelain, 
various galvanized metals, and cement.  

3.6.4.1.1 CRACKING ASSESSMENT 
Porcelain is essentially a hardened, opaque glass. As with any glass, if subjected to 
enough force it will crack or break. The most common cause of cracking or breaking of a 
porcelain insulator is being struck by an object. Cracking and breaking caused by 
physical damage is not an aging effect and is not subject to an aging management review.  

Cracks have also been known to occur with insulators when the cement that binds the 
parts together expands enough to crack the porcelain. This phenomenon, know as cement 
growth, is caused by improper manufacturing process or materials which make the 
cement more susceptible to moisture penetration. Porcelain cracking caused by cement 
growth has occurred only in isolated bad batches of insulators used in strain applications.  
Inspections at Oconee did not identify any insulators from the known bad batches.  
Therefore, cracking is not an applicable aging effect for insulators at Oconee.  
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3.6.4.1.2 LOSS OF MATERIAL ASSESSMENT 

Mechanical wear is an aging effect for strain and suspension insulators in that they are 
subject to movement. Movement of the insulators can be caused by wind blowing the 
supported transmission conductor, causing it to swing from side to side. If this swinging 
is frequent enough, it could cause wear in the metal contact points in an insulator string 
and between an insulator and the supporting hardware. Although this mechanism is 
possible, experience has shown that the transmission conductors do not normally swing 
and that when they do, they do not continue to swing for very long once the wind has 
subsided. Wear has not been identified during inspections of the Oconee insulators.  
Although rare, surface rust may form where galvanizing is burnt off due to flashover from 
lightning strikes. Loss of material is not an applicable aging effect that will cause a loss 
of function of the insulators at Oconee.  

3.6.4.1.3 SURFACE CONTAMINATION ASSESSMENT 

Insulator surfaces can be contaminated by various airborne materials such as dust, salt 
and industrial effluents. The buildup of surface contamination is gradual and in most 
areas such contamination is washed away by rain; the glazed insulator surface aids this 
contamination removal. A large buildup of contamination enables the conductor voltage 
to track along the surface more easily and can lead to insulator flashover.  

Surface contamination can be a problem in areas where there are greater concentrations of 
airborne particles, such as near facilities that discharge soot or near the sea coast where 
salt spray is prevalent. Oconee is located in a mountainous area with moderate rainfall 
where airborne particle concentrations are comparatively low. Consequently, the rate of 
contamination buildup on the insulators is insignificant. At Oconee, as in most areas of 
the Duke transmission system, contamination build-up on insulators is not a problem.  
Therefore, surface contamination is not an applicable aging effect for the insulators.  

3.6.4.2 Industry Experience 
In order to identify aging effects considered, and to assure no additional aging effects 
exist beyond those discussed herein, a survey of industry experience was performed. This 
survey included NRC generic communications, licensee event reports from nuclear power 
plants other than Oconee, and NRC NUREGs. The following document related to 
insulators was identified in this survey: 

* IN 93-95, Storm-Related Loss of Offsite Power Events Due to Salt Buildup on 
Switchyard Insulators 

No unique aging effects were identified in the above documents beyond those identified 
in this section.  
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3.6.4.3 Oconee Operating Experience 
Oconee operating experience was reviewed to identify applicable aging effects for high 
voltage insulators. This review included a survey of documented instances of component 
aging along with interviews of responsible engineering personnel. No unique aging 
effects were identified from this review beyond those identified in this section.  

3.6.4.4 Conclusion 
Based the review of industry information, NRC generic communications, and Oconee 
operating experience, no aging effects are applicable for high voltage insulators.  
Therefore, no aging management program is necessary.  
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3.6.5 TRANSMISSION CONDUCTORS 
Transmission conductors included in the aging management review are identified in 
Section 2.6.5 of OLRP-1001. The review to identify the applicable aging effects for 
transmission conductors considers the following potential aging effect which has been 
identified by reviewing available industry literature: 

* Loss of conductor strength 

The process to identify the aging effects that are applicable to transmission conductors is 
consistent with the process described in Section 3.2. The assessment of aging effects 
applicable for transmission conductors at Oconee is provided in the following section.  
The results are summarized in Table 3.6-1.  

3.6.5.1 Aging Effects Assessment for Transmission Conductors 

Oconee transmission conductors are installed outside and are exposed to ambient 
environmental conditions for Yard Structures as described in Section 3.2 of OLRP-1001.  
These environmental conditions include temperatures up to 105 'F (40.6oC), negligible 
radiation, and exposure to moisture from all forms of precipitation. Self-heating 

temperature rise of transmission conductors is considered as appropriate.  

The transmission conductors included in the aging management review are constructed of 
aluminum conductors steel reinforced (ACSR). The most prevalent mechanism 
contributing to loss of conductor strength of an ACSR transmission conductor is 
corrosion, which includes corrosion of the steel core and aluminum strand pitting. For 
ACSR conductors, degradation begins as a loss of zinc from the galvanized steel core 
wires. Corrosion rates depend to a great extent on air quality which includes suspended 
particles chemistry, SO 2 concentration in air, precipitation, fog chemistry, and 
meteorological conditions. Tests performed by Ontario Hydroelectric showed a 30% loss 
of composite conductor strength of an 80-year-old ACSR conductor due to corrosion 
[Reference 3.6-5].  

Corrosion of ACSR conductors is a very slow acting aging effect that is even slower for 
rural areas such as Oconee, with generally less suspended particles and SO 2 
concentrations in the air than urban areas. Duke has been installing and maintaining 
transmission conductors on its transmission system for more than 50 years and has not yet 
had to replace any conductors due to aging problems. This supports the conclusion that 
there are no applicable aging effects that could affect the function of the transmission 
conductors for the period of extended operation.  
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3.6.5.2 Industry Experience 
In order to identify applicable aging effects, and to assure no additional aging effects exist 
beyond those discussed herein, a survey of industry experience was performed. This 
survey included NRC generic communications, licensee event reports from nuclear power 
plants other than Oconee, and NRC NUREGs. No documents involving transmission 
conductors were identified.  

3.6.5.3 Oconee Operating Experience 
Oconee operating experience was reviewed to identify applicable aging effects for 
transmission conductors. This review included a survey of documented instances of 
component aging along with interviews of responsible engineering personnel. No unique 
aging effects were identified from this review beyond those identified in this section.  

3.6.5.4 Conclusion 
Based the review of industry information, NRC generic communications, and Oconee 
operating experience, no aging effects are applicable for transmission conductors.  
Therefore, no aging management program is necessary.  
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Table 3.6-1 Applicable Aging Effects for Electrical Components 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Bus None identified None required 
Isolated-Phase Bus 
Nonsegregated-Phase Bus 
Segregated-Phase Bus 
Switchyard Bus 

Insulated Cables and None identified None required 
Connections 

Insulators None identified None required 

Transmission Conductors None identified None required 
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Table 3.6-2 Self-Heating Temperature Rise for Insulated Cables & Connections 

Specific Components Specific Insulation Material Bounding Self-Heating 
Temperature Rise 

Power Application EP, EPR, EPDM, FR-EPR 29.65 0C 
Cables and Connections Hypalon 

Kapton 
Kerite-HTK 
Phenolic 
SR 
XLP, XLPE, Vulkene, FR-XLPE 

Butyl 10.0 0C 
PE 

I&C Application AVA Insignificant 
Cables and Connections Fiberglass 

Nylon 
Polyalkene 
PVC 
EP, EPR, EPD, FR-EPR (in the 
Reactor Buildings) 
XLP, XLPE, Vulkene, FR-XLPE (in 
the Reactor Buildings) 
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Table 3.6-3 Service Conditions for Insulated Cables and Connections 

Stressor Structure or Area Specific Area or Insulation Material Bounding Value 

Moisture Intake Structure Areas exposed to outside ambient Precipitation 
conditions 

Keowee Structures Turbine shaft wells Wall water seepage 
Yard Structures Areas exposed to outside ambient Precipitation 

conditions 

Cable trench trench floor standing 
water 

Direct buried surface water drainage, 
soil moisture 

Conduit water collection 

Radiation Reactor Buildings EP, EPR, EPDM, FR-EPR, XLP, 4.5 x 107 rads 
XLPE, Vulkene, FR-XLPE 

Auxiliary Buildings All materials 1.5 x 106 rads 
Intake Structure 
Keowee Structures 
Standby Shutdown Facility 
Turbine Buildings 
Yard Structures 

Temperature Reactor Buildings EP, EPR, EPDM, FR-EPR, XLP, 132oF (55.6oC) 
XLPE, Vulkene, FR-XLPE 

Auxiliary Buildings EP, EPR, EPDM, FR-EPR 158.45-F (70.25-C) 
Intake Structure Hypalon 
Keowee Structures Kapton 
Standby Shutdown Facility Kerite-HTK 
Turbine Buildings Phenolic 
Yard Structures SR 

XLP, XLPE, Vulkene, FR-XLPE 

Butyl 123.1 0 F (50.60 C) 
PE 
AVA 1050F (40.60 C) 
Fiberglass 
Nylon 
Polyalkene 
PVC 
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Table 3.6-4 Medium Voltage Insulated Cables Exposed to Moisture 

Cable Runs 
Potential Moisture 

Description Voltage Exposure Area 
From To 

Keowee Emergency Power 13.8 kV Direct Buried Unit 1&2 Switchgear Keowee Breaker 
Cables to Transformer CT4 Blockhouse Vault 

Keowee Transformer CX Power 4160V Direct Buried Unit 1&2 Switchgear Keowee Powerhouse 
Cables from Oconee Blockhouse 

Auxiliary Service Water 4160V Conduit Unit l&2 Switchgear Oconee Transformer 
Switchgear Cables Blockhouse Yard Manholes to 

Turbine Building to 
Auxiliary Building 

High Pressure Service Water 4160V Conduit Unit 1&2 Switchgear Oconee Transformer 
Pumps A & B Cables Blockhouse Yard Manholes to 

Turbine Building O Condenser Circulating Water 4160V Cable Trench, Auxiliary Building Intake Structure 
Pump Cables Outside ambient 

Standby Shutdown Facility 4160V Cable Trench Standby Shutdown Auxiliary Building 
Switchgear OTS 1 Power Cables Facility 

230 kV & 525 kV Switchyard 4160V Cable Trench Turbine Building 230 kV Switchyard 
Power Cables 
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Table 3.6-5 Radiation Dose Data for Insulated Cable and Connection Materials 

Lowest Moderate 
Material Threshold Damage Additional Information 

Dose Dose 

Kapton I x 107 rads 2 x 108 rads 
XLP, XLPE, 1 x 106 rads 1 x 108 rads 
Vulkene, 
FR-XLPE 

Kerite-HTK l x 106 rads 1 x 108 rads Although no value for Kerite is listed in Table 4-7 of the 
DOE Cable AMG, it has been tested for the nuclear industry 
at total doses in excess of the moderate damage dose. To be 
conservative, a threshold damage dose two orders of 
magnitude less than this is assumed.  

EP, EPR, 1 x 106 rads 5 x 107 rads 
EPDM, 
FR-EPR 
Phenolic ~3 x 106 rads -4 x 107 rads The radiation resistance of phenolic varies depending on what 

it is "filled" with (e.g., glass, asbestos, etc.). The values for 
"unfilled" phenolic are chosen since it is the weakest.  

PE 3.8 x 105 rads 2 x 107 rads 
PVC 1 x 105 rads 2 x 107 rads 
Butyl 7 x 105 rads 5 x 106 rads 
SR 1 x 106 rads 3 x 106 rads 
Hypalon 5 x 105 rads 2 x 106 rads 
Nylon 5 x 105 rads 2 x 106 rads The values used here are for the most common (general 

purpose) formulation of nylon.  

Polyalkene No data No data No data could be obtained for polyalkene. However, the 
material was tested and is described as "irradiation cross
linked polyalkene," which means that the material is 
subjected to radiation as part of the manufacturing process 
(similar to irradiation cross-linked polyethylene, commonly 
known as XLPE). Since the irradiation process is used to 
strengthen the material, it is assumed that it has a relatively 
high resistance to radiation after the manufacturing process.  

AVA None None AVA is a code for impregnated asbestos and varnished 
cambric insulation covered by asbestos braid or glass.  
Asbestos is a mineral and is not affected by radiation.  

Fiberglass None None Fiberglass is spun glass and is not affected by radiation 
(except for some change in color).  
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Table 3.6-6 Temperature Data for Insulated Cable And Connection Materials 

Maximum Activation 
Insulation Temperature for Energy "b" Endpoint 

60-Year Life (M), eV 

SR 273 0 F (133.9 0 C) 1.81 -16.69 50% Retention-of-Elongation 

Kapton 248 0 F (120.0oC) 3.916 -43.208 Failure 

Phenolic 220.50 F (104.7 0 C) 1.37 -12.14 50% Retention of Impact Strength 

Polyalkene 189 0 F (87.2 0 C) 1.11 -9.79 Mean-Time-To-Failure 

XLP, XLPE, Vulkene, 188.1oF (86.7 0 C) 1.35 -13.19 60% Retention-of-Elongation 
FR-XLPE 

Kerite-HTK 185.4oF (85.2 0 C) 1.07 -9.33 20% Retention-of-Elongation 

EP, EPR, EPDM, 154.9 0 F (68.3oC) 1.10 -10.51 40% Retention-of-Elongation 
FR-EPR 

Hypalon 154oF (67.8 0C) 1.14 -11.13 50% Elongation 

PE 131 0 F (55.0 0 C) 1.14 -12.37 T7 5 Induction Period 

Nylon 129.9 0 F (54.4oC) 0.84 -7.44 28% Retention of Tensile Strength 

Butyl 125.1 0 F (51.7 0 C) 1.10 -11.34 40% Retention-of-Elongation 

PVC 11 1.90 F (44.4oC) 0.99 -10.00 Mean-Time-To-Failure 

Fiberglass Does not age from heat. -

AVA No Data [Footnote 1] No Data No Data No Data 

1. AVA is a code for impregnated asbestos and varnished cambric insulation covered by asbestos braid or 
glass. It is rated for a maximum operating temperature of 2300 F (1 100 C) for use in dry locations only.  
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3.7 AGING EFFECTS FOR STRUCTURAL COMPONENTS 

3.7.1 DESCRIPTION OF THE PROCESS TO IDENTIFY THE APPLICABLE AGING EFFECTS 
FOR STRUCTURAL COMPONENTS 

Structural components that are within the scope of license renewal and require aging 
management review are identified in Section 2.7. Their intended functions also are 
identified in Section 2.7.  

The process to determine the aging effects applicable to structural components begins 
with an understanding of the potential aging effects defined in industry literature. From 
this set of potential aging effects, the component materials, operating environment and 
operating stresses serve to determine the applicable aging effects for each component 
subject to aging management review. These applicable aging effects are then validated by 
a review of industry and Oconee operating experience to provide reasonable assurance 
that the full set of applicable aging effects are established for the aging management 
review. This process is described more fully in Section 3.2 of OLRP-1001. To facilitate 
the identification of applicable aging effects, structural components have been grouped as 
follows: 

* Concrete Structural Components 
* Steel Structural Components in an Air Environment 
* Steel Structural Components in a Fluid Environment 
* Fire Barriers 

Section 3.7.2 provides the determination of applicable aging effects for each of these 
categories. Sections 3.7.3 through 3.7.10 identify the applicable aging effects on a 
structure-by-structure basis, incorporating the information provided in Section 3.7.2 as 
appropriate. The tables at the end of Section 3.7 summarize the applicable aging effects 
for each structural component.  

3.7-1 
Revision 2 

Volume Il.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

3.7.2 APPLICABLE AGING EFFECTS FOR STRUCTURAL COMPONENTS 

3.7.2.1 Applicable Aging Effects for Concrete Structural Components 
Concrete structural components are identified in Section 2.7 of OLRP-1001. As an aid to 
the reader, the types of concrete structural components that are subject to aging 
management review are repeated here and include: 

* Anchorage (in concrete) 
Embedments (in concrete) 

* Equipment Pads 
* Flood Curbs 
* Foundation Dowels 
* Foundations 
* Hatches 
* Masonry Block and Brick Walls 
* Missile Shields 
* Pipe Piles 
* Reinforced Concrete Beams, Columns, Floor Slabs, and Walls 
* Roof Slabs 
* Sumps 
* Trenches 

The review to identify the applicable aging effects for concrete structural components 
considers the following potential aging effects, which have been identified by reviewing 
available industry literature: 

* Loss of material due to abrasion and cavitation, aggressive chemicals, corrosion of 
embedded steel and rebar, elevated temperature, or freeze-thaw. Loss of material 
includes scaling, spalling, pitting, and erosion; 

* Cracking due to elevated temperature, fatigue, freeze-thaw, reaction with aggregates, 
shrinkage, or settlement; 

* Change in material properties due to aggressive chemical attack, elevated 
temperature, irradiation embrittlement, or leaching of calcium hydroxide. Change in 
material properties is manifested in concrete components as increased permeability, 
increased porosity, reduction in pH, reduction in tensile strength, reduction in 
compressive strength, reduction in modulus of elasticity, and reduction in bond 
strength.  
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Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment. Section 
3.7.2.1.1 describes the ambient environments that concrete structural components are 
exposed to at Oconee. Sections 3.7.2.1.2 through 3.7.2.1.7 describe the results when the 
process is applied to concrete structural components at Oconee.  

3.7.2.1.1 SERVICE ENVIRONMENTS 
Concrete structural components are exposed to different service environments depending 
on their location. Below grade portions of the structures are exposed to back fill and 
groundwater. The groundwater chemistry is relevant in the determination of the 
degradation of below grade concrete components.  

External surfaces of structures are exposed to the ambient environment. Oconee is 
located in a rural environment and is not located near major industrial plants or any body 
of saltwater. The end result is that Oconee concrete structures are not exposed to sulfate 
or chloride attack.  

Internal portions of the structures and their components are exposed to internal 
environments which protect them from external weather and temperature changes. These 
internal environments may be controlled, such as in the control room of the Auxiliary 
Building, where the temperature and humidity are relatively mild. Other areas, such as 
some interior parts of the Turbine Building and Reactor Building, are exposed to higher 
temperatures, humidity, and radiation (Reactor Building). These variables play a major 
role in the potential degradation of the components located within these environments.  

External portions of the Intake Structure and the Keowee Structures are exposed to the 
waters of Lake Keowee. The chemistry of the waters of Lake Keowee is relevant in the 
determination of the degradation of these structures.  

Additional information on the environmental conditions at Oconee is provided in 
Section 3.2 of OLRP-1001.  
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3.7.2.1.2 LOSS OF MATERIAL ASSESSMENT 

As water moves over a concrete surface, it can carry abrasive materials or it can create a 
negative pressure (vacuum) that can cause abrasion and cavitation. If significant amounts 
of concrete are removed by either of these processes, pitting or aggregate exposure occurs 
due to loss of cement paste. These degradations are readily detected by visual 
examination in accessible locations. Loss of material due to abrasion and cavitation is 
not an applicable aging effect for the Oconee concrete structures and components which 
are not exposed to continuously flowing water. Below-grade surfaces with exposure to 
ground water also are not affected, since any flow of groundwater is negligible and unable 
to cause significant abrasion and cavitation effects.  

Loss of material due to abrasion and cavitation is an applicable aging effect for concrete 
structures and components which are exposed to continuously flowing water. The Intake 
Structure and the Keowee Structures are the only structures that are exposed to flowing 
water. Therefore, loss of material due to abrasion is an applicable aging effect for the 
Intake Structure and the Keowee Intake Structure, Penstock, and Spillway.  

Repeated cycles of freezing and thawing can alter both the mechanical properties and 
physical form of the concriee, thus affecting the structural integrity of the component.  
Surfaces exposed to weather that can become saturated with water and freeze are 
vulnerable to freeze-thaw degradation [Reference 3.7-1]. Freeze-thaw damage starts at 
the surface and is readily detected by surface inspections. The resistance of the concrete 
to freeze-thaw is dependent on the amount of entrained air, permeability of the concrete 
to water penetration, and protection of concrete from freeze-thaw until adequate strength 
has developed [Reference 3.7-2]. For damage to occur by freezing of absorptive coarse 
aggregates, the aggregate must be saturated. Saturation can only occur when water is 
available from an outside source. Freeze-thaw damage typically occurs on relatively flat 
concrete surfaces such as pavement, where water can remain in contact with the concrete.  

In general, loss of material due to freeze-thaw is not an applicable aging effect of concrete 
structures at Oconee due to their material of construction. However, the concrete in the 
Intake Structure and the Keowee Structures may become saturated and could be 
susceptible to freeze-thaw. Therefore, loss of material due to freeze-thaw is an applicable 
aging effect for the Intake Structure and the Keowee Intake Structure, Penstock, and 
Spillway.  

3.7-4 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

3.7.2.1.3 CRACKING ASSESSMENT 

Fatigue is a common degradation of structural members produced by periodic or cyclic 
loadings that are less than the maximum allowable static loading. Fatigue results in 
progressive, localized damage to structural materials. Two types of fatigue exist for 
structural components. The first type is low-cycle fatigue, which is a low frequency 
(<100 cycles for concrete structures and <1 x 105 for steel structures) of high-level 
repeated loads due to abnormal events such as earthquakes or design basis winds. The 
localized fatigue damage caused by such loading may not occur or may occur only a few 
times during the service life of a structure. The other type of fatigue is high-cycle fatigue, 
which is a high frequency of low-level, repeated loads such as equipment vibration.  
Fatigue is not an issue for any concrete structures and components, other than equipment 
pads, because the concrete components are not exposed to cyclical loadings. Cracking 
due to fatigue is an applicable aging effect for equipment pads and needs to be managed 
for the extended period of operation.  

Cracking due to freeze-thaw is an applicable aging effect for the Intake Structure and 
Keowee Intake Structure, Penstock and Spillway since they may become saturated and 
could be susceptible to freeze-thaw. Cracking due to freeze-thaw would lead to loss of 
material (See discussion in Section 3.7.2.1.2).  

Cracking of masonry block walls can be caused by shrinkage, loading effects or 
deflection of supporting structures. Shrinkage and cracking of masonry block walls is 
generally small and occurs at block joints in the earlier stages of plant operation.  
Cracking could reduce the structural strength of the wall. Corrosion of embedded or 
reinforcing steel may occur as a result of moisture and oxygen intrusion through the 
cracks.  

In response to IE Bulletin 80-11, Oconee inspected and analyzed all safety-related 
masonry walls. The inspections took place in the early 1980's, over ten years after the 
walls were installed. Any cracks that affected structural integrity were identified in the 
inspections and addressed in the analysis. In reinforced walls, the reinforcement limits 
the crack size and propagation. In unreinforced walls, the potential for crack propagation 
is significant. Therefore, cracking is considered an applicable aging effect for 
unreinforced masonry walls.  

3.7.2.1.4 CHANGE IN MATERIAL PROPERTIES ASSESSMENT 

Water, either from rain or melting snow, that contains small amounts of calcium ions can 
readily dissolve calcium compounds in concrete when it passes through cracks, 
inadequately prepared construction joints, or areas inadequately consolidated during 
placing. The most readily soluble calcium compound is calcium hydroxide (lime). The 
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aggressiveness or affinity of water to leach calcium hydroxide depends on its dissolved 
salt content and its temperature. Since leaching, occurs when water passes through the 
concrete, structures that are subject to flowing liquid, ponding, or hydraulic pressure are 
more susceptible to degradation by leaching than those structures that water merely 
passes over. When calcium hydroxide is leached away, other cementitious constituents 
become exposed to chemical decomposition, eventually leaving behind silica and alumina 
gels with little or no strength. Leaching over a long period of time increases the porosity 
and permeability of concrete, making it more susceptible to other forms of aggressive 
attack and reducing the strength of concrete. Leaching also lowers the pH of concrete and 
threatens the integrity of the exterior protective oxide film of rebar.  

Resistance to leaching and efflorescence can be enhanced by using concrete with low 
permeability. A dense concrete with a suitable cement content that has been well cured is 
less susceptible to calcium hydroxide loss from percolating water because of its low 
permeability and low absorption rate. The Oconee concrete structures and components 
are designed in accordance with American Concrete Institute ACI 318-63 
[Reference 3.7-3]. They are constructed in accordance with ACI 301 [Reference 3.7-4], 
using ingredients conforming to ACI and ASTM standards which provide a good quality, 
dense low permeability concrete. Therefore, change in material properties due to 
leaching is not an applicable aging effect for the Oconee concrete structural components.  

Leaching is applicable to the Keowee Intake Structure, Penstock, Spillway and 
Powerhouse especially along expansion joints in the spillway. Leaching has been 
identified during inspections of Keowee structures. Therefore, change in material 
properties due to leaching is an applicable aging effect for the Keowee Intake Structure, 
Penstock, Spillway and Powerhouse.  
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3.7.2.1.5 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were reviewed in this survey: 

* NUREG-1522, Assessment of Inservice Conditions of Safety-Related Nuclear Plant 
Structures 

* NUREG/CR-3604, Bolting Applications 
* NUREG/CR-6424, Report on Aging of Nuclear Power Plant Reinforced Concrete 

Structures 
* IE Bulletin 80-11, Masonry Wall Design 
* IN 87-65, Plant Operation Beyond Analyzed Conditions 
* IN 87-67, Lessons Learned from Regional Inspections of Licensee Actions in 

Response to IE Bulletin 80-11 
* IN 92-42, Fraudulent Bolts in Seismically Designed Walls 

No additional aging effects were identified from this review beyond those identified in 
this section.  

3.7.2.1.6 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for concrete components. This review included a survey of any documented 
instances of component aging along with interviews with responsible engineering 
personnel. The review identified several cracks. As example, in November 1996, a crack 
in an Oconee Auxiliary Building floor was discovered during operator rounds. The crack 
was determined to be the result of slab shrinkage during initial concrete placement. All 
cracks were evaluated and it was determined that these types of cracks in reinforced 
concrete structures, other than Reactor Building Containment, would not result in loss of 
function. No additional aging effects were identified from this review beyond those 
identified in this section.  
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3.7.2.1.7 CONCLUSION 
As a result of the review of industry information, NRC generic communications, and 
Oconee operating experience, Duke did not observe any additional aging effects beyond 
those discussed in this section. Therefore, the applicable aging effects that could result in 
loss of function of concrete structural components are: 

* Loss of material from concrete structural components due to abrasion and freeze-thaw 
at the Intake Structure and Keowee Intake Structure, Penstock and Spillway 

* Cracking of equipment pads due to fatigue 
* Cracking of unreinforced masonry block and brick walls 
* Change in material properties due to leaching for the Keowee Intake Structure, 

Penstock, Spillway and Powerhouse.  

The applicability of these aging effects to each Oconee structure is provided in Sections 
3.7.3 through 3.7.10.  

3.7-8 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

3.7.2.2 Applicable Aging Effects for Steel Structural Components in an Air 
Environment 

Steel structural components in an air environment are identified in Section 2.7 of 
OLRP-1001. As an aid to the reader, the types of steel structural components in an air 
environment that are subject to aging management review are repeated here and include: 

* Anchorage and Embedments (exposed surfaces) 
* Battery Racks 
* Cable Tray 
* Conduit 
* Cable Tray and Conduit Supports 
* Checkered Plate 
* Control Boards 
* Control Room Ceiling 
* Crane Rails and Girders 
* Electrical and Instrument Panels and Enclosures 
* Elevated Water Storage Tank (Exterior) 
* Equipment Component Supports 
* Expansion Anchors 
* Flood, Pressure, and Specialty Doors 
* HVAC Duct Supports 
* Instrument Line Supports 
* Instrument Racks and Frames 
* Lead Shielding Supports 
* Metal Siding 
* Piles 
* Pipe Supports 
* Stairs, Platform, Grating Supports 
* Structural Steel Beams, Columns, Plates and Trusses 
* Sump Screens 
* Transmission Towers 
* Unit Vent Stack 
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The review to identify the applicable aging effects for steel structural components in an 
air environment considers the following potential aging effects, which have been 
identified by reviewing available industry literature: 

* Loss of material due to general corrosion 
* Cracking due to fatigue or stress corrosion 
* Change in material properties due to elevated temperature or irradiation embrittlement 

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environments.  
Section 3.7.2.2.1 describes the ambient environments to which steel structural 
components in air are exposed at Oconee. Sections 3.7.2.2.2 through 3.7.2.2.7 describe 
the results when the process is applied to steel components in air at Oconee.  

3.7.2.2.1 ENVIRONMENT 
Steel structural components within the scope of Section 3.7 are exposed to different 
service environments depending on their location. Additional information on the 
environmental conditions at Oconee is provided in Section 3.2 of OLRP-1001.  

3.7.2.2.2 LOSS OF MATERIAL ASSESSMENT 
Loss of material in steel structural components may be caused by corrosion of the steel.  
Steel components at Oconee are typically coated. Degradation or damage to coating 
systems could, under aggressive environmental conditions, lead to local corrosion attack 
of the steel components. Once moisture and oxygen penetrate the coating to the base 
metal, local corrosion could result and spread under the coating system, eventually lifting 
the coating and exposing large areas to corrosion. For exposed steel structural 
components, loss of material due to corrosion is an applicable aging effect if the coatings 
are not maintained. If corrosion is allowed to degrade the steel components for an 
extended period of time, loss of material could affect the capability of the component to 
fulfill its intended function.  

Metal housing systems, such as electrical panels, cabinets, etc., constructed of painted or 
galvanized sheet metal do not have a tendency to age with time [Reference 3.7-5].  
Industry operating experience with metal housing systems indicates that they have 
performed without failure to the present [References 3.7-6 and 3.7-7]. Therefore, loss of 
material due to corrosion is not an applicable aging effect for control boards and electrical 
panels and enclosures.  
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Cable tray is constructed of galvanized sheet metal similar to metal housings and located 
in the same environment; therefore, cable tray would age similarly to the metal housings.  
Industry operating experience does not identify any aging effects for cable tray systems.  
Deficiencies which were identified were either event driven or were design/installation 
deficiencies. Therefore, loss of material due to corrosion is not an applicable aging effect 
for cable tray.  

Steel components which are not coated (such as the inside of the Polar Crane girders) are 
susceptible to corrosion due to moisture in the atmosphere and need to be inspected.  
Corrosion is not applicable for components which are coated. Where there is a loss of 
coating, the component is susceptible to corrosion. Therefore, loss of material due to 
corrosion is an applicable aging effect where there is loss of the protective coating.  

3.7.2.2.3 CRACKING ASSESSMENT 
Stress corrosion cracking of steel occurs under tensile stresses, either applied (external) or 
residual (internal), in the presence of a corrosive environment. Three parameters are 
required for stress corrosion cracking to occur: (1) a corrosive environment, (2) a 
susceptible material, and (3) tensile stresses. Stress corrosion cracking is a phenomenon 
that occurs in sensitized stainless steels, but becomes significant only if tensile stress and 
a corrosive environment exist. Corrosive environments containing sodium hydroxide, 
seawater, nitrate solutions, sulfuric acids or aggressive groundwater (chlorides > 500ppm, 
sulfates > 1500ppm) are not present at Oconee. The internal environments of the Oconee 
structures do not contain aggressive chemicals under normal operating conditions.  
Therefore, the conditions necessary for stress corrosion cracking to occur do not exist for 
the steel components at Oconee. With the exception of high strength bolting (discussed 
below), stress corrosion cracking is not an applicable aging effect.  

Industry experience has shown that high strength bolting (i.e., bolting with yield strength 
greater than 150 ksi) installed in Reactor Coolant System supports could be susceptible to 
stress corrosion cracking in humid environments like the Reactor Building. The key 
factors include high-strength materials, moist environments, and a high level of sustained 
tensile stress. Two types of high strength bolting that were used in anchor bolt 
applications at Oconee are ASTM A325 and ASTM A490. Specifically, the ASTM A490 
bolts were used in reactor vessel support skirt and the steam generator support skirt.  
Other Reactor Coolant System support high strength bolting applications used 
ASTM A325 bolts. ASTM A325 bolts are excluded from the review for stress corrosion 
cracking failure, because the specified minimum yield strength is less than 150 ksi and no 
recorded failures have been identified in similar applications. ASTM A490 bolts have 
failed in similar applications in nuclear power plants due to stress corrosion cracking.  
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The failures resulted from either improper heat treatment or the combination of high 
preload and the borated water environment.  

Cracking of the bolting could result in insufficient support of the component. Therefore, 
based on industry experience, Duke concludes that cracking due to stress corrosion is an 
applicable aging effect for the high strength bolting used in the steam generator support 
skirt and the reactor vessel support skirt.  

3.7.2.2.4 CHANGE IN MATERIAL PROPERTIES ASSESSMENT 

Change in material properties due to elevated temperatures or irradiation embrittlement 
was determined not to be an applicable aging effect for steel structural components.  

3.7.2.2.5 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were identified in this survey: 

* IE Bulletin 79-02, Pipe Support Base Plate Designs Using Concrete Expansion 
Anchor Bolts, Revissut. 1, Supplement 1 and Revision 2 

* GL 80-47, Additional Guidance on "Potential for Low Fracture Toughness and 
Lamellar Tearing on PWR Steam Generator and Reactor Coolant Pump Supports" 

* GL 87-02, Implementation of Guidance From Unresolved Safety Issue A-12, 
"Potential for Low Fracture Toughness and Lamellar Tearing on Component 
Supports, " November 26, 1980 

* IE Bulletin 74-03, Failure of Structural or Seismic Support Bolts on Class I 
Components 

* IE Bulletin 74-03, Supplement, Failure of Structural or Seismic Support Bolts on 
Class I Components 

* IN 80-36, Failure of Steam Generator Support Bolting 
* IN 92-69, Water Leakage from Yard Area Through Conduits into Buildings 
* NUREG CR-2952, Preloading of Bolted Connections in Nuclear Reactor Component 

Supports 
* NUREG-0612, Control of Heavy Loads at Nuclear Power Plants: Resolution of 

Generic Technical Issue A-36 
* GL 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 

Components in PWR Plants 
* IN 89-77, Debris in Containment Emergency Sumps and Incorrect Screen 

Configurations, and Supplement 1 
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No additional aging effects were identified from this review beyond those identified in 
this section.  

3.7.2.2.6 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for steel components in air. This review included a survey of any documented 
instances of component aging along with interviews with responsible engineering 
personnel. Oconee operating experience has identified loss of material of cable trays due 
to boric acid corrosion in the Reactor Building. Therefore, loss of material due to 
corrosion is an applicable aging effect for cable tray in the Reactor Building. Loss of 
material due to corrosion is not an applicable aging effect for cable tray in other Oconee 
structures. No additional aging effects were identified from this review beyond those 
identified in this section.  

3.7.2.2.7 CONCLUSION 
Based on a review of industry information, NRC generic communications, and Oconee 
operating experience, Duke did not observe additional aging effects beyond those 
discussed in this section. The applicable aging effects that could result in loss of function 
of the steel structural components in an air environment are: 

* Loss of material due to corrosion when the component is not coated 
* Cracking due to stress corrosion of high strength bolting used in steam generator 

support skirt and the reactor vessel support skirt 

The applicability of these aging effects for each Oconee structure is provided in 
Sections 3.7.3 through 3.7.10 that follow.  
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3.7.2.3 Applicable Aging Effects for Steel Components in a Fluid Environment 

Steel structures and structural components in a fluid environment are identified in 
Section 2.7 of OLRP-1001. As an aid to the reader, the types of steel structures and 
structural components in a fluid environment that are subject to an aging management 
review are repeated here and include: 

* Elevated Water Storage Tank (Interior) 
* Equipment Component Supports 
* Fuel Transfer Canal Liner Plate 
* Spent Fuel Pool Liner Plate 
* Spent Fuel Storage Racks 
* Structural Steel and Plates 
* Trash Racks and Screens 

The review to identify the applicable aging effects for structural components in a fluid 
environment considers the following potential aging effects, which have been identified 
by reviewing available industry literature: 

* Loss of material due to crevice corrosion, galvanic corrosion, general corrosion, 
erosion and erosion-corrosion, microbiologically induced corrosion, or pitting 
corrosion 

* Cracking due to fatigue, hydrogen damage, intergranular attack, or stress corrosion 
* Change in material properties due to thermal embrittlement or irradiation 

embrittlement 

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment. Section 
3.7.2.3.1 describes the ambient environments to which steel components in fluid are 
exposed at Oconee. Sections 3.7.2.3.2 through 3.7.2.3.6 describe the results when the 
process is applied to steel components in fluid at Oconee.  

3.7.2.3.1 ENVIRONMENT 
Steel structures and components in fluid and within the scope of Section 3.7 are exposed 
to different service environments depending on their location. Steel structures and 
structural components in fluid may be located either in the waters of Lake Keowee or in a 
borated water environment. The results of chemical analyses of water from Lake Keowee 
are provided in Section 3.2 of OLRP-1001.  
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The borated water environment is associated with the spent fuel pool. The spent fuel pool 
contains an oxygen-saturated borated water environment with a concentration of 
approximately 1800 ppm boron. The spent fuel pool is designed with a clean up system 
that removes corrosion products, fission products, and other debris. Water quality is 
monitored and controlled on a regular basis by checking the chemical concentrations 
(e.g., chloride, fluoride, boron), pH, and other parameters. The normal pool water 
temperature is 120oF, and the Oconee UFSAR limits pool temperature to 183oF. Heat 
generated by the spent fuel is removed by a pool cooling system (See Section 2.5.6 of 
OLRP-1001).  

3.7.2.3.2 LOSS OF MATERIAL ASSESSMENT 

General corrosion is the result of a chemical or electro-chemical reaction between a 
material and an aggressive environment. General corrosion is normally characterized by 
uniform attack resulting in material dissolution and, in some cases, corrosion product 
buildup. At ordinary temperatures and in neutral or near-neutral media, oxygen and 
moisture are the basic requirements for the corrosion of iron. Both oxygen and moisture 
must be present, because oxygen alone or water free of dissolved oxygen does not corrode 
to any practical extent.  

Carbon steel and low-alloy steels are susceptible to corrosion in systems using raw or 
untreated waters. Corrosion products consisting of hydrated oxides of iron (rust) form on 
exposed, unprotected surfaces of the steel. Corrosion of structural steel would be visible 
in accessible areas. Loss of material due to general corrosion is an applicable aging effect 
for the Intake trash racks and screens, the elevated water storage tank, Intake equipment 
component supports, and the Keowee structural steel and plates.  

Microbiologically induced corrosion (MIC) occurs under the influence of micro
organisms. Micro-organisms are usually classified according to their ability to grow in 
the presence or absence of oxygen. Aerobic organisms grow in nutrient mediums 
containing dissolved oxygen. Anaerobic organisms grow most favorably in environments 
containing little or no oxygen. Selected aerobic organisms produce sulfuric acid by 
oxidizing sulfur or sulfur-bearing compounds. Selected anaerobic organisms reduce 
sulfate to sulfide ions, which influences both anodic and cathodic reactions on iron 
surfaces. MIC could occur in carbon steel and low-alloy steel, particularly under deposits 
and in crevices. Buildup of slime and bacteria in crevices could lead to MIC, despite high 
fluid flow rates. Therefore, loss of material due to MIC is an applicable aging effect for 
carbon and low-alloy steel in raw water for the Intake trash racks and screens, the 
elevated water storage tank, Intake equipment component supports, and the Keowee 
structural steel and plates.  
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Pitting corrosion is an aggressive corrosion mechanism that is more common with passive 
materials such as wrought austenitic stainless steels. Pitting corrosion attacks the passive 
films in localized areas. Once a pit penetrates the passive film, galvanic conditions occur 
because the metal in the pit is anodic relative to the passive films. With stagnant or low 
fluid flow conditions, impurities such as halides and sulfates remain in the pit and 
dissolution of the metal continues. Pitting corrosion can be inhibited by maintaining an 
adequate fluid flow rate, thus preventing impurities from adhering to the material surface.  
Low flow for carbon steel in raw water is defined to be < 3 fps. The Intake trash racks 
and screens, the elevated water storage tank, Intake equipment component supports, and 
the Keowee structural steel and plates are exposed to stagnant or low flow conditions; 
therefore, loss of material due to pitting corrosion is an applicable aging effect for the 
Intake trash racks and screens, the elevated water storage tank, Intake equipment 
component supports, and the Keowee structural steel and plates.  

Oxygen levels in the fluid above 100 ppb are required to initiate pitting in wrought 
austenitic stainless, and some form of impurity -- such as chlorides, fluorides, or 
sulfates -- is required to continue dissolution of the material. Stagnant or low flow 
conditions that enable the impurity to adhere to the metal surface are also required for 
pitting corrosion to occur. Pitting corrosion is an applicable aging effect for stainless 
steel in a borated water environment where chloride levels exceed 150 ppb in oxygenated 
stagnant and low flow areas.  

3.7.2.3.3 CRACKING ASSESSMENT 

In a sensitized condition, as in the heat-affected zones of a weld and base metal, stainless 
steel may develop stress corrosion cracking under certain environmental conditions.  
Environmental effects play a large part in causing stress corrosion cracking in these 
sensitized areas. One of the most aggressive contributors to stress corrosion cracking is 
the dissolved oxygen concentration. The stainless steel structural components used in a 
fluid environment at Oconee are exposed to an oxygenated environment. At higher 
temperatures (T > 200oF), dissolved oxygen creates an aggressive environment that can 
lead to stress corrosion cracking of stainless steel. Exposure to temperatures less than 
200oF eliminates oxygen as an aggressive environmental factor, and stress corrosion 
cracking is not an applicable aging effect for the stainless structural materials.  
Temperatures in the spent fuel pool environment are limited to 183oF. The sump liners 
are also not exposed to temperatures that exceed 200'F. Therefore, temperature does not 
play a role in cracking due to stress corrosion cracking of the stainless steel components 
in the borated water environment.  

Also important are the chloride and sulfate levels in the borated water. In a borated water 
environment, regardless of temperature and dissolved oxygen, if chloride levels are 
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greater than 150 ppb, stress corrosion cracking of austenitic stainless steel is an applicable 
aging effect, especially for the welds and heat-affected zone. The degree of sensitization 
to stress corrosion cracking is dependent on metal composition. For example, Type 304L 
stainless steel is relatively immune to intergranular stress corrosion cracking in borated 
water environments. This relative immunity due to the low carbon content (0.03% 
maximum) for Type 304L results in sensitization levels during welding so low that heat 
affected zones of the Type 304L are resistant to intergranular stress corrosion cracking in 
borated water environments. In addition to chlorides, sulfates may induce stress 
corrosion cracking at the welds and heat affected zones of the base metal. Cracking could 
occur where sulfates routinely exceed 100 ppb. Cracking due to stress corrosion is an 
applicable aging effect for stainless steel in an oxygenated borated water environment 
where chlorides and sulfates exceed the concentration limits defined above, or where 
temperatures routinely exceed 200'F.  

3.7.2.3.4 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were identified in this survey: 

* NUREG-1522, Assessment of Inservice Conditions of Safety-Related Nuclear Plant 
Structures 

* GL 89-13, Service Water System Programs Affecting Safety-Related Equipment 

No additional aging effects were identified from this review beyond those identified in 
this section.  

3.7.2.3.5 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects. This review included a survey of any documented instances of component aging 
along with interviews with responsible engineering personnel. No additional aging 
effects were identified from this review beyond those identified in this section.  
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3.7.2.3.6 CONCLUSION 

In its review of industry information, NRC generic communications, and Oconee 
operating experience, Duke did not observe any additional aging effects beyond those 
discussed in this section. Therefore, the applicable aging effects that could result in loss 
of function of the steel structural components in a fluid environment are: 

* Loss of material for uncoated carbon steel in a raw water environment 
* Loss of material for stainless steel in a borated water environment 
* Cracking of stainless steel in a borated water environment 

The applicability of these aging effects to each Oconee structure is addressed in 
Sections 3.7.3 through 3.7.10 that follow.  
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3.7.2.4 Applicable Aging Effects for Fire Barriers 

Fire barriers are identified in Section 2.7.2.4 of OLRP-1001. As an aid to the reader, the 
types of fire barriers that are subject to an aging management review are repeated here 
and include: 

* Fire Doors (applicable aging effects are discussed in Section 3.7.2.2) 
* Fire Walls (applicable aging effects are discussed in Section 3.7.2.1) 
* Fire Barrier Penetration Seals 

The review to identify the applicable aging effects for fire barrier penetration seals 
considers the following potential aging effects, which have been identified by reviewing 
available industry literature: 

* Loss of material due to flaking 
* Cracking due to vibration, movement, or shrinkage 
* Change in material properties due to irradiation 
* Separation due to vibration, movement, or shrinkage 

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment. Section 
3.7.2.4.1 describes the ambient environments to which fire barriers are exposed at 
Oconee. Sections 3.7.2.4.2 through 3.7.2.4.6 describe the results when the process is 
applied to fire barriers at Oconee.  

3.7.2.4.1 ENVIRONMENT 
Fire barrier penetration seals are located throughout the plant in a variety of 
environments. Located inside plant buildings, the fire barrier penetration seals are 
exposed to the ambient environment within each location. The internal environments of 
these structures may be controlled, such as in the control room of the Auxiliary Building, 
where the temperature and humidity are relatively mild. Other areas, such as some 
interior parts of the Turbine Building and Reactor Building, are exposed to higher 
temperatures, humidity, and radiation (Reactor Building). These variables play a major 
role in the potential degradation of the components located within this environment.  
Additional information on the environmental conditions at Oconee is provided in 
Section 3.2 of OLRP-1001.  
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3.7.2.4.2 CRACKING ASSESSMENT 

Vibration of an item adjacent to, attached to, or penetrating a fire barrier penetration seal 
may cause cracking or delamination of the fire barrier penetration seal material over time.  
Cracking as a potential aging effect will most likely appear in grout, caulk, putty, and 
cementious fire resistant materials such as Firewall 50 / Monokote and Pyrocrete.  
Delaminations may occur in fire barrier penetration seals constructed of silicone foam and 
Pyrocrete. These degradations may reduce the fire resistance of the material and may 
result in inadequate protection. Therefore, cracking and delamination due to vibration is 
an applicable aging effect for the fire barrier penetration seals.  

The differential movement of an item penetrating the fire barrier penetration seal may 
cause cracking of the fire barrier penetration seal or separation of the barrier and 
penetration seal assembly. Therefore, cracking due to movement is an applicable aging 
effect for fire barrier penetration seals.  

Shrinkage may occur over time where fire barrier penetration seal material comes in 
contact with pipe surfaces. Shrinkage has been observed with silicone foam seal material.  
Shrinkage may also occur due to loss of hydration, and has been observed in Firewall 50.  
Therefore, cracking and delamination due to shrinkage is an applicable aging effect for 
fire barrier penetration seals.  

3.7.2.4.3 SEPARATION 

Separation is the destruction of the adhesion between a fire barrier material and adjacent 
surface. Separation is associated with fire barrier penetration seals where material 
separation creates a gap, allowing contact of separate fire zones. The aging mechanisms 
that could cause separation in fire barrier penetration seals are vibration, movement and 
shrinkage.  

Vibration of the protected commodity may cause separation (disbondment) of fire barrier 
penetration seal material over time. Separation will most likely appear in fire barrier 
penetration seals used to close gaps between fire zones. Because of the elastomeric 
properties, vibration of an item penetrating a Nelson Multi-Cable Transit will not cause 
separation.  

The differential movement of an item penetrating the fire barrier penetration seal could 
cause separation of the barrier and fire barrier penetration seal assembly. Therefore, 
separation due to movement is an applicable aging effect for fire barrier penetration seals.  
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Shrinkage could occur over time where fire barrier penetration seal material comes in 
contact with pipe surfaces. This has been observed with silicone foam seal material.  
Shrinkage also could occur due to loss of hydration, and has been observed in Firewall 
50. Therefore, separation due to shrinkage is an applicable aging effect for fire barrier 
penetration seals. Separation due to shrinkage is not an applicable aging effect for Nelson 
Multi-Cable Transits.  

3.7.2.4.4 INDUSTRY EXPERIENCE 

In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. No 
documents that involve aging effects of fire barriers were identified in this survey.  

3.7.2.4.5 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects. This review include a survey of any documented instances of component aging 
along with interview with responsible engineering personnel. Previous Oconee fire 
barrier inspections were also reviewed to determine if there were any aging effects which 
should be considered for the period of extended operation. Inspections have identified 
deficiencies associated with installation problems and missing tag numbers for fire barrier 
penetration seals. No deficiencies associated with aging of fire barrier penetration seals 
were identified. No additional aging effects were identified from this review beyond 
those identified in this section.  

3.7.2.4.6 CONCLUSION 
Based upon the review of industry information, NRC generic communications, and 
Oconee operating experience, Duke determined that no additional aging effects beyond 
those evaluated in Section 3.7.2.4 are applicable to Oconee fire barrier penetration seals.  
The applicable aging effects that could result in loss of function of Oconee fire barrier 
penetration seals are: 

* Cracking 
* Separation 

The applicability of these aging effects for each Oconee structure is provided in 
Sections 3.7.3 through 3.7.10 that follow.  
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3.7.3 AUXILIARY BUILDING 

Table 2.7-1 of OLRP-1001 identifies the structural components that are located within the 
Auxiliary Building. These structural components include concrete components, steel 
components in an air environment, steel components within a fluid environment, and fire 
barriers. The ambient environment within the Auxiliary Building is described in 
Section 3.2.2 of OLRP-1001. The following is a description of the aging effects 
applicable to the structural components within the Auxiliary Building. The results are 
summarized in Table 3.7-1.  

3.7.3.1 Concrete Components 
Auxiliary Building concrete components are exposed to different service environments 
depending on their location. Below grade portions of the concrete walls and foundation 
are exposed to backfill and groundwater. The groundwater chemistry plays a major role 
in the determination of the degradation of the below grade components. External surfaces 
of the roof and walls above grade are exposed to the external atmospheric environment.  
The concrete components which are located internal to the Auxiliary Buildings are in 
controlled environments, which protect them from external weather and temperature 
changes.  

* The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP-1001. Cracking must be adequately managed so that the 
intended functions listed in Table 2.7-1 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

This applicable aging effect will be managed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Inspection Program for Civil Engineering Structures and Components 

3.7.3.2 Steel Components in Air Environment 
Steel components of the Auxiliary Buildings that are in an air environment are completely 
enclosed within the walls of the buildings and are exposed to an environment where the 
temperature and radiation exposure levels are less than the threshold levels where 
degradation may occur. In addition to the coating which is provided to prevent oxidation 
from occurring, the low relative humidity of the Auxiliary Building ensures that 
oxidation, if it does occur, will progress at a very slow rate.  
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The identification of applicable aging effects for steel components within an air 
environment is described in Section 3.7.2.2 of OLRP-1001. These aging effects must be 
adequately managed so that the intended functions listed in Table 2.7-1 will be 
maintained consistent with the current licensing basis for the period of extended 
operation.  

These applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP- 1001: 

* Battery Rack Inspections (for the battery racks) 
* Crane Inspection Program (for the crane rails and girders) 
* Oconee Inservice Inspection Plan - Examination Category F-A (for Class 1, 2, and 3 

piping and equipment component supports) 
* Inspection Program for Civil Engineering Structures and Components (for other steel 

components) 

3.7.3.3 Steel Components in Fluid Environment 
The Auxiliary Building steel components in fluid environments are the spent fuel pool 
liner, the spent fuel storage racks, and structural steel and plates. All are constructed of 
stainless steel and are exposed to borated water.  

The identification of applicable aging effects for steel components within a borated water 
environment is described in Section 3.7.2.3 of OLRP-1001. These aging effects must be 
adequately managed so that the intended functions listed in Table 2.7-1 will be 
maintained consistent with the current licensing basis for the period of extended 
operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 

Degradation of the Boraflex contained in the spent fuel racks is considered to be a time
limited aging analysis and is evaluated in Section 5.7 of OLRP-1001.  
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3.7.3.4 Fire Barriers 
Auxiliary Building fire barriers include fire walls, fire doors and penetration seals. These 
fire barriers are completely enclosed within the walls of the Auxiliary Building and are 
exposed to an environment where the temperature and radiation exposure levels are less 
than the threshold levels where degradation may occur.  

The applicable aging effect for fire walls is cracking as described in Section 3.7.2.1. The 
applicable aging effect for fire doors is loss of material, as described in Section 3.7.2.2, 
and the applicable aging effects for fire barriers are described in Section 3.7.2.4. These 
aging effects must be adequately managed so that the intended functions listed in 
Table 2.7-1 will be maintained consistent with the current licensing basis for the period of 
extended operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP-1001: 

* Fire Protection Program 
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3.7.4 EARTHEN EMBANKMENTS 

Table 2.7-2 of OLRP-1001 identifies the earthen embankments that are within the scope 
of license renewal and are subject to aging management review for Oconee. These 
earthen embankments include the Intake Canal Dike, the Keowee River Dam, and the 
Little River Dam and Dikes. The following contains a description of the aging effects 
applicable to these structures. The results are summarized in Table 3.7-2.  

3.7.4.1 Applicable Aging Effects 
The review to identify the applicable aging effects for earthen embankments considers the 
following potential aging effects: 

* Loss of material due to erosion 
* Cracking due to settlement or frost heave 
* Change in material properties due to desiccation 

Consistent with the process described in Section 3.2, the applicable aging effects are 
determined by reviewing the materials of construction and ambient environment.  
Sections 3.7.4.1.1 through 3.7.4.4 describe the results when the process is applied to 
earthen embankments.  

3.7.4.1.1 LOSS OF MATERIAL ASSESSMENT 

Loss of material in earthen structures is caused by erosion. Erosion may result from 
wind, rain and surface runoff, subsurface seepage flow, or wave action. During dry 
periods, wind could erode loose surface soil from the earthen embankment. Wind erosion 
is generally limited to earthen embankments that are not provided with good ground 
cover vegetation or riprap. As described in Section 2.7 of OLRP-1001, the Intake Canal 
Dike, Keowee River Dam, and Little River Dam and Dikes are provided with ground 
cover and riprap to protect against loss of material due to wind. Therefore, loss of 
material due to erosion from wind is not an applicable aging effect for the Intake Canal 
Dike, Keowee River Dam, and the Little River Dam and Dikes.  

The energy of rain and subsequent surface runoff could loosen soil particles and scour 
exposed surfaces. Erosion occurs when the loosened soil is carried away by surface 
flows. Topography is a major factor in the erosion process. Steeper topography increases 
the flow of water and results in more erosion. Loss of material due to runoff is 
minimized by good design practices, such as limiting embankment slopes to minimize 
overland flow velocities and providing ground cover vegetation or riprap in areas with 
high fluid velocities and hydraulic jumps. While the dams and dikes at Oconee are 
provided with ground cover and riprap to protect against loss of material due to rain and 
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surface runoff, erosion is an applicable aging effect that needs to be managed for the 
period of extended operation for the Intake Canal Dike, Keowee River Dam, and the 
Little River Dam and Dikes.  

Subsurface flow is caused by water seeping through the soil and forming underground 
soil "pipes." Foundations of all dams could have some seepage under prolonged storage 
conditions. It is important that foundation seepage be controlled or monitored in all areas 
to maintain a stable foundation and dam. Seepage becomes a safety concern when there 
has been any progressive increase in volume of flow and there is evidence of piping of 
solids or removal of soluble materials, when hydrostatic pressure has increased in the 
foundation, or if soft areas have developed in the embankment downstream.  

Progressive seepage can lead to soil piping. Piping is internal erosion of the soil due to 
the velocity of the seeping water which could lead to rapid deterioration of the 
embankment. Indications of subsurface flow include new downhill springs or sudden 
unexplained water level drops, surface cracks, and unexplained settlement. Loss of 
material due to seepage and piping is an applicable aging effect for the Intake Canal Dike, 
Keowee River Dam, and the Little River Dam and Dikes.  

Earthen structures may experience loss of material from wave action adjacent to the shore 
line. This effect is primarily caused by wind blowing across the water surface or by the 
flow of the water. Loss of material could cause a loss of slope stability of the dam and 
dikes due to the undercutting erosion action of the waves. This effect is precluded by 
installation of riprap at the shore line of the Intake Canal Dike, Keowee River Dam, and 
the Little River Dam and Dikes.  

3.7.4.1.2 CRACKING ASSESSMENT 

Cracking of earthen structures may result from settlement and frost heave. Settlement is 
found to some degree in all earthen structures. As the below-surface soil is loaded, it 
settles under the pressure of the overburden. Slowly-decreasing settlement due to 
consolidation is not a serious problem unless the crest camber is lost and the freeboard 
reduced below permissible limit. Typically, most settlement is discovered during or soon 
(generally less than one year) after construction. Sudden or rapid settlement may result 
from seepage through thin or degraded areas of the impermeable soil liner, or if large 
water fluctuations occur where expansive clay was used in the construction of the 
embankment. Differential settlement could cause transverse cracking of the 
embankment. Conditions causing settlement may be detected and corrected with a 
careful periodic inspection program. Cracking due to settlement is an applicable aging 
effect for the Intake Canal Dike, Keowee River Dam, and the Little River Dam and 
Dikes, and must be managed for the period of extended operation.  
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When the daily mean temperature remains below 32 0 F for a period of time, soil moisture 
begins to freeze. As groundwater continues to freeze, earthen structures may experience 
deformation caused by a phenomenon called frost heave. Frost heave is caused by water 
in the soil, which expands approximately 10% when it freezes. Over a period of extended 
cold, frost heave may cause permanent deformation and cracking of an earthen structure.  
However, this effect only occurs in areas with deep frost line with fine grain soils.  
Oconee Nuclear Station is not located in a geographic region where there is a deep frost 
line; therefore, cracking due to frost heave is not an applicable aging effect for Keowee 
River Dam, Little River Dam and Dikes, and the Intake Canal Dike.  

3.7.4.2 Industry Experience 
In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. No 
documents were identified applicable to earthen embankments. Due to the existence of 
dams outside NRC jurisdiction, information on dams in general was also reviewed.  

Previous investigations into the frequency of dam failure indicate that it decreases with 
later years of construction [Reference 3.7-8]. This is generally attributed to 

improvements in the methods of design and construction over time. The age of the dam 
is another factor that has been identified as having an effect on the rate of dam failure.  
Approximately half of the dam failures occur during the first five years of operation 
[Reference 3.7-9].  

Earthen structures have extremely low failure rates. In fact, statistics on dam (earthen and 
concrete) failures, based on the sum of operation years of a regional group of dams, show 
a frequency of one failure every 1500 to 1800 dam years [Reference 3.7-10]. These 
statistics indicate that earthen structures have a natural resistance to aging.  

The Executive Committee of the United States Committee on Large Dams (USCOLD) 
authorized the Dam Safety Committee's Subcommittee on Dam Incidents and Accidents 
to compile a list of dam incidents from 1972 through 1986. The compilation of data was 
documented in Lessons from Dam Incidents, USA-Il [Reference 3.7-11]. Approximately 
164 incidents were documented for earthen dams over fifty feet in height. Six of the 
incidents involved major failure of an operating dam which resulted in complete 
abandonment of the dam. Seven of the incidents involved the failure of an operating dam 
which permitted the damage to be successfully repaired and the dam again placed in 
operation. The majority of the incidents (eighty-four) were identified as repairs that were 

required because of deterioration or to update certain features. The incidents were caused 
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by piping, sliding, overtopping, or deficiency in the construction or design of the dam, 
foundation, or spillway.  

No additional aging effects were identified from this review beyond those identified in 
this section.  

3.7.4.3 Oconee Specific Experience 
Oconee operating experience was reviewed to validate the identified applicable aging 
effects for earthen embankments. This review included a survey of any documented 
instances of aging along with interviews with responsible engineering personnel. No 
additional aging effects were identified from this review beyond those identified in this 
section.  

3.7.4.4 Conclusion 
Based upon the review of industry information, NRC generic communications, and 
Oconee operating experience, Duke concluded that no additional aging effects beyond 
those evaluated in Section 3.7.4.1 are applicable to the earthen embankments at Oconee.  
The applicable aging effects for earthen embankments that could result in loss of function 
are loss of material and cracking. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.7-2 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP-1001: 

* Federal Energy Regulatory Commission (FERC) Five Year Inspection 
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3.7.5 INTAKE STRUCTURE 
Table 2.7-3 of OLRP-1001 identifies the structural components that are located within the 
Intake Structure. These structural components include concrete components, steel 
components in an air environment, and steel components in a fluid environment. The 
following is a description of the aging effects applicable to the structural components 
within the Intake Structure. The results are summarized in Table 3.7-3.  

3.7.5.1 Concrete Components 
Intake Structure concrete components are exposed to different service environments 
depending on their location. Below grade portions of the concrete are exposed to backfill 
and groundwater. Portions of the concrete are also exposed to water from Lake Keowee.  
The groundwater and lake water chemistry play a major role in the determination of 
degradation of the concrete within these areas. External surfaces are also exposed to the 
atmospheric environment.  

The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP-1001. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.7-3 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Inspection Program for Civil Engineering Structures and Components 

3.7.5.2 Steel Components in Air Environment 

Steel components within the Intake Structure are exposed to the external atmospheric 
environment and to the waters of Lake Keowee. The temperature and radiation exposure 
levels are less than the threshold levels where degradation may occur. Steel can corrode 
where an area of the protective covering is destroyed or otherwise removed and both 
oxygen and water are present.  
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The identification of applicable aging effects for steel in an air environment is described 
in Section 3.7.2.2 of OLRP-1001. These aging effects must be adequately managed so 
that the intended functions listed in Table 2.7-3 will be maintained consistent with the 
current licensing basis for the period of extended operation.  

These applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP-1001: 

* Inspection Program for Civil Engineering Structures and Components 
* Oconee Inservice Inspection Plan - Examination Category F-A (piping supports) 

3.7.5.3 Steel Components in Fluid Environment 
The Intake Structure steel components that are exposed to the waters of Lake Keowee are 
the carbon steel trash racks and screens and equipment component supports. The 
identification of applicable aging effects for steel in a raw water environment is described 
in Section 3.7.2.3 of OLRP-1001. The aging effect must be adequately managed so that 
the intended functions listed in Table 2.7-3 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effect will be managed by the following program which is described 
in Chapter 4 of OLRP- 1001: 

* Inspection Program for Civil Engineering Structures and Components 
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3.7.6 KEOWEE STRUCTURES 
Table 2.7-4 of OLRP-1001 identifies the structural components that are located within the 
Keowee Structures. These structural components include concrete components, steel 
components in an air environment, and steel components in a fluid environment. The 
following is a description of the aging effects applicable to the structural components 
within Keowee. The results are summarized in Table 3.7-4.  

3.7.6.1 Concrete Components 
Keowee concrete components are exposed to different service environments depending 
on their location. Below grade portions of the concrete walls and foundations are 
exposed to backfill, groundwater, and lake water. The chemistry of the groundwater and 
lake water plays a major role in the determination of the degradation of the below grade 
components. Surfaces of the concrete above grade are exposed to the external 
atmospheric environment. The components located internal to the Keowee structures are 
protected from external weather and temperature changes.  

The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP-1001. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.7-4 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

These applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP-1001: 

* Duke Power Five-Year Underwater Inspection of Hydroelectric Dams and 
Appurtenances 

* FERC Five Year Inspection 
* Inspection Program for Civil Engineering Structures and Components 
* Penstock Inspection 

3.7.6.2 Steel Components in Air Environment 
Steel components are completely enclosed within the walls of the Keowee Structures and 
are exposed to a relatively benign environment. The temperature and radiation exposure 
levels are less than the threshold levels where degradation may occur. Steel can corrode 
where an area of the protective covering is destroyed or otherwise removed and both 
oxygen and water are present.  
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The identification of applicable aging effects for steel in an air environment are described 
in Section 3.7.2.2 of OLRP-1001. These aging effects must be adequately managed so 
that the intended functions listed in Table 2.7-4 will be maintained consistent with the 
current licensing basis for the period of extended operation.  

These applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP- 1001: 

* Battery Rack Inspections (for the battery racks) 
* Crane Inspection Program (for the crane rails and girders) 
* Oconee Inservice Inspection Plan - Examination Category F-A (piping supports) 
* Inspection Program for Civil Engineering Structures and Components (for other steel 

components) 

3.7.6.3 Steel Components in Fluid Environment 

The Keowee steel components that are exposed to the waters of Lake Keowee are 
structural steel and plates. The identification of applicable aging effects for steel in a raw 
water environment is described in Section 3.7.2.3 of OLRP-1001. These aging effects 
must be adequately managed so that the intended functions listed in Table 2.7-4 will be 
maintained consistent with the current licensing basis for the period of extended 
operation.  

These applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP- 1001: 

* Duke Power Five-Year Underwater Inspection of Hydroelectric Dams and 
Appurtenances (for Intake Steel) 

* Penstock Inspection (for Penstock Steel) 
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3.7.7 REACTOR BUILDING (INTERNAL STRUCTURAL COMPONENTS AND THE UNIT 

VENT STACKS) 

Table 2.7-5 of OLRP-1001 identifies the structural components that are located within the 
Reactor Building. These structural components include concrete components, steel 
components in an air environment, the secondary shield wall post-tensioning system, and 
the unit vent stacks. Components of the Reactor Building (Containment) essentially 
leaktight barrier are described in Section 2.3 of OLRP-1001 and the applicable aging 
effects are discussed in Section 3.3. Structural components that support components of 
the Reactor Coolant System are described in Section 2.4 of OLRP-1001 and the 
applicable aging effects are discussed in Section 3.4. The following is a description of 
the aging effects applicable to the structural components within the Reactor Building and 
Unit Vent Stack. The results are summarized in Table 3.7-5.  

3.7.7.1 Concrete Components 
Reactor Building internal structure concrete components are exposed to the internal 
atmosphere of the Reactor Building. Higher temperature, humidity, and radiation play a 
major role in the potential degradation of the components located within this 
environment.  

The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP-1001. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.7-5 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

This applicable aging effect will be managed by the following program which is 
described in Chapter 4 of OLRP-1001: 

* Inspection Program for Civil Engineering Structures and Components 

3.7.7.2 Steel Components in Air Environment 
Steel components are completely enclosed within the walls of the Reactor Building 
except for the Unit Vent Stack. The temperature and radiation exposure levels within the 
Reactor Building and in the external environment are less than the threshold levels where 
degradation may occur. Steel can corrode where the protective coating is destroyed or 
otherwise removed and both oxygen and water are present.  

The identification of applicable aging effects for steel in an air environment is described 
in Section 3.7.2.2 of OLRP-1001. These aging effects must be adequately managed so 
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that the intended functions listed in Table 2.7-5 will be maintained consistent with the 
current licensing basis for the period of extended operation.  

These applicable aging effects will be managed by the following programs which are 
described in Chapter 4 of OLRP- 1001: 

* Boric Acid Wastage Surveillance Program 
* Crane Inspection Program - Examination Category F-A (for the crane rails and 

girders) 
* Oconee Inservice Inspection Plan (for Class 1, 2, and 3 piping and component 

supports) 
* Inspection Program for Civil Engineering Structures and Components (for other steel 

components including the Unit Vent Stack) 

Aging effects applicable to structural components within the evaluation of the Reactor 
Coolant System are addressed in Section 3.4 of OLRP-1001. Fatigue of the Polar Crane 
supports is considered to be a time-limited aging analysis and is evaluated in Section 5.7 
of OLRP-1001.  

3.7.7.3 Steel Components in a Fluid Environment 
The Reactor Building steel component in a fluid environment is the fuel transfer canal 
liner plate which is constructed of stainless steel and exposed to borated water.  

The identification of applicable aging effects for steel components within a borated water 
environment is described in Section 3.7.2.3 of OLRP-1001. These aging effects must be 
adequately managed so that the intended functions listed in Table 2.7-5 will be 
maintained consistent with the current licensing basis for the period of extended 
operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Chemistry Control Program 
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3.7.7.4 Post-Tensioning System 

3.7.7.4.1 APPLICABLE AGING EFFECTS 
The aging effect that could potentially result in loss of the ability of the post-tensioning 
system to impose compressive forces is loss of material due to corrosion and cracking.  
Loss of material and cracking must be considered for both the tendon wires and for the 
anchorage providing the tendon wire terminations. Loss of material due to pitting 
corrosion can occur in the presence of halide ions, particularly chloride ions. Anchorage 
located in the Reactor Building internal atmosphere are not exposed to halide ions; 
therefore, loss of material due to pitting is not an applicable aging effect for tendon wires 
and anchorage.  

Cracking due to stress corrosion results from the simultaneous presence of high tensile 
stresses and an aggressive environment. The high tensile stresses result from the 
prestressing of the tendons. The environmental factors known to contribute to stress 
corrosion cracking in carbon steels are hydrogen sulfide, ammonia, nitrate solutions, and 
seawater. While the Secondary Shield wall tendons are not exposed to these 
environmental factors, they may be exposed to borated water which could result in stress 
corrosion cracking. Therefore, cracking due to stress corrosion is an applicabl -ging 
effect.  

3.7.7.4.2 INDUSTRY EXPERIENCE 
In order to validate the set of applicable aging effects considered, a survey of industry 
experience was performed. This survey included NRC generic communications, licensee 
event reports from nuclear power plants other than Oconee, and NRC NUREGs. The 
following documents were identified in this survey: 

* NUREG/CR-4652, Concrete Component Aging and Its Significance Relative to Life 
Extension of Nuclear Power Plants 

* NUREG/CR-6424, Report on Aging of Nuclear Power Plant Reinforced Concrete 
Structures 

* IN 85-10, Post-Tensioned Containment Tendon Anchor Head Failure 
* IN 85-10 Supplement 1, Post-Tensioned Containment Tendon Anchor Head Failure 
* IN 91-80, Failure of Anchor Head Threads on Post-Tensioning System During 

Surveillance Inspection 

No additional aging effects were identified from this review beyond those identified in 
this section.  
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3.7.7.4.3 OCONEE OPERATING EXPERIENCE 

Oconee operating experience was reviewed to validate the identified applicable aging 
effects for post-tensioning system components. This review included a survey of any 
documented instances of component aging along with interviews with responsible 
engineering personnel. Oconee documentation identified tendon wire corrosion and 
surface corrosion of the tendon anchorage hardware.  

One Oconee report documented corrosion of the tendon wire and anchorage. On 
April 28, 1982, during the final Reactor Building interior inspection on Unit 2, one 
secondary shield wall vertical tendon was found broken. Subsequent detailed inspections 
of the Units 1, 2 and 3 secondary shield walls found one additional failed vertical tendon 
in Unit 2, no failures in Units 1 and 3, and some vertical tendons exhibiting corrosion in 
Units 2 and 3. The apparent cause of the corrosion was due to water accumulation in the 
bottom of the vertical tendon sheath. The corrosion had resulted in complete failure of all 
of the 90 1/4-inch diameter wires in the failed tendons. All failed tendons were replaced.  
The apparent cause of the failures was stress corrosion of the post-tensioning wires near 
the lower stressing washer caused by water accumulating in the tendon covers and lower 
portion of the tendon sheaths.  

Modifications were made to prevent the build up of water in the tendon sheaths. In 
addition to the modifications, a surveillance program was designed to ensure that any 
future corrosion is detected, evaluated and corrective action is taken to minimize 
additional deterioration. The NRC was notified that the surveillance program was 
implemented to assure that any future corrosion is detected and corrective action is taken 
to prevent tendon failure. The 1982 incident was also documented in Reportable 
Occurrence Report RO-270/82-07, Revision 1 [Reference 3.7-12].  

Therefore, Oconee experience validates that loss of material due to corrosion is an 
applicable aging effect for the tendon wires and anchorage when water is present. No 
additional aging effects were identified from this review beyond those identified in this 
section.  
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3.7.7.4.4 CONCLUSION 
Based upon the review of industry information, NRC generic communications, and 
Oconee operating experience, no additional aging effects beyond those evaluated in 
Section 3.7.7.4.1 are applicable. Cracking and loss of material were determined to be 
applicable aging effects which could result in loss of function of the tendons and 
anchorage. These aging effects must be adequately managed so that the intended 
functions listed in Table 2.7-5 will be maintained consistent with the current licensing 
basis for the period of extended operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Tendon - Secondary Shield Wall - Surveillance Program 
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3.7.8 STANDBY SHUTDOWN FACILITY 

Table 2.7-6 of OLRP-1001 identifies the structural components that are located within the 
Standby Shutdown Facility. These structural components include concrete components 
and steel components in an air environment. The following is a description of the aging 
effects applicable to the structural components within the Standby Shutdown Facility.  
The results are summarized in Table 3.7-6.  

3.7.8.1 Concrete Components 
Standby Shutdown Facility concrete components are exposed to different service 
environments depending on their location. Below grade portions of the concrete walls 
and foundation are exposed to backfill and groundwater. The groundwater chemistry 
plays a major role in the determination of the degradation of the below grade components.  
External surfaces of the roof and walls above grade are exposed to the external 
atmospheric environment. The components which are located internal to the Standby 
Shutdown Facility are protected from external weather and temperature changes.  

The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP- 1001. These aging effects must be adequately managed so that 
the intended functions listed in Table 2.7-6 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effect will be managed by the following program which is described 
in Chapter 4 of OLRP- 1001: 

* Inspection Program for Civil Engineering Structures and Components 

3.7.8.2 Steel Components in an Air Environment 
Steel components are completely enclosed within the walls of the Standby Shutdown 
Facility and are exposed to a relatively benign environment. The temperature and 
radiation exposure levels are less than the threshold levels where degradation may occur.  
Steel can corrode where the protective coating is destroyed or otherwise removed and 
both oxygen and water are present.  

The identification of applicable aging effects for steel in an air environment is described 
in Section 3.7.2.2 of OLRP-1001. Loss of material is the aging effect that is applicable to 
these steel components within the Standby Shutdown Facility. This aging effect must be 
adequately managed so that the intended functions listed in Table 2.7-6 will be 
maintained consistent with the current licensing basis for the period of extended 
operation.  
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This applicable aging effect will be managed by the following programs which are 
described in Chapter 4 of OLRP- 1001: 

* Battery Rack Inspections (for the battery racks) 
* Crane Inspection Program (for the crane rails and girders) 
* Oconee Inservice Inspection Plan - Examination Category F-A (for piping and 

equipment component supports) 
* Inspection Program for Civil Engineering Structures and Components (for other steel 

components) 
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3.7.9 TURBINE BUILDING 

Table 2.7-7 of OLRP-1001 identifies the structural components that are located within the 
Turbine Building. These structural components include concrete components, steel 
components in an air environment, and fire barriers. The following is a description of the 
aging effects applicable to the structural components within the Turbine Building. The 
results are summarized in Table 3.7-7.  

3.7.9.1 Concrete Components 
Turbine Building concrete components are exposed to different service environments 
depending on their location. Below grade portions of the concrete walls, foundation, and 
pipe piles are exposed to backfill and groundwater. The groundwater chemistry plays a 
major role in the determination of the degradation of the below grade components.  
External concrete surfaces above grade are exposed to the external atmospheric 
environment. The components located internal to the Turbine Buildings are protected 
from external weather changes, but may be exposed to higher temperature and humidity.  

The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP-1001. This aging effect must be adequately managed so that the 
intended functions listed in Table 2.7-7 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effect will be managed by the following program which is described 
in Chapter 4 of OLRP- 1001: 

* Inspection Program for Civil Engineering Structures and Components 

3.7.9.2 Steel Components in an Air Environment 
Steel components are completely enclosed inside the walls of the Turbine Building. The 
temperature and radiation exposure levels are less than the threshold levels where 
degradation may occur. Steel can corrode where the protective coating is destroyed or 
otherwise removed and both oxygen and water are present.  

The identification of applicable aging effects for steel in an air environment is described 
in Section 3.7.2.2 of OLRP-1001. Loss of material is the aging effect that is applicable to 
these steel components within the Turbine Building. This aging effect must be 
adequately managed so that the intended functions listed in Table 2.7-7 will be 
maintained consistent with the current licensing basis for the period of extended 
operation.  
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This applicable aging effect will be managed by the following programs which are 
described in Chapter 4 of OLRP-1001: 

* Crane Inspection Program (for the crane rails and girders) 
* Inspection Program for Civil Engineering Structures and Components (for other steel 

components) 

3.7.9.3 Fire Barriers 
Turbine Building fire barriers include fire walls, fire doors and fire barrier penetration 
seals. These fire barriers are completely enclosed within the walls of the Turbine 
Building and are exposed to a relatively benign environment where the temperature and 
radiation exposure levels are less than the threshold levels where degradation may occur.  

The applicable aging effect for fire walls is cracking as described in Section 3.7.2.1, 
applicable aging effect for fire doors is loss of material as described in Section 3.7.2.2 
and applicable aging effects for fire barrier penetration seals are described in 
Section 3.7.2.4. These aging effects must be adequately managed so that the intended 
functions listed in Table 2.7-7 will be maintained consistent with the current licensing 
basis for the period of extended operation.  

These applicable aging effects will be managed by the following program which is 
described in Chapter 4 of OLRP- 1001: 

* Fire Protection Program 
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3.7.10 YARD STRUCTURES 
Table 2.7-8 of OLRP-1001 identifies the structural components that are located within the 
Yard Structures. These structural components include concrete components, steel 
components in an air environment and the Elevated Water Storage Tank. The following 
is a description of the aging effects applicable to the structural components within the 
Yard. The results are summarized in Table 3.7-8.  

3.7.10.1 Concrete Components 
Yard Structure concrete components are exposed to different service environments 
depending on their location. Below grade portions of the concrete foundations are 
exposed to backfill and groundwater. The groundwater chemistry plays a major role in 
the determination of the degradation of the below grade components. The components 
which are located internal to the Yard Structures (230 kV Relay House) are protected 
from external weather.  

The identification of applicable aging effects for concrete components is described in 
Section 3.7.2.1 of OLRP-1001. This aging effect must be adequately managed so that the 
intended functions listed in Table 2.7-8 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

The applicable aging effect will be managed by the following program which is described 
in Chapter 4 of OLRP- 1001: 

* Inspection Program for Civil Engineering Structures and Components 

3.7.10.2 Steel Components in an Air Environment 

Steel components of the Yard Structures are either enclosed within the walls of the 
230 kV Relay House or exposed to the external environment. The temperature and 
radiation exposure levels are less than the threshold levels where degradation may occur.  
Steel can corrode where the protective coating is destroyed or otherwise removed and 
both oxygen and water are present.  

The identification of applicable aging effects for steel in an air environment is described 
in Section 3.7.2.2 of OLRP-1001. Loss of material is the aging effect that is applicable to 
these steel components within the Yard. This aging effect must be adequately managed so 
that the intended functions listed in Table 2.7-8 will be maintained consistent with the 
current licensing basis for the period of extended operation.  
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This applicable aging effect will be managed by the following programs which are 
described in Chapter 4 of OLRP-1001: 

* Battery Rack Inspections (for the battery racks) 
* Inspection Program for Civil Engineering Structures and Components (for other steel 

components) 
* 230 kV Keowee Transmission Line Inspection 

3.7.10.3 Elevated Water Storage Tank 
The Elevated Water Storage Tank is exposed to an air environment on the exterior and a 
raw water environment on the interior. The applicable aging effects for steel in a raw 
water environment are described in Section 3.7.2.3 of OLRP- 1001 and are applicable to 
the Elevated Water Storage Tank. Loss of material is the aging effect that is applicable to 
the Elevated Water Storage Tank. This aging effect must be adequately managed so that 
the intended functions listed in Table 2.7-8 will be maintained consistent with the current 
licensing basis for the period of extended operation.  

This applicable aging effect will be managed by the following program which is 
described in Chapter 4 of OLRP-1001: 

* Elevated Water Storage Tank Civil Inspection 

3.7-43 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

3.7.11 REFERENCES FOR SECTION 3.7 

3.7-1. NUMARC Report Number 90-01, Pressurized Water Reactor Containment 
Structures License Renewal Industry Report, Nuclear Management and 
Resource Council, August 1989; Revision 1, September 1991.  

3.7-2. NUMARC Report Number 90-06, Class I Structures License Renewal 
Industry Report, Nuclear Management and Respurce Council, June 1990.  

3.7-3. ACI 318-63, Building Code Requirements for Reinforced Concrete, American 
Concrete Institute, Detroit, Michigan.  

3.7-4. ACI 301, Specifications for Structural Concrete for Buildings, American 
Concrete Institute, Detroit, Michigan.  

3.7-5. An Aging Assessment of Relay and Circuit Breakers and Systems Interactions, 
prepared by Franklin Research Center for Brookhaven National Laboratory, 
NUREG/CR-4715, June 1987.  

3.7-6. Aging Management Guideline for Commercial Nuclear Power Plants - Motor 
Control Centers, SAND 93-7069, Sandia National Laboratories, 
February 1994.  

3.7-7. Aging Management Guidelines for Commercial Nuclear Power Plants 
Electrical Switchgear, SAND 93-7027, Sandia National Laboratories, 
July 1993.  

3.7-8. Baecher, G. B., M. E. Pate, and R. De Neufyille, Risk of Dam Failure in 
Benefit-Cost Analysis, Water Resources Research, Vol. 16, No. 3, 1980.  

3.7-9. Benjamin, Jack R., and Associates, A Database for the Evaluation of the 
Frequency of Random Dam Failure, Report 120-010-01, Palo Alto, California, 
1982.  

3.7-10. E. Gruner, "Classification of Risk," Proceedings International Congress on 
Large Dams, Vol. 1, Madrid, 1973, pp. 55-68.  

3.7-11. Lessons from Dam Incidents, USA-II, American Society of Civil Engineers, 
New York, New York, 1988.  

3.7-44 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

3.7-12. H. B. Tucker (Duke) letter dated July 27, 1983 to James P. O'Reilly (NRC), 
docket 50-270, Reportable Occurrence Report RO-270/82-07, Revision 1.  

3.7-45 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

Table 3.7-1 Applicable Aging Effects for Auxiliary Building Structural Components 

Component Applicable Aging Aging Management 

Effect(s) Programs 

Concrete 

Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Equipment Pads Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Flood Curbs None identified None required 
Foundation None identified None required 
Hatches None identified None required 
Masonry Block & Brick Walls Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Reinforced Concrete Beams, None identified None required 
Columns, Floor Slabs, Roof 
Slabs and Walls 

Sumps None identified None required 
Steel in Air Environment 

Anchorage/Embedments Loss of material Inspection Program for Civil 
(exposed surfaces) Engineering Structures and 

Components 

Battery Racks for thel25 VDC Loss of material Battery Rack Inspections 
Instrument and Control Batteries 
Cable Tray & Conduit None identified None required 
Cable Tray & Conduit Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Checkered Plate Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Control Boards None identified None required 
Control Room Ceiling None identified None required 
Crane Rails & Girders Loss of material Crane Inspection Program 
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Table 3.7-1 Applicable Aging Effects for Auxiliary Building Structural Components 

(continued) 

Component Applicable Aging Aging Management Effect(s) Programs 
Steel in Air Environment (conti nued) 
Electrical & Instrument Panels & None identified None required 
Enclosures 
Equipment Component Supports Loss of material Inservice Inspection Plan 

* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 

Expansion Anchors Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Flood, Pressure & Specialty Loss of material Inspection Program for Civil 
Doors Engineering Structures and 

Components 

Instrument Line Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Racks & Frames Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Lead Shielding Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Metal Siding Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Pipe Supports Loss of material Inservice Inspection Plan 
* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 
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Table 3.7-1 Applicable Aging Effects for Auxiliary Building Structural Components 

(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (continued) 
Stair, Platform & Grating Loss of material Inspection Program for Civil 
Supports Engineering Structures and 

Components 

Structural Steel Beams, Loss of material Inspection Program for Civil 
Columns, Plates & Trusses Engineering Structures and 

Components 

Steel in Fluid Environment 
Spent Fuel Pool Liner Plate Loss of material Chemistry Control Program 
* Unit l&2 Pool Cracking 
* Unit 3 Pool 

Spent Fuel Storage Rack Loss of material Chemistry Control Program 
* Unit 1 & 2 Cracking 
* Unit 3 
Structural Steel & Plates Loss of material Chemistry Control Program 

Cracking 

Fire Barriers 

Fire Doors Loss of material Fire Protection Program 

Fire Walls Cracking Fire Protection Program 

Fire Barrier Penetration Seals Cracking, Fire Protection Program 
Separation 
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Table 3.7-2 Applicable Aging Effects for Earthen Embankments 

Earthen Embankments Applicable Aging Aging Management 

Effect(s) Programs 

Intake Canal Dike Loss of material FERC Five Year Inspection 
Cracking 

Keowee River Dam Loss of material FERC Five Year Inspection 
Cracking 

Little River Dam and Dikes Loss of material FERC Five Year Inspection 
________________________Cracking________________ 
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Table 3.7-3 Applicable Aging Effects for Intake Structural Components 

Component Applicable Aging Aging Management 

Effect(s) Programs 

Concrete 
Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Foundation None identified None required 
Reinforced Concrete Beams, Loss of material Inspection Program for Civil 
Columns, Floor Slabs, and Walls Engineering Structures and 

Components 

Steel in Air Environment 

Anchorage/Embedments Loss of material Inspection program for Civil 
(exposed surfaces) Engineering Structures and 

Components 

Cable Tray & Conduit None identified None required 
Cable Tray & Conduit Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Checkered Plate Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Electrical & Instrument Panels & None identified None required 
Enclosures 
Equipment Component Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 
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Table 3.7-3 Applicable Aging Effects for Intake Structural Components 
(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (conti ued) 

Expansion Anchors Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Racks & Frames Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Pipe Supports Loss of material Inservice Inspection Plan 
* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 

Stairs, Platforms & Grating Loss of material Inspection Program for Civil 
Supports Engineering Structures and 

Components 

Structural Steel Beams, Loss of material Inspection Program for Civil 
Columns, Plates & Trusses Engineering Structures and 

Components 

Steel in Fluid Environment 

Equipment Component Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Trash Rack & Screens Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 
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Table 3.7-4 Applicable Aging Effects for Keowee Structural Components 

Component Applicable Aging Aging Management Effect(s) Programs 
Concrete 
Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Equipment Pads Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Foundation None identified None required 
Foundation Dowels None identified None required 
Hatches None identified None required 
Masonry Block & Brick Walls Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Penstock Loss of material Penstock Inspection 
Change in material properties 

Intake and Spillway Loss of material Duke Power Five-Year 
Change in material properties Underwater Inspection of 

Hydroelectric Dams and 
Appurtenances 

FERC Five Year Inspection 

Reinforced Concrete Beams, Change in material properties FERC Five Year Inspection 
Columns, Floor Slabs, Roof 
Slabs and Walls Inspection Program for Civil 

Engineering Structures and 
Components 

Sump None identified None required 
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Table 3.7-4 Applicable Aging Effects for Keowee Structural Components 

(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment 

Anchorage/Embedments Loss of material Inspection Program for Civil 
(exposed surfaces) Engineering Structures and 

Components 

Battery Racks for the 125 VDC Loss of material Battery Rack Inspection 
Instrumentation and Control 
Batteries 
Cable Tray & Conduit None identified None required 
Cable Tray & Conduit Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Checkered Plate Loss of Material Inspection Program for Civil 
Engineering Structures and 
Components 

Control Boards None identified None required 
Control Room Ceiling None identified None required 
Crane Rails & Girders Loss of material Crane Inspection Program 

Electrical & Instrument Panels & None identified None required 
Enclosures 

Equipment Component Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Expansion Anchors Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Flood, Pressure & Specialty Loss of material Inspection Program for Civil 
Doors Engineering Structures and 

Components 
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Table 3.7-4 Applicable Aging Effects for Keowee Structural Components 
(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (conti nued) 
Instrument Line Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Instrument Racks & Frames Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Pipe Supports Loss of material Inservice Inspection Plan 
* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 

Stair, Platform, and Grating Loss of material Inspection Program for Civil 
Supports Engineering Structures and 

Components 

Structural Steel Beams, Loss of material Inspection Program for Civil 
Columns, Plates & Trusses Engineering Structures and 

Components 

Steel in Fluid Environment 

Structural Steel & Plates Loss of material Duke Power Five Year 
Underwater Inspection for 
Hydroelectric Dams and 
Appurtenances (For Intake Steel) 

Penstock Inspection (For 
Penstock Steel) 
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Table 3.7-5 Applicable Aging Effects for Reactor Building Structural Components 

(Internal Structural Components and the Unit Vent Stacks) 

Component Applicable Aging Aging Management 

Effect(s) Programs 

Concrete 
Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Equipment Pads Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Flood Curbs None identified None required 
Hatches None identified None required 
Masonry Block & Brick Walls Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Missile Shields None identified None required 
Reinforced Concrete Beams, None identified None required 
Columns, Floor Slabs, and Walls______________________________ 

Sumps None identified None required 

Steel in Air Environmentr 

AnchoragefEmbedments Loss of material Boric Acid Wastage Surveillance 
(exposed surfaces) Program 

Inservice Inspection Plan 
9 Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 

Cracking for anchorage for Boric Acid Wastage Surveillance 
OTSG and reactor vessel support Program 
skirt 

Inservice Inspection Plan 
* Examination Category F-A 
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Table 3.7-5 Applicable Aging Effects for Reactor Building Structural Components 
(Internal Structural Components and the Unit Vent Stacks) 

(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (conti nued) 
Cable Tray & Conduit Loss of Material Boric Acid Wastage Surveillance 

Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Cable Tray & Conduit Supports Loss of material Boric Acid Wastage Surveillance 
Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Checkered Plate Loss of material Boric Acid Wastage Surveillance 
Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Crane Rails & Girders Loss of material Crane Inspection Program 

Electrical & Instrument Panels & None identified None required 
Enclosures 
Equipment Component Supports Loss of material Boric Acid Wastage Surveillance 

Program 

Inservice Inspection Plan 
* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 
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Table 3.7-5 Applicable Aging Effects for Reactor Building Structural Components 
(Internal Structural Components and the Unit Vent Stacks) 

(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (conti nued) 
Expansion Anchors Loss of material Boric Acid Wastage Surveillance 

Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Flood, Pressure & Specialty Loss of material Boric Acid Wastage Surveillance 
Doors Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Line Supports Loss of material Boric Acid Wastage Surveillance 
Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Racks & Frames Loss of material Boric Acid Wastage Surveillance 
Program 

Inspection Program for Civil 
Engineering Structures and 
Components 
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Table 3.7-5 Applicable Aging Effects for Reactor Building Structural Components 
(Internal Structural Components and the Unit Vent Stacks) 

(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (conti nued) 
Lead Shielding Supports Loss of material Boric Acid Wastage Surveillance 

Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Pipe Supports Loss of material Boric Acid Wastage Surveillance 
Program 

Inservice Inspection Plan 
* Examination Category F-A 

Inspection Program for Civil 

Engineering Structures and 
Components 

Stairs, Platforms & Grating Loss of material Boric Acid Wastage Surveillance 
Supports Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Structural Steel Beams, Loss of material Boric Acid Wastage Surveillance 
Columns, Plates & Trusses Program 

Inspection Program for Civil 
Engineering Structures and 
Components 

Sump Screens Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Unit Vent Stack Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 
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Table 3.7-5 Applicable Aging Effects for Reactor Building Structural Components 

(Internal Structural Components and the Unit Vent Stacks) 

(continued) 

Component Applicable Aging Aging Management 

Effect(s) Programs 

Steel in Fluid Environment 

Fuel Transfer Canal Liner Plate Loss of material Chemistry Control Program 
Cracking 

Miscellaneous 

Post-Tensioning System Loss of material Tendon - Secondary Shield Wall 
Cracking - Surveillance Program 

* 
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Table 3.7-6 Applicable Aging Effects for Standby Shutdown Facility Structural 

Components 

Components Applicable Aging Aging Management 

Effect(s) Programs 

Concrete 
Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Equipment Pads Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Flood Curbs None identified None required 
Foundation None identified None required 
Hatches None identified None required 
Reinforced Concrete Beams, None identified None required 
Columns, Floor Slabs, Roof 
Slabs and Walls 

Steel in Air Environment 

Anchorage/Embedments Loss of material Inspection Program for Civil 
(exposed surfaces) Engineering Structures and 

Components 

Battery Racks for the 125 VDC Loss of material Battery Rack Inspections 
SSF Batteries 

Cable Tray & Conduit None identified None required 
Cable Tray & Conduit Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Checkered Plate Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Control Boards None identified None required 
Control Room Ceiling None identified None required 
Crane Rails & Girders Loss of material Crane Inspection Program 

Electrical & Instrument Panels & None identified None required 
Enclosures 
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Table 3.7-6 Applicable Aging Effects for Standby Shutdown Facility Structural 
Components (continued) 

Components Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (conti nued) 
Equipment Component Supports Loss of material Inservice Inspection Plan 

* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 

Expansion Anchors Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Flood, Pressure & Specialty Loss of material Inspection Program for Civil 
Doors Engineering Structures and 

Components 

HVAC Duct Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Line Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Racks & Frames Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Pipe Supports Loss of material Inservice Inspection Plan 
* Examination Category F-A 

Inspection Program for Civil 
Engineering Structures and 
Components 

Stair, Platform & Grating Loss of material Inspection Program for Civil 
Supports Engineering Structures and 

Components 
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Table 3.7-7 Applicable Aging Effects for Turbine Building Structural Components 

Component Applicable Aging Aging Management 

Effect(s) Programs 

Concrete 
Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Equipment Pads Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Flood Curbs None identified None required 
Foundation None identified None required 
Foundation Dowels None identified None required 
Masonry Block & Brick Walls Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Missile Shields None identified None required 
Pipe Piles None identified None required 
Reinforced Concrete Beams, None identified None required 
Columns, Floor Slabs, and Walls 

Roof Slabs None identified None required 
Sumps None identified None required 
Steel in Air Environment 

Anchorage/Embedments Loss of material Inspection Program for Civil 
(exposed surfaces) Engineering Structures and 

Components 

Cable Tray & Conduit None identified None required 
Cable Tray & Conduit Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Checkered Plate Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Crane Rails & Girders Loss of material Crane Inspection Program 

3.7-62 
Revision 2 

Volume II.doc 
June 1998



Oconee Nuclear Station 
Application for Renewed Operating Licenses 

License Renewal - Technical Information 
Aging Effects for Structural Components 

Table 3.7-7 Applicable Aging Effects for Turbine Building Structural Components 

(continued) 

Component Applicable Aging Aging Management Effect(s) Programs 
Steel in Air Environment (conti ued) 

Electrical & Instrument Panels & None identified None required 
Enclosures 
Equipment Component Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Expansion Anchors Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Flood, Pressure & Specialty Loss of material Inspection Program for Civil 
Doors Engineering Structures and 

Components 

Instrument Line Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Instrument Racks & Frames Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Pipe Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Stairs, Platforms, Grating Loss of material Inspection Program for Civil 
Support Engineering Structures and 

Components 

Structural Steel Beams, Loss of material Inspection Program for Civil 
Columns, Plates & Trusses Engineering Structures and 

Components 
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Table 3.7-7 Applicable Aging Effects for Turbine Building Structural Components 

(continued) 

Fire Barriers 

Fire Doors Loss of material Fire Protection Program 

Fire Walls Cracking Fire Protection Program 

Fire Barrier Penetration Seals Cracking Fire Protection Program 
Separation 
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Table 3.7-8 Applicable Aging Effects of Yard Structural Components 

Component Applicable Aging Aging Management Effect(s) Programs 
Concrete 

Anchorage (in concrete) None identified None required 
Embedments (in concrete) None identified None required 
Equipment Pads Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Foundation None identified None required 
Masonry Block & Brick Walls Cracking Inspection Program for Civil 

Engineering Structures and 
Components 

Pipe Piles None identified None required 
Reinforced Concrete Beams, None identified None required 
Columns, Floor Slabs, and Walls 

Trenches None identified None required 
Steel in Air Environment 
Anchorage/Embedments Loss of material Inspection Program for Civil 
(exposed surfaces) Engineering Structures and 

Components 

230 kV Switchyard Battery Loss of material Battery Rack Inspections 
Racks in the Relay House 
Cable Tray & Conduit None identified None required 
Cable Tray & Conduit Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Checkered Plate Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Electrical & Instrument Panels & None identified None required 
Enclosures 
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Table 3.7-8 Applicable Aging Effects of Yard Structural Components 
(continued) 

Component Applicable Aging Aging Management 
Effect(s) Programs 

Steel in Air Environment (continued) 
Elevated Water Storage Tank Loss of material Inspection Program for Civil 
(exterior) Engineering Structures and 

Components 

Equipment Component Supports Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Expansion Anchors Loss of material Inspection Program for Civil 
Engineering Structures and 
Components 

Piles None identified None required 
Pipe Supports Loss of material Inspection Program for Civil 

Engineering Structures and 
Components 

Structural Steel Beams, Loss of material Inspection Program for Civil 
Columns, Plates & Trusses Engineering Structures and 

Components 

Transmission Towers Loss of material 230 kV Keowee Transmission 
Line Inspection Program 

Steel in Fluid Environment 

Elevated Water Storage Tank Loss of material Elevated Water Storage Tank 
(interior) Civil Inspection 
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4.1 INTRODUCTION 
As described previously in Section 1.2 of OLRP-1001, four major activities comprise the 
Oconee Integrated Plant Assessment. The first two activities, "Identification of 
Structures & Components that are Subject to Aging Management Review," and 
"Identification of Applicable Aging Effects," have been described previously in 
Chapters 2 and 3 of OLRP-1001, respectively. The third major activity of the Oconee 
Integrated Plant Assessment is the identification of plant-specific programs and activities 
that will manage identified applicable aging effects. These programs and activities are 
described in OLRP-1001 Chapter 4, "Aging Management Programs and Activities." The 
fourth major activity of the Oconee Integrated Plant Assessment, the aging management 
demonstration for existing programs and activities, also is presented in Chapter 4.  

Oconee programs and activities that are credited during the aging management review are 
described in the remaining sections of Chapter 4. The demonstrations, along with the 
program and activity descriptions, meet the requirement specified in §54.21(a)(3). Along 
with the technical information contained in Chapters 2 and 3, this chapter is designed to 
allow the NRC to make the finding contained in §54.29(a)(1).  

§54.29 Standards for issuance of a renewed license 

A renewed license may be issued by the Commission up to the full term 
authorized by §54.31 if the Commission finds that: 
(a) Actions have been identified and have been or will be taken with respect to 

the matters identified in Paragraphs (a)(1) and (a)(2) of this section, such 
that there is reasonable assurance that the activities authorized by the 
renewed license will continue to be conducted in accordance with the CLB, 
and that any changes made to the plant's CLB in order to comply with this 
paragraph are in accord with the Act and the Commission's regulations.  
These matters are: 

(1) managing the effects of aging during the period of extended 
operation on the functionality of structures and components that 
have been identified to require review under §54.21(a)(1); and 

(2) time-limited aging analyses that have been identified to require 
review under §54.21(c).  

(b) Any applicable requirements of Subpart A of 10 CFR Part 51 have been 
satisfied.  

(c) Any matters raised under §2.758 have been addressed.  
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The Oconee programs and activities that are credited for managing aging may be divided 
into new actions not currently being conducted and existing ongoing actions. Some of the 
existing programs and activities have an established regulatory basis. The new programs 
and activities are described in Section 4.3, and the existing programs and activities are 
described in Sections 4.4 through 4.29. These descriptions of programs and activities are 
intended to provide an overview of the range of actions required to manage aging. Some 
of the descriptions have used a series of specific attributes to facilitate the description of 
the actions. These attributes are defined in Section 4.2.  

Descriptions of new and existing programs and activities are contained in the Oconee 
OFSAR Supplement for License Renewal, which is provided in Exhibit B of the 
Application. The UFSAR Supplement for License Renewal will be incorporated into the 
Oconee UFSAR following issuance of the Oconee renewed operating licenses by the 
NRC. Upon inclusion of descriptions of these programs and activities in the Oconee 
UFSAR, changes to the descriptions will be made in accordance with the change process 
in effect at the time of any such change.  
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4.2 PROGRAM AND ACTIVITY ATTRIBUTES 
Attributes that are utilized in most of the program and activity descriptions for license 
renewal, with a few exceptions [Footnote 1], are described in Section 4.2. The following 
information sources served as primary inputs to the attribute definitions used in 
Chapter 4: 

1. NEI 95-10, Revision 0, Sections 4.2 and 4.3 [Reference 4.2-1] 
2. Working Draft Standard Review Plan, Section 3.0 [Reference 4.2-2] 
3. August 13, 1997, letter from the NRC to Duke Power--Comments on the 

License Renewal Inspection Program Example on the Reactor Coolant System 
Flow Nozzle [Reference 4.2-3] 

The attribute definitions used to describe new and existing programs and activities are 
provided below.  

Purpose - A clear statement of the reason why the program or activity exists for Oconee 
license renewal.  

Scope - A description of the set of Oconee structures and components encompassed by 
the actions of the program or activity.  

Aging Effects - A description of the applicable aging effects to be managed or the 
relevant physical conditions to be monitored for the identified scope of structures and 
components.  

Method - A description of the type of action or technique used to identify or manage the 
aging effects or relevant conditions (e.g., visual examination of the component).  

Sample Size - For new programs or activities, a sample population can be identified from 
the total population of affected structures and components for inspection or monitoring.  
If a sample population is chosen for inspection or monitoring, a description of the sample 
population is provided.  

1. The following programs are described in a narrative style rather than using the attributes: the Coatings 
Program, which is a special process as defined in the Duke Quality Assurance Program; the Chemistry 
Control Program, which contains more detail than can be included in this report; the Duke Quality 
Assurance Program and the Reactor Vessel Internals Aging Management Program, which is a long term 
developmental program.  
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Industry Codes or Standards - A description of an industry code (e.g., ASME 
Section XI, IEEE) or an industry standard (e.g., ASTM or NRC-approved BWOG report) 
that guides or governs the program or activity. This attribute may not be applicable to 
some programs and activities.  

Frequency - A description of the frequency of action that is established detection of 
aging effects or of relevant physical conditions.  

Acceptance Criteria or Standard - Acceptance criteria or standards are described for 
the relevant conditions to be monitored or the chosen examination methods.  

Corrective Action - A description of the action to be taken when the established 
acceptance criteria or standard is not met. Generally, the Duke Quality Assurance 
Program is applicable.  

Timing of New Program or Activity - For any new programs or activities, an 
identification of the specific timing for the new program or activity.  

Administrative Controls - An identification of the Oconee administrative structure 
under which the programs and activities are executed. The Duke Quality Assurance 
Program is applicable.  

Regulatory Basis - For existing programs and activities, an identification of any existing 
Oconee regulatory basis for these actions such as the Technical Specifications. This 
attribute may be not applicable to some programs and activities.  

4.2.1 REFERENCES FOR SECTION 4.2 

4.2-1. Industry Guideline for Implementing the Requirements of 10 CFR Part 54 
The License Renewal Rule, NEI 95-10, Revision 0, Nuclear Energy Institute, 
March 1996.  

4.2-2. Standard Review Plan for the Review of License Renewal Applications for 
Nuclear Power Plants, Working Draft, NRC, September 1997.  

4.2-3. S. T. Hoffman (NRC) letter dated August 13, 1997, to W. R. McCollum 
(Duke), License Renewal Inspection Program Example for Oconee Nuclear 
Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  
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4.3 NEW PROGRAMS AND ACTIVITIES 
The Oconee Integrated Plant Assessment for license renewal identified several new 
programs and activities that currently do not exist, but are nevertheless necessary to 
continue operation of Oconee during the additional 20-years beyond the initial license 
term. Section 4.3 describes these programs and activities. They are commitments that 
will be implemented following issuance of the renewed operating licenses for Oconee 
Nuclear Station.  
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4.3.1 ALLOY 600 AGING MANAGEMENT PROGRAM 

Section 2.4 of OLRP-1001 identifies several Alloy 600 and Alloy 82/182 components of 
the Reactor Coolant System. Section 3.4 of OLRP-1001 identifies cracking due to 
primary water stress corrosion (PWSCC) as an applicable aging effect. The Alloy 600 
Aging Management Program in conjunction with the Chemistry Control Program (see 
Section 4.6), Inservice Inspection Plan (see Section 4.18), and Reactor Coolant System 
Operational Leakage Monitoring (see Section 4.23), will manage the applicable aging 
effect for the period of extended operation. The Alloy 600 Aging Management Program 
will have the attributes.  

Purpose - The purpose of the Oconee Alloy 600 Aging Management Program will be to 
manage cracking due to PWSCC of Alloy 600 and Alloy 82/182 locations, including the 
Alloy 82/182 cladding in the hot leg flowmeter element, for the period of extended 
operation.  

Scope - The results of the Alloy 600 Aging Management Program will be applicable to 
the Alloy component 600 material and Alloy 82/182 weld material in the Oconee Reactor 
Coolant System, including the hot leg flowmeter element. [Footnote 2] 

2. Renewal Applicant Action Item in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Reactor Coolant System Piping," BAW-2243A states that: 

"The BWOG defers the development of details of (1) the inspection of the Alloy 82/182 clad hot leg 
segment and plant selection for that inspection, and (2) the sample inspection of small bore RCS piping, to 
the renewal applicant referencing this topical report. The renewal applicant will have to provide details of 
these ... inspection programs in its renewal application for staff review and approval." 

Renewal Applicant Action Item 5 in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Pressurizer," BAW-2244A states that: 

"Since the B&WOG defers the development of details of the sample volumetric inspection program of 
small-bore nozzles and safe ends to the renewal applicant referencing this topical report, the renewal 
applicant will have to provide details of the additional sample inspection program in its renewal application 
for staff review and approval." 

[Reference Chapter 2.4 of OLRP-1001, Table 2.4-2].  

The Alloy 600 Aging Management Program is intended to address these Renewal Applicant Action Items 
regardless of whether or not the hot leg segment is included in the inspection locations selected.  
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Aging Effects - The applicable aging effect for the scope of the Alloy 600 Aging 
Management Program is primary water stress corrosion cracking (PWSCC) of Alloy 600 
components and Alloy 82/182 weld metal in the Reactor Coolant System at Oconee.  

Method - The exact inspection method will be dependent on the geometry of the 
inspection locations. Inspection methods will involve a combination of surface and 
volumetric examinations which may include eddy current testing, ultrasonic testing, and 
radiography.  

Sample Size - To determine the initial inspection locations, the Oconee Alloy 600 Aging 
Management Program will, first, complete a susceptibility study of Alloy 600 
components and Alloy 82/182 weld locations in the Reactor Coolant System. Upon 
completion and validation of this susceptibility study, the top three or four locations will 
have detailed inspection plans developed and implemented to monitor the condition of 
these locations. Monitoring the most susceptible locations will bound the Alloy 600 
component locations and the Alloy 82/182 weld locations that are not inspected.  

Industry Code or Standards - ASME Section XI, 1989 Edition, including mandatory 
Appendices VII and VIII (Appendix VIII in accordance with 1989 Addenda).  

Frequency - The frequency will be based on findings of the initial inspections. An 
analysis will be completed at each of the selected locations that will determine crack 
propagation rates. The time for an indication to grow from a newly initiated indication to 
a through wall crack will determine the inspection frequency.  

Acceptance Criteria or Standard - Acceptance criteria for identified flaws will be based 
on crack propagation rates, which vary from location to location based on the calculated 
residual and operating stresses for the particular location using approved fracture 
mechanics techniques. In past inspections, after measuring the depth of the indications, 
small cracks have been allowed to remain in service without immediate repair when the 
calculated crack growth rate plus the measured depth of the indication predicted no 
through wall leak (or other acceptance criteria agreed to by the NRC) will occur prior to 
corrective action being taken or the crack otherwise being dispositioned.  

Corrective Action - Corrective actions will be developed and implemented on a case-by
case basis at Oconee depending on the nature of the inspection findings. A complete, full 
replacement or a repair in accordance with ASME Section XI may be appropriate for 
some locations. Taking no immediate action on the indication and monitoring with 
further inspections may also be appropriate.  
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Both the sample size and number of locations will be re-evaluated following the 
completion of each inspection with documentation of these re-evaluations completed on 
an annual basis once the inspections begin. Additional inspection locations may be added 
to the list based on a qualitative assessment of risk.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of a renewed operating 
licenses for Oconee Nuclear Station, this inspection will be completed by 
February 6, 2103 ( the end of the initial license term for Oconee Unit 1).  

Administrative Controls - The Alloy 600 Aging Management Program will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - BAW-2243A, [Reference 4.3-1] and BAW-2244A, Action Item 5 
[Reference 4.3-2]. [Footnote 3] 

3. Renewal Applicant Action Item in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Reactor Coolant System Piping," BAW-2243A states that: 

"The BWOG defers the development of details of (1) the inspection of the Alloy 82/182 clad hot 
leg segment and plant selection for that inspection, and (2) the sample inspection of small bore 
RCS piping, to the renewal applicant referencing this topical report. The renewal applicant will 
have to provide details of these ... inspection programs in its renewal application for staff review 
and approval." 

Renewal Applicant Action Item 5 in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Pressurizer," BAW-2244A states that: 

"Since the B&WOG defers the development of details of the sample volumetric inspection 
program of small-bore nozzles and safe ends to the renewal applicant referencing this topical 
report, the renewal applicant will have to provide details of the additional sample inspection 
program in its renewal application for staff review and approval." 

[Reference Chapter 2.4 of OLRP-1001, Table 2.4-2].  

The Alloy 600 Aging Management Program is intended to address these Renewal Applicant Action Items 
regardless of whether or not the hot leg segment is included in the inspection locations selected.  
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4.3.2 CAST IRON SELECTIVE LEACHING INSPECTION 

Section 2.5 of OLRP-1001 identifies the cast iron mechanical components that are subject 
to aging management review. Section 3.5 of OLRP-1001 identifies loss of material due 
to selective leaching as an applicable aging effect. Components constructed of cast iron 
are susceptible to loss of material due to selective leaching when in contact with either 
water, soil, or groundwater. Monitoring components susceptible to selective leaching has 
not typically been performed by the industry and, at the time of Application, research 
concerning the phenomenon is ongoing. The Cast Iron Selective Leaching Inspection will 
have the following attributes.  

Purpose - The purpose of the Cast Iron Selective Leaching Inspection will be to 
characterize loss of material due to selective leaching for cast iron components in Oconee 
raw water, treated water, and underground environments.  

Scope - The results of this inspection will be applicable to the cast iron components 
falling within the scope of license renewal. These components include pump casings in 
several systems along with piping, valves and other components. As identified in 
Sections 3.5.3 through 3.5.14, the Oconee raw and treated water systems containing cast 
iron components potentially susceptible to loss of material due to selective leaching are 
the Auxiliary Service Water System, the Condensate System, the Condenser Circulating 
Water System, the Service Water System (Keowee), and the High Pressure Service Water 
System.  

Aging Effects - The inspection will determine the existence of loss of material due to 
selective leaching, a form of galvanic corrosion and assess the likelihood of the impact of 
this aging effect on the component intended function. Selective leaching is the 
dissolution of iron at the metal surface that leaves a weakened network of graphite and 
iron corrosion products.  

Method - The Cast Iron Selective Leaching Inspection will inspect a select set of cast 
iron pump casings to determine whether selective leaching of the iron has been occurring 
at Oconee and whether loss of material due to selective leaching will be an aging effect of 
concern for the period of extended operation. A Brinnell Hardness check will be 
performed on the inside surface of a select set of cast iron pump casings to determine if 
this phenomenon is occurring. The results of the Cast Iron Selective Leaching Inspection 
will be applicable to all cast iron components within license renewal scope and installed 
in applicable environments.  
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Sample Size - Five pump casings will be inspected for evidence of selective leaching, 
one from each of the following systems on-site: 

* Auxiliary Service Water System 
* Condensate System 
* High Pressure Service Water System 
* Service Water System (Keowee) 
* Condensate System (one inspection location on any of the three Oconee Units.) 

Industry Codes or Standards - No specific codes or standards exist to address this 
inspection.  

Frequency - The Cast Iron Selective Leaching Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due to 
selective leaching as determined by engineering analysis. Component wall thickness 
acceptability will be judged in accordance with the Oconee component design code of 
record.  

Corrective Action - Any unacceptable loss of material due to selective leaching requires 
an engineering analysis be performed to determine potential impact on component 
intended function.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Cast Iron Selective Leaching Inspection will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis.  
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4.3.3 GALVANIC SUSCEPTIBILITY INSPECTION 

Section 2.5 of OLRP- 1001 identifies the carbon steel, cast iron, copper alloy and stainless 
steel mechanical components that are subject to aging management review. Section 3.5 
of OLRP-1001 identifies loss of material due to galvanic corrosion of carbon steel and 
cast iron components when coupled with either copper alloys or stainless steels as an 
applicable aging effect. Section 3.5 also identifies loss of material due to galvanic 
corrosion of copper alloys when coupled to stainless steels as an applicable aging effect.  
A review of over 200 metallurgical inspection records for Oconee that date from 1981 
was conducted. From this review, no failures from galvanic corrosion have been 
documented. The susceptibility and aggressiveness of galvanic corrosion is determined 
by the material position on the galvanic series and the corrosiveness of the surrounding 
environment. Since inspection of all couples is impractical, only certain locations will be 
inspected where galvanic corrosion is more likely to occur. These more susceptible 
locations are where the materials are the farthest apart on the galvanic series surrounded 
by the most corrosive environment in the plant. For the couples noted above, carbon steel 
and stainless steel are the farthest apart on the galvanic series and raw water is the most 
corrosive environment. An inspection of selected locations of carbon steel - stainless steel 
connections in the Oconee raw water systems will determine whether loss of material due 
to galvanic corrosion will be an aging effect of concern for the period of extended 
operation. The evidence gained from the piping examinations will be indicative of ' 
condition of the carbon steel - stainless steel, carbon steel - copper alloy, and copper alloy 
- stainless steel connections throughout Oconee. The results of the Galvanic 
Susceptibility Inspection will determine the need for additional programmatic oversight to 
manage this aging effect. The Galvanic Susceptibility Inspection will have the following 
attributes.  

Purpose - The purpose of the Galvanic Susceptibility Inspection will be to characterize 
the loss of material by galvanic corrosion in carbon steel - stainless steel couples in the 
Oconee raw water systems.  

Scope - The results of this inspection will be applicable to all galvanic couples with the 
focus on the carbon steel - stainless steel couples in the Oconee raw water systems falling 
within the scope of license renewal.  

Aging Effects - The inspection will determine the existence of loss of material due to 
galvanic corrosion and assess the likelihood of the impact of this aging effect on the 
component intended function.  
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Method - A volumetric examination at the junction of the carbon steel - stainless steel 
components is needed to determine material loss from the more anodic carbon steel. At 
the time of Application, a destructive examination of the more susceptible locations 
chosen to be the sentinel population would be an acceptable examination method. Other 
volumetric techniques may also be effective with the exact method of examination to be 
selected at the time of inspection.  

Sample Size - A sentinel population of the more susceptible locations on all three Oconee 
units, Keowee, and Standby Shutdown Facility will be selected for this inspection from 
the following raw water systems within the scope of license renewal.  

* Auxiliary Service Water System 
* Condensate System (raw water portions of the Condensate Cooler and Main 

Condenser within the scope of license renewal) 
* Condenser Circulating Water System 
* High Pressure Service Water System 
* Low Pressure Injection (raw water portion of the Decay Heat Removal Cooler) 
* Low Pressure Service Water System 
* Service Water System (Keowee) 
* Turbine Generator Cooling Water System (Keowee) : Turbine Sump Pump System (Keowee) 

Standby Shutdown Facility Auxiliary Service Water System 

Areas of low to stagnant flow in Oconee raw water systems which contain carbon steel 
stainless steel couples are the most susceptible locations. Engineering practice at Duke 
has been to use stainless steel as a replacement material in raw water systems for several 
years. Since engineering practice will continue to use stainless steel as an acceptable 
substitute material, the size of the sentinel population will be dependent on the number of 
susceptible locations at the time of the inspection.  

Industry Codes or Standards - No code or standard exists to guide or govern this 
inspection. Component wall thickness acceptability will be judged in accordance with the 
Oconee component design code of record.  

Frequency - The Galvanic Susceptibility Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due 
to galvanic corrosion as determined by engineering analysis.  
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Corrective Action - Any unacceptable loss due of material due to galvanic corrosion 
requires that an engineering analysis be performed to determine potential impact on 
component intended function.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Galvanic Susceptibility Inspection will be implemented 
by plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - This inspection has no current regulatory basis.  
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4.3.4 KEOWEE AIR AND GAS SYSTEMS INSPECTION 

Section 2.5 of OLRP-1001 identifies the carbon steel mechanical components in the 
Keowee Carbon Dioxide, Depressing Air, and Governor Air Systems that are subject to 
aging management review. Section 3.5 of OLRP-1001 identifies loss of material due to 
general corrosion of the carbon steel components in the Keowee Carbon Dioxide, 
Depressing Air, and Governor Air Systems as an applicable aging effect. Condensation 
from the internal air environment may provide the conditions for general corrosion of the 
carbon steel components. The Keowee Air and Gas Systems Inspection will have the 
following attributes.  

Purpose - The purpose of the Keowee Air and Gas Systems Inspection will be to 
characterize the loss of material due to general corrosion of the carbon steel components 
within the Carbon Dioxide, Depressing Air, and Governor Air Systems at Keowee that 
may be exposed to condensation.  

Scope - The results of this inspection will be applicable to the carbon steel components 
within the license renewal portion of the Carbon Dioxide, Depressing Air, and Governor 
Air Systems on each unit at Keowee.  

Aging Effects - The inspection will deternine the existence of loss of material due to 
general corrosion of carbon steel components in the Carbon Dioxide, Depressing Air, and 
Governor Air Systems. The inspection will assess the likelihood of the impact of this 
aging effect on the component intended function.  

Method - An inspection of select portions of the each system will determine whether loss 
of material due to general corrosion will be an aging effect of concern for the period of 
extended operation. The results Keowee Air and Gas Systems Inspection will determine 
the need for additional programmatic oversight to manage this aging effect.  

For the Carbon Dioxide System, the discharge piping low elevation point will be 
determined. A volumetric examination will conducted on a portion of carbon steel pipe 
in and around this low point of the Carbon Dioxide System.  

For the Depressing Air System, a volumetric examination will be conducted on a portion 
of piping between the control valves and the Keowee unit turbine head cover.  

For the Governor Air System, a visual examination of the bottom half of the interior 
surface of the air receiver tanks will determine the presence of corrosion. The visual 
examination will also serve to characterize any instance of corrosion. Piping between the 
air receiver tank and the governor oil pressure tank will receive a volumetric examination.  
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Sample Size - For the Carbon Dioxide System, the inspection will include four feet of 
pipe around the system low elevation point (two feet upstream and downstream).  

For the Depressing Air System, the inspection will include one of the two four-foot 
sections of piping between the control valves and the Keowee unit headcover.  

For the Governor Air System, the inspection will include the lower half of each Air 
Receiver Tank and one of the two four-foot sections of the piping between the air receiver 
tanks and the governor oil pressure tanks.  

Industry Code or Standards - No code or standard exists to guide or govern this 
inspection.  

Frequency - The Keowee Air and Gas Systems Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due to 
corrosion as determined by engineering analysis. Component wall thickness acceptability 
will be judged in accordance with the component design code of record.  

Corrective Action - Any unacceptable indication of loss of material due to corrosion will 
require that an engineering analysis be performed to determine proper corrective action.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Governor Air System Inspection will be implemented by 
plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - This inspection has no current regulatory basis.  
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4.3.5 KEOWEE OIL SAMPLING PROGRAM 
Three of the four Keowee oil systems are within the scope of license renewal. Section 
2.5.13 of OLRP-1001 identifies the carbon steel and stainless steel mechanical 
components in the Generator High Pressure Oil System, Governor Oil System and the 
Turbine Guide Bearing Oil System that are subject to aging management review.  

Section 3.5.13 of OLRP-1001 identifies that loss of material due to general and galvanic 
corrosion of the carbon steel components and loss of material due to pitting corrosion of 
the carbon steel and stainless steel components in the Governor Oil System could occur 
due to the presence of water in the lower portions of the system. Section 3.5.13 also 
identifies that loss of material due to microbiologically influenced corrosion of the 
stainless steel tubes and tubesheets of the Turbine Guide Bearing Oil Cooler exposed to 
raw water could occur. No aging effects are identified for the Generator High Pressure 
Oil System.  

The Keowee Oil Sampling Program will manage loss of material for the carbon steel and 
stainless steel components in the Governor Oil System and Turbine Guide Bearing Oil 
System. The Keowee Oil Sampling Program was only recently formalized, and therefore, 
the program is considered a new program for license renewal. The Keowee Oil Sampling 
Program will have the following attributes.  

Purpose - The purpose of the Keowee Oil Sampling Program will be to monitor and 
control the water contamination levels in the Governor Oil System to preclude loss of 
material for the carbon steel and stainless steel components in the scope of license 
renewal. In addition, the Keowee Oil Sampling Program will manage loss of material of 
the stainless steel subcomponents in the Turbine Guide Bearing Oil System by 
monitoring the Turbine Guide Bearing Oil System for water contamination.  

Scope - The scope of the Keowee Oil Sampling Program includes all carbon steel and 
stainless steel components within the scope of license renewal in the Governor Oil 
System and the turbine guide bearing oil coolers, the only stainless steel component of 
concern in the Turbine Guide Bearing Oil System. This program will contain elements 
which cover all four Keowee oil systems and, as such, is intended to cover a broader 
scope than is being credited for license renewal.  
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Aging Effects - Water contamination in the Governor Oil System can expose the carbon 
steel and stainless steel components to conditions conducive to loss of material due to 
various forms of corrosion. Water contamination in the Turbine Guide Bearing Oil 
System is evidence of leakage of the Turbine Guide Bearing Oil Cooler from loss of 
material due to microbiologically influenced corrosion. Monitoring and controlling water 
contamination precludes this applicable aging effect in the Governor Oil System and 
manages this applicable aging effect in the Turbine Guide Bearing Oil Coolers.  

Method - The Keowee Oil Sampling Program will require that the Governor Oil System 
Sump and Turbine Guide Bearing Oil System reservoirs be sampled for the presence of 
water contamination.  

Sample Size - This criteria is not applicable, since relevant conditions are being 
monitored and not system hardware.  

Industry Codes or Standards - ASTM D95-83, Water in Petroleum and Bitumens, 
provides guidance for the testing of the oil sample.  

Frequency - Oil samples will be taken and analyzed every six months. Results of the 
analysis will be monitored and trended.  

Acceptance Criteria or Standard - No water contamination in excess of 0.1% water by 
volume will be the limit for water contamination in the Governor Oil System and Turbine 
Guide Bearing Oil System.  

Corrective Action - If water contamination levels exceed the acceptance criteria, the 
accountable engineer will be notified and the source of the water contamination will be 
located and corrected. The contaminated oil will be sent to the plant oil purifier to 
remove the water and returned to the system.  

Specific corrective actions will be made in accordance with the Duke Quality Assurance 
Program.  

Timing of New Program or Activity - Following issuance of a renewed operating 
license for Oconee Nuclear Station, the Keowee Oil Sampling Program will be 
implemented by February 6, 2013 (the end of the initial license term for Oconee Unit 1).  

Administrative Control - The Keowee Oil Sampling Program will be implemented by 
plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - This program has no current regulatory basis.  
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4.3.6 ONCE THROUGH STEAM GENERATOR UPPER LATERAL SUPPORT INSPECTION 

Section 2.4 of OLRP- 1001 identifies the Once Through Steam Generator (OTSG) upper 
lateral supports. Section 3.4 of OLRP-1001 identifies cracking of the lubrite pads as an 
applicable aging effect. The OTSG Upper Lateral Support Inspection will have the 
following attributes.  

Purpose - The purpose of the OTSG Upper Lateral Support Inspection is to determine 
whether cracking of the OTSG upper lateral support lubrite pads has occurred and to 
validate that the condition of the lubrite pads is acceptable for the period of extended 
operation.  

Scope - The results of this inspection will be applicable to all thirty lubrite pads installed 
at Oconee (ten per unit).  

Aging Effects - The applicable aging effect is cracking of the lubrite pads by gamma 
irradiation.  

Method - A visual inspection of the accessible surfaces of a sample population of lubrite 
pads will be performed to determine if the pads are cracking.  

Sample Size - The sample size will be five lubrite pads on one OTSG upper lateral 
support.  

Industry Codes or Standards - No code or standard exists to guide or govern this 
inspection. I 

Frequency - The OTSG Upper Lateral Support Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No cracks in the lubrite pads.  

Corrective Action - If the sample lubrite pads are cracked, then the affected pads must be 
replaced and the remaining 25 lubrite pads must be inspected.  

Lubrite pads that are cracked will be replaced with new pads.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  
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Administrative Controls - The OTSG Upper Lateral Support Inspection will be 
implemented in accordance with written procedures as required by the Duke Quality 
Assurance Program.  

Regulatory Basis - This one-time inspection has no current regulatory basis.  
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4.3.7 PRESSURIZER EXAMINATIONS 

Section 2.4 of OLRP-1001 identifies the pressurizer as subject to aging management 
review. Section 3.4 of OLRP-1001 and BAW-2244A [Reference 4.3-2] identify the 
following aging effects that will require new or additional inspections for license renewal: 
(1) cracking of pressurizer cladding and, including items attached to the cladding (e.g., 
tripod legs), which may result in cracking or loss of underlying ferritic steel, (2) aging 
management of the structural welds that connect the heater sheaths to the diaphragm 
plates, and (3) cracking of small bore nozzles and safe ends. In addition, the Oconee
specific review identified cracking of internal spray line and spray head as requiring a 
one-time inspection. Aging management of the pressurizer Alloy 600 small bore nozzles 
is addressed in the Alloy 600 Aging Management Program (See Section 4.3.1). Small 
bore safe ends are addressed in the Small Bore Piping Inspections (See Section 4.3.12).  
The Pressurizer Examinations include two specific examinations: (1) the pressurizer 
cladding, internal spray line, and spray head; and (2) the pressurizer heater penetration 
weld examination, which are described in the following sections.  

4.3.7.1 Pressurizer Cladding, Internal Spray Line, and Spray Head Examination 
The Pressurizer Cladding, Internal Spray Line, and Spray Head Examination will have 
the following attributes.  

Purpose - The purpose of the Pressurizer Cladding, Internal Spray Line, and Spray Head 
Examination will be to assess the condition of the pressurizer cladding, internal spray 
line, and spray head.  

Scope - The scope of this activity will include the cladding and attachment welds to the 
cladding of all three pressurizers at the Oconee units and to the internal spray line and 
spray head of all three pressurizers at the Oconee units, including the fasteners that 
connect the spray line and spray head to the internal surface of the pressurizer.  

Aging Effects - The aging effects of concern are cracking of cladding by thermal fatigue, 
which may propagate to the underlying ferritic steel. Cracking of the internal spray line 
by fatigue and cracking of the spray head due to reduction of fracture toughness are also 
aging effects.  
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Method - Visual examination (VT-3) of the clad inside surfaces of the pressurizer (100% 
coverage of the accessible surface) including attachment welds to the pressurizer will be 
performed. Historical data (Haddam Neck) indicates cracking may occur adjacent to the 
heater bundles, if at all. Therefore, the examination will focus on cladding adjacent to the 
heater bundles. In addition, visual inspections have been shown to be adequate for 
detecting cracks in cladding at Haddam Neck; cracking that extended to underlying 
ferritic steel was found due to the observance of rust.  

Visual examination (VT-3) of the internal spray line and spray head, including the 
fasteners that are used to attach the spray line to the internal surface of the pressurizer will 
also be performed.  

Sample Size - The examination will be performed on the cladding (100% coverage of the 
accessible surface), spray head, and internal spray line of one pressurizer at Oconee.  

Industry Code or Standards - ASME Section XI, 1989 Edition, including mandatory 
Appendices VII and VIII (Appendix VIII in accordance with 1989 Addenda).  

Frequency - The Pressurizer Cladding, Internal Spray Line, and Spray Head 
Examination is a one-time inspection.  

Acceptance Criteria or Standard - Acceptance standards for visual examinations will 
be in accordance with ASME Section XI VT-3 examinations.  

Corrective Action - If cracks are detected in the cladding that extend to the underlying 
ferritic steel, acceptance standards for Examination Categories B-B and B-D may be 
applicable to subsequent volumetric examination of ferritic steel.  

If cracks are detected in the internal spray piping, acceptance standards for Examination 
Category B-J may be applied. If cracks are detected in the spray head, engineering 
analysis will determine corrective actions that could include replacement of the spray 
head.  

The need for subsequent examinations will be determined after the results of the initial 
examination are available.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  
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Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - Inspections and engineering evaluations will be performed in 
accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Renewal Applicant Action Item 4.2 (1) in the Safety Evaluation for 
BAW-2244A (See Table 2.4-3 of OLRP-1001).  
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4.3.7.2 Pressurizer Heater Bundle Penetration Welds Examination 
The Pressurizer Heater Bundle Penetration Welds Examination will have the following 
attributes.  

Purpose - This purpose of the Pressurizer Heater Bundle Penetration Welds 
Examination will be to assess the condition of the pressurizer heater penetration welds.  

Scope - The results of this examination will be applicable to the heater sheath-to-sleeve 
or heater sheath-to-diaphragm plate penetration welds for the pressurizer heater bundles.  
Each pressurizer contains three heater bundles.  

Aging Effects - The aging effect of concern is cracking at heater bundle penetration 
welds which may lead to coolant leakage.  

Method - For the heater bundle that is removed, a surface examination of sixteen 
peripheral welds on one bundle will be performed. A visual examination (VT-3 or 
equivalent) of the remaining welds of the heater bundle will be performed. [Footnote 4] 

Sample Size - The examination will include sixteen peripheral heater penetration welds 
on one heater bundle in one of the Oconee units, whichever heater bundle is removed 
first.  

Industry Code or Standards - ASME Section XI, 1989 Edition, including mandatory 
Appendices VII and VIII (Appendix VIII in accordance with 1989 Addenda).  

Frequency - The Pressurizer Heater Bundle Penetration Welds Examination is a 
one-time inspection.  

Acceptance Criteria or Standard - Acceptance standards for surface examinations and 
visual examination (VT-3) will be in accordance with ASME Section XI.  

Corrective Action - If the results of the inspection are not acceptable, then the results 
may be used as a baseline inspection for establishing a longer term programmatic action 
covering all Oconee pressurizer heater bundles.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

4. The Oconee Inservice Inspection Plan for the 5 inservice inspection interval will include pressurizer 
heater bundle welds under Examination Category B-E or equivalent (see Section 4.18).  
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Timing of New Program or Activity - The surface examinations of the sixteen 
peripheral heater penetration welds will be performed upon removal of a pressurizer 
heater bundle.  

Administrative Controls - Inspections and engineering evaluations will be performed in 
accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Renewal Applicant Action Item 4.2 (2) in the Safety Evaluation for 
BAW-2244A (See Table 2.4-3 of OLRP-1001).  
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4.3.8 PREVENTIVE MAINTENANCE ACTIVITY ASSESSMENT 

As described in the Oconee UFSAR Chapter 13.5.2.2.1, Maintenance Procedures, 
maintenance of station safety-related structures, systems, and components is performed in 
accordance with written procedures, documented instructions, or drawings which 
conform to applicable, codes, standards, specifications, and criteria. For license renewal, 
an assessment of several specific preventive maintenance activities which manage a 
variety of applicable aging effects for the license renewal will be performed. The 
Preventive Maintenance Activity Assessment will have the following attributes.  

Purpose - The purpose of the Preventive Maintenance Activity Assessment will be to 
assess the effectiveness of existing plant maintenance activities identified in Table 4.3-1.  

Scope - The Preventive Maintenance Activity Assessment will include an assessment of 
the effectiveness of the maintenance activities listed in Table 4.3-1.  

Aging Effects - The applicable aging effects that have been identified for license 
renewal are listed in Table 4.3-1.  

Method - The Preventive Maintenance Activity Assessment will be conducted in 
accordance with the requirements for performing self-assessments as described in 
Chapter 17.3.3, Self Assessments, of the Duke Quality Assurance Program Topical 
Report.  

Sample Size - Each of the above maintenance activities will be assessed.  

Industry Codes or Standards - No code or standard exist to guide or govern this 
assessment.  

Frequency - The Preventive Maintenance Activity Assessment is a one-time assessment.  

Acceptance Criteria or Standard - The Duke Quality Assurance Program.  

Corrective Action - The maintenance activities identified in Table 4.3-1 are effective in 
managing the aging effects and that the component intended functions are being 
maintained under all current licensing basis conditions for the period of extended 
operation. If the Preventive Maintenance Activity Assessment determines that 
enhancements to one or more of the maintenance activities listed in Table 4.3-1 are 
required, then corrective actions will be implemented.  
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Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Preventive Maintenance Activity Assessment will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - 10 CFR §50.65, Requirements for monitoring the effectiveness of 
maintenance at nuclear power plants.  
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Table 4.3-1 Preventive Maintenance Activities 

Preventive Maintenance Aging Effect 
Activity 

Auxiliary Service Water Piping Fouling due to macro-organisms and silting has been identified as an 
Inspection applicable aging effect for specific portions of the Auxiliary Service Water 

System piping that can not be periodically tested.  

Borated Water Storage Tank Loss of material due to general and localized corrosion has been identified 
Internal Coatings Inspection as an applicable aging effect for the carbon steel borated water storage tank 

in the Low Pressure Injection System.  

Component Cooler Tubing Loss of material due to general and pitting corrosion of the brass tubes 
Examination exposed to raw water has been identified as an applicable aging effect for 

the component cooler tubing in the Component Cooling System.  

Condensate Cooler Tubing Loss of material due to pitting corrosion of the stainless steel tubes exposed 
Examination to raw water has been identified as an applicable aging effect for the 

condensate coolers in the Condensate System.  

Condenser Circulating Water Condenser Circulating Water System Internal Coatings - Loss of material 
System Internal Coatings Inspection due to general and localized corrosion has been identified as applicable 

aging effect for the underground Condenser Circulating Water System 
piping.  

Decay Heat Cooler Tubing Loss of material due to pitting corrosion and microbiologically influenced 
Examination corrosion of the stainless steel tubes exposed to raw water has been 

identified as an applicable aging effect for the decay heat coolers in the Low 
Pressure Injection System.  

Main Condenser Tubing Loss of material due to pitting corrosion and microbiologically influenced 
Examination corrosion of the stainless steel tubes exposed to raw water has been 

identified as an applicable aging effect for the main condenser in the 
Condensate System.  

Reactor Building Cooling Unit Loss of material due to general and localized corrosion of the tube side 
Tubing Inspection exposed to raw water and localized corrosion due to galvanic corrosion and 

boric acid wastage of the copper alloy tubing has been identified as 
applicable aging effects for the cooling units in the Reactor Building 
Cooling System.  

Standby Shutdown Facility Diesel Loss of material due to general and localized corrosion of the carbon steel 
Fuel Oil Tank Inspection Standby Shutdown Facility Fuel Oil Tank has been identified as applicable 

aging effects for the external surfaces.  

Turbine Generator Cooling Water Loss of material due to general and localized corrosion has been identified 
System Strainer Inspection as an applicable aging effect for the carbon steel strainers in the Turbine 

Generator Cooling Water System.  

4.3-23 
Revision 2 

Volume III.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

New Programs and Activities 

4.3.9 REACTOR BUILDING SPRAY SYSTEM INSPECTION 

Section 2.5 of OLRP-1001 identifies the stainless steel pipe in the Reactor Building Spray 
System that is subject to aging management review. Section 3.5 of OLRP-1001 identifies 
loss of material due to pitting corrosion and cracking due to stress corrosion as applicable 
aging effects. The Reactor Building Spray System Inspection will inspect specific 
stainless steel piping locations in the license renewal portions of the Reactor Building 
Spray System. The Reactor Building Spray System Inspection will have the following 
attributes.  

Purpose - The purpose of Reactor Building Spray System Inspection will be to 
characterize the loss of material due to pitting corrosion and cracking due to stress 
corrosion of stainless steel components within the Reactor Building Spray System 
periodically exposed to an borated water environment that is not monitored.  

Scope - The results of this inspection will be applicable to stainless steel piping and 
components downstream of the containment isolation valves BS-1 and BS-2 toward their 
respective spray headers, a total of two lines per Oconee unit. Because the piping is open 
to the Reactor Building environment, unmonitored conditions exist in any borated water 
which may be entrapped downstream of these valves.  

Aging Effects - The inspection will determine the existence of loss of material due to 
pitting corrosion and cracking due to stress corrosion of stainless steel piping due to the 
periodic presence of borated water in the Reactor Building Spray piping open to the 
Reactor Building environment. The inspection will assess the likelihood of the impact of 
these aging effects on the component intended function.  

Method - An inspection of a select set of stainless steel piping locations will determine 
whether loss of material due to pitting corrosion and cracking due to stress corrosion have 
been occurring and whether further programmatic aging management will be required to 
manage these effects for license renewal. The length of susceptible piping will be 
determined. A volumetric examination of a length of the susceptible piping locations will 
be conducted for this inspection. This examination will include a stainless steel weld and 
heat affected zone, if available, since this is a more likely location for stress corrosion 
cracking to occur.  

Sample Size - The inspection will include one of the six susceptible locations. The 
inspection locations are the piping between valves BS- 1 and BS-2 and the normally open 
drain valves BS- 15 and BS-20. If no parameters are known that would distinguish the 
susceptible locations, one location of the six available locations will be examined.  
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Industry Code or Standards - No code or standard exists to guide or govern this 
inspection. Component wall thickness acceptability will be judged in accordance with the 
Oconee component design code of record.  

Frequency - The Reactor Building Spray System Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due to 
pitting corrosion or cracking due to stress corrosion as determined by engineering 
analysis.  

Corrective Action - Any unacceptable indication of loss of material due to pitting 
corrosion or cracking or cracking due to stress corrosion will require that an engineering 
analysis be performed to determine proper corrective action.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Reactor Building Spray System Inspection will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis.  
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4.3.10 REACTOR COOLANT PUMP MOTOR OIL COLLECTION SYSTEM INSPECTION 
Section 2.5 of OLRP-1001 identifies the carbon steel, copper alloy, and stainless steel 
components in the Reactor Coolant Pump Motor Oil Collection System that are subject to 
aging management review. Section 3.5 of OLRP-1001 identifies loss of material due to 
general and galvanic corrosion for the carbon steel component materials and pitting and 
crevice corrosion for the carbon steel, copper alloys and stainless steel component 
materials in the Reactor Coolant Pump Motor Oil Collection System due to general and 
localized corrosion as an applicable aging effect. The Reactor Coolant Pump Motor Oil 
Collection System Inspection will have the following attributes.  

Purpose - The purpose of the Reactor Coolant Pump Motor Oil Collection System 
Inspection will be to characterize the loss of material due to general and localized 
corrosion of the carbon steel, copper alloy and stainless steel components in the Reactor 
Coolant Pump Motor Oil Collection System that may periodically be exposed to water.  

Scope - The results of this inspection will be applicable to the components in the system, 
particularly the lower portions of the system, with the potential to be exposed to water.  
Each Oconee unit has four Reactor Coolant Pump Oil Collection Tanks for a total 
population of twelve at Oconee.  

Aging Effects - The inspection will determine the existence of loss of material due to 
general and galvanic corrosion for the carbon steel component materials and pitting and 
crevice corrosion for the carbon steel, copper alloys and stainless steel component 
materials as a result of periodic exposure to water.  

Method - An inspection of several of the Reactor Coolant Pump Motor Oil Collection 
System Tanks will determine whether loss of material due to general and localized 
corrosion will be an aging effect of concern for the period of extended operation. The 
evidence gained from the tank examinations will be indicative of the condition of all 
materials in the lower portion of the system.  

A visual examination on the bottom half of the interior surface of the tank will be 
performed to determine the presence of corrosion. The visual examination will also serve 
to characterize any instances of corrosion, both general and localized. A volumetric 
examination will then be conducted on any problematic areas to determine the condition 
of the lower portions of the tank which is a leading indicator of the other susceptible 
components.  

Sample Size - The inspection will include one of the twelve Reactor Coolant Pump 
Motor Oil Collection System Tanks.  
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Industry Code or Standards - No code or standard exists to guide or govern this 
inspection.  

Frequency - The Reactor Coolant Pump Motor Oil Collection System Inspection is a 
one-time inspection.  

Acceptance Criteria - No unacceptable indication of loss of material due to various 
forms of corrosion as determined by engineering analysis. Component wall thickness 
acceptability will be judged in accordance with the Oconee component design code of 
record.  

Corrective Action - Any unacceptable indication of loss of material due to various forms 
of corrosion will require that an engineering analysis be performed to determine proper 
corrective action.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Reactor Coolant Pump Motor Oil Collection System 
Inspection will be implemented by plant procedures in accordance with the Duke Quality 
Assurance Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis.  
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4.3.11 REACTOR VESSEL INTERNALS AGING MANAGEMENT PROGRAM 

As discussed previously in Section 2.4 of OLRP-1001, Duke has been actively 
participating in a B&W Owners Group (B&WOG) effort which has developed a series of 
topical reports whose purpose was to demonstrate that the aging effects for various 
Reactor Coolant System components are adequately managed for the period of extended 
operation for license renewal. One of these topical reports, BAW-2248, addresses 
managing the effects of aging of the reactor vessel internals [Reference 4.3-3]. As of 
June 1998, staff review of this report is still in progress.  

Since the submittal of BAW-2248 in July 1997, the B&WOG has met with the NRC 
three times to discuss reactor vessel internals aging management issues [References 4.3-4, 
4.3-5, and 4.3-6]. In addition, the NRC has recently issued Information Notice 98-11 
[Reference 4.3-7] regarding cracking of reactor vessel internals baffle bolting.  

To this end, Duke proposes an Oconee Reactor Vessel Internals Aging Management 
Program which may include the following activities: 

(a) Continue the characterization of the potential aging effects that have been identified 
in BAW-2248, Demonstration of the Management ofAging Effects for the Reactor 
Vessel Internals [Reference 4.3- 3]. The scope of the characterization includes, but is 
not limited to, the development of key program elements to address the following 
aging effects: cracking, reduction of fracture toughness, and loss of closure integrity.  

(b) After the characterization of aging effects and prior to midnight February 6, 2013, 
Duke will develop an appropriate monitoring and inspection program, with attributes 
as defined in Section 4.2. This monitoring and inspection program will provide 
additional assurance that the reactor vessel internals will remain functional through 
the period of extended operation.  
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4.3.12 SMALL BORE PIPING INSPECTION 

Section 2.4 of OLRP-1001 identifies Reactor Coolant System small bore piping as 
subject to aging management review. Section 3.4 of OLRP-1001 and BAW-2243A 
identify cracking as an applicable aging effect for small bore piping. Alloy 600 small 
bore nozzles, which were also discussed in the BAW-2243A commitments, are addressed 
by the Oconee Alloy 600 Program (see Section 4.3.1 of OLRP-1001). The Small Bore 
Piping Inspection will manage the applicable aging effects for the period of extended 
operation. The Small Bore Piping Inspection will have the following attributes.  

Purpose - The purpose of the Small Bore Piping Inspection will be to validate that 
service-induced weld cracking is not occurring in the small bore Reactor Coolant System 
piping that does not receive a volumetric examination under ASME Section XI.  

Scope - The scope of Small Bore Piping Inspection includes the Oconee ISI [Footnote 5] 
Class A piping welds in lines less than 4 inch NPS [Footnote 6] including pipe, fittings, 
and branch connections.  

Aging Effects - The aging effect being investigated is cracking of piping welds which 
may not be fully managed by the current ASME Section XI examinations. For Duke, 
these inspections are driven by the consequences of small bore piping failures rather than 
a lack of confidence in the current inservice inspection techniques to manage aging. In 
many instances, small bore piping cannot be isolated from the Reactor Coolant System 
and a leak could lead to a SBLOCA [Footnote 7] and plant shutdown.  

Method - Selected inspection locations will receive either a destructive or 
non-destructive examination that permits inspection of the inside surface of the piping.  

Sample Size - Pipe, fittings, and branch connections over the entire small bore size range 
will be considered for inspection. The total population of welds will be determined by 
summing the number of welds found in scope. To determine the inspection locations 
from this total population of welds, risk-informed approaches will be used to identify 
locations most susceptible to cracking. Susceptibility will be determined either 
qualitatively (i.e., based on site and industry experience, evaluation of current ASME 
Section XI inspection requirements and results, and any applicable regulatory initiatives) 
or quantitatively, or both. The consequences of weld failure, without respect to 
susceptibility, also will be evaluated to identify the most safety significant piping welds.  

5. ISI = Inservice Inspection 
6. NPS = Nominal Pipe Size 
7. SBLOCA = Small Break Loss of Coolant Accident 
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After the evaluation of susceptibility and consequences, a list of potential inspection 
locations will be developed. Actual inspection locations will be selected based on 
physical accessibility, exposure levels, and the likelihood of meaningful results if a non
destructive technique is employed.  

Industry Code or Standards - No code or standard exists to guide or govern this 
inspection. ASME Section XI provides rules for this piping, but not for volumetric or 
destructive examination. If destructive examination is employed, the Section XI rules for 
Repair and Replacement will be used to return piping to its original condition.  

Frequency - The Small Bore Piping Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of cracking of piping 
welds as determined by engineering analysis.  

Corrective Action - Any unacceptable indication of cracking of piping welds requires an 
engineering analysis be performed to determine proper corrective action.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of a renewed operating 
licenses for Oconee Nuclear Station, this inspection will be completed by 
February 6, 2103 ( the end of the initial license term for Oconee Unit 1).  

Administrative Controls - The Small Bore Piping Inspection will be implemented by 
plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Renewal Applicant Action Item in the NRC SER concerning the 
"Demonstration of the Management of Aging Effects for the Reactor Coolant System 
Piping," BAW-2243A: 

"... The BWOG defers the development of details of ... (2) the sample inspection of 
small bore RCS piping, to the renewal applicant referencing this topical report. The 
renewal applicant will have to provide details of these ... inspection programs in its 
renewal application for staff review and approval." 
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4.3.13 TREATED WATER SYSTEMS STAINLESS STEEL INSPECTION 

Section 2.5 of OLRP-1001 identifies the stainless steel mechanical components in the 
Chemical Addition, Component Cooling, Demineralized Water, Filtered Water, Liquid 
Waste Disposal, SSF Drinking Water, and SSF Sanitary Lift Systems that are subject to 
aging management review. Section 3.5 of OLRP-1001 identifies loss of material and 
cracking as the applicable aging effects for the stainless steel components in these 
systems. These Oconee and Standby Shutdown Facility treated water systems contain 
stainless steel components which are exposed to treated or potable water falling under 
separate guidelines from the Chemistry Control Program(see Section 4.6) or under the 
provisions of the state of South Carolina. The Filtered Water System components are 
exposed to filtered water developed by the Oconee water treatment process.  

The Chemical Addition, Component Cooling, Demineralized Water, and Liquid Waste 
Disposal System components are exposed to demineralized water developed by an 
additional step in the Oconee water treatment process. This demineralized water is the 
starting source for all primary and secondary water systems which are controlled by the 
Chemistry Control Program and has historically been of excellent quality.  

The SSF Drinking Water and Sanitary Lift System component are exposed to potable 
water from the City of Seneca, South Carolina. The city drinking water standards arc 
established by the state of South Carolina.  

For all three groups of components, loss of material due to pitting corrosion and cracking 
due to stress corrosion have been identified as applicable aging effects requiring 
management for license renewal. Although the quality of the water in these cases is 
believed to be excellent, an inspection of a select set of stainless steel piping locations 
will determine whether loss of material due to pitting corrosion and cracking due to stress 
corrosion cracking has been occurring and whether further programmatic aging 
management will be required to manage these effects for license renewal. At the time of 
Application, no evidence exists that these aging effects are applicable to these systems 
and no industry experience has identified problems with stainless steel components in 
these type of systems.  

Purpose - The purpose of the Treated Water Systems Stainless Steel Inspection will be to 
characterize the loss of material due to pitting corrosion and cracking due to stress 
corrosion of stainless steel components that could be occurring within several Oconee 
treated water systems.  
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Scope - The results of this inspection will be applicable to the stainless steel piping and 
valves in portions of several Oconee treated water systems which are exposed to treated 
or potable water falling under separate guidelines from the Chemistry Control Program 
and the state of South Carolina. The stainless steel components may experience aging 
that is not monitored by current plant programs. The focus on this inspection will be on a 
representative sample from each of the three treated water groups. The results of the 
inspections in each group will be an indicator of the condition of all of the stainless steel 
components in the systems within that group. The systems containing the stainless steel 
piping and valves under consideration are: 

* Chemical Addition System (caustic addition portion containing demineralized water) 
* Component Cooling System (the stainless steel Containment penetration portion on 

Unit 2 only containing demineralized water) 
* Demineralized Water System (Containment penetration portion containing 

demineralized water) 
* Filtered Water System (Containment penetration portion containing filtered water) 
* Liquid Waste Disposal System (Containment penetration portion containing 

demineralized water) 
* SSF Drinking Water System (containing potable water) 
* SSF Sanitary Lift System (containing potable water) 

Aging Effects - The inspection will determine the existence of loss of material due to 
pitting corrosion and cracking due to stress corrosion of stainless steel piping and valves.  

Method- A volumetric examination of a length of the susceptible piping locations will 
be conducted for this inspection. This examination will include a stainless steel weld and 
heat affected zone since this is a more likely location for stress corrosion cracking to 
occur. In addition to the volumetric examination, a visual examination of the interior of a 
valve will be conducted to determine the presence of pitting corrosion.  

Sample Size- Portions of stainless steel piping and valves, as applicable, for each of the 
three groups of system components will be inspected.  

If in the Filtered Water System no parameters exist that would distinguish among the 
three Containment penetrations, one of the three Containment penetrations will be 
inspected. A stainless steel weld at one Containment isolation valve along with piping 
and weld between the isolation valve and the Containment penetration schedule transition 
point will be volumetrically examined in the 6-inches nominal pipe size stainless steel 
piping. In addition, one valve will be disassembled for an internal visual examination.  
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If in the Demineralized Water System no parameters exist that would distinguish among 
the four Containment penetrations, one of the three, 4-inches nominal pipe size, 
Containment penetrations will be inspected. A stainless steel weld at one Containment 
isolation valve along with piping and weld between the isolation valve and the 
containment penetration schedule transition point will be volumetrically examined. In 
addition, one valve will be disassembled for an internal visual examination.  
In the SSF Drinking Water System, a one-foot section of 1-inch nominal pipe size piping 
will be volumetrically examined upstream of valve PDW-72. In addition, one valve will 
be disassembled in the license renewal portion of this system for an internal visual 
inspection.  

Industry Code and Standards - No code or standard exists to guide or govern this 
inspection. Component wall thickness acceptability will be judged in accordance with the 
Oconee component design code of record.  

Frequency - The Treated Water Systems Stainless Steel Inspection is a one-time 
inspection.  

Acceptance Criteria or Standards - No unacceptable indication of loss of material due 
to pitting corrosion or cracking due to stress corrosion as determined by engineering 
analysis.  

Corrective Action - Any unacceptable loss of material due to of pitting corrosion or 
stress corrosion cracking requires an engineering analysis be performed to determine 
potential impact on component intended function.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating license 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013(the 
end of the initial license term for Oconee Unit 1).  

Administrative Controls - The Treated Water Systems Stainless Steel Inspection will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis 
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4.3.14 REFERENCES FOR SECTION 4.3 

4.3-1. BAW-2243A, Demonstration of the Management of Aging Effects for the 
Reactor Coolant System Piping, The B&W Owners Group Generic License 
Renewal Program, June 1996.  

4.3-2. BAW-2244A, Demonstration of the Management ofAging Effects for the 
Pressurizer, The B&W Owners Group Generic License Renewal Program, 
December 1997.  

4.3-3. BAW-2248, Demonstration of the Management of Aging Effects for the 
Reactor Vessel Internals, The B&W Owners Group Generic License Renewal 
Program, July 1997.  

4.3-4. NRC Meeting Summary dated February 13, 1997, Summary of Meeting on 
February 12, 1997 Between the U.S. Nuclear Regulatory Commission and 
B&WOG Representatives to Discuss the Status of the B&WOG Generic 
License Renewal Program, Project No. 683.  

4.3-5. NRC Meeting Summary dated September 16, 1997, Summary of Meeting on 
August 28, 1997 Between the U.S. Nuclear Regulatory Commission and 
B&WOG Representatives to Discuss the Status of the B&WOG Generic 
License Renewal Program, Project No. 683.  

4.3-6. NRC Meeting Summary dated May 6, 1998, Summary of Meeting on April 23, 
1998 Between the U.S. Nuclear Regulatory Commission and B&WOG 
Representatives to Discuss the Status of the B&WOG Generic License Renewal 
Program, Project No. 683.  

4.3-7. NRC Information Notice 98-11: Cracking of Reactor Vessel Internal Baffle 
Former Bolts in Foreign Plants, March 25, 1998.  
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4.4 BATTERY RACK INSPECTIONS 

Section 2.7.2.2 of OLRP-1001 identifies battery racks as subject to aging management 
review. Section 3.7.2.2 of OLRP-1001 identifies loss of material due to corrosion as an 
applicable aging effect. Battery Rack Inspections, which are conducted in accordance 
with requirements contained in the Oconee Improved Technical Specifications, will 
manage the applicable aging effects for the period of extended operation. Battery Rack 
Inspections have the following attributes. In addition, because Battery Rack Inspections 
are part of an existing program, operating experience and demonstration are provided, as 
applicable.  

4.4.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Battery Rack Inspections is to ensure the structural integrity 
of the battery racks. Battery Rack Inspections constitute a subset of the many activities 
performed under the auspices of the Battery Inspections required by Oconee Improved 
Technical Specifications SR 3.8.1.13, AC Sources Operating, SR 3.8.3.2, DC Sources 
Operating, and SR 3.10.1.10, Standby Shutdown Facility, [Reference 4.4-1].  

Scope - The scope of the Battery Rack Inspections include the racks for the following 
batteries: 

* 125 VDC Instrumentation and Control Batteries at Keowee 
* 125 VDC 230 kV Switchyard Batteries 
* 125 VDC Instrument and Control Batteries in the Auxiliary Buildings 
* 125 VDC Instrument and Control Batteries in the Standby Shutdown Facility 

Aging Effects - Battery racks are inspected for physical damage or abnormal 
deterioration, including loss of material due to corrosion.  

Method - A visual inspection will be performed as require by Oconee Improved 
Technical Specifications.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - NUREG- 1430, Standard Technical Specifications 
Babcock and Wilcox Plants, Revision 1, April 1995; IEEE 450, IEEE Recommended 
Practice for Maintenance, Testing, and Replacement of Large Lead Storage Batteries for 
Generating Stations and Substations [Reference 4.4-2].  
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Frequency - The inspection is performed annually as required by the Oconee Improved 
Technical Specifications. This surveillance frequency is consistent with the 
recommendation to check the structural integrity of the battery rack on a yearly basis as 
provided in IEEE-450 [Reference 4.4-2, Section 4.3.3].  

Acceptance Criteria - No visual indication of loss of material due to corrosion. The 
presence of physical damage or deterioration does not necessarily represent a failure, 
provided an evaluation determines that the physical damage or deterioration does not 
affect the ability of the battery to perform its function.  

Corrective Action - Areas which do not meet the acceptance standards are accepted by 
engineering evaluation or corrected by repair or replacement activities.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - Battery Rack Inspections are implemented by written 
procedures as required by Oconee Improved Technical Specifications 5.4, Administrative 
Controls, Procedures and in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Oconee Improved Technical Specifications SR 3.8.1.13, AC Sources 
Operating, SR 3.8.3.2, DC Sources Operating, and SR 3.10.1.10, Standby Shutdown 
Facility.  

4.4.2 OPERATING EXPERIENCE AND DEMONSTRATION 

A review of Oconee-specific operating experience did not identify any instances of loss of 
material of any battery racks. Based on the review of Oconee operating experience, the 
continued implementation of the Battery Rack Inspections provides reasonable assurance 
that the aging effects will be managed such that the battery racks will continue to perform 
their intended functions consistent with the current licensing basis for the period of 
extended operation.  
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4.4.3 REFERENCES FOR SECTION 4.4 

4.4-1. Oconee Nuclear Station, Improved Technical Specifications 

4.4-2. IEEE -450, IEEE Recommended Practice for Maintenance, Testing, and 
Replacement of Large Lead Storage Batteries for Generating Stations and 
Substations, Institute of Electrical and Electronics Engineers, 345 East 47t 
Street, New York, NY.  
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4.5 BORIC ACID WASTAGE SURVEILLANCE PROGRAM 
Sections 2.4, 2.5, and 2.7 of OLRP-1001 identify carbon steel components that are 
subject to aging management review. Sections 3.4, 3.5 and 3.7 identify loss of material 
due to boric acid corrosion of carbon steel and low alloy steel components as an 
applicable aging effect. The Boric Acid Wastage Surveillance Program has the following 
attributes. In addition, because the Boric Acid Wastage Surveillance Program is an 
existing program, operating experience and demonstration are provided, as applicable.  

4.5.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Boric Acid Wastage Surveillance Program is to provide 
reasonable assurance that leaks of boric acid are promptly identified and corrected and 
that loss of material due to boric acid corrosion is evaluated. This program focuses on 
small leaks which generally occur below technical specification limits for operational 
leakage.  

Scope - The results of the program are applicable to mechanical components and 
structural components fabricated from carbon steel and low alloy steel that are located in 
proximity to borated systems. This program addresses equipment both inside and outside 
the Reactor Building. Bolted closures such as manways and flanged connections of 
systems containing dissolved boric acid are also included.  

Aging Effects - The aging effect is loss of material due to boric acid corrosion of the 
carbon steel and low alloy steel.  

Method - Visual inspections are performed on external surfaces in accordance with plant 
procedures.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - ASME Section XI and Generic Letter 88-05 
[Reference 4.5-1].  

Frequency - Inspections are performed each time the Reactor Building is entered (not to 
exceed intervals associated with refueling outages and ISI inspections).  

Acceptance Criteria or Standard - The Boric Acid Wastage Surveillance Program 
includes the following acceptance criteria: 

(1) Free from leakage from non-insulated components 
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(2) Free from leakage in excess of permissible levels defined by the owner on devices 
with leak limiting devices 

(3) Free from leakage from insulated or inaccessible components 
(4) Free from areas of general corrosion of a component resulting from leakage 
(5) Free from discoloration or accumulated residues on surfaces or components, 

insulation, or floor areas that may indicate borated water leakage.  

Corrective Action - When the programmatic activities described as the Boric Acid 
Wastage Surveillance Program lead to detection of an unacceptable condition, the 
following corrective actions are required: 

(1) Locate leak source and areas of general corrosion.  
(2) Evaluate pressure-retaining components suffering more than 10% wall loss for 

continued service or replacement.  
(3) Evaluate other affected components such as supports and other structural members for 

continued service, repair or replacement.  

Items which do not meet the acceptance criteria will be repaired or replaced in accordance 
with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - Implemented through Nuclear Generation Department 
administrative and workplace procedures.  

Regulatory Basis - ASME Section XI, Examination Category B-P, All Pressure 
Retaining Components, Examination Category C-H, All Pressure Retaining Components; 
Examination Category D-A, Systems in Support of Reactor Shutdown Function; 
Examination Category D-B, Systems in Support of Emergency Core Cooling, 
Containment Heat Removal, Atmospheric Cleanup, and Reactor Residual Heat Removal 
and Examination Category D-C, Systems in Support of Residual Heat Removalfrom 
Spent Fuel Storage Pool; Duke commitments in response to NRC Generic Letter 88-05 
[Reference 4.5-2].  

4.5.2 OPERATING EXPERIENCE AND DEMONSTRATION 

Plant problem identification reports describe activities such as diagnosis of the source of 
leakage, plant engineering assessment of potential corrosion damage, and initiation of 
work requests to correct any equipment deficiencies. Engineering reports describe 
multiple trips of engineering personnel into containment during each outage to evaluate 
boric acid deposits and potential corrosion damage of the surrounding carbon steel 
structures. Selected reports also describe follow-up evaluations of damage discovered 
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during inspections in previous outages. The fact that no structural damage of carbon steel 
and low alloy steel components has occurred as the result of loss of material due to boric 
acid corrosion demonstrates the effectiveness of the Boric Acid Wastage Surveillance 
Program at Oconee.  

Based on the above review, the continued implementation of the Boric Acid Wastage 
Surveillance Program provides reasonable assurance that the aging effects will be 
managed such that the carbon steel and low alloy steel components in proximity to 
borated systems will continue to perform their intended functions consistent with the 
current licensing basis for the period of extended operation.  

4.5.3 REFERENCES FOR SECTION 4.5 

4.5-1. Generic Letter 88-05, Boric Acid Corrosion of Carbon Steel Reactor Pressure 
Boundary Components in PWR Plants, dated March 17, 1988.  

4.5-2. H. B. Tucker (Duke) letter dated August 1, 1988 to Document Control Desk 
(NRC), Response to Generic Letter 88-05, Boric Acid Corrosion of Carbon 
Steel Reactor Pressure Boundary Components in PWR Plants, Oconee Nuclear 
Station, Docket Nos. 50-269, -270, and -287.  
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4.6 CHEMISTRY CONTROL PROGRAM 

4.6.1 BACKGROUND 

The primary objective of the Oconee Chemistry Control Program is to protect the 
integrity, reliability, and availability of plant equipment and components by minimizing 
corrosion in fluid systems. Other objectives include maximizing thermal performance by 
minimizing deposition and fouling on heat transfer surfaces, reducing radiation exposure 
by the control of activated corrosion products, protecting fission product barrier by 
prevention of fuel cladding defects, and assisting in reactivity control through reactor 
coolant boron management. These objectives are accomplished by maintaining 
acceptably low levels of impurities in fluid systems and by controlling the environment of 
certain fluid systems through the use of chemical additives. In establishing chemistry 
limits and specifications to control the concentration of chemical impurities and chemical 
additives, system metallurgy and operating conditions must be considered to ensure 
development of an effective chemical control program. The Oconee Chemistry Control 
Program is maintained through the development of and adherence to implementing 
procedures which define chemistry specifications and limits, sampling and analysis 
frequencies, and corrective actions to be taken if specified limits are exceeded.  

Since initial operation, and continuing through present day operation, Oconee has 
maintained a well-defined Chemistry Control Program for most fluid systems (e.g., the 
chemistry of service water systems is not controlled). During the early years of operation, 
the Oconee Chemistry Control Program for these fluid systems was based on vendor 
specifications or recommendations. For primary and secondary systems, the Chemistry 
Control Program was based on specifications by the Babcock & Wilcox Co., the 
manufacturer of the nuclear steam supply system for the Oconee units [Reference 4.6-1].  
For other systems, the Oconee Chemistry Control Program was based on applicable 
vendor recommendations for those systems. For chemically-treated auxiliary systems, 
such as closed loop cooling water systems, the chemistry control program was developed 
based on recommendations of the water treatment vendor who supplied the specific 
chemical additives for the systems, relying on its expertise in the fields of water treatment 
and corrosion control in establishing chemistry operating specifications.  

In the 1980s, the Electric Power Research Institute (EPRI) led the development of 
industry-wide guidelines for establishing and maintaining chemistry control programs for 
certain nuclear plant fluid systems. This effort led to the publication of the EPRI PWR 
Primary Water Chemistry Guidelines [Reference 4.6-2] and the EPRI PWR Secondary 
Water Chemistry Guidelines [Reference 4.6-3]. These documents were developed with 
technical input and concurrence from the three U.S. nuclear steam supply system 
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vendors, as well as utility and water treatment experts who also participated in the 
development effort.  

These guidelines, and their subsequent revisions, have been based on well-established 
corrosion control philosophy and practices, taking into account industry experience in 
water chemistry control. Duke personnel were involved in the initial development of 
each of these documents, as well as subsequent revisions. After the initial publication of 
these EPRI guideline documents, the Oconee Chemistry Control Program was revised to 
incorporate EPRI recommendations. Similarly, with only minor exceptions as justified, 
the Oconee Chemistry Control Program has been revised to incorporate 
recommendations in each of the subsequent revisions of the EPRI guideline documents.  
In general, the EPRI guideline documents have superseded the original nuclear steam 
supply system vendor recommendations as the basis for the primary and secondary 
system chemistry control programs at Oconee.  

For other fluid systems not addressed by EPRI guideline documents, the chemistry 
control program has continued to be maintained based on vendor recommendations, and 
revised as appropriate based on Duke or external industry operating experience. As new 
industry recommendations are established which reflect best available practice 
(i.e., EPRI, INPO, or other), these recommendations are incorporated, as appropriate, into 
the Oconee Chemistry Control Program.  

A key aspect of the Oconee Chemistry Control Program is the sampling and analysis of 
fluid systems to determine the concentration of chemical impurities and chemical 
additives. Fluid systems at Oconee are sampled and analyzed by procedures, which are 
controlled by the Duke Quality Assurance Program (see Section 4.13). Parameters 
monitored, frequency of sampling, acceptance criteria (i.e., specifications), and corrective 
actions for out-of-specification results are similarly addressed by procedures.  
Furthermore, chemical analyses are governed by a quality control program to ensure 
accurate results. Over the years, the analytical techniques, sampling systems, and 
chemistry laboratories have been upgraded to reflect ongoing technological 
developments. Chemistry data for monitored parameters are routinely trended to identify 
subtle trends which may be indicative of an underlying operational problem. In many 
cases, trending allows correction prior to the parameter becoming out-of-specification.  

The overall effectiveness of the chemistry program is supported by the excellent 
operating experience for systems, structures, and components which are influenced by the 
chemistry control program. With the exception of the steam generators (discussed under 
Secondary Chemistry Control Specifications), no chemistry related degradation has 
resulted in loss of component intended functions on any systems for which the fluid 
chemistry is actively controlled.  
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The following sections provide additional descriptions and demonstrations of the: 
(1) Primary Chemistry Control Specifications, 
(2) Secondary Chemistry Control Specifications, 
(3) Component Cooling System Chemistry Control Specifications, 
(4) Standby Shutdown Facility Fuel Oil Surveillances.  
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4.6.2 PRIMARY CHEMISTRY CONTROL SPECIFICATIONS 

Sections 2.4, 2.5, and 2.7 of OLRP-1001 identify components subject to aging 
management review that are exposed to water controlled by the Oconee Primary 
Chemistry Control Specifications. Sections 3.4, 3.5, and 3.7 identify loss of material and 
cracking as applicable aging effects for these components. The Oconee Primary 
Chemistry Control Specifications will manage these applicable aging effects for the 
period of extended operation.  

Oconee maintains primary chemistry in accordance with recommendations in the current 
revision of the EPRI PWR Primary Water Chemistry Guidelines. The Oconee Primary 
Chemistry Control Specifications have been based on the recommendations in this EPRI 
guideline document since it was initially published in 1986. Prior to that time, the 
Oconee Primary Chemistry Control Specification was based on recommendations by 
Babcock & Wilcox Co., the Oconee nuclear supply system vendor. The Oconee Primary 
Chemistry Control Specifications apply to the following systems, structures, and 
components within the scope of license renewal: 

System, Structure, or Component 
System, Structure, or Component Sampled Directly or Indirectly Monitored 

Reactor Coolant System Reactor Coolant System 
Low Pressure Injection System (when RCS < 200 'F) 
High Pressure Injection System 
Coolant Storage System 
Chemical Addition System 

Pressurizer Reactor Coolant System 
Chemical Addition System 

Core Flood Tanks Core Flood System 

Borated Water Storage Tank Low Pressure Injection System (certain times) 
Reactor Building Spray System 
Core Flood System 

Spent Fuel Pool Spent Fuel Pool Cooling System 
Spent Fuel Pool Liner 
Spent Fuel Storage Racks 
Fuel Transfer Canal Liner Plate 
Structural Steel and Plates in Spent Fuel Pool 
SSF Reactor Coolant Makeup System 
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The Oconee Primary Chemistry Control Specifications contains chemical parameter 
specifications, sampling and analysis frequencies, and corrective actions for primary 
chemistry control. The monitored parameters and acceptance criteria were established in 
accordance with the EPRI guidelines or Oconee Technical Specifications, where 
applicable. The frequency of sampling is either daily, weekly, monthly, quarterly or as 
required, based on plant operating conditions. The frequency has been established based 
on Technical Specification requirements, EPRI guidelines, or Oconee-specific 
experience. Oconee-specific operating experience confirms the acceptability of these 
specifications.  

Corrective actions for each monitored primary chemistry parameter have been 
established. Corrective actions to address out-of-specification conditions range from 
simple manipulations to bring the parameter back in specification within a specified time 
frame, to unit shutdown in more extreme cases. The specific corrective action depends 
on the parameter that is out-of-specification and the degree to which it is out-of
specification. Whenever corrective actions are taken to address an abnormal chemistry 
condition, increased sampling is utilized to verify the effectiveness of these actions (i.e., 
that chemistry concentrations are back to normal values).  

The chemistry control specifications for the Oconee Reactor Coolant System were 
devised to create a chemical environment in the Reactor Coolant System that will 
minimize corrosion of system components. Wetted surfaces in the system are primarily 
constructed of stainless steel and Alloy 600 materials. Makeup water to the system is 
demineralized water. A dissolved hydrogen residual is maintained in the reactor coolant 
to maintain a reducing environment and to react with radiolytically produced oxygen.  
Lithium hydroxide is added to the system in coordination with boron concentration to 
maintain moderately alkaline conditions. Maximum levels for chloride, fluoride, and 
oxygen are specified to prevent stress corrosion cracking and loss of material due to 
pitting corrosion of stainless steel materials. Maximum levels for sulfate are specified to 
prevent intergranular corrosion and pitting of Alloy 600 materials. Prior to the 
development of sulfate analysis (mid- 1980s), acceptably low sulfate levels were 
demonstrated by monitoring of specific conductivity.  

The water in the letdown piping and letdown storage tank is from the Reactor Coolant 
System, and is expected to be similar in chemical impurity concentrations as reactor 
coolant. Reactor coolant letdown is processed through a mixed bed demineralizer, so 
impurity concentrations may be slightly lower downstream of the demineralizer. Also, 
hydrogen overpressure is maintained in the letdown storage tank gas space and serves as 
the point of hydrogen addition to the system, so dissolved hydrogen concentrations in the 
letdown storage tank may be slightly greater than the Reactor Coolant System as a whole.  
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The water in the pressurizer is sampled and analyzed in addition to the samples taken 
directly from the Reactor Coolant System. The pressurizer is sampled for chloride and 
oxygen at a frequency ranging from daily to "as required," depending on operating 
conditions. The specifications for chloride and oxygen are the same as for the Reactor 
Coolant System. The pressurizer is not sampled for fluoride or sulfate, but concentrations 
should be similar to that in the Reactor Coolant System.  

Reactor coolant sample lines containing reactor coolant water have the same chemical 
composition as the water in the Reactor Coolant System. This includes the hot leg 
sample line, letdown system sample line, post-accident sample line, and pressurizer 
sample line.  

The High Pressure Injection System and the Low Pressure Injection System are not 
directly sampled and monitored. Whenever these systems are in service, they contain 
reactor coolant water and have the same chemical composition as water in the Reactor 
Coolant System at the given operating condition.  

The Core Flood System is directly sampled for boron. However, the borated water 
storage tank, which serves as makeup for the core flood tanks, is sampled for additional 
parameters. Chloride and fluoride concentrations are monitored and limited, thus 
providing adequate controls for the core flood tanks, while sulfate is monitored as a 
diagnostic parameter. The borated water storage tank also serves as the supply for the 
Reactor Building Spray system. Thus, this system is controlled so as to have the same 
chemistry as the water in the borated water storage tanks.  

The Spent Fuel Pool is sampled for chloride and sulfate, but not fluoride. Chloride is 
monitored and controlled, while sulfate is monitored as a diagnostic parameter.  
Conductivity is monitored and controlled in the Spent Fuel Pool, thus offering a surrogate 
means of controlling sulfate and fluoride. By controlling the chemistry in the Spent Fuel 
Pool, the chemical environment of systems and structures supplied by or in contact with 
the Spent Fuel Pool water is indirectly controlled. These include the Spent Fuel Pool 
Cooling System, the Spent Fuel Pool Liner, the Spent Fuel Storage Racks, Fuel Transfer 
Canal Liner Plate, Structural Steel and Plates in the Spent Fuel Pool, and the SSF Reactor 
Coolant Makeup System.  

The overall effectiveness of the Oconee Primary Chemistry Control Specifications is 
demonstrated by the excellent operating experience with systems, structures, and 
components included in this program. No chemistry-related degradation has resulted in 
loss of component intended function on any primary side systems or components for 
which the fluid chemistry is controlled.  
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Based on the above review, the continued implementation of the Primary Chemistry 
Control Specifications provides reasonable assurance that the cracking and loss of 
material will be managed such that the structures and components exposed to water 
controlled by the Primary Chemistry Control Specifications will continue to perform their 
intended functions consistent with the current licensing basis for the period of extended 
operation.  

4.6.3 SECONDARY CHEMISTRY CONTROL SPECIFICATIONS 

Sections 2.4 and 2.4 of OLRP-1001 identify components subject to aging management 
review that are exposed to water controlled by the Secondary Chemistry Control 
Specifications. Sections 3.4 and 3.5 of OLRP-1001 identify cracking and loss of material 
as applicable aging effects for these components. The Secondary Chemistry Control 
Specifications will manage these applicable aging effects for the period of extended 
operation.  

Oconee maintains secondary chemistry in accordance with recommendations in the 
current revision of the EPRI PWR Secondary Water Chemistry Guidelines. The Oconee 
Secondary Chemistry Control Specifications have been based on the recommendations in 
this EPRI guideline document since it was initially published in 1981. Prior to that time, 
the Secondary Chemistry Control Specifications were based on recommendations by 
Babcock & Wilcox Co., the Oconee nuclear supply system vendor. The Oconee 
Secondary Chemistry Control Specifications apply to the following structures, systems 
and components within the scope of license renewal: 

System, Structure, or Component Sampled System, Structure, or Component 
Directly or Indirectly Monitored 

Hotwell Condensate System 
Emergency Feedwater System 

Feedwater System - Final chemistry before use in steam Chemical Addition System 
generators Feedwater System 

Steam Generators 
Main Steam System 

The Oconee Secondary Chemistry Control Specifications contain chemical parameter 
specifications, sampling and analysis frequencies, and corrective actions for secondary 
chemistry control. The monitored parameters include, but are not limited to, dissolved 
oxygen, sodium, chloride, sulfate, and silica. The monitored parameters and acceptance 
criteria were established in accordance with the EPRI guidelines. The frequency of 
sampling is either continuous, daily, weekly, or as required based on plant operating 
conditions. The frequency has been established based on the EPRI guidelines, or based 
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on Oconee-specific experience. Oconee-specific operating experience confirms the 
acceptability of these specifications.  

Corrective actions for each monitored secondary chemistry parameter have been 
established. Corrective actions to address out-of-specification conditions range from 
simple manipulations to bring the parameter back in specification within a specified time 
frame to unit shutdown in more extreme cases. The specific corrective action depends on 
the parameter that is out-of-specification and the degree to which it is out-of
specification. Whenever corrective actions are taken to address an abnormal chemistry 
condition, increased sampling is utilized to verify the effectiveness of these actions (i.e., 
that chemistry concentrations are returned to within normal values).  

The Secondary Chemistry Control Specifications were devised to create a chemical 
environment in the system that will minimize corrosion of secondary system components.  
Wetted surfaces in the system are primarily constructed of carbon steel and stainless steel 
materials. Makeup water to the system is demineralized water that is deaerated by 
spraying it into the upper surge tank dome under vacuum. Condenser vacuum helps 
maintain low oxygen conditions in the system. In addition, hydrazine is added to the 
system as an oxygen scavenger and to maintain a chemically-reducing environment.  
Hydrazine also thermally decomposes to produce ammonia, which helps maintain an 
alkaline pH in the system.  

Organic amines of varying volatility have been added to the Oconee secondary system 
since 1989 in an effort to reduce flow-assisted corrosion of steam extraction piping and to 
reduce iron transport to the steam generators. This is accomplished by creating a more 
alkaline pH condition in the liquid (water) phase in two phase steam extraction piping 
than can be accomplished with ammonia alone. Morpholine was used for this purpose 
until 1994, and then was replaced with ethanolamine (ETA) due to the latter's more 
favorable volatility and base strength. Beginning in 1997, another organic amine, 
dimethylamine, was added in combination with ethanolamine to further reduce iron 
transport and deposition in the steam generators. While the current combination of 
ethanolamine, dimethylamine, and ammonia (from hydrazine decomposition) is believed 
to provide the best overall protection of carbon steel surfaces from corrosion, other pH 
control approaches may be used in the future if they are determined to be more beneficial 
than the current approach.  

In addition to the chemical additives discussed above for oxygen scavenging and pH 
control, since initial operation Oconee has utilized a powdered resin condensate polisher 
system (Powdex) to assist with secondary system chemistry control. These condensate 
polishers utilize finely ground, powdered ion exchange resins in the form of a precoat on 
the polisher filter elements. The condensate polishers are effectively used for filtration of 
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suspended solids, removal of ionic impurities, and protection against condenser 
inleakage.  

Maximum levels for various impurities in the system have been established, including 
dissolved oxygen, sodium, chloride, and sulfate to prevent general or localized corrosion 
of various system components. Maximum levels for silica have been established to 
minimize deposition of silica compounds on turbine blades. Maximum levels for 
feedwater iron have been established to minimize deposition of iron deposits in the steam 
generators. Since the Oconee secondary system has no components constructed with 
copper alloys, maximum levels for copper have not been required.  

The effectiveness of the Secondary Chemistry Control Specifications is demonstrated by 
the excellent operating experience for secondary systems, structures, and components 
which are influenced by the chemistry control program. With the exception of the steam 
generators, no chemistry-related degradation has resulted in loss of component intended 
functions on any systems for which fluid chemistry is controlled. With regard to the 
steam generators, a major study concluded that, while the degradation has a local 
environmental component, there is no direct correlation with a specific water chemistry 
condition, and that chemistry control "has been excellent and has consistently met or 
exceeded industry standards and guidelines" [Reference 4.6-4].  

Based on the above review, the continued implementation of the Secondary Chemistry 
Control Specifications provides reasonable assurance that the aging effects will be 
managed such that the Condensate, Emergency Feedwater, Feedwater, and Main Steam 
System components, and the steam generators, will continue to perform their intended 
functions consistent with the current licensing basis for the period of extended operation.  

4.6.4 COMPONENT COOLANT CHEMISTRY CONTROL SPECIFICATIONS 
Section 2.5 of OLRP-1001 identifies components of the Component Cooling Water 
System subject to aging management review that are exposed to water controlled by the 
Component Coolant Chemistry Control Specifications. Section 3.5 of OLRP-1001 
identifies cracking and loss of material as applicable aging effects for these components.  
The Component Coolant Chemistry Control Specifications will manage these aging 
effects for the period of extended operation.  

The Component Cooling Water System is a closed loop cooling water system which 
provides chemically-treated, demineralized water to components that require a barrier 
between potentially radioactive water and the ultimate source of the cooling water (i.e., 
lake water). The materials of construction of the component cooling system primarily 
consist of carbon steel, stainless steel, and copper alloys. The water quality and treatment 
method used in the component cooling system are compatible with these metallurgies.  
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The water quality and treatment ensure very low general corrosion rates and protection 
against stress corrosion cracking and loss of material due to pitting corrosion.  
Oconee utilizes the chromate-phosphate treatment recommended by Babcock & Wilcox 
Co., the Oconee nuclear steam supply system vendor, as the basis for the chemistry 
control specifications for the Component Cooling System.  

From initial plant operation until 1996, the chemistry control specifications for the 
Oconee Component Cooling System were based on recommendations contained in the 
Babcock & Wilcox chemistry specifications, BAW-1385. The parameters monitored 
included pH, chromate, phosphate, suspended solids, chloride, fluoride, and y isotopic.  
Parameters were sampled either weekly or monthly.  

From 1996 to present, the system has been treated with a modified, but still 
conservatively adequate program. Changes to the program include reducing the specified 
concentration of Cr0 4; eliminating the fluoride sample based on historical data; 
decreasing the sample frequency from monthly to quarterly based on stable historical data 
trends; and substituting iron and copper sampling for suspended solids. The parameters 
currently being monitored include pH, chromate, phosphate, chloride, iron, copper, and y 
isotopic. Parameters are sampled either weekly, monthly, or quarterly as required by the 
Oconee Chemistry Manual. Oconee operating experience has been incorporated in the 
new frequencies, parameters, and acceptance criteria of this sampling program.  

Corrective actions for each monitored parameter have been established and are described 
in the applicable section of the Oconee Chemistry Manual. Correction actions are taken 
if routinely monitored parameters are found to be outside of specified control ranges.  
Specific corrective actions vary depending on which parameter(s) is (are) out of range, 
but may include adding additional chromate, bi-phosphate or tri-phosphate, or placing the 
system into feed and bleed to remove elevated concentrations of contaminants.  

Iron and copper monitoring of the Oconee Component Cooling System confirms that the 
applied chemistry control program has resulted in extremely low corrosion rates of steel 
and copper alloyed metallurgies in the system.  

Based on the above review, the continued implementation of the Component Coolant 
Chemistry Control Specifications for the Component Cooling System provides reasonable 
assurance that the aging effects will be managed such that the Component Cooling 
System components will continue to perform their intended functions consistent with the 
current licensing basis for the period of extended operation.  
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4.6.5 STANDBY SHUTDOWN FACILITY FUEL OIL SURVEILLANCES 

Section 2.5 of OLRP-1001 identifies the mechanical carbon steel and stainless 
components that are exposed to fuel oil controlled by the Standby Shutdown Facility 
(SSF) Fuel Oil Surveillances that are subject to aging management review. Section 3.5 of 
OLRP-1001 identifies loss of material for carbon steel and loss of material and cracking 
for stainless steel as applicable aging effects for these components when exposed to fuel 
oil contaminated with water or bacterial and fungal activity. The SSF Fuel Oil 
Surveillances will manage these applicable aging effects for the period of extended 
operation.  

The intent of the Oconee SSF Fuel Oil Surveillances is to ensure that SSF fuel oil does 
not contain contaminants which will introduce conditions detrimental to the components 
in fuel oil systems. The surveillances place emphasis on the detection of water and 
bacterial/fungal activity in fuel oil with the purpose of minimizing the potential for loss of 
material in carbon steel and loss of material and cracking in stainless steel components.  
The following discussion describes Oconee SSF Fuel Oil Surveillances.  

The SSF Diesel Generator Fuel Oil System is included within the scope of the Oconee 
SSF Fuel Oil Surveillances. All components which have been identified as being subject 
to an aging management review are exposed to fuel oil in this system. Therefore, the 
scope of the quarterly sampling and analysis performed by the Oconee SSF Fuel Oil 
Surveillances covers all subject components in the SSF fuel oil system. The quarterly 
frequency is considered to be reasonable based on industry operating experience 
[Reference 4.6-5, SR 3.10.1.8 Bases] as well as Oconee specific experience.  

The SSF Fuel Oil Surveillances sample and analyze on-site fuel oil supplies for the 
presence of water and bacterial/fungal activity. The specific requirements of the 
surveillances include quarterly sampling and analysis of fuel oil supplies. The parameters 
monitored and acceptance criteria established are consistent with those provided in 
ASTM D975 [Reference 4.6-6].  

The Oconee SSF Fuel Oil Surveillances are controlled by the Oconee Chemistry Control 
Program and implemented by Chemistry procedures which are controlled by the Duke 
Quality Assurance Program (see Section 4.13). The guidance stated in the Oconee 
Chemistry Control Program is governed by Oconee Improved Technical Specifications 
[Reference 4.6-7 ITS SR 3.10.1.8 and ITS 5.5.14] which require that the water content in 
fuel oil be verified on a quarterly basis. The Technical Specification require specific 
corrective actions to be taken if the water content acceptance limits are exceeded. The 
Oconee Chemistry Control Program requires that Operations staff be notified in the event 
that bacterial/fungal levels are out of specification whereupon corrective actions are 
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taken. Additionally, new fuel oil deliveries are treated with a biocide and sampled and 
analyzed for water content.  

A review of available sample results for water contamination and bacterial/fungal activity 
in the SSF Diesel Generator Fuel Oil System indicate values well below acceptance 
criteria. Water content levels have been 0.00 % by volume. Bacterial/fungal activity 
shows scattered results with no recognizable trend. Responsible Chemistry personnel 
cannot recall any instances of exceeding the acceptance values for either water or 
bacterial/fungal activity since the SSF Fuel Oil System became operational in 1982.  

Based on the above review, the continued implementation of the SSF Fuel Oil 
Surveillances provide reasonable assurance that the aging effects will be managed such 
that the SSF Diesel Generator Fuel Oil System components will continue to perform their 
intended functions consistent with the current licensing basis for the period of extended 
operation.  

4.6.6 REFERENCES FOR SECTION 4.6 

4.6-1. BAW-1385, Water Chemistry Manual for 177FA Plants, Babcock & Wilcox.  

4.6-2. EPRI PWR Primary Water Chemistry Guidelines, Revision 3, EPRI Report 
TR-105714, November 1995.  

4.6-3. EPRI PWR Secondary Water Chemistry Guidelines, Revision 4, EPRI Report 
TR-102135-R4, November 1996.  

4.6-4. Dominion Engineering Report, DEI-485, Rev. 0, February, 1997.  

4.6-5. NUREG- 1430, "Standard Technical Specifications for Babcock and Wilcox 
Plants," Revision 1, NRC, April 1995.  

4.6-6. D975-94, "Standard Specification for Diesel Fuel Oils", Annual Book ofASTM 
Standards, 1996.  

4.6-7. Oconee Nuclear Station, Improved Technical Specifications 
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4.7 COATINGS PROGRAM 

The Oconee Coatings Program was established prior to initial licensing of the station and 
has been in effect continuously since then. Over the years, enhancements and refinements 
have been made to improve program effectiveness. The purpose of the Oconee Coatings 
Program is to protect the underlying structure or component from detrimental effects of 
the environment to which it is exposed during normal operation and to reduce personnel 
exposure to as low as reasonably achievable in areas subject to radiation and 
contamination. Coatings applied inside primary containment must either remain intact 
during postulated design basis events or be documented as unqualified with no impact on 
the Reactor Building emergency sump. The elements of the Oconee Coatings Program 
are documented in a Nuclear Generation Department Directive.  

An effective coatings program contains two principal activities. The first activity 
includes the proper selection of coating, the proper preparation of the surface, and the 
application of the coating and.quality control measures during each phase of the coating 
process. Proper performance of these activities provides assurance that the coatings will 
function as intended in the service environment and not degrade abnormally over time.  
Coating degradation can occur in areas of excessive moisture, or in areas where 
conditions exist that exceed the design capability of the coating system. Coating 
applications are specified for each structure and component as required. Materials of 
construction of the structure or component, operating conditions of the component, and 
ambient environmental conditions are all considered when the type of coating application 
is specified.  

The Oconee Coatings Program consists of four service levels based on the anticipated 
operating conditions. For each of these service levels, the Oconee Coatings Program 
contains guidance for: 

(1) establishment of coating schedules, 
(2) selection and procurement of coatings, and 
(3) specification of surface preparation and coating application requirements 

including the establishment of appropriate inspection requirements and 
criteria.  

Service Level I coatings apply to exposed surface areas within the Reactor Building 
(Containment), which are designed to withstand the postulated loss-of-coolant accident 
environment (LOCA). Service Level I coatings are specified in an Oconee coating 
schedule and apply to structures and components within the Reactor Building including 
but not limited to: the liner plate, structural steel and support steel, hangers, concrete 
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equipment bases, insulated piping and insulated pipe hangers, electrical penetrations, 
polar crane, and carbon steel attachments to the liner plate. Cable tray and duct work are 
galvanized. No coatings are on stainless steel piping. Insulated carbon steel piping is 
covered with lagging. Original Service Level I coatings used at Oconee were determined 
to be acceptable based on proven industry operating experience and LOCA testing by the 
coating manufacturer. Service Level I coatings currently used for maintenance have been 
LOCA tested over the original coating in accordance with ANSI N101.2 and 
ANSI N10 1.4 [References 4.7-1 and 4.7-2, respectively]. Duke specifications, which are 
based on high quality industry standards [References 4.7-3, 4.7-4, 4.7-5, 4.7-6, 4.7-7, 
4.7-8, 4.7-9, 4.7-10, 4.7-11, and 4.7-12], are used in surface preparation, application of 
the coating, and quality control inspections during the coating process. Additional 
descriptions of the coatings inside the Reactor Building are contained in the Oconee 
UFSAR, Chapter 3, Table 3-12 [Reference 4.7-13].  

The NRC has previously established that ANSI N101.2 and ANSI N 101.4 are acceptable 
standards for governing activities related to the selection and evaluation of protective 
coatings applied in the shop or in the field [Reference 4.7-14]. Regulatory Guide 1.54 is 
currently undergoing a major revision and a generic letter is expected which concerns 
protective coating deficiencies in the containment [Reference 4.7-15].  

In conclusion, the Oconee Coatings Program has been in effect at Oconee since prior to 
initial licensing. The program is based on well established, high quality industry 
standards and has been revised as necessary based on Oconee experience. The continued 
implementation of the Oconee Coatings Program provides reasonable assurance that the 
specified coatings will remain intact under design loading conditions such that the base 
material is not subject to the detrimental effects of aging including loss of material due to 
corrosion or wastage and the coated structure or component will continue to perform its 
intended functions consistent with the current licensing basis for the period of extended 
operation.  

4.7.1 REFERENCES FOR SECTION 4.7 

4.7-1. ANSI N101.2 (1972), Protective Coatings(Paints) for Light Water Nuclear 
Reactor Containment Facilities.  

4.7-2. ANSIN 101.4, Quality Assurance for protective Coatings Applied to Nuclear 
Facilities.  

4.7-3. Steel Structures Painting Council (SSPC), SSPC-PA-1, Shop, Field and 
Maintenance Painting.  
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4.7-4. Steel Structures Painting Council (SSPC), SSPC-PA-2, Measurement of Dry 
Paint Thickness with Magnetic Gages.  

4.7-5. Steel Structures Painting Council (SSPC), SSPC-1, Solvent Cleaning.  

4.7-6. Steel Structures Painting Council (SSPC), SSPC-2, Hand Tool Cleaning.  

4.7-7. Steel Structures Painting Council (SSPC), SSPC-3, Power Tool Cleaning.  

4.7-8. Steel Structures Painting Council (SSPC), SSPC-5, White Metal Blast 
Cleaning.  

4.7-9. Steel Structures Painting Council (SSPC), SSPC-6, Commercial Blast 
Cleaning.  

4.7-10. Steel Structures Painting Council (SSPC), SSPC-7, Brush Off Blast Cleaning.  

4.7-11. Steel Structures Painting Council (SSPC), SSPC-10, Near White Metal Blast 
Cleaning.  

4.7-12. Steel Structures Painting Council (SSPC), SSPC- 1l, Power Tool Cleaning to 
Bare Metal.  

4.7-13. Oconee Nuclear Station, Updated Final Safety Analysis, as revised.  

4.7-14. Regulator Guide 1.54, Quality Assurance Requirements for Protective 
Coatings Applied to Water-Cooled Nuclear Power Plants, June 1973.  

4.7-15. 62 FR 26331, May 13, 1997, Proposed Generic Letter: Potential for 
Degradation of the Emergency Core Cooling System and the Containment 
Spray System After a Loss-of- Coolant Accident Because of Construction and 
Protective Coating Deficiencies and Foreign Material in the Containment.  
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4.8 CONTAINMENT INSERVICE INSPECTION PLAN 

As background, the NRC amended 10 CFR §50.55a [Reference 4.7.1-1] to incorporate by 
reference the ASME Boiler and Pressure Vessel Code, Section XI Subsections IWE and 
IWL 1992 Edition with the 1992 Addenda, with specified modifications and limitations.  
The Oconee Containment Inservice Inspection Plan incorporating Subsection IWE and 
Subsection IWL examination requirements is currently under development to meet the 
expedited examination date of September 9, 2001.  

Throughout the service life of nuclear power plants, components classified as either Class 
MC or Class CC pressure retaining components and their integral attachments must meet 
the requirements, except design and access provisions and preservice examination 
requirements, set forth in Section XI of the ASME Code and Addenda. These 
requirements are incorporated by reference in §50.55a(b). They are subject to the 
limitation listed in subsection (b)(2)(vi) and the modifications listed in subsections 
(b)(2)(ix) and (b)(2)(x) of §50.55a, to the extent practical within the limitations of design, 
geometry and materials of construction of the components [Reference 4.7.1-2 , (g)(4)].  
In addition, concrete containment pressure retaining components and their integral 
attachments, and the post-tensioning systems of concrete Containments, must meet the 
inservice inspection and repair requirements applicable to components classified as 
ASME Code Class CC [Reference 4.7.1-2, (g)(4)(v)(C)].  

Inservice examination of components and system pressure tests conducted during 
successive 120-month inspection intervals, following the initial 120-month inservice 
inspection interval, must comply with the requirements of the latest edition and addenda 
of the Code incorporated by reference in §50.55a(b) twelve months prior to the start of 
the 120-month inspection interval, subject to the limitations and modifications listed in 
paragraph §50.55a(b) [Reference 4.7.1-2, 1 (g)(4)(ii) ].  

The Containment Inservice Inspection Plan for each inservice inspection interval of the 
license renewal term will : 

(1) Implement the examination requirements of either: 

(a) §50.55a (61 Federal Register 41303, dated August 8, 1996) and the 1992 
Edition with the 1992 Addenda of Subsection IWE, "Requirements for Class 
MC and Metallic Liners of Class CC Components of Light-Water Cooled 
Power Plants," and Subsection IWL, "Requirements for Class CC Concrete 
Components of Light-Water Cooled Power Plants" with the limitation listed in 
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subsection (b)(2)(vi) and the modifications listed in subsections (b)(2)(ix) and 
(b)(2)(x) of §50.55a, or 

(b) the edition of the ASME Section XI Code required by §50.55a(b) prior to the 
start of the 120-month inservice inspection interval, or 

(c) another edition of ASME Section XI provided an appropriate evaluation is 
performed in accordance with the regulatory requirements in effect at the time; 

(2) Comply with §50.55a (g)(4)(ii), except that if an examination required by the Code or 
Addenda is determined to be impractical, a relief request will be submitted to the 
Commission in accordance with §50.55a(5)(iv), for Commission evaluation.  

The Containment Inservice Inspection Plan includes the examination requirements 
needed to comply with both ASME Code Section XI Subsection IWE and 
Subsection IWL. These subsections are described individually below.  
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4.8.1 ASME SECTION XI, SUBSECTION IWE EXAMINATIONS 

Because loss of coatings can lead to corrosion of the underlying base metal which is 
required to maintain the essentially leaktight barrier of the Containment structure, 
Subsection IWE requires that accessible coated surfaces be visually examined for 
evidence of conditions that could indicate degradation of the coated surface. Subsection 
IWE also requires surfaces which are uncoated or where coatings loss has occurred be 
visually examined for conditions which could indicate potential loss of material due to 
corrosion or other degradation of the underlying base metal. Because moisture barriers 
are an important defense against corrosion, they are examined for conditions which may 
permit intrusion of moisture against inaccessible containment metallic surfaces. Bolting 
materials are required to be examined for conditions which may cause the bolted 
connection to violate either the leak-tight or structural integrity.  

4.8.1.1 Program Description 
Purpose - The purpose of the ASME Section XI, Subsection IWE examinations is to 
identify and correct degradation of the accessible steel surfaces of the containment liner 
prior to the loss of the essentially leak tight barrier.  

Scope - The scope of the ASME Section XI Subsection IWE inservice inspection 
currently covers accessible surface areas, including surfaces of welds, pressure-retaining 
bolting, and moisture barriers intended to prevent intrusion of moisture against 
inaccessible containment metallic surfaces.  

Aging Effects or Relevant Conditions - Loss of material of the steel surfaces is the 
aging effect of concern.  

Method - The Containment Inservice Inspection Plan will include the following 
examination categories: 

* Examination Category E-A, Containment Surfaces, 
* Examination Category E-C, Containment Surfaces Requiring Augmented 

Examination, 
* Examination Category E-D, Seals, Gaskets, and Moisture Barriers, 
* Examination Category E-G, Pressure Retaining Bolting, and 
* Examination Category E-P, All Pressure retaining Components.  

Welds within the scope of Examination Categories E-B Pressure Retaining Welds and 
E-F Pressure Retaining Dissimilar Metal Welds will be examined within the scope of the 
Examination Category E-A examination.  
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Some steel surfaces of the Containment liner are inaccessible for examination.  
Section 50.55a(b)(2)(x)(A) requires an evaluation of the acceptability of inaccessible 
areas when conditions exist in accessible areas that could indicate the presence of or 
result in degradation to such inaccessible areas.  

Sample Size - Not applicable for an existing program.  

Industry Codes or Standards - ASME Code Section XI, Subsection IWE provides rules 
for inservice inspection, repair, and replacement of Class MC pressure retaining 
components and their integral attachments and of metallic shell and penetration liners of 
Class CC pressure retaining components and their integral attachments in light-water 
cooled power plants. Section 50.55a clarifies that these rules are also applicable to metal 
containments and metallic liners of concrete containments that are not stamped Class MC 
or CC components. Except as specified in §50.55a(b)(2)(x), embedded or inaccessible 
portions of the containment vessels, parts, and appurtenances are exempt from 
examination or evaluation.  

Frequency - The frequency of examinations is specified in IWE-2400. The inspection 
intervals are not restricted by the Code to the current term of operation and are valid for 
any period of extended operation. Subsection IWE examinations are performed during 
each ISI period, which is similar to the frequency of 10CFR50, Appendix J inspections 
which are currently conducted three times every ten years.  

Acceptance Criteria or Standard - Acceptance standards for Subsection IWE 
examinations are specified in IWE-3500.  

Corrective Action - Areas of degradation are found acceptable through engineering 
evaluation or corrected by repair or replacement in accordance with Subsection IWE.  
Requirements for repairs and re-examination are specified in IWA-4000. Re-examination 
results are required to meet the acceptance standards of IWE-3500. Supplemental 
examinations in accordance with IWE-3200 are performed when specified as a result of 
the engineering evaluation.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  
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Administrative Controls - The Oconee Containment Inservice Inspection Plan is 
implemented by procedures that are developed and maintained in accordance with the 
Duke Quality Assurance Program.  

Regulatory Basis - The Oconee Containment Inservice Inspection Plan will implement 
the requirements of 10 CFR §50.55a (61 Federal Register 41303, dated August 8, 1996) 
and the 1992 Edition with the 1992 Addenda of Subsection IWE, "Requirements for 
Class MC and Metallic Liners of Class CC Components of Light-Water Cooled Power 
Plants," and Subsection IWL, "Requirements for Class CC Concrete Components of 
Light-Water Cooled Power Plants." 

In addition, the Oconee Improved Technical Specifications, Specification SR 3.6.1.3 
requires a verification of containment structural integrity. This specification will be 
revised to refer to the Oconee Containment Inservice Inspection Plan.  

4.8.1.2 Operating Experience and Demonstration 
Subsection IWE (which has been developed by and will continue to be maintained 
through the consensus process of the ASME Code) is expected to be effective in 
managing loss of material due to corrosion of the base metal during the period of 
extended operation because it contains examination requirements for Containment steel 
component surface areas that are subject to degradation and aging. Furthermore, 
NUREG-1540 [Reference 4.7.1-3] states that inspection mandated by Appendix J to 
10 CFR Part 50, though basically visual, has been reasonably effective in identifying 
containment problems known to date. The Commission's process of reviewing Editions 
and Addenda of the ASME Boiler and Pressure Vessel Code, and incorporating them into 
§50.55a with limitations and modifications as required, provides additional assurance of 
the effectiveness of this program.  

Based on the above review, the implementation of the Subsection IWE Examinations of 
the Containment Inservice Inspection Plan, in conjunction with the Coatings Program 
(see Section 4.7) and the Containment Leak Rate Testing Program, provide reasonable 
assurance that the aging effects will be managed such that the Containment steel 
components will continue to perform their intended functions consistent with the current 
licensing basis for the period of extended operation.  

The Containment Leak Rate Testing Program (see Section 4.7.1) complements the 
Subsection IWE examinations and provide additional assurance that the steel components 
of the Containment that form the essentially leak tight barrier will be maintained during 
the period of extended operation.  
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4.8.2 ASME SECTION XI, SUBSECTION IWL EXAMINATIONS 

Because corrosion could lead to a crack or break in tendon wires or anchorage, thereby 
rendering the tendon unable to maintain the compressive force on the structure during an 
accident, tendon wires and anchorage are required to be inspected and monitored for 
corrosion. Subsection IWL requires an inspection of a random sample of post-tensioning 
system components. In addition to inspecting for corrosion, tendon wires are required to 
be examined for mechanical damage. The condition of tendon anchorage areas is also 
required to be examined for cracking in anchor heads, shims, and bearing plates; broken 
or unseated wires; broken strands and detached buttonheads; and evidence of free water.  
Adjacent concrete is required to be inspected for cracks.  

4.8.2.1 Program Description 
Purpose - The purpose of the ASME Section XI, Subsection IWL examinations is to 
identify and correct degradation of the post-tensioning system prior to a loss of prestress 
that does not meet the required minimum value. The Subsection IWL examinations also 
identify and correct degradation of concrete surfaces of the Reactor Building 
(Containment).  

Scope - The scope of the ASME Section XI Subsection IWL inservice inspection covers 
reinforced concrete and the post-tensioning systems of concrete containments.  

Aging Effects or Relevant Conditions - Loss of material and cracking of the tendon 
wires and anchorage, grease degradation, concrete cracking and change in material 
properties are the aging effects of concern.  

Method - Subsection IWL requires visual examination of tendon wires and tendon 
anchorage hardware, including bearing plates, anchorheads, wedges, buttonheads, shims, 
and the adjacent concrete.  

The Containment Inservice Inspection Plan will include the following examination 
categories: 

* Examination Category L-A, Concrete 
* Examination Category L-B, Unbonded Post-Tensioning System 

Tendon force and elongation are required to be measured to evaluate the prestressing 
force of the system. In addition, tendon wires or strand samples are required to be 
removed and tested to determine the yield strength, ultimate tensile strength and 
elongation. The corrosion protection medium is analyzed to determine reserve alkalinity, 
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water content, and soluble ion concentrations within the limits specified in 
Table IWL-2525-1. Free water samples are tested for pH. Visual examination 
requirements, personnel qualification requirements, and requirements for evaluation of 
examination results are specified in IWL-2300.  

Some surfaces of Containment concrete components are inaccessible for examination.  
Section 50.55a(b)(2)(x)(A) requires an evaluation of the acceptability of inaccessible 
areas when conditions exist in accessible areas that could indicate the presence of or 
result in degradation to such inaccessible areas.  

Sample Size - Not applicable for an existing program.  

Industry Codes or Standards - ASME Code Section XI, Subsection IWL provides 
requirements for inservice inspection and repair or replacement activities of the post
tensioning systems of concrete containments. Except as specified in 
§50.55a(b)(2)(ix)(E), concrete, tendons and tendon end anchorages that are inaccessible 
are exempt from Subsection IWL requirements.  

Frequency - The frequency of inspection is specified in IWL-2400. The inspection 
intervals are not restricted by the Code to the current term of operation and are valid for 
any period of extended operation.  

Acceptance Criteria or Standard - Acceptance standards are specified in IWL-3000.  

Corrective Action - Requirements for repair or replacement activities are specified in 
IWL-4000 and IWL-7000. Specific corrective actions will be taken in accordance with 
the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Oconee Containment Inservice Inspection Plan is 
implemented by procedures that are developed and maintained in accordance with the 
Duke Quality Assurance Program.  

Regulatory Basis - The Oconee Containment Inservice Inspection Plan will implement 
the requirements of 10 CFR §50.55a (61 Federal Register 41303, dated August 8, 1996) 
and the 1992 Edition with the 1992 Addenda of Subsection IWE, "Requirements for 
Class MC and Metallic Liners of Class CC Components of Light-Water Cooled Power 
Plants," and Subsection IWL, "Requirements for Class CC Concrete Components of 
Light-Water Cooled Power Plants." 
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4.8.2.2 Operating Experience and Demonstration 
Subsection IWL (which has been developed by and will continue to be maintained 
through the consensus process of the Code) is expected to be effective in managing 
corrosion of the post-tensioning system because it contains examination requirements 
similar to Regulatory Guide 1.35. Furthermore, NUREG/CR-6424 concurs that current 
examination programs appear adequate to ensure the continuing physical integrity of post
tensioning systems [Reference 4.7.1-4]. The Commission's process of reviewing 
Editions and Addenda of the ASME Boiler and Pressure Vessel Code, and incorporating 
them into §50.55a with limitations and modifications as required, provides additional 
assurance of the effectiveness of this program.  

In December 1997, during the Oconee Unit 1 tendon surveillance required by Oconee 
Custom Specification 4.4.2, some precursor conditions of abnormal tendon degradation 
were observed [Reference 4.7.1-5]. These precursor conditions were higher than normal 
water content in tendon filler grease, presence of free water, grease leakage from the 
Reactor Building, lower than expected tendon elongation, and low filler grease reserve 
alkalinity. The engineering evaluation concluded that these precursor conditions did not 
result in loss of tendon prestress forces, and that the examined tendons were capable of 
performing their intended functions. The tendon surveillance was conducted using the 
methodology contained in Regulatory Guide 1.35, Revision 3 [Reference 4.7.1-"" The 
staff has previously determined that the requirements contained in Subsection IWL for 
tendon surveillances are similar to those contained in this regulatory guide. Accordingly, 
inspections performed in accordance with either Regulatory Guide 1.35, Revision 3 or 
Subsection IWL will provide reasonable assurance that the functionality of the tendons 
will be maintained.  

Based on the above review, the implementation of the Subsection IWL Examinations of 
the Containment Inservice Inspection Plan provides reasonable assurance that the aging 
effects will be managed such that the Containment post-tensioning system will continue 
to perform their intended functions consistent with the current licensing basis for the 
period of extended operation.  
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4.8.3 REFERENCES FOR SECTION 4.8 

4.8-1. 61 FR 41303, August 8, 1996, Codes and Standards for Nuclear Power Plants; 
Subsection IWE and Subsection IWL, Final Rule.  

4.8-2. 10 CFR, §50.55a, Codes and Standards.  

4.8-3. NUREG-1540, BWR Steel Containment Corrosion, April 1996.  

4.8-4. NUREG/CR-6424, Report on Aging of Nuclear Power Plant Reinforced 
Concrete Structures.  

4.8-5. W. R. McCollum (Duke) letter dated December 31, 1997 to Document 
Control Desk (NRC), Reactor Containment Building Tendon Surveillance #7, 
Oconee Nuclear Station, Unit 1, Docket No. 50-269.  

4.8-6. Regulatory Guide 1.35, Revision 3, Inservice Inspection of Ungrouted Tendons 
in Prestressed Concrete Containments, July 1990.  
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4.9 CONTAINMENT LEAK RATE TESTING PROGRAM 
One of the conditions of all operating licenses for water-cooled power reactors is that 
Containment shall meet the leakage test requirements set forth in 10 CFR Part 50, 
Appendix J. The purposes of these tests are to assure that: 

(a) leakage through the Containment and systems and components penetrating 
Containment shall not exceed allowable leakage rate values specified in the Improved 
Technical Specifications or associated bases, and 

(b) periodic surveillances of Containment Penetrations and isolation valves are 
performed.  

The Containment Leak Rate Testing Program contains three types of tests: Type A, 
which are tests intended to measure the overall leakage rate of the Containment; Type B, 
which are tests intended to measure leakage of Containment penetrations whose design 
incorporates resilient seals and gaskets including airlock door seals and equipment hatch 
gaskets; and Type C, which are tests to measure Containment isolation valve leakage.  

Of these three tests, only Type A and Type B are considered to be aging management 
programs for license renewal. Each of these test programs is described in the following 
sections.  
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4.9.1 REACTOR BUILDING TYPE A INTEGRATED LEAK RATE TEST 

The Reactor Building Type A Integrated Leak Rate Test has the following attributes. In 
addition, because this is an existing program, operating experience and demonstration are 
provided, as applicable.  

4.9.1.1 Program Description 
Purpose - The purpose of the Type A Integrated Leak Rate Test (LLRT) is to detect 
severe corrosion that could cause a breach of the pressure boundary of the Containment 
steel components.  

Scope - The Type A ILRT measures the leak rate of the Containment under conditions as 
prescribed in 10 CFR Part 50, Appendix J [Reference 4.9-1]. Pressure boundary 
components including the liner, penetrations, and hatches are tested.  

Aging Effects - Loss of material that could result in containment leakage is the relevant 
condition which the Type A ILRT identifies.  

Method - The Type A ILRT measures leakage by pressurizing the Containment to the 
peak calculated containment internal pressure for the design basis loss of coolant accident 
as specified in Oconee Improved Technical Specifications, 5.5.2, Containment Leakage 
Rate Testing Program.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standards - Guidance for the Containment Leakage Rate Testing 
Program is contained in Regulator Guide 1.163, "Performance-Based Containment Leak
Test Program," dated September 1995.  

Frequency - The Type A ILRT was previously performed three times during a ten year 
period. It is now performed once every ten years in accordance with Option B in 
Appendix J to 10 CFR Part 50.  

Acceptance Criteria or Standard - Acceptable leakage rates are established in Oconee 
Improved Technical Specifications, ITS 3.6.1, Containment and 5.5.2, Containment 
Leakage Rate Testing Program [Reference 4.9-2].  

Corrective Action - Corrective actions are taken in accordance with the requirements of 
10 CFR Part 50, Appendix J and the Duke Quality Assurance Program.  
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Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Oconee Type A ILRT is implemented by written 
procedures as required by Oconee ITS 5.4, Administrative Controls, Procedures, and in 
accordance with the Duke Quality Assurance Program.  

Regulatory Basis - The requirements for containment Type A leak rate testing are 
contained in 10 CFR §50.54(o) and 10 CFR Part 50, Appendix J. Additional 
requirements are provided in OconeeImproved Technical Specifications 3.6.1, 
Containment and 5.5.2, Containment Leakage Rate Testing Program.  

4.9.1.2 Operating Experience and Demonstration 
More than twenty Type A LLRT have been performed for the Oconee Containments.  
Results have shown that all containment steel components have successfully passed the 
Type A ILRT.  

Based on the review of Oconee operating experience, the continued implementation of 
the Oconee Type A ILRT complements the Subsection IWE Inservice Examinations (see 
Section 4.8.1) and together provide reasonable assurance that the aging effects will be 
managed such that the Containment will continue to perform its intended functions 
consistent with the current licensing basis for the period of extended operation.  

4.9-3 
Revision 2 

Volume III.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Crane Inspection Program 

4.9.2 REACTOR BUILDING TYPE B LOCAL LEAK RATE TEST 

The Reactor Building Type B Local Leak Rate Test has the following attributes. In 
addition, because this is an existing program, operating experience and demonstration are 
provided, as applicable.  

4.9.2.1 Program Description 
Purpose - The purpose of the Type B Local Leak Rate Test (LLRT) is to provide a means 
to detect leakage which could indicate degradation of resilient seals and gaskets of 
Containment airlocks and hatches, as required by 10 CFR Part 50, Appendix J. The 
localized test will also provide a means of detecting severe corrosion of the metallic 
surfaces of the air locks and hatches.  

Scope - The Type B LLRT measures the leak rate of the pressure boundary components 
under conditions as prescribed in 10 CFR Part 50, Appendix J. Resilient seals and 
gaskets of airlocks and hatches are within the scope of this program.  

Aging Effects - The applicable aging effects include change in material properties, 
cracking and loss of material.  

Method - The Type B leak rate test measures leakage by pressurizing the penetration to 
the specified test pressure.  

Sample Size - Not applicable for an existing program.  

Industry Codes or Standards - Guidance for the Containment Leakage Rate Testing 
Program are contained in Regulator Guide 1.163, "Performance-Based Containment 
Leak-Test Program," dated September 1995.  

Frequency - Frequency of inspection is in accordance with 10 CFR Part 50, Appendix J, 
Option A, Section M.D.2. and Option B, Section ILI.B.  

Acceptance Criteria or Standard - Acceptable leakage rates are established in 
accordance with the requirements of 10 CFR Part 50, Appendix J.  

Corrective Actions - Specific corrective actions will be implemented in accordance with 
the requirements of 10 CFR Part 50, Appendix J and the Duke Quality Assurance 
Program.  

Timing of New Program or Activity - Not applicable for an existing program.  
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Administrative Controls - The Oconee Type B LLRT is implemented by written 
procedures that are maintained in accordance the Duke Quality Assurance Program.  

Regulatory Basis - The requirements for containment Type B leak rate testing are 
contained in 10 CFR §50.54(o) and 10 CFR Part 50, Appendix J. Additional 
requirements are provided in Oconee Improved Technical Specifications 3.6.1, 
Containment and 5.5.2, Containment Leakage Rate Testing Program.  

4.9.2.2 Operating Experience and Demonstration 
Numerous Type B LLRT have been performed at Oconee in over 20 years of operation.  
Results of previous Type B tests have shown few failures. When test failures have 
occurred, they have been traced to failure of non-metallic components (gaskets, o-rings).  
Results have shown no test failures of steel components during the Type B LLRT.  

Based on the above review, the continued implementation of the Oconee Type A LLRT 
and Type B LLRT, which complement the ASME Section XI, Subsection IWE Inservice 
Examination, provide reasonable assurance that the aging effects will be managed such 
that the Containment will continue to perform its intended functions consistent with the 
current licensing basis for the period of extended operation.  

4.9.3 REFERENCES FOR SECTION 4.9 

4.9-1. Appendix J to 10 CFR Part 50 - Primary Reactor Containment Leakage 
Testing for Water-Cooled Power Reactors.  

4.9-2. Oconee Nuclear Station Improved Technical Specifications.  
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4.10 CONTROL ROD DRIVE MECHANISM NOZZLE AND OTHER VESSEL 
CLOSURE PENETRATIONS INSPECTION PROGRAM 

Section 2.4.5 of OLRP-1001 and BAW-2251 [Reference 4.10-1] identify the control rod 
drive mechanism (CRDM) nozzles and other vessel closure penetrations as subject to 
aging management review. Section 3.4.5 of OLRP-1001 and BAW-2251 identify 
primary water stress corrosion cracking (PWSCC) as an aging effect of concern that must 
be managed for the period of extended operation. The CRDM Nozzle and Other Vessel 
Closure Penetrations Inspection Program in conjunction with the Chemistry Control 
Program (see Section 4.6), Inservice Inspection Plan (see Section 4.18), Reactor Coolant 
System Operational Leakage Monitoring (see Section 4.23), and Boric Acid Wastage 
Surveillance Program (see Section 4.5) will manage PWSCC for the period of extended 
operation. The CRDM Nozzle and Other Vessel Closure Penetrations Inspection 
Program has the following attributes. In addition, because CRDM Nozzle and Other 
Vessel Closure Penetrations Inspection Program is an existing program, operating 
experience and demonstration are provided, as applicable.  

4.10.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the CRDM Nozzle and Other Vessel Closure Penetrations 
Inspection Program is to verify the assumptions made in the BWOG safety evaluation of 
the susceptibility and consequence of PWSCC in B&W-designed CRDM nozzles by 
gathering additional inspection information in order to better characterize PWSCC.  

Scope - The scope of the program includes reactor vessel closure head CRDM nozzles for 
all three units and the Oconee Unit I thermocouple penetrations.  

Aging Effects - The applicable aging effect is PWSCC of Alloy 600 nozzles with partial 
penetration welds that cause high circumferential residual stresses on the inner diameter 
of the nozzles opposite the welds.  

Method - The current program requires the re-inspection of from two to twelve Oconee 
Unit 2 CRDM nozzles from the top of the head in 1999. Eddy Current inspection will be 
utilized for detection. eddy current, ultrasonic, and liquid penetrate will be used for 
sizing.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  
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Frequency - The inspection frequency is dependent on plant-specific, B&WOG, and 
industry-wide inspection results. The next Oconee Unit 2 inspections are planned for 
1999. Future inspections will be established upon review of the next set of inspection 
results.  

Acceptance Criteria or Standard - Axial flaws detected during inspection will be 
analyzed and evaluated using the NUMARC acceptance criteria which were approved by 
the NRC in their Safety Evaluation dated November 19, 1993. Circumferential flaws will 
be analyzed and addressed with the NRC on a case-by-case basis [Reference 4.10-2].  

Corrective Action - Flaws that cannot be justified for continued service by analysis will 
be repaired in accordance with ASME Section XI. Flaws that can be justified for 
continued service become a time-limited aging analysis and are addressed by the Oconee 
Thermal Fatigue Management Program (see Section 5.4 of OLRP-1001). Specific 
corrective actions will be implemented in accordance with the Duke Quality Assurance 
Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - CRDM Nozzle and Other Vessel Closure Penetratic
Inspection Program will be implemented by plant procedures in accordance with the 
Duke Quality Assurance Program.  

Regulatory Basis - Duke response to NRC Generic Letter 97-01 [Reference 4.10-3].  

4.10.2 OPERATING EXPERIENCE AND DEMONSTRATION 

Since the NRC acceptance of inspection techniques [Reference 4.10-2], a full inspection 
of Oconee Unit 2 from beneath the reactor vessel head was performed in 1994. In 
addition, a re-inspection was completed on two Oconee Unit 2 CRDM nozzles in 1996 
from above the reactor vessel head. The results of these inspections were submitted to 
the NRC by Duke letters dated September 22, 1994 [Reference 4.10-4] and 
April 30, 1996 [Reference 4.10-5]. The Oconee Unit 2 inspections identified a small 
number of nozzles with crack-like indications that were insignificant in depth.  
Re-inspection showed no growth after one cycle of operation. Future inspections will be 
performed in a manner consistent with these previous inspections.  

Based on the above review, the continued implementation of the CRDM Nozzle and 
Other Vessel Closure Penetrations Inspection Program provides reasonable assurance 
that the aging effects will be managed such that the CRDM nozzle and other vessel 
closure penetrations will continue to perform their intended functions consistent with the 
current licensing basis for the period of extended operation.  
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4.10.3 REFERENCES FOR SECTION 4.10 

4.10-1. BAW-2251, Demonstration of the Management of Aging Effects for the 
Reactor Vessel, The B&W Owners Group Generic License Renewal Program, 
June 1996.  

4.10-2. W. T. Russell (NRC) letter dated November 19, 1993 to W. H. Rasin 
(NUMARC, now NEI).  

4.10-3. M. S. Tuckman (Duke) letter dated July 30, 1997 to Document Control Desk 
(NRC), Oconee Nuclear Station - Response to Generic Letter 97-01: 
Degradation of Control Rod Drive Mechanism Nozzle and Other Vessel 
Closure Head Penetrations, Docket Nos. 50-269, -270, and -287.  

4.10- 4. J. W. Hampton (Duke) letter dated September 22, 1994 to Document Control 
Desk (NRC), Acceptance Criteria for Control Rod Drive Mechanism 
Penetration Inspection, Docket Nos., 50-269, -270, and -287.  

4.10- 5. J. W. Hampton (Duke) letter dated April 30, 1996 to Document Control Desk 
(NRC), Inter-,-,: Engineering Evaluation of Control Rod Drive Mechanism 
(CRDM) Penetration Inspections, Oconee Unit 2, Docket No. 50-270.  
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4.11 CRANE INSPECTION PROGRAM 
Section 2.7.2.2 of OLRP-1001 identifies that cranes rails and girders are subject to aging 
management review. Section 3.7.2.2 identifies loss of material as an applicable aging 
effect for steel components in an air environment. The Crane Inspection Program will be 
utilized to manage the aging effect for the period of extended operation. The Crane 
Inspection Program has the following attributes. In addition, because the Crane 
Inspection Program is an existing program, operating experience and demonstration are 
provided, as applicable.  

4.11.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Crane Inspection Program is to provide periodic 
inspections and preventive maintenance on Oconee cranes and hoists. A subset of the 
many inspection activities performed under the auspices of the Crane Inspection Program 
is the inspection of the structural components.  

Scope - Structural components associated with the following cranes and hoists are 
included in the Crane Inspection Program for license renewal: 

Building Crane 

Auxiliary Building Spent Fuel Bay Crane 
Spent Fuel Pool Fuel Handling Crane 
Hoists located over safety-related equipment 

Keowee 270 Ton Crane 
Intake Hoist 
Hoists located over safety-related equipment 

Reactor Building Polar Crane 
2 Ton CRDM Service Crane 
Main Fuel Handling Bridge 
Equipment Hatch Hoist 
Hoists located over safety-related equipment 

Turbine Building Pump Aisle Crane 
Turbine Aisle Crane 
Turbine Aisle Auxiliary Crane 
Heater Bay Crane 
Hoists located over safety-related equipment 

Standby Shutdown Facility Hoists located over safety-related equipment 

A list of hoists located over safety-related equipment is maintained at Oconee.  
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Aging Effects - The applicable aging effect is loss of material due to corrosion of the 
steel components.  

Method - The program requires visual inspections of cranes and hoists within the scope.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - ANSI B30.2.0 [Reference 4.11-1] for cranes and 
ANSI B30.16 [Reference 4.11-2] for hoists.  

Frequency - Each crane and hoist is subject to several inspections. The inspection 
frequencies for the cranes are based on the guidance provided by ANSI B30.2.0. The 
inspection frequencies for hoists are based on guidance provided by ANSI B30.16.  
Oconee experience supports the established frequency as being timely and effective.  

Acceptance Criteria or Standard - No unacceptable visual indication of loss of material 
as determined by the accountable engineer.  

Corrective Action - Items which do not meet the acceptance criteria are repaired or 
replaced. Specific corrective actions will be implemented in accordance with the Duke 
Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Crane Inspection Program is implemented by written 
procedure in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - 29 CFR Chapter XVII, § 1910.179 [Reference 4.11-3].  

4.11.2 OPERATING EXPERIENCE AND DEMONSTRATION 
The crane inspection requirements are comprehensive and cover the portions of the crane 
within the scope of license renewal. Results of previous inspections at Oconee has 
revealed paint flaking on the crane girders, but an intact base coat of paint. No corrosion 
or rust has been identified. Bolts on the crane girders have been inspected and some have 
required retightening. This type of retightening is not unexpected. The rails on the 
Turbine Aisle Crane have been replaced due to wear. The wear was attributed to 
misalignment during installation of the rails.  
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Based on the above review, the continued implementation of the Crane Inspection 
Program provides reasonable assurance that the aging effects will be managed such that 
the identified cranes and hoists will continue to perform their intended functions 
consistent with the current licensing basis for the period of extended operation.  

4.11.3 REFERENCES FOR SECTION 4.11 

4.11-1. ANSI B30.2.0, "Overhead and Gantry Cranes", American National Standard, 
Section 2-2, Safety Standards for Cableways, Cranes, Derricks, Hoists, Hooks, 
Jacks and Slings, The American Society of Mechanical Engineers, New York.  

4.11-2. ANSI B30.16, "Overhead Hoists (Underhung)", The American Society of 
Mechanical Engineers, New York.  

4.11-3. 29 CFR Chapter XVII, § 1910.179, Occupational Safety and Health 
Administration, Overhead and Gantry Cranes.  
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4.12 DUKE POWER FIVE-YEAR UNDERWATER INSPECTION OF 
HYDROELECTRIC DAMS AND APPURTENANCES 

Section 2.7.6 of OLRP- 1001 identifies the Keowee Intake Structure, Spillway, and 
Powerhouse as subject to aging management review. The applicable aging effects are 
identified in Section 3.7.6 and include loss of material due to corrosion for steel 
components and loss of material, cracking, and change in material properties of concrete 
components. The Duke Power Five Year Underwater Inspection of Hydroelectric Dams 
and Appurtenances will manage these applicable aging effects for the period of extended 
operation. The Duke Power Five Year Underwater Inspection of Hydroelectric Dams 
and Appurtenances has the following attributes. In addition, because Duke Power Five 
Year Underwater Inspection of Hydroelectric Dams and Appurtenances is an existing 
program, operating experience and demonstration are provided, as applicable.  

4.12.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Duke Power Five Year Underwater Inspection of 
Hydroelectric Dams and Appurtenances is to inspect the structural integrity of the 
Keowee intake structure, spillway, and powerhouse.  

Scope - The scope of the Duke Power Five Year Underwater Inspection of Hydroelectric 
Dams and Appurtenances includes: 

* Keowee Intake - trashracks, support steel and concrete 
* Spillway - concrete 
* Powerhouse - concrete 

Aging Effects - The applicable aging effects include loss of material due to corrosion for 
steel components and loss of material, cracking, and change in material properties of 
concrete components.  

Method - The program requires visual examinations of external surfaces.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  

Frequency - Inspections are performed once every five years. The inspection frequency 
is consistent with the periodicity of inspections performed by FERC for maintaining other 
components of the structures (See FERC Five Year Inspections Section 4.15).  
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Acceptance Criteria or Standard - No unacceptable visual indication of loss of 
material, cracking, or change in material properties as determined by the accountable 
engineer.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated by the 
accountable engineer. If repair or replacement is required, then specific corrective actions 
will be implemented in accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - This program currently is performed in accordance with 
written guidance developed by the responsible Duke Power department.  

Regulatory Basis - 18 CFR Part R, Water Power Project Works Safety.  

4.12.2 OPERATING EXPERIENCE AND DEMONSTRATION 

Underwater inspections have been performed for the Keowee structures since 1978. A 
review of previous Duke Power Five Year Underwater Inspections of Hydroelectric 
Dams and Appurtenances conducted at Keowee confirms the reasonableness and 
acceptability of the inspection frequency in that degradation of the underwater portions of 
the concrete and steel components is detected prior to loss of function.  

Previous Duke Power Five-Year Underwater Inspections of Hydroelectric Dams and 
Appurtenances have revealed only minor degradation. Observations include loss of 
material due to corrosion of steel components and loss of material of concrete 
components. The concrete degradation was identified as resulting from inadequate 
vibration during construction and was not associated with aging. Other than the 
degradation noted, concrete was determined to be in good condition. Where corrosion of 
steel components has been identified, the steel has been repaired or replaced.  

Based on the above review, the continued implementation of the Duke Power Five-Year 
Underwater Inspection for Dams and Appurtenances provides reasonable assurance that 
the aging effects will be managed such that the Keowee Intake, Spillway and Powerhouse 
concrete and steel structures below water will continue to perform their intended 
functions consistent with the current licensing basis for the period of extended operation.  
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4.13 DUKE QUALITY ASSURANCE PROGRAM 
As background, Duke Energy Corporation (Duke) maintains full responsibility for 
assuring that its nuclear power plants are designed, constructed, tested and operated in 
conformance with good engineering practices, applicable regulatory requirements and 
specified design bases and in a manner to protect the public health and safety. To this 
end, Duke has established and implemented a Quality Assurance Program which 
conforms to the criteria established in 10 CFR Part 50, Appendix B, "Quality Assurance 
Criteria for Nuclear Power Plants and Fuel Reprocessing Plants" published June 27, 1970 
(35 Federal Register 10499) and amended September 17, 1971 (36 FR 18301) and 
amended January 20, 1975 (40 Federal Register 3210).  

The Quality Assurance Program is presented in the Duke Power Topical Report "Quality 
Assurance Program," DUKE-1A which is incorporated by reference into Chapter 17 of 
the Oconee UFSAR [Reference 4.13-1]. The Quality Assurance Program addresses all 
aspects of quality assurance at Duke's nuclear power stations. Two of these aspects that 
are pertinent to the aging management programs identified for license renewal are 
"Corrective Actions" and "Document Control" which are briefly described below.  
Additional descriptions are provided in DUKE-lA [Reference 4.13-2].  

4.13.1 CORRECTIVE ACTION 

Station personnel are responsible for the implementation of the quality assurance program 
as it pertains to the performance of their activities. Specific to this responsibility is the 
requirement for either informing responsible supervisory personnel or for taking 
appropriate corrective action in response to deficient implementation of program 
requirements.  

Procedures require that conditions adverse to quality be corrected. In the case of 
significant conditions adverse to quality (more significant events), the procedures assure 
that the cause of the condition is determined and that action is taken to preclude 
repetition. Performance and verification personnel are to: 

* identify conditions that are adverse to quality, 
* suggest, recommend, or provide solutions to the problems, and 
* verify resolution of the issue.  

Additionally, performance and verification personnel are to ensure that reworked, 
repaired, and replacement items are inspected and tested in accordance with the original 
inspection and test requirements or specified alternatives.  
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Discrepancies revealed during the performance of station operation, maintenance, 
inspection and testing activities must be resolved prior to verification of the completion 
of the activity being performed. In the event of the failure of QA Condition 1 structures, 
systems, and components, the cause of the failure is evaluated and appropriate corrective 
action is taken. Items of the same type are evaluated to determine whether or not they can 
be expected to continue to function in an appropriate manner. This evaluation is 
documented in accordance with applicable procedures.  

4.13.2 DOCUMENT CONTROL 
The Duke Quality Assurance Program requires that specific operational activities 
associated with QA Condition 1 structures, systems, and components be accomplished in 
accordance with procedures, instructions, drawings, and checklists appropriate to the 
nature of the activities being performed. As necessary, such documents identify 
equipment necessary to perform an activity, specify conditions which must exist prior to 
and during performance of an activity, and include quantitative or qualitative acceptance 
criteria, compatible with any applicable design specifications, for determining that the 
activity addressed is satisfactorily accomplished. Also, the procedure will require 
independent verification by qualified personnel of the performance of specific procedural 
steps. Examples of documents that address quality-related operational activities are: 

* Preoperational Test Procedures 
* Periodic Test Procedures 
* Operating Procedures 
* Maintenance Procedures 
* Instrument Procedures 
* Chemistry Procedures 

Station procedures which address activities associated with QA Condition 1 structures, 
systems and components are subjected to a well-defined, established review and approval 
process. This process includes the requirement that each procedure be reviewed for 
adequacy by an individual or group other than the individual or group which prepared the 
procedure.  

Maintenance, instrumentation and modification procedures are reviewed by cognizant 
station personnel to determine the need for inspections. Procedures for inspections 
identify the certifications, inspection methods, acceptance criteria, and provide means for 
documenting inspection results.  
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4.13.3 REFERENCES FOR SECTION 4.13 

4.13-1. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  

4.13-2. Duke-I-A, Duke Energy Corporation Topical Report, Quality Assurance 
Program.  
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4.14 ELEVATED WATER STORAGE TANK CIVIL INSPECTION 
Section 2.7.10.3 of OLRP-1001 identifies the Elevated Water Storage Tank as subject to 
aging management review. Section 3.7.10.3 of OLRP- 1001 identifies the aging effect 
applicable to the interior and exterior surfaces of the Elevated Water Storage Tank as loss 
of material due to corrosion. The Elevated Water Storage Tank Civil Inspection will 
manage this aging effect for the period of extended operation. The Elevated Water 
Storage Tank Civil Inspection has the following attributes. In addition, because the 
Elevated Water Storage Tank Civil Inspection is an existing program, operating 
experience and demonstration are provided, as applicable.  

4.14.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Elevated Water Storage Tank Civil Inspection is to provide 
a visual examination of the interior and exterior surfaces of the tank and associated 
components to ensure their structural integrity.  

Scope - The scope of the program includes the interior and exterior surfaces of the 
Elevated Water Storage Tank and associated components.  

Aging Effects - The applicable aging effect is loss of material due to corrosion.  

Method - The program requires visual examinations of internal and external surfaces in 
accordance with station procedures.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - NFPA 25, Standard for the Inspection, Testing, and 
Maintenance of Water-Based Fire Protection Systems.  

Frequency - Inspections are performed once every five years.  

Acceptance Criteria or Standard - No unacceptable visual indication of loss of material 
due to corrosion as determined by the accountable engineer.  

Corrective Action - Items that do not meet the acceptance criteria are evaluated for 
continued service, monitored, or corrected. Specific corrective actions will be 
implemented in accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  
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Administrative Controls - The Elevated Water Storage Tank Inspections are 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This program has no current regulatory basis.  

4.14.2 OPERATING EXPERIENCE AND DEMONSTRATION 
A review of previous Elevated Water Storage Tank Civil Inspections conducted at 
Oconee confirms the reasonableness and acceptability of the inspection frequency in that 
degradation of the tank is detected prior to loss of function. The inspection frequency is 
consistent with the guidance in NFPA 25, Standard for the Inspection, Testing, and 
Maintenance of Water-Based Fire Protection Systems. The first inspection of the tank 
identified corrosion, but no metal loss. The corrosion was removed, and the metal was 
recoated. The most recent inspection of the elevated water storage tank did not identify 
any deficiencies in the coating, corrosion, or metal loss. Sludge has been found in the 
tank during these inspections and has been subsequently cleaned out so that the tank 
could be inspected. The sludge did not impact the ability of the tank to maintain 
inventory for the High Pressure Service Water System. The foundation was in good 
condition with no cracking or deterioration.  

Based on the above review, the continued implementation of the Elevated Water Storage 
Tank Civil Inspections provides reasonable assurance that the aging effects will be 
managed such that the Elevated Water Storage Tank will continue to perform its intended 
functions consistent with the current licensing basis for the period of extended operation.  
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4.15 FEDERAL ENERGY REGULATORY COMMISSION (FERC) FIVE YEAR 
INSPECTION 

Sections 2.7.4 and 2.7.6 of OLRP-1001 identify the earthen embankments and Keowee 
concrete components that are subject to aging management review. Sections 3.7.4 
and 3.7.6 of OLRP-1001 identify the applicable aging effects for the earthen 
embankments and concrete in the Keowee Intake, Powerhouse, and Spillway. The FERC 
Five Year Inspection is credited with managing these aging effects. The FERC Five Year 
Inspection has the following attributes. In addition, because the FERC Five Year 
Inspection is an existing program, operating experience and demonstration are provided, 
as applicable.  

4.15.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the FERC Five Year Inspection is to assess the conditions 
affecting the safety of a hydroelectric project or project works.  

Scope - The scope of the FERC Five Year Inspection at Oconee includes: Keowee River 
Dam; Little River Dam; Little River Dikes A, B, C, and D; Oconee Intake Canal Dike; 
Keowee Spillway and Left Abutment, Keowee Intake and Powerhouse.  

Aging Effects - The inspection detects the following aging effects: 

* Concrete - Cracking, spalling, loss of material due to erosion, settlement, and 
movement of concrete structures 

* Earthen - Settlement, movement, loss of material due to erosion and seepage, 
leakage, cracking, sinkholes, internal stress and hydrostatic pressure of earthen 
structures 

Method - The program requires visual examination of external surfaces by an 
independent consultant approved by FERC.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - Federal Guidelines for Dam Safety [Reference 4.15-1] 

Frequency - This inspection is required to be performed every five years.  

Acceptance Criteria or Standard - Acceptability of structure is based on the knowledge 
of the qualified independent consultant.  
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Corrective Action - A corrective action plan and schedule are provided to FERC no later 
than 60 days after the independent consultant report is filed with FERC. The plan and 
schedule are approved by FERC. Incorporation of the consultant recommendations are 
reviewed during subsequent inspections.  

Any identified earthen embankment seepage is monitored for sedimentation, change in 
color of sediment, and increase in flow. Minor saturated areas are monitored for any 
change such as flow of water on the ground surface, boils, or transportation of soil.  
Trench drains or drainage blankets are installed where necessary. Erosion is corrected as 
part of the routine maintenance program 

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - Inspection, documentation, and retention are in accordance 
with the requirements in 18 CFR Part 12 Subpart D.  

Regulatory Basis - 18 CFR Part 12, Water Power Projects and Project Works Safety 
[Reference 4.15-2].  

4.15.2 OPERATING EXPERIENCE AND DEMONSTRATION 

The initial FERC Five Year Inspection was performed in 1976 on the Keowee Project.  
There have been a total of five inspections performed. FERC Five Year Inspections have 
revealed only minor degradation. Observations include seepage at the toe of Little River 
Dam, minor saturation of areas of the little River Dam, erosion of the shoreline at Little 
River Dam, seepage at the toe of Little River Dike A, slight seepage at the low point of 
Dike D, minor saturation of an area in the Intake Canal Dike, minor erosion at abutments 
to the Intake Canal Dike, seepage from Keowee River Dam, and erosion at the 
downstream toe of Keowee River Dam. Inspection of the earthen structures showed no 
outward signs of leakage, damage, settlement or movement. The general appearance and 
condition of the earthen structures remains acceptable though all inspections. All seepage 
is well controlled and monitored [References 4.15-3, 4.15-4, 4.15-5, 4.15-6, and 4.15-7].  

The Keowee spillway, intake and powerhouse were found to be in satisfactory condition 
during previous inspections. The concrete was determined to be in good condition with 
slight trace of efflorescence in random locations. A few hairline cracks were observed in 
the spillway wingwalls. Minor cracking was noted in the floor of the powerhouse.  
Efflorescence was noted in several areas on the powerhouse. Slight rust was found in 
steel components of the spillway, but overall, the steel is in satisfactory condition. The 
observed aging effects are minor and have no impact on the ability of the Keowee Project 
structures to perform their intended functions.  
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Based on the above review, the continued implementation of the FERC Five Year 
Inspection provides reasonable assurance that the aging effects will be managed such that 
the earthen embankments and Keowee Intake, Powerhouse, and Spillway concrete 
components will continue to perform their intended functions consistent with the current 
licensing basis for the period of extended operation.  

4.15.3 REFERENCES FOR SECTION 4.15 

4.15-1. Federal Guidelines for Dam Safety, prepared by the Ad Hoc Interagency 
Committee on Dam Safety of the Federal Coordinating Council for Science 
Engineering and Technology, Washington, D. C., June 25, 1979.  

4.15-2. 18 CFR Part 12 - Safety of Water Power Projects and Project Works, 59 FR 
54815, Nov. 2, 1994.  

4.15-3. Duke Power Company Keowee Development F. P. C. Project No. 2503, 
Inspection and Report by Chas. T. Main, Inc., April, 1976.  

4.15-4. Duke Power Company Keowee Development F. P. C. Project No. 2503, 
Inspection and Report by Chas. T. Main, Inc., February, 1981.  

4.15-5. Duke Power Company Keowee Development F. P. C. Project No. 2503, 
Third Five Year Independent Consultant Inspection, Law Engineering Testing 
Company, March, 1986.  

4.15-6. Duke Power Company Keowee Development F. P. C. Project No. 2503, 
Fourth Five Year Independent Consultant Inspection, Law Engineering Testing 
Company, April, 1991.  

4.15-7. Keowee Hydroelectric Development FERC Project No. 2503-SC, Fifth Five
Year Safety Inspection, Northrop, Devine & Tarbell, Inc., March, 1996.  
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4.16 FIRE PROTECTION PROGRAM 

The Oconee Fire Protection Program utilizes the concept of defense-in-depth to achieve 
its required high degree of fire safety. This concept includes: 

* Preventing fires from starting 
* Detecting and suppressing fires quickly to limit their damage 
* Designing the plant safety systems so that in the unlikely event of a major fire, the 

capability to safely shutdown the unit is maintained 

The Oconee Fire Protection Program contains many activities to achieve this defense-in
depth and to minimize the impacts of a potential fire at Oconee. Two of these activities 
which are included as aging management programs for license renewal are: 

* Fire Barrier Inspections 
* Fire Water System Testing 

These two activities are described in the following: 

4.16.1 FIRE BARRIER INSPECTIONS 

Section 2.7.2.4 of OLRP-1001 identifies fire doors, fire walls and fire barrier penetration 
seals as subject to aging management review. Section 3.7.2.4 of OLRP-1001 identifies 
the aging effects that are applicable to fire walls, fire doors, and fire barrier penetration 
seals, respectively, during the period of extended operation. Fire Barrier Inspections will 
manage these aging effects such that the intended functions of the fire barriers will be 
maintained in accordance with the current licensing basis during the period of extended 
operation. The Fire Barrier Inspections has the following attributes. In addition, because 
Fire Barrier Inspections are part of an existing program, operating experience and 
demonstration are provided, as applicable.  

4.16.1.1 Program Description 

Purpose - The purpose of Fire Barrier Inspections is to perform periodic inspections and 
preventive maintenance on fire barriers and fire doors to assure that they continue to 
perform their functions.  

Scope - The scope includes Units 1, 2, and 3 fire barrier penetration seals and walls as 
identified in the implementing procedure and associated drawings. The scope also 
includes Units 1, 2, and 3 fire rated doors that are equipped with automatic or self-closing 
devices and doors that are manually closed as identified in the implementing procedure.  
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Aging Effects - For fire barrier penetration seals - cracking, separation from walls or 
components; separation of layers of material, rupture or puncture of seal, cracking.  

For fire barrier walls, ceilings, and floors - loss of material.  

For fire doors - self-closing doors are visually inspected to verify that hinges are complete 
with all screws tight and pins are in good condition. Double self-closing doors are 
visually inspected to verify that bolts are in good condition and the astragal (metal 
molding strip) is in good condition. Automatic-closing doors are visually inspected to 
verify tracks, trucks, cables, and chains are in good operating condition. Hollow metal 
fire doors are visually inspected for holes in the skin of the door.  

Method - The program requires visual examination of fire barriers.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  

Frequency - At least once every 18 months, exposed surfaces of fire walls are vi -ily 
inspected and at least 10% of each type of fire barrier penetration seal is inspected. Fire 
doors are visually inspected bi-monthly and functionally tested bi-monthly. The 
frequency of inspections has been in effect since the initial implementation of the 
technical specification requirements at Oconee in 1977 and is considered acceptable 
based on industry operating experience.  

Acceptance Criteria or Standard - For fire barrier penetration seals, no visual 
indication of cracking, separation from wall, separation of layers of material, holes and 
ruptures or puncture of seal. For walls, ceilings, and floors the acceptance criteria are no 
visual indication of holes or cracks. For fire doors, the acceptance criteria are no 
indication of loss of material (e.g., punctures).  

Corrective Action - Specific corrective actions will be implemented in accordance with 
the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Fire Barrier Inspections are being implemented by plant 
procedures as part of the Selected Licensee Commitment 16.9.5 and controlled by the 
Duke Quality Assurance Program.  
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Regulatory Basis - 10 CFR §50.48 [Reference 4.16-1], 10 CFR 50, Appendix R 
[Reference 4.16-2], Oconee Facility Operating License, License Condition 3.E 
[Reference 4.16-3], Oconee UFSAR Chapter 16, Selected Licensee Commitments, 
SLC 16.9.5 [Reference 4.16-4].  

4.16.1.2 Operating Experience and Program Demonstration 
A review of the Fire Barrier Inspections conducted at Oconee confirms the 
reasonableness and acceptability of the inspection frequency in that degradation of the 
fire barrier is detected prior to loss of function. Identified deficiencies are associated with 
installation problems and missing tags for the fire barrier penetration seals. Previous 
inspections of the fire doors have identified wear of the hinges and handles. Holes in the 
skin of doors have been identified in inspections. These holes have been determined to 
be the result of installation of signs on the doors and are not due to aging.  

Based on the above review, the continued implementation of the Fire Barrier Inspections, 
established by SLC 16.9.5 provides reasonable assurance that the aging effects will be 
managed such that fire walls, fire doors, and fire barrier penetration seals will continue to 
perform their intended functions consistent with the current licensing basis for the period 
of extended operation.  

4.16.2 FIRE WATER SYSTEM TEST 

Section 2.5 of OLRP-1001 identifies components in the High Pressure Service Water 
System, Low Pressure Service Water System and the Service Water System (Keowee) as 
subject to aging management review. Section 3.5 of OLRP-1001 identifies loss of 
material due to corrosion and fouling as applicable aging effects. The Fire Water System 
Test manages fouling of the High Pressure Service Water System, Low Pressure Service 
Water System and Service Water System (Keowee) components falling within the scope 
of license renewal. This test, in conjunction with the Service Water Piping Corrosion 
Program, the Galvanic Susceptibility Inspection and the Cast Iron Selective Leaching 
Inspection, will also serve to manage the loss of material for the components within these 
systems. The program ensures that these systems remain in compliance with applicable 
National Fire Protection Association (NFPA) Standards and that the systems meet all 
applicable Selected Licensee Commitments in Oconee UFSAR Chapter 16. The Fire 
Water System Test has the following attributes. In addition, because it is an existing 
program, operating experience and demonstration are provided, as applicable.  
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4.16.2.1 Program Description 
Purpose - The purpose of the Fire Water System Test is to manage fouling and, in 
conjunction with several other programs and activities, to manage loss of material for the 
component locations in the High Pressure Service Water System, Low Pressure Service 
Water System and the Service Water System (Keowee) that fall within the scope of 
license renewal.  

Scope - The scope of the program credited for license renewal includes the High Pressure 
Service Water System, Low Pressure Service Water System and Service Water System 
(Keowee) components serving a regulatory committed fire protection function important 
to safety and falling within the scope of license renewal.  

Aging Effects - The aging effects of concern are fouling of smaller diameter piping such 
that the system intended function could not be accomplished and loss of material due to a 
number of corrosion mechanisms, both general and localized, for the bronze, carbon steel, 
cast iron and stainless steel components exposed to raw water.  

Method - This program involves a variety of methods with which to manage the 
applicable aging effects for the components within these systems. Piping and pumps 
receive a periodic performance test which demonstrates their ability to perform their 
component intended functions. Fire hydrants and deluge valves receive a periodic flow 
test which demonstrates their ability to perform their component intended functions.  
These tests in particular simulate the actual conditions required for the components to 
meet the system intended functions. Hose racks and some sprinkler heads receive a 
visual inspection on a periodic basis.  

Sample Size - The components that serve a fire protection function within the High 
Pressure Service Water System, Low Pressure Service Water System and the Keowee 
Service Water System are tested or inspected and maintained on a periodic basis.  

Industry Codes and Standards - Inspection and testing is conducted in accordance with 
applicable National Fire Protection Association Codes [Reference 4.16-5].  

Frequency - Inspection and test frequencies for the components in the High Pressure 
Service Water System, Low Pressure Service Water System and the Service Water 
System (Keowee) falling under the scope of the Fire Water System Test are established 
based on the type of component and managed by plant procedures.  

Acceptance Criteria - Acceptance criteria are specifically stated in the plant procedures 
that govern each inspection or test.  
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Corrective Action - Corrective actions are specifically stated in the plant procedures that 
govern each inspection or test. Specific corrective actions will be implemented in 
accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Control - The Fire Protection Program is implemented by plant 
procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - 10 CFR §50.48 [Reference 4.16-1], 10 CFR 50, Appendix R 
[Reference 4.16-2], Oconee Facility Operating License, License Condition 3.E 
[Reference 4.16-3], Oconee UFSAR, Chapter 16: Fire Suppression Systems are covered 
under Selected Licensee Commitment 16.9.1; Sprinkler and Spray systems are covered 
under Selected Licensee Commitment 16.9.2; and Fire Hose Stations are covered under 
Selected Licensee Commitment 16.9.4. [Reference 4.16-4 J.  

4.16.2.2 Operating Experience and Demonstration 
Fire Protection standards have been in place at Oconee since the original license was 
issued. The Oconee UFSAR contains General Design Criteria 3, Fire Protection, that 
requires the station to be designed to minimize the probability of events as fires and also 
to minimize the potential effects of such events to safety [Reference 4.16-6]. The Fire 
Water System Test was enhanced after the cable fire event at Browns Ferry and in 
response to IE Bulletin 75-04 [Reference 4.16-7]. The program conforms with the 
standards set forth by the National Fire Protection Association, with exceptions that are 
noted in engineering specifications.  

The program has been successful in managing fouling and loss of material in the High 
Pressure Service Water System, Low Pressure Service Water System and Keowee Service 
Water Systems. Full flow testing is comprehensive and includes fire protection systems 
in the Auxiliary Building, Turbine Building, Reactor Building and the yard loop. Full 
flow testing has resulted in cleaning due to fouling of approximately 2 sprinkler heads at 
each of the transformers every 18 months. Fouling of the major header and other 
sprinklers has not been significant. Approximately one-eighth inch scaling has been 
noted on a small section of buried 8 inch piping. This minimal amount of degradation 
has not jeopardized the system's ability to perform its intended function.  
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Based on the above review, the continued implementation of the Fire Water System Test 
provides reasonable assurance that the aging effects will be managed such that the 
components of the High Pressure Service Water System, Low Pressure Service Water 
System and Service Water System (Keowee) will continue to perform their intended 
functions consistent with the current licensing basis for the period of extended operation.  

4.16.3 REFERENCES FOR SECTION 4.16 

4.16-1. 10 CFR §50.48, Fire Protection.  

4.16-2. 10 CFR Part 50, Appendix R, Fire Protection Program for Nuclear Power 
Facilities Operating Prior to January 1, 1979.  

4.16-3. Oconee Nuclear Station, Units 1, 2, and 3, Facility Operating Licenses 
DPR-38, DPR-47, and DPR-55.  

4.16-4. Oconee Nuclear Station, Updated Final Safety Analysis, as revised.  

4.16-5. National Fire Protection Association Codes.  

4.16-6. Fire Protection Safety Evaluation Report for Oconee Nuclear station, 
August 11, 1978.  

4.16-7. IE Bulletin 75-04, Cable Fire at Browns Ferry Nuclear Power Station.  
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4.17 HEAT EXCHANGER PERFORMANCE TESTING ACTIVITIES 
Section 2.5 of OLRP-1001 identifies the heat exchangers subject to aging management 
review. Section 3.5 of OLRP-1001 identifies fouling due to macro-organisms and silting 
of smaller diameter piping and tubing, including heat exchanger tubing, in Oconee and 
Standby Shutdown Facility heat exchangers to be an applicable aging effect requiring 
management for license renewal. Additionally, in Section 3.5, loss of material in the 
Standby Shutdown Facility Heating, Ventilation, and Air Conditioning System cooling 
coil and the SSF HVAC condensers in the Standby Shutdown Facility Auxiliary Service 
Water System is identified to be an applicable aging effect. As described in the Oconee 
UFSAR Chapter 13.5.2.2.3, Periodic Test Procedures, performance testing is conducted 
on a periodic basis to determine various station parameters and to verify the continuing 
capability of safety-related structures, systems and components to meet established 
performance requirements. Specific Heat Exchanger Performance Testing Activities will 
serve to manage fouling of heat exchanger tubing for those heat exchangers that have heat 
transfer as a component intended function.  

The following heat exchangers in the scope of license renewal have heat transfer as a 
component intended function that could be impacted by fouling. Each of these heat 
exchangers has raw water from the Low Pressure Service Water System: the decay heat 
removal cooler in the Low Pressure Injection System, the Reactor Building cooling units 
in the Reactor Building Cooling System, and the Standby Shutdown Facility heat 
exchangers in the Standby Shutdown Facility Auxiliary Service Water and Heating, 
Ventilation, and Air Conditioning Systems. Performance testing for these heat 
exchangers will provide assurance that the components are capable of adequate heat 
transfer required to meet system and accident load demands. Performance testing will 
also serve to manage loss of material for the applicable Standby Shutdown Facility heat 
exchangers.  

Periodic testing is completed for these heat exchangers at frequencies ranging from twice 
per day for the Standby Shutdown Facility heat exchangers to each refueling outage for 
the decay heat removal cooler and the Reactor Building cooling units. Heat removal 
capacity is determined and compared to test acceptance criteria established by the 
accountable engineer and to previous test results for the decay heat removal coolers and 
the Reactor Building cooling units. For the Standby Shutdown Facility heat exchangers, 
heat removal capacity is verified by monitoring component and system performance 
parameters and comparing them to acceptance criteria. If the heat exchangers fail to 
perform adequately, then corrective actions such as cleaning are undertaken. Specific 
corrective actions are implemented in accordance with the Duke Quality Assurance 
Program.  
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The Heat Exchanger Performance Testing Activities are implemented by plant procedures 
in accordance with the Duke Quality Assurance Program. The activities credited here for 
license renewal for the Decay Heat Removal Coolers and the Reactor Building Cooling 
Units are consistent with the Oconee commitments made in response to Generic 
Letter 89-13 [References 4.17-1, 4.17-2, 4.17-3 , 4.17-4, and 4.17-5].  

The continued implementation of the Heat Exchanger Performance Testing Activities 
provides reasonable assurance that the heat exchangers will continue to perform their 
intended function consistent with the current licensing basis for the period of extended 
operation.  

4.17.1 REFERENCES FOR SECTION 4.17 

4.17-1. H.B. Tucker (Duke) letter dated January 26, 1990 to the Document Control 
Desk (NRC), Response to NRC Generic Letter 89-13, Service Water System 
Problems Affecting Safety-Related Equipment, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.17-2. H.B. Tucker (Duke) letter dated May 31, 1990 to the Document Control Desk 
(NRC), Supplemental Response to NRC Generic Letter 89-13, Service Water 
System Problems Affecting Safety Related Equipment, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.17-3. J.W. Hampton (Duke) letter dated December 10, 1992 to the Document 
Control Desk (NRC), Confirmation of Implementation of Recommended Action 
Related to Generic Letter 89-13, Oconee Nuclear Station, Units 1, 2, and 3, 
Docket Nos. 50-269, -270, and -287.  

4.17-4. J.W. Hampton (Duke) letter dated September 1, 1994 to the Document Control 
Desk (NRC), Follow Up to a Deviation Notice in NRC Inspection 
Report 93-25 to Revise Response to 89-13, Oconee Nuclear Station, Units 1, 2, 
and 3, Docket Nos. 50-269, -270, and -287.  

4.17-5. J.W. Hampton (Duke) letter dated April 4, 1995 to Document Control Desk 
(NRC), Supplemental Response #3 to Generic Letter 89-13, Oconee Nuclear 
Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  
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4.18 INSERVICE INSPECTION PLAN 

Throughout the service life of nuclear power plants, Class 1 components and associated 
supports must meet the requirements set forth in Section XI of the ASME Code and 
Addenda that are incorporated by reference in §50.55a(b). These requirements are 
subject to the limitation listed in §50.55a, to the extent practical within the limitations of 
design, geometry and materials of construction of the component or support.  

Inservice examinations and system pressure tests conducted during successive 120-month 
inspection intervals, following the initial 120-month inservice inspection interval, must 
comply with the requirements of the latest edition and addenda of the Code incorporated 
by reference in §50.55a(b) twelve months prior to the start of the 120-month inspection 
interval, subject to the limitations and modifications listed in paragraph §50.55a(b).  

As noted in the NRC reviews of BAW-2243A [Reference 4.18-1] and BAW-2244A 
[Reference 4.18-2], the integrated plant assessment for Reactor Coolant System 
components within the scope of Subsection IWB of ASME Section XI uses the ASME 
Boiler & Pressure Vessel Code, 1989 Edition of ASME Section XI, including mandatory 
Appendices VH and VII. Appendix VIII is in accordance with the 1989 Addenda.  

The period of extended operation for Oconee will contain the 5th and 6 ten-year 
inservice inspection intervals. The Oconee Inservice Inspection Plan for each of these 
two inservice inspection intervals will: 

(1) Include compliance with Appendix VII, Qualification of Nondestructive Examination 
Personnel for Ultrasonic Examination; 

(2) Include compliance with Appendix VIII, Performance Demonstration for Ultrasonic 
Examination Systems; 

(3) Implement the Subsection IWB examination requirements of either: 
(a) the 1989 Edition of ASME Section XI, or 
(b) the edition of the ASME Section XI Code required by §50.55a(b), or 
(c) another edition of ASME Section XI provided an appropriate evaluation is 

performed in accordance with the regulatory requirements in effect at the 
time; 

(4) Comply with §50.55a (g)(4)(ii) except that if an examination required by the Code or 
Addenda is determined to be impractical, then a relief request will be submitted to the 
Commission in accordance with the requirements contained in §50.55a(5)(iv), for 
Commission evaluation; and 

(5) Include examination of pressurizer heater bundle welds in accordance with 
Examination B-E (or equivalent) (see Section 4.3.7.2).  
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4.18.1 ASME SECTION XI, SUBSECTION IWB AND IWC INSPECTIONS 
Section 2.4 of OLRP-1001 identifies the Reactor Coolant System components subject to 
aging management review. Section 3.4 of OLRP-1001 identifies cracking, loss of 
material and loss of closure integrity as applicable aging effects for these components.  
ASME Section XI, Subsections IWB and IWC Inspections under the Oconee Inservice 
Inspection Plan will manage these aging effects for the period of extended operation.  
The specific Reactor Coolant System component or component feature, applicable aging 
effect and credited ASME Section XI examination category are identified in Table 3.4-1.  
The Oconee Inservice Inspection Plan, ASME Section XI, Subsections IWB and IWC 
Inspections, has the following attributes.  

Purpose - The purpose of ASME Section XI, Subsection IWB and IWC Inspections under 
the scope of the Oconee Inservice Inspection Plan is to identify and correct degradation 
of Oconee Inservice Inspection Class A and Class B pressure retaining components and 
their integral attachments.  

Scope - The scope of the ASME Section XI, Subsection IWB and IWC Inspections 
credited for license renewal is identified specifically for each component and for 
applicable component features in Table 3.4-1.  

Items within the scope of-the ASME Section XI, Subsection IWB and IWC Inspections 
may be installed in areas inaccessible for maintenance and inspection. ASME Section XI 
programmatic oversight does not imply 100% direct coverage of all items within a 
system, and the Code has made provisions to handle such situations. For those limited 
instances where inaccessible items requiring inspection do exist, ASME Section XI 
provides guidance for indirect assurance of component integrity. Indirect assurance 
comes in the form of approved ASME Code relief, use of statistical sampling methods, 
and use of indirect symptomatic evidence.  

Aging Effects - Cracking, loss of closure integrity, and loss of material by general 
corrosion or boric acid wastage.  

Method - The ASME Section XI, Subsection IWB and IWC Inspections under the Oconee 
Inservice Inspection Plan includes examination methods defined in each applicable 
examination category credited for license renewal. Table 3.4-1 identifies the applicable 
examination categories.  

Sample Size - Not applicable for an existing program.  
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Industry Codes or Standards - ASME Section XI, 1989 Edition, Appendices VII and 
VIII in accordance with 1989 Addenda.  

Frequency - The extent and frequency of inspection are specified in ASME Section XI 
Tables IWB-2500-1 and IWC-2500-1 for all applicable Examination Categories identified 
in Table 3.4-1. The inspection intervals are not restricted by the Code to the current term 
of operation and are valid for any period of extended operation.  

Acceptance Criteria or Standard - The acceptance standards for the examinations that 
will manage cracking, loss of closure integrity and loss of material are specified in ASME 
Section XI, Tables IWB-2500-1 and IWC-2500-1 for all applicable Examination 
Categories identified in Table 3.4-1.  

Corrective Action - Components containing relevant conditions as defined in ASME 
Section XI Subsection IWB-3500 and IWC-3500 shall be evaluated, repaired, or replaced 
prior to returning to service. Requirements for these actions are specified by ASME 
Section XI. Specific corrective actions will be implemented in accordance with the Duke 
Quality Assurance Program.  

Timing of New Prograil, )r Activity - Not applicable for an existing program.  

Administrative Controls - The Oconee Inservice Inspection Plan is implemented by 
procedures that are developed and maintained in accordance with the Duke Quality 
Assurance Program.  

Regulatory Basis -The Oconee Inservice Inspection Plan serves to implement the 
requirements set forth in Section XI of the ASME Code and Addenda that are 
incorporated by reference in 10 CFR §50.55a(b). These requirements are subject to the 
limitations listed in 10 CFR §50.55a, to the extent practical within the limitations of 
design, geometry and materials of construction of the component or support. At present, 
the code of record for the Oconee units is the 1989 Edition as described in the Oconee 
Nuclear Station, Third Ten-Year Interval, Inservice Inspection Plan [Reference 4.18-3].  
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4.18.2 CAST AUSTENITIC STAINLESS STEEL FLAW EVALUATION 

Oconee Reactor Coolant System items fabricated from cast austenitic stainless steel 
(CASS) that are susceptible to reduction of fracture toughness by thermal embrittlement 
include valve bodies, reactor coolant pump casing and cover, and the outlet nozzle of the 
Oconee Unit 3 reactor vessel internals. An approach for managing thermal embrittlement 
of CASS valve bodies was approved by the NRC through the safety evaluation contained 
in BAW-2243A [Reference 4.18-1]. The approach described in BAW-2243A couples the 
periodic inservice inspection required through ASME Code Section XI, Subsection IWB, 
for valve bodies (i.e., Examination Categories B-M-1 and B-M-2) with the flaw 
evaluation procedure specified in IWB-3640. The technical basis for use of this 
evaluation procedure is described in BAW-2243A. While the NRC safety evaluation of 
the flaw evaluation procedure applied specifically to valve bodies, the procedure may be 
extended to the reactor coolant pump casing and cover and the outlet nozzle of the 
Oconee Unit 3 reactor vessel internals, as described below.  

4.18.2.1 Reactor Coolant Pump Casing and Cover 
The effect of thermal aging embrittlement on CASS reactor coolant pump casing and 
cover is managed by elements of the Oconee Inservice Inspection Plan, which includes 
the applicable requirements of the ASME Code Section XI, Subsection IWB.  
Specifically, cracking at welds in pump casings and the integrity of internal, pressure 
retaining surfaces of pump casings are managed under requirements of Examination 
Categories B-L- 1 and B-L-2, respectively. The examinations are limited to at least one 
pump in each group of pumps performing similar functions in the system (e.g., 
recirculating coolant pumps). Examination of the internal pressure boundary is required 
only when a pump is disassembled for maintenance, repair, or volumetric examination.  
Examination Categories B-L-1 and B-L-2 will be supplemented by the evaluation 
procedures for flaws specified in IWB-3640. These procedures formally apply to 
austenitic piping; however, they may be applied to other RCS items, such as pump 
casings, as discussed in Section 4.2 of BAW-2243A and EPRI-TR-106092 
[Reference 4.18-4].  

4.18.2.2 Reactor Vessel Internals 
The effect of thermal aging embrittlement of the Oconee Unit 3 cast austenitic stainless 
steel outlet nozzles is managed by elements of the Oconee Inservice Inspection Plan,, 
which includes the applicable requirements of the ASME Code Section XI, 
Subsection IWB. Specifically, Examination Category B-N-3 will be supplemented by the 
evaluation procedures for flaws specified in IWB-3640. These procedures formally apply 
to austenitic piping; however, they may be applied to other Reactor Coolant System 
items, such as reactor vessel internals items, as discussed in Section 4.2 of BAW-2243A 
and EPRI-TR- 106092.  
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4.18.2.3 Summary 
In summary, the effects of thermal aging embrittlement of CASS items are found to be 
managed adequately by the periodic volumetric, surface, and visual inservice inspection 
program elements specified in the ASME Code Section XI, Subsection IWB. When 
conditions are detected during these inservice inspections that exceed the allowable limits 
of ASME Section XI, engineering evaluations of either detected or postulated flaws shall 
be carried out using material properties and acceptance criteria applicable to the 
evaluation procedures presented in IWB-3640. More favorable material properties and 
acceptance criteria may be used, if justified, on a case-by-case basis.  
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4.18.3 ASME SECTION XI, SUBSECTION IWF INSPECTIONS 

Section 2.4 of OLRP-1001 identifies the Reactor Coolant System structural components 
subject to an aging management review. Section 2.7 identifies the remaining Oconee 
structural components subject to an aging management review. Section 3.4 of 
OLRP-1001 identifies cracking of reactor vessel and steam generator support skirt 
anchorage and loss of material by general corrosion or boric acid wastage as applicable 
aging effects for Reactor Coolant System structural components. Section 3.7 also 
identifies loss of material by general corrosion or boric acid wastage as an applicable 
aging effect for structural components. The Reactor Coolant System structural 
components and many other structural components fall under the scope of the ASME 
Section XI, Subsection IWF Inspections under the Oconee Inservice Inspection Plan. The 
ASME Section XI, Subsection IWF Inspections will manage aging effects on these 
structural components for the period of extended operation. The specific structural 
component, applicable aging effect and credited ASME Section XI examination category 
are identified in Tables 3.4-1, 3.7-1, 3.7-3, 3.7-4, 3.7-5, and 3.7-6. The following 
program attributes apply to the aging management for these components.  

Purpose - The purpose of ASME Section XI, Subsection IWF Inspections under the 
Oconee Inservice Inspection Plan is to identify and correct degradation of the structural 
components within the scope of Subsection IWF.  

Scope - The scope of the ASME Section XI, Subsection IWF Inspections credited for 
license renewal is identified specifically for the structural components in Tables 3.4-1, 
3.7-1, 3.7-3, 3.7-4, 3.7-5, and 3.7-6. ASME Section XI, Subsection IWF inspections 
apply to all Class 1, 2, 3, and MC component supports, including exposed surfaces of 
structural bolting.  

Aging Effects - Cracking of reactor vessel and steam generator support skirt anchorage 
and loss of material by general corrosion or boric acid wastage.  

Method - Visual examinations (i.e., VT-3) are conducted to determine the general 
mechanical and structural condition of component supports within the scope as defined 
for the applicable component support type in ASME Section XI Table IWF-2500- 1.  

Sample Size - Not applicable for an existing program.  

Industry Codes or Standards - ASME Section XI, 1989 Edition, Appendices VII and 
VIII in accordance with 1989 Addenda.  
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Frequency - The extent and frequency of inspections are specified in Table IWF-2500-1 
for all examination categories credited in Tables 3.4-1, 3.7-1, 3.7-3, 3.7-4, 3.7-5, and 
3.7-6. The inspection intervals are not restricted by the Code to the current term of 
operation and are valid for any period of extended operation.  

Acceptance Criteria - The acceptance standards for the visual examination that will 
manage cracking and loss of material are specified in ASME Section XI, 
Subsection IWF-3400.  

Corrective Action - In accordance with IWF-3122, supports containing relevant 
conditions shall be evaluated and tested, or corrected prior to returning to service.  
Requirements for these actions are specified by ASME Section XI. Specific corrective 
actions will be implemented in accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Oconee Inservice Inspection Plan is implemented by 
procedures that are developed and maintained in accordance with the Duke Quality 
Assurance Program.  

Regulatory Basis - The Oconee Inservice Inspection Plan serves to implement the 
requirements set forth in Section XI of the ASME Code and Addenda that are 
incorporated by reference in 10 CFR 50.55a(b). These requirements are subject to the 
limitations listed in 10 CFR 50.55a, to the extent practical within the limitations of 
design, geometry and materials of construction of the component or support. At present, 
the Code of record for the Oconee units is the 1989 Edition as described in the Oconee 
Nuclear Station, Third Ten-Year Interval, Inservice Inspection Plan [Reference 4.18-3].  

4.18.4 OPERATING EXPERIENCE AND DEMONSTRATION 

ASME Section XI Subsections IWB, IWC, and IWF have been developed by and will 
continue to be maintained through the consensus process of the ASME Code. The 
requirements of these subsections, as implemented at Oconee by the Oconee Inservice 
Inspection Plan, are effective in managing the applicable aging effects. The 
Commission's process of reviewing Editions and Addenda of the ASME Boiler and 
Pressure Vessel Code, and incorporating them into §50.55a with limitations and 
modifications as required, provides additional assurance of the effectiveness of this 
program.  
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Based on the above review, the continued implementation of the Oconee Inservice 
Inspection Plan provides reasonable assurance that the aging effects will be managed 
such that the piping and components within the scope of the plan will continue to perform 
their intended functions consistent with the current licensing basis for the period of 
extended operation.  

4.18.5 REFERENCES FOR SECTION 4.18 

4.18-1. BAW-2243A, Demonstration of the Management of Aging Effects for the 
Reactor Coolant System Piping, The B&W Owners Group Generic License 
Renewal Program, June 1996.  

4.18-2. BAW-2244A, Demonstration of the Management ofAging Effects for the 
Pressurizer, The B&W Owners Group Generic License Renewal Program, 
December 1997 

4.18-3. H. N. Berkow (NRC) letter dated November 15, 1995 to J. W. Hampton 
(Duke), Inservice Inspection Plan for Third Ten-Year Interval, Oconee 
Nuclear Station, Units 1, 2, and 3, (TAC Nos. M88484, M888484, and 
M88486).  

4.18-4. EPRI TR- 106092, Evaluation of Thermal Aging Embrittlement for Cast 
Austenitic Stainless Steel Components in LWR Reactor Coolant Systems, 
September 1997.  
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4.19 INSPECTION PROGRAM FOR CIVIL ENGINEERING STRUCTURES AND 
COMPONENTS 

Section 2.4 of OLRP-1001 identifies the Reactor Coolant System structural components 
subject to aging management review. Section 2.5 identifies the mechanical components 
subject to aging management review. Section 2.7 identifies the remaining Oconee 
structural components subject to aging management review. Section 3.4 of OLRP-1001 
identifies loss of material as an applicable aging effect for the Reactor Coolant System 
structural components. Section 3.5 identifies loss of material as an applicable aging 
effect for the external surfaces of mechanical components in the Reactor Building 
environment, sheltered environment, and the yard environment. Section 3.7 identifies 
loss of material, cracking, and change of material properties as applicable aging effects 
for structural components.  

The Inspection Program for Civil Engineering Structures and Components will manage 
these aging effects such that the intended functions of the components will be maintained 
in accordance with the current licensing basis during the period of extended operation.  
The Inspection Program for Civil Engineering Structures and Components has the 
following attributes. In addition, because the Inspection Program for Civil Engineering 
Structures and Components is an existing program, operating experience and 
demonstration are provided, as applicable.  

4.19.1 PROGRAM DEScRIPTION 
Purpose - The purpose of the Inspection Program for Civil Engineering Structures and 
Components is to monitor and assess the condition of structures and components.  

Scope - The scope of this program credited for license renewal is identified specifically 
for the structures and components in Tables 3.4-1, 3.5-1 through 3.5-12, and 3.7-1 
through 3.7-8. For license renewal, the program will be enhanced to include any 
components identified in Tables 3.4-1, 3.5-1 through 3.5-12, and 3.7-1 through 3.7-8 that 
currently are not identified specifically in the program.  

Aging Effects - The Inspection Program for Civil Engineering Structures and 
Components will be utilized to manage the following aging effects: 

* Loss of material for Reactor Coolant System structural components 
* Loss of material for the external surfaces of mechanical components in the Reactor 

Building environment, sheltered environment, and the yard environment 
* Loss of material, cracking, and change of material properties for all other Oconee 

structural components 
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Method - Each structure or component is visually inspected from the interior and exterior 
where accessible. Some components may be inaccessible because of radiological 
considerations, obstructions or other reasons. Oconee-specific characteristics, industry 
experience, and testing history of such components under similar environmental 
conditions are evaluated in lieu of actual inspection of the inaccessible areas. Whenever 
normally inaccessible areas are made accessible (i.e., by excavation or other means) an 
inspection is performed and the results are documented as part of the Inspection Program 
for Civil Engineering Structures and Components.  

Inspections are performed by a team of at least two people. Inspectors are qualified by 
appropriate training and experience and approved by responsible Oconee management.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - NEI 96-03, Industry Guideline for Monitoring the 
Condition of Structures at Nuclear Power Plants (draft) for those components within the 
scope of 10 CFR §50.65.  

Frequency - The Inspection Program for Civil Engineering Structures and Comp_..':nts 
nominally will be performed every five years, with the exact schedule being established 
with consideration of refueling outages of each Oconee unit. The interval may be 
increased to a nominal ten-year frequency with appropriate justification based on the 
structure, environment, and related inspection results. The inspection will be completed 
in phases as necessary due to the accessibility of individual structures, with the goal of 
completing the inspection and issuing the report within twelve months of starting the 
inspection.  

Acceptance Criteria or Standard - No unacceptable visual indication of loss of 
material, cracking or change of material properties for concrete, and loss of material for 
steel, as identified by the accountable engineer. Inspected structures and components 
classified as acceptable are those structures and components that are capable of 
performing their intended function and are considered to meet the requirements contained 
in §50.65(a)(2) of the Maintenance Rule.  

Corrective Action - Items which do not meet the acceptance criteria are evaluated by 
accountable engineer for continued service, monitored, or corrected. Structures and 
components determined to be unacceptable are required to meet the provisions contained 
in §50.65(a)(1) of the Maintenance Rule. Specific corrective actions will be implemented 
in accordance with using the Duke Quality Assurance Program.  
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Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Inspection Program for Civil Engineering Structures and 
Components is implemented and controlled by the Duke Quality Assurance Program.  

Regulatory Basis - 10 CFR §50.65, Requirements for monitoring the effectiveness of 
maintenance at nuclear power plants (for those components within the scope of the 
Maintenance Rule).  

4.19.2 OPERATING EXPERIENCE AND DEMONSTRATION 

Implementation of the requirements contained in the Inspection Program for Civil 
Engineering Structures and Components will be effective in managing aging during the 
license renewal term in part because of the similarity with the features of the previous 
Oconee Five Year Civil Inspection. The acceptance criteria and the frequency of the 
Inspection Program for Civil Engineering Structures and Components are considered to 
be acceptable based on recent Oconee inspection results which revealed no serious 
degradation or conditions that would adversely affect the ability of the structures or 
components to perform their intended functions.  

Prior to implementation o the Maintenance Rule and the Inspection Program for Civil 
Engineering Structures and Components, the Oconee Five Year Civil Inspection Program 
had been used to manage the condition of the structures and structural components which 
were determined to be important to the safety and operation of the plant. The structures 
which were previously inspected during the Five Year Civil Inspection were: 

* Reactor Buildings 
* Auxiliary Buildings 
* Radwaste Facility 
* Standby Shutdown Facility 
* 230 kV and 525 kV Switchyard Structures 
* Discharge Structure 
* Intake Structure 
* Turbine Building 

Previous Five Year Civil Inspections have not noted any conditions or deficiencies which 
would adversely affect the ability of the structure or component to perform its intended 
function. Items were noted that required additional investigation, maintenance, or repair.  
Previous Five Year Civil Inspections have noted findings similar to the findings from the 
Inspection Program for Civil Engineering Structures and Components. The majority of 
the findings were related to coatings degradation.  
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Based on the above review, the continued implementation of the Inspection Program for 
Civil Engineering Structures and Components provides reasonable assurance that the 
aging effects will be managed such that the concrete and steel structural components and 
mechanical components will continue to perform their intended functions consistent with 
the current licensing basis for the period of extended operation.  
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4.20 PENSTOCK INSPECTION 
Section 2.7.6 of OLRP-1001 identifies the Keowee Penstock as being subject to aging 
management review. Section 3.7.6 of OLRP- 100 1identifies the applicable aging effects 
which include loss of material, cracking and change in material properties for the concrete 
and loss of material for the steel. The Penstock Inspection will manage these applicable 
aging effects for the period of extended operation. The Penstock Inspection has the 
following attributes. In addition, because the Penstock Inspection is an existing program, 
operating experience and demonstration are provided, as applicable.  

4.20.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Penstock Inspection is to ensure that the structural integrity 
of the Keowee Penstock will be maintained.  

Scope - The scope of the Penstock Inspection includes both the steel lined and 
unreinforced concrete lined sections of the Keowee Penstock.  

Aging Effects - The applicable aging effects include loss of material, cracking, and 
change in material properties for the unreinforced concrete lined section and loss of 
material for the steel lined section of the Keowee Penstock.  

Method - The Penstock Inspection requires visual examination of the interior surface of 
the Keowee Penstock.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  

Frequency - Inspections are performed each time the Keowee Penstock is dewatered 
during outages, which is at least every five years.  

Acceptance Criteria or Standard - No unacceptable visual indication of aging effects as 
identified by the accountable engineer.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated by the 
accountable engineer for continued service or corrected by repair or replacement.  

Specific corrective actions are implemented in accordance with the Duke Quality 
Assurance Program.  
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Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - This program is performed in accordance with written 
guidance developed by the responsible Duke Power department.  

Regulatory Basis - 18 CFR Part 12, Water Power Projects and Project Works Safety.  

4.20.2 OPERATING EXPERIENCE AND DEMONSTRATION 

Previous Penstock Inspections have revealed only minor degradation of the Keowee 
Penstock. Observations include minor loss of material of concrete due to abrasion. Other 
than the degradation noted, the Keowee Penstock was determined to be in good 
condition.  

Based on the above review, the continued implementation of the Penstock Inspection 
provides reasonable assurance that the aging effects will be managed such that the 
penstock will continue to perform its intended functions consistent with the current 
licensing basis for the period of extended operation.  
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4.21 PIPING EROSION/CORROSION PROGRAM 
Section 2.5 of OLRP-1001 identifies components in the Feedwater System and Main 
Steam System as subject to aging management review. Section 3.5 of OLRP-1001 
identifies loss of material due to erosion/corrosion as an applicable aging effect. The 
Piping Erosion/Corrosion Program manages loss of material due to erosion/corrosion for 
the Feedwater System and portions of the Main Steam System components falling within 
the scope of license renewal. Overall, the program focuses on the integrity of a number 
of plant piping systems that are susceptible to erosion/corrosion or flow-accelerated 
corrosion, as the phenomena is also known. The program is an inspection and analysis 
program developed to investigate and verify the integrity of piping systems that could be 
susceptible to erosion/corrosion. The Piping Erosion/Corrosion Program establishes 
piping inspection locations based on an analytical review of the systems falling within its 
scope. The Piping Erosion/Corrosion Program ensures that the loss of material due to 
erosion/corrosion in the Feedwater System and Main Steam System components will be 
managed during the period of extended operation.  

The Piping Erosion/Corrosion Program has the following attributes. In addition, 
because it is an existing program, operating experience and demonstration are provided, 
as applicable.  

4.21.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Piping Erosion/Corrosion Program is to manage loss of 
material for the component locations in the Feedwater System and Main Steam System 
that have been identified as being susceptible to erosion/corrosion.  

Scope - The portion of the overall program credited for license renewal includes the 
components in the Feedwater System between the main control valves, bypass block 
valves, and the steam generator, and a small section of piping downstream of the 
Emergency Feedwater pump turbine steam supply control valve.  

Aging Effects - The aging effect of concern is loss of material of carbon steel 
components due to erosion/corrosion under certain relevant conditions. Relevant 
conditions include physical parameters such as fluid temperature, fluid (steam) quality, 
fluid velocity, fluid pH, mechanical component geometry and piping configuration. An 
analytical review process is used to determine susceptible locations based on these types 
of relevant conditions.  
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Method - The focus of the program is on the carbon steel components in the more 
susceptible locations within these systems. Over seventy total inspection locations exist 
for the three units' Feedwater Systems and ten separate inspection locations exist for the 
three units' Main Steam Systems. Inspection methods for susceptible component 
locations include use of volumetric examinations using ultrasonic testing and 
radiography. Also visual examination is used when access to interior surfaces is allowed 
by component design.  

Sample Size - No applicable for an existing program.  

Industry Codes and Standards - No code or standard exists to guide or govern this 
inspection. However, the program follows the basic guidelines or recommendations 
provided by EPRI Document NSAC-202L. Component wall thickness acceptability is 
judged in accordance with the Oconee component design code of record.  

Frequency - Inspection frequency varies for each location, depending on previous 
inspection results, calculated rate of material loss, analytical model review, changes in 
operating or chemistry conditions, pertinent industry events, and plant operating 
experiences.  

Acceptance Criteria - Using inspection results and including a safety margin, the 
projected component wall thickness at the time of the next plant outage must be greater 
than the allowable minimum wall thickness under the component design code of record.  

Corrective Action - If the calculated component wall thickness at the time of the next 
outage is projected to be less than the allowable minimum wall thickness with safety 
margin under the component design code of record, then the component will be repaired 
or replaced prior to system start-up. The as-inspected component can also be justified for 
continued service through additional detailed engineering analysis.  

Specific corrective action will be in accordance with the Duke Quality Assurance 
Program.  

Timing of New Program or Activity - The Piping Erosion/Corrosion Program is 
ongoing and is not a new program for license renewal.  

Administrative Control - The Piping Erosion/Corrosion Program is implemented by 
engineering specification in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Duke response to Bulletin 87-01 [References 4.21-1 and 4.21-2] and 
Duke response to Generic Letter 89-08 [References 4.21-3 and 4.21-4].  
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4.21.2 OPERATING EXPERIENCE AND DEMONSTRATION 

The Piping Erosion/Corrosion Program has been ongoing as a formalized program at 
Oconee since the early 1980's. The program was originally implemented as a result of 
several steam leaks at piping elbows caused by loss of material due to erosion/corrosion.  
These experiences occurred through-out the industry, including at Oconee. The 
conservative philosophy established within the program has been successful in managing 
loss of material due to erosion/corrosion. Since the inception of this program, no steam 
leaks have occurred due to erosion/corrosion in the portions of the systems within the 
scope of license renewal for which this program is credited. For the portions of the 
Feedwater System and Main Steam System within the scope of license renewal, 
susceptible locations have been inspected more than once. For the Feedwater System 
only one section of piping associated with the Feedwater bypass control valve discharge 
has required replacement because the projections of piping wall thickness fell below the 
established acceptance criteria. For the Main Steam System no piping replacements have 
occurred and no significant loss of material due to erosion/corrosion has been detected.  

Based on the above review, the continued implementation of the Piping 
Erosion/Corrosion Program provides reasonable assurance that the aging effects will be 
managed such that the Main Steam System and Feedwater System components within 
the scope of license renewal and within the scope of this program will continue to 
perform their intended functions consistent with the current licensing basis for the period 
of extended operation.  

4.21.3 REFERENCE FOR SECTION 4.21 

4.21-1. IE Bulletin 87-01, Thinning of Pipe Walls in Nuclear Power Plants.  

4.21-2. H. B. Tucker (Duke) letter dated September 14, 1987 to Document Control 
Desk (NRC), Response to E Bulletin 87-01, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.21-3. Generic Letter 89-08, Erosion/Corrosion-Induced Pipe Wall Thinning.  

4.21-4. H. B. Tucker (Duke) letter dated July 21, 1989, Response to Generic Letter 89
08, Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, 
and -287.  
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4.22 PROGRAM TO INSPECT THE HIGH PRESSURE INJECTION 
CONNECTIONS TO THE REACTOR COOLANT SYSTEM 

Section 2.4.3 of OLRP-1001 and BAW-2243A [Reference 4.22-1] identify the normal 
and emergency High Pressure Injection System portions of the Reactor Coolant System 
branch lines as within the scope of license renewal and subject to aging management 
review. Section 3.4.3 of OLRP-1001 and BAW-2243A identify loosening of the thermal 
sleeves or cracking of the thermal sleeves and associated piping welds in the normal and 
emergency High Pressure Injection (HPI) System portions of the Reactor Coolant System 
branch lines as applicable aging effects requiring management for license renewal. The 
Program to Inspect the High Pressure Injection Connections to the Reactor Coolant 
System describes the methodology for conducting periodic inspections of the portion of 
the four HPI lines that connect with the Reactor Coolant System. The Program to Inspect 
the High Pressure Injection Connections to the Reactor Coolant System has the following 
attributes. In addition, because Program to Inspect the High Pressure Injection 
Connections to the Reactor Coolant System is an existing program, operating experience 
and demonstration are provided, as applicable.  

4.22.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Program to Inspect the High Pressure Injection 
Connections to the Reactor Coolant System is to manage the displacement of the HPI 
thermal sleeves or cracking of the thermal sleeves and associated piping welds in the 
normal and emergency HPI portions of the Reactor Coolant System branch lines. This 
program satisfies the requirements of previous Oconee inspection commitments to the 
NRC for Generic Letter 85-20 [Reference 4.22-2] and IE Bulletin 88-08 [Reference 4.22
3], as well as some key ASME Section XI requirements and simplifies the programmatic 
oversight of these risk-significant welds in the Reactor Coolant System.  

Scope - The scope of this program includes the HPI nozzles on the reactor coolant loops 
and attached Reactor Coolant System piping. The program also applies to the thermal 
sleeves within the nozzles. It encompasses all Oconee System Piping Class A (not ISI 
Class A) HPI piping and components with the additions of some welds within Oconee 
System Piping Class B boundaries (still within ISI Class A scope) being examined in 
accordance with LE Bulletin 88-08 commitments.  

Aging Effects - Two aging effects are addressed by this program. The first aging effect is 
the cracking of the base metal or weld metal which could result in a non-isolable Reactor 
Coolant System Piping.  

The second aging effect is the initiation and growth of gaps between the protective 
thermal sleeve and the nozzle safe end.  
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Method - This program includes the inspection techniques for these locations defined 
from ASME Section XI, Subsection IWB defined in the Oconee Inservice Inspection 
Plan. Additional augmented inspections are done using ultrasonic (UT) and dye
penetrant (PT) inspections of the components of the nozzles and piping to detect cracks, 
and radiographic (RT) inspections to verify no gaps are growing between the thermal 
sleeve and the safe end.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - ASME Section XI for the detection and engineering 
evaluation of flaws in the welds.  

Frequency - The frequency of actions under this program are component 
location-specific. The frequencies are established for each component location by 
considering the ASME Section XI inspection frequencies in IWB-2400 as well as the 
frequeIcies established by Duke regulatory commitments for Generic Letter 85-20 and 
IE Bulletin 88-08.  

Acceptance Criteria or LSndard - No flaws in welds and base metal in accordance 
with ASME Section XI acceptance criteria. No flaws in the nozzle inner radius base 
metal (which is not required to be inspected under ASME Section XI criteria but which is 
being inspected under Generic Letter 85-20 commitments) in accordance with standards 
established as a part of the Duke commitment to Generic Letter 85-20).  

No increase in size of the gaps between the thermal sleeve and safe end.  

Corrective Action - Flaws in weld or base metal which cannot be accepted based on 
either the geometry screening or the Fracture Mechanics Analysis methods of ASME 
Section XI are corrected by repair or replacement activities. Unacceptable gaps detected 
by sleeve RT are corrected by repair or replacement activities. Specific corrective actions 
will implemented in accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Program to Inspect the High Pressure Injection 
Connections to the Reactor Coolant System is implemented by plant procedures and 
controlled in accordance with the Duke Quality Assurance Program.  
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Regulatory Basis - Specific Duke-NRC communications with regard to NRC Generic 
Letter 85-20, IE Bulletin 88-08 and Oconee Inservice Inspection Plan provide the 
regulatory basis for this program. They are: 

* W. R. McCollum, Jr., (Duke) letter dated August 6, 1997 to Document Control Desk 
(NRC), Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, and 
-287, Inservice Inspection Plan, Third Ten- Year Inservice Inspection Interval, 
Generic Letter 85-20 Supplemental Information.  

* W. R. McCollum, Jr., (Duke) letter dated September 10, 1997 to Document control 
Desk (NRC), Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, 
and -287, Inservice Inspection Plan, Third Ten- Year Inservice Inspection Interval, 
Generic Letter 85-20 Supplemental Information.  

* H. B. Tucker (Duke) letter dated December 29, 1989 to Document Control Desk 
(NRC), Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, -287, 
Thermal Stresses in Piping Connected to Reactor Coolant System 
(NRC Bulletin 88-08).  

4.22.2 OPERATING EXPERIENCE AND DEMONSTRATION 
Oconee has experienced leaking of the Reactor Coolant System as result of aging effects 
at a specific HPI nozzle location. On April 21, 1997, a leak occurred on Oconee Unit 2.  
The cause of the leak was a crack in the weld connecting the piping to the nozzle safe-end 
on one of the two normal HPI injection lines in the HPI system. The root cause was 
judged to be thermal fatigue. The leak was detected and corrective actions were initiated 
in accordance with established plant procedures. The incident was reported to the NRC 
via Licensee Event Report 270/97-01 [Reference 4.22-4]. Following the incident, the 
location was repaired and inspections on the other nozzle locations were performed.  
Follow-up investigation by the NRC staff resulted in a Notice of Violation for improper 
implementation of Duke commitments in response to Generic Letter 85-20 [Reference 
4.22-5]. The Program to Inspect the High Pressure Injection Connections to the Reactor 
Coolant System was subsequently revised in response to this incident.  

Based on the above review, the continued implementation of the Program to Inspect the 
High Pressure Injection Connections to the Reactor Coolant System provides reasonable 
assurance that the aging effects will be managed such that the high pressure injection 
nozzles on the reactor coolant loops, attached Reactor Coolant System Piping, and 
thermal sleeves will continue to perform their intended functions consistent with the 
current licensing basis for the period of extended operation.  

4.22-3 

Revision 2 
Volume III.doc 

June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Program to Inspect the High Pressure Injection Connections to the Reactor Coolant System 

4.22.3 REFERENCES FOR SECTION 4.22 

4.22-1. BAW-2243A, Demonstration of the Management of Aging Effects for the 
Reactor Coolant System Piping, The B&W Owners Group Generic License 
Renewal Program, June 1996.  

4.22-2. Generic Letter 85-20, Resolution of Generic Issue 69: High Pressure 
Injection/Make-up Nozzle Cracking in Babcock and Wilcox Plants.  

4.22-3. IE Bulletin 88-08, Thermal Stresses in Piping Connected to the Reactor 
Coolant System.  

4.22-4. J. W. Hampton (Duke) letter dated May 21, 1997 to Document Control Desk 
(NRC), Licensee Event Report 270/97-01, Revision 0, Oconee Nuclear Station, 
Unit 3, Docket No. 50-287.  

4.22-5. L. A. Reyes (NRC) letter dated August 27, 1997 to W. R. McCollum (Duke), 
Notice of Violation and Proposed Imposition of Civil Penalties - $330,000 
(NRC Inspection Report Nos. 50-269, -270, and -287/97-07 and 50-269, -270, 
and -287/97-08).  
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4.23 REACTOR COOLANT SYSTEM OPERATIONAL LEAKAGE MONITORING 
Sections 2.4 and 2.5 of OLRP-1001 identify several components within 'the Reactor 
Coolant System and High Pressure Injection System whose function is to maintain the 
system pressure boundary under current licensing basis loading conditions. Sections 3.4 
and 3.5 of OLRP-1001 identify the aging effects that are applicable to these components 
within the Reactor Coolant System High Pressure Injection System that could challenge 
the integrity of the system pressure boundary. Reactor Coolant System Operational 
Leakage, Oconee Improved Technical Specifications 3.4.13 [Reference 4.23-1], in 
conjunction with the Chemistry Control Program, will manage these aging effects. When 
the Reactor Coolant System and High Pressure Injection System are in operation, the 
High pressure Injection System is contiguous with the Reactor Coolant System. The 
Reactor Coolant System Operational Leakage Monitoring has the following attributes. In 
addition, because Reactor Coolant System Operational Leakage Monitoring is an existing 
program, operating experience and demonstration are provided, as applicable.  

4.23.1 PROGRAM DESCRIPTION 

Purpose - The purpose of Reactor Coolant System Operational Leakage Monitoring is to 
provide indirect evidence of the condition of components forming the pressure boundary 
of the Reactor Coolant System to assure that degradation is identified and corrective 
actions are taken prior to exceeding allowable limits.  

Scope - The scope of Reactor Coolant System Operational Leakage Monitoring includes 
all Reactor Coolant System and High Pressure Injection System components that contain 
coolant.  

Aging Effects - The applicable aging effects are cracking, loss of material and loss of 
closure integrity.  

Method - The method of monitoring is specified in Oconee Improved Technical 
Specification 3.4.13.  

Sample Size - Not applicable for an existing program.  

Industry Codes or Standards - NUREG- 1430, Standard Technical Specifications 
Babcock and Wilcox Plants, Revision 1, April 1995.  

Frequency - The frequency of monitoring is specified in Oconee Improved Technical 
Specification 3.4.13.  
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Acceptance Criteria or Standard - The acceptance criteria are specified in Oconee 
Improved Technical Specification 3.4.13.  

Corrective Action - The corrective actions are specified in Oconee Improved Technical 
Specification 3.4.13.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - Reactor Coolant System Operational Leakage Monitoring is 
implemented by written procedures as required by Oconee Improved Technical 
Specifications 5.4 and the Duke Quality Assurance Program.  

Regulatory Basis - Oconee Improved Technical Specification 3.4.13, Reactor Coolant 
System Operational Leakage 

4.23.2 OPERATING EXPERIENCE AND DEMONSTRATION 

A review of Oconee operating experience (i.e., Oconee-specific licensee event reports 
dating back to 1984) confirms that Reactor Coolant System Operational Leakage 
Monitoring is effective in detecting leakage due to cracking, loss of material, and loss of 
mechanical closure integrity. Specific examples of cracking, loss of material, or loss of 
mechanical closure integrity that resulted in Reactor Coolant System leakage in excess of 
Technical Specification leakage limits include (1) the non-isolable leak at the pressurizer 
drain line weld in 1998 (LER 269-98002); (2) the non-isolable leak at the weld that 
connects the HPI branch connection to the safe end in 1997 (LER 270-97001); (3) a once
through steam generator tube leak (LER 287-88002) in 1988; and (4) valve packing 
failures in 1995 and 1985 that resulted in leakage at bolted closures (LERs 287-95001and 
270-85008).  

The Bases of Oconee Improved Technical Specifications provides additional evidence 
that supports the programmatic attributes of Oconee Improved Technical 3.4.13, Reactor 
Coolant System Operational Leakage.  

Based on the above review, the continued implementation of the Reactor Coolant System 
Operational Leakage Monitoring program, in conjunction with the Chemistry Control 
Program, provides reasonable assurance that the aging effects will be managed such that 
the components Reactor Coolant System and the High Pressure Injection System will 
continue to perform their intended functions consistent with the current licensing basis for 
the period of extended operation.  
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4.23.3 REFERENCES FOR SECTION 4.23 

4.23-1. Oconee Nuclear Station, Improved Technical Specifications.  
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4.24 REACTOR VESSEL INTEGRITY PROGRAM 
Section 2.4.5 of OLRP-1001 identifies the reactor vessel as a component that is subject to 
aging management review for license renewal. Section 3.4.5 of OLRP-1001 identifies 
reduction in fracture toughness as the applicable aging effect for the period of extended 
operation for the reactor vessel beltline region. The Oconee Reactor Vessel Integrity 
Program will be utilized to manage this aging effect. The Oconee Reactor Vessel 
Integrity Program consists of the following five interrelated subprograms: 

(1) Master Integrated Reactor Vessel Surveillance Program, 
(2) Cavity Dosimetry Program, 
(3) Fluence and Uncertainty Calculations, 
(4) Pressure Temperature Limits, and 
(5) Monitoring Effective Full Power Years.  

The Master Integrated Reactor Vessel Surveillance Program is an NRC approved 
B&WOG program [Reference 4.24-1] that complies with requirements for an integrated 
surveillance program in accordance with §50.60, Appendix H. Cavity dosimetry is used 
as a continuous monitoring device to ensure that the calculated values of reactor vessel 
fluence are accurate. Reactor vessel fluence and uncertainty calculations are used as 
input to calculate pressure temperature limits and end-of-life reference temperatures.  
Pressure temperature limit curves determine the operating region during normal heatup, 
normal cooldown, and inservice leak and hydrostatic test transients. The calculation of 
reactor vessel effective full power years is used to ensure that the pressure temperature 
limits and end-of-life reference temperatures are not violated.  

The acceptability of neutron embrittlement of the Oconee reactor vessels is controlled by 
NRC Regulations 10 CFR 50.60 and 10 CFR 50.61. NRC Regulation 10 CFR 50.60, 
"Acceptance criteria for fracture prevention measures for lightwater nuclear power reactors 
for normal operation," requires that all light water nuclear power reactors meet the 
requirements of Appendix G, "Fracture Toughness Requirements," and Appendix H, 
"Reactor Vessel Material Surveillance Program Requirements," of Part 50. Appendix G 
specifies fracture toughness requirements for the reactor coolant pressure boundary to 
provide margins of safety against fracture during any condition of normal plant operation, 
including anticipated operational occurrences and system hydrostatic tests. NRC 
Regulation 10 CFR 50.61, "Fracture toughness requirements for protection against 
pressurized thermal shock," provides rules for protection against pressurized thermal shock 
events for pressurized water reactors.  
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Oconee complies with the requirements of 10 CFR §50.60, Appendices G and H, and 
10 CFR §50.61, through the Oconee Reactor Vessel Integrity Program, which consists of 
the five interrelated subprograms discussed above. These subprograms require periodic 
updates and subsequent NRC review to ensure compliance with 10 CFR §50.60 and 
10 CFR §50.61. Continuation of these subprograms will ensure that reduction of fracture 
toughness of the reactor vessel beltline materials by irradiation embrittlement will be 
managed during the period of extended operation.  

Based on the above discussion and the review that follows, the continued implementation 
of the Reactor Vessel Integrity Program provides reasonable assurance that the aging 
effects will be managed such that the reactor vessel will continue to perform its intended 
functions consistent with the current licensing basis for the period of extended operation.  

The attributes of these programs are described in Sections 4.24.1 through 4.24.5 that 
follow.  
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4.24.1 MASTER INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM 

Duke is a participant in the B&WOG Master Integrated Reactor Vessel Surveillance 
Program (MIRVP). The MIRVP meets the requirements of Appendix H of 10 CFR 
Part 50, with regard to integrated surveillance programs (paragraph IH.C) and is also an 
NRC accepted program. In addition, the MIRVP addresses reference temperature shift 
concerns and pressurized thermal shock in accordance with §50.61. A description of the 
MIRVP is provided in BAW-1543A, Revision 2, [Reference 4.24-2] and in BAW 2251 
[Reference 4.24-3] The attributes of the MIRVP are provided in the following: 

Purpose - The purpose of the MIRVP is to provide a method to monitor reactor pressure 
vessel materials containing Linde 80 high copper beltline welds for determining the 
reduction of material toughness by neutron irradiation embrittlement.  

Scope - The scope of the MIRVP includes beltline plate and weld material for the beltline 
region of the Oconee reactor vessels.  

Aging Effects - The applicable aging effect is the reduction of material toughness by 
neutron irradiation embrittlement.  

Method - Fracture toughness specimens are irradiated within two operating B&W reactor 
vessels (i.e., Davis-Besse and Crystal River-3) and the participating Westinghouse reactor 
vessels. The specimens are irradiated in capsules that are located near the reactor vessel 
inside wall, thus enabling reactor vessel materials to become irradiated out to and beyond 
anticipated license renewal fluence levels. The fracture toughness specimens are tested in 
accordance with applicable ASTM standards as identified in Section 5.0 of BAW-1543A, 
Revision 2 [Reference 4.24-2].  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - ASTM E 185 [Reference 4.24-4]; Regulatory Guide 1.99, 
Revision 2 [Reference 4.24-5]; ASTM standards as identified in Section 5.0 of 
BAW-1543A, Revision 2 [Reference 4.24-2], and BAW-1543, Revision 4, Supplement 2 
[Reference 4.24-6]; 

Frequency - The capsule withdrawal schedules are presented in BAW-1543, Revision 4, 
Supplement 2 [Reference 4.24-6]. The MIRVP schedule may be altered due to 
unscheduled downtimes or extended outages at the host plants. In addition, certain 
surveillance capsules may receive additional irradiation to fully satisfy license renewal 
fluence requirements.  
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Acceptance Criteria or Standard - Fracture toughness specimens removed from the 
surveillance capsules will be laboratory tested to ensure reactor vessel fracture toughness 
properties exhibit upper shelf energy greater than 50 ft-lbs. If the Charpy upper-shelf 
energy drops below 50 ft-lbs, then it must be demonstrated that margins of safety against 
fracture are equivalent to those of Appendix G of ASME Section XI. In addition, 
calculations of reference temperature for pressurized thermal shock (RTPrs) must be 
below the screening criteria of 270 0 F for plates, forgings, and longitudinal welds and 
300oF for circumferential welds, respectively. If the projected reference temperature 
exceeds the screening criteria, licensees are required to submit an analysis and schedule for 
such flux reduction programs as are reasonably practicable to avoid exceeding the screening 
criteria. If no reasonably practicable flux reduction program will avoid exceeding the 
screening criteria, licensees shall submit a safety analysis to determine what actions are 
necessary to prevent potential failure of the reactor vessel if continued operation beyond the 
screening criteria is allowed.  

Corrective Action - Not applicable because this program is collecting irradiated 
materials data.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - Fracture toughness specimens are being tested and analyzed 
using procedures and specifications developed and maintained in accordance with the 
Duke Quality Assurance Program.  

Regulatory Basis - §50.60, Acceptance criteria for fracture prevention measures for 
lightwater nuclear power reactors for normal operation; §50.61, Fracture Toughness 
requirements for protection against pressurized thermal shock; Appendix G to Part 50, 
Fracture Toughness Requirements; Appendix H to Part 50, Reactor Vessel Material 
Surveillance Program Requirements; and Oconee Improved Technical 
Specification 3.4.3, Reactor Coolant System Pressure and Temperature (P/T) Limits.  
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4.24.2 CAVITY DOSIMETRY PROGRAM 

The Cavity Dosimetry Program is an Oconee on-site method to continuously monitor the 
reactor vessel beltline region fluence for determining the reduction of material toughness 
due to neutron irradiation embrittlement.  

Purpose - The purpose of the Cavity Dosimetry Program is to provide an improved 
methodology to more accurately estimate reactor vessel accumulated neutron fluence for 
the reactor vessel limiting beltline welds. Cavity dosimetry measurements are used to 
verify the accuracy of fluence calculations and to determine fluence uncertainty values.  

Scope - All three Oconee reactor vessels are included in the cavity dosimetry program; 
however, only the Oconee Unit 2 reactor vessel has installed cavity dosimetry. The 
Oconee Unit 1 and Oconee Unit 3 reactor vessel fluence uncertainty values are based on 
Oconee Unit 2 cavity dosimetry results due to similar design, fabrication, operation, and 
fuel loading patterns.  

Aging Effects - The reduction of material toughness by irradiation embrittlement.  

Method - Dosimeters (i.e., U23 8, NP237 , Ni, Cu, etc.) are irradiated in the cavity region 
outside of the Oconee Unit 2 reactor vessel. Cavity dosimetry was irradiated at Oconee 
Unit 2 for cycle 9, cycle 10, combined cycles 11-12, combined cycles 13-14, and 
combined cycles 15-16. At present, cavity dosimetry is being irradiated at Oconee Unit 2 
for combined cycles 17-18.  

The cavity dosimeters are measured to determine the activity resulting from the fast 
fluence irradiation. In addition, calculations of the dosimetry activities are performed 
using operational data. The calculations are compared to the measurements to verify the 
accuracy and the uncertainty in the calculated fluence.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - Regulatory Guide 1.99, Revision 2 [Reference 4.24-5]; 
ASTM E 185 [Reference 4.24-4]; Draft Regulatory Guide - 1053 [Reference 4.24-7]; 
BAW-2241P [Reference 4.24-8].  

Frequency - At present, cavity dosimetry is changed out on an every-other-cycle basis.  
Future trends indicate extending the frequency to an every-third-cycle exchange period or 
longer. The cavity dosimetry exchange schedule may be altered due to changes in fuel 
type, fuel loading pattern, or power rating of Oconee Unit 2.  
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Acceptance Criteria or Standard - Dosimetry removed from the cavity dosimetry 
holder is laboratory tested to count the amount of neutron irradiation damage to the 
dosimetry specimens. Computer analyses are used to calculate the dosimeter activities 
and associated fluence. Following computer analyses, the calculated accumulated fast 
fluence will be determined. The results of the fluence uncertainty values should be within 
the NRC-suggested limit of +20%.  

Corrective Action - As additional cavity dosimetry is withdrawn and tested, cavity 
dosimetry exchange frequency may be adjusted, as appropriate. If the comparison of 
calculations to measurements of the Unit 2 multiple dosimeters fail to meet +20 %, 
measurements and calculations will be reviewed to locate the discrepancy.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - Cavity dosimetry is being tested and analyzed using 
procedures and specifications developed and maintained in accordance with the Duke 
Quality Assurance Program.  

Regulatory Basis - §50.60, Acceptance criteria for fracture prevention measures for 
lightwater nuclear power reactors for normal operation; Appendix H to Part 50, Reactor 
Vessel Material Surveillance Program Requirements; and Oconee Improved Technical 
Specification 3.4.3, Reactor Coolant System Pressure and Temperature (P/T) Limits.  
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4.24.3 FLUENCE AND UNCERTAINTY CALCULATIONS 
The reactor vessel Fluence And Uncertainty Calculations are used as inputs to the 
pressure temperature limit curves and pressurized thermal shock calculations. Updating 
fluence and uncertainty calculations is essential to maintaining an accurate prediction of 
the actual reactor vessel accumulated neutron fast fluence value.  

Purpose - The purpose of the reactor vessel Fluence And Uncertainty Calculations is to 
provide an accurate prediction of the actual reactor vessel accumulated neutron fast 
fluence value.  

Scope - The Fluence And Uncertainty Calculations includes all three of the Oconee 
reactor vessels.  

Aging Effect - The reduction of material toughness by neutron irradiation embrittlement.  

Method - The cavity dosimetry program yields irradiated dosimeters that are analyzed 
based on Oconee specific geometry models (i.e., Mark-B8 fuel, reactor vessel, capsule 
holder, concrete structures), macroscopic cross sections, cycle-specific sources using the 
DORT and GIP computer codes, and a reference set of microscopic cross sections 
(BUGLE-93). Specific attention is made to target fluence values for limiting reactor 
vessel beltline circumferential weld locations. Recently updated fluence and uncertainty 
calculations were based on cavity dosimetry irradiated at Oconee Unit 2 for cycle 9, cycle 
10, combined cycles 11-12, and combined cycles 13 - 14. Future revised calculations will 
be based on cavity dosimetry currently being irradiated at Oconee Unit 2 for combined 
cycles 15-16.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - Regulatory Guide 1.99, Revision 2 [Reference 4.24-5]; 
ASTM E 185 [Reference 4.24-4; Draft RG-1053 [Reference 4.24-7], 
BAW-2241P [Reference 4.24-8].  

Frequency - Fluence and uncertainty calculations are expected to follow each cavity 
dosimetry analysis for the next few years. The frequency of updating fluence and 
uncertainty calculations may change as additional data are obtained. Future decisions 
concerning the frequency of withdrawal of dosimetry will be based on changes in fuel 
type or fuel loading pattern.  
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Acceptance Criteria or Standard - The results of the fluence uncertainty values are to 
be within the NRC-suggested limit of +20%. Calculated fluence values for fluence levels 
above 1.0MeV are compared with measurement values to determine if calculations 
contain any errors. This methodology represents a continuous validation process to 
ensure that no biases have been introduced, and that the uncertainties remain comparable 
to the reference benchmarks.  

Corrective Action - As additional cavity dosimetry is withdrawn and tested, fluence and 
uncertainty calculations will be revised and updated accordingly. If comparisons of 
dosimetry calculations to measurements are not within acceptance standards, then the 
calculations will be revised. Specific corrective actions will be implemented in 
accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Fluence And Uncertainty Calculations are developed and 
maintained in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Appendix H to Part 50, Reactor Vessel Material Surveillance 
Program Requirements; and Oconee Improved Technical Specification 3.4.3, Reactor 
Coolant System Pressure and Temperature (P/IT) Limits.  
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4.24.4 PRESSURE TEMPERATURE LIMIT CURVES 

Pressure Temperature Limit Curves determine the operating region during normal 
heatup, normal cooldown, and inservice leak and hydrostatic test transients. Periodically 
they are updated based on revised accumulated fluence values, additional effective full 
power years, and to incorporate methodology or regulatory changes.  

Purpose - The purpose of the Pressure Temperature Limit Curves is to establish the 
normal operating limits for the Reactor Coolant System.  

Scope - The scope of the Pressure Temperature Limit Curves includes all three of the 
Oconee reactor vessels.  

Aging Effects - The reduction of material toughness by neutron irradiation 
embrittlement.  

Method - Pressure temperature curves are generated assuming a postulated 1/4T surface 
flaw in accordance with ASME Section XI, Appendix G [Reference 4.24-9]. Bounding 
input heatup and cooldown transients are used to develop the pressure temperature 
curves. Current Oconee Unit-1, -2, and -3 Pressure Temperature Limit Curves are valid 
for 21, 19, and 21 EFPY, respectively. In 1998, updated Oconee Pressure Temperature 
Limit Curves are being extended to at least 26 EFPY for all three units.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - ASME Section XI, Appendix G, 1989 Edition 
[Reference 4.24-9]; ASME Code Case N-514 [Reference 4.24-10]; Regulatory 
Guide 1.99, Revision 2 [Reference 4.24-5].  

Frequency - Pressure Temperature Limit Curves are valid for a period of time expressed 
in Effective Full Power Years (EFPY). The curves are required to be updated prior to 
exceeding this time period.  

Acceptance Criteria or Standard - NRC approved Pressure Temperature Limit Curves 
must be in place for continued plant operation.  

Corrective Action - Oconee Improved Technical Specifications, ITS 3.4.3, RCS Pressure 
and Temperature (P/I) Limits, require valid pressure-temperature limits prior to and 
during plant operations. Actions to be taken if the pressure-temperature limits are not 
valid are specified in Oconee Improved Technical Specifications 3.4.3.  
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Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The RCS Pressure and Temperature (PIT) Limits.  
are developed and maintained in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Oconee Improved Technical Specification ITS 3.4.3, Reactor 
Coolant System Pressure and Temperature (P/T) Limits.  
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4.24.5 EFFECTIVE FULL POWER YEARS 
Effective Full Power Years provide a measurement of the age of the reactor vessel and is 
required input for verifying pressure temperature limit curves and pressurized thermal 
shock validity periods. The values for Effective Full Power Years are established from 
the calculation of Effective Full Power Hours and Effective Full Power Days.  

Purpose - The purpose Effective Full Power Years is to accurately monitor and tabulate 
the accumulated operating time and cycles experienced by the reactor vessel and other 
Reactor Coolant System components.  

Scope - The scope of the Effective Full Power Years activity includes all three of the 
Oconee reactor vessels.  

Aging Effect - The reduction of material toughness by neutron irradiation embrittlement.  

Method - The effective full power days of plant operation are based on reactor vessel 
incore power readings. The Nuclear Applications Software, which runs on the operator 
aid computer, collects incore instrument data. Site reactor engineers determine effective 
full power days values by ccomparing the burnup to the thermal power calculated burnup.  
All data is collected continuously for all three Oconee units.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - None.  

Frequency - Each unit is continuously computer monitored and updated weekly by site 
reactor engineers to determine the effective full power days of Reactor Coolant System 
operation during the previous seven day period.  

Acceptance Criteria or Standard - For a given fuel cycle, the updated effective full 
power days calculation based on the power history must be within + 0.25 EFPD of the 
operator aid computer generated value.  

Corrective Action - As additional effective full power hour and effective full power day 
values become available, effective full power year calculations are revised and updated 
accordingly. Specific corrective actions will be implemented in accordance with the 
Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  
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Administrative Controls - The Effective Full Power Years activity are implemented by 
Oconee workplace procedures developed and maintained in accordance with the Duke 
Quality Assurance Program.  

Regulatory Basis - Oconee Improved Technical Specification 3.4.3, Reactor Coolant 
System Pressure and Temperature (PIT) Limits.  
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4.24.6 REFERENCES FOR SECTION 4.24 

4.24-1. D. B. Matthews (NRC) letter dated July 11, 1997 to J. H. Taylor (FTI), 
Babcock & Wilcox Owners Group (B&WOG) Reactor Vessel Working Group 
Report BAW-1543, Revision 4, Supplement 2, Supplement to the Master 
Integrated Reactor Vessel Surveillance Program, TAC No. M98089.  

4.24-2. BAW-1543A, Revision 2, Integrated Reactor Vessel Surveillance Program, 
B&W Owners Group Materials Committee, May 1985.  

4.24-3. BAW-2251, Demonstration of the Management ofAging Effects for the 
Reactor Vessel, The B&W Owners Group Generic License Renewal Program, 
June 1996.  

4.24-4. ASTM E 185, Standard Practice for Conducting Surveillance Test for Light
Water Cooled Nuclear Power Reactor Vessels.  

4.24-5. Regulatory Guide 1.99, Revision 2, NRC, Radiation Embrittlement of Reactor 
Vessel Material, May 1998.  

4.24-6. BAW-1543, Revision 4, Supplement 2, Supplement to the Master Integrated 
Reactor Vessel Surveillance Program, Babcock & Wilcox Owners Group 
(B&WOG) Reactor Vessel Working Group.  

4.24-7. Draft Regulatory Guide - 1053, Calculational and Dosimetry Method for 
Determining Pressure Vessel Neutron Fluence, June 1996.  

4.24-8. BAW-2241P, Fluence and Uncertainty Methodologies, April 1997 (under 
NRC review as of June 1998).  

4.24-9. ASME Section XI, Appendix G for Nuclear Power Plants, Division 1, 
Protection Against Non-Ductile Failure.  

4.24-10. ASME Code Case N-514, Low Temperature Overpressure Protection, 
Section XI, Division 1.  
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4.25 SERVICE WATER PIPING CORROSION PROGRAM 
Section 2.5 of OLRP-1001 identifies components in the Auxiliary Service Water System, 
the Condenser Circulating Water System, the High Pressure Service Water System, the 
Low Pressure Injection System (for the raw water side of the Decay Heat Cooler), the 
Low Pressure Service Water System, the SSF Auxiliary Service Water System, the 
Keowee Service Water System, the Turbine Generator Cooling Water System, and the 
Turbine Sump Pump System as subject to aging management review. Section 3.5 of 
OLRP- 1001 identifies loss of material due to corrosion as an applicable aging effect. The 
Service Water Piping Corrosion Program will manage loss of material due to general 
corrosion of brass, bronze, carbon steel and cast iron components in the Oconee raw 
water systems. The program also will serve to manage loss of material due to pitting 
corrosion and microbiologically-influenced corrosion (MIC) in bronze, carbon steel, cast 
iron, and stainless steel components. The program is an inspection and analysis program 
developed to investigate and verify the integrity of the service water piping systems that 
could be susceptible to loss of material due to general and localized corrosion. The 
Service Water Piping Corrosion Program establishes piping inspection locations based 
on engineering guidance, industry guidance, and operating experience.  

The Service Water Piping Corrosion Program has the following attributes. In addition, 
because it is an existing program, operating experience and demonstration are provided, 
as applicable.  

4.25.1 PROGRAM DESCRIPTION 

Purpose - The Service Water Piping Corrosion Program will manage loss of material 
due to general and localized corrosion for components in the Auxiliary Service Water 
System, the Condenser Circulating Water System, the High Pressure Service Water 
System, the Low Pressure Injection System (for the raw water side of the Decay Heat 
Cooler), the Low Pressure Service Water System, the SSF Auxiliary Service Water 
System, the Keowee Service Water System, the Turbine Generator Cooling Water 
System, and the Turbine Sump Pump System.  

Scope - The scope of the program credited for license renewal includes all bronze, 
carbon steel, cast iron and stainless steel components in the license renewal portions of 
the systems listed in the Purpose. The program focuses on the carbon steel piping 
components exposed to raw water which are more susceptible to general corrosion and 
which serve as a leading indicator of the general material condition of the system 
components. At the time of the Application, no inspection locations were identified for 
any of the Keowee systems since they remain bounded by the overall program results.  
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For license renewal, the program will be enhanced to include piping inspection locations 
at Keowee, focused on bronze and brass piping.  

Over 30 different carbon steel piping component inspection locations have been 
established throughout the applicable systems based on the understanding that fluid flow 
rates are a prime contributor to the conditions conducive to corrosion. Inspection 
locations are spread among the four flow regimes: (1) stagnant, (2) intermittent, (3) low 
flow or approximately three feet per second or less, and (4) normal flow or flow greater 
than three feet per second based on system operations.  

Aging Effects - The aging effects of concern are loss of material due to general corrosion 
of bronze, carbon steel, and cast iron components and loss of material due to localized 
corrosion for bronze, carbon steel, cast iron and stainless steel that may reveal itself in the 
raw water systems within the scope of license renewal.  

Method - Inspection methods for susceptible component locations include use of 
volumetric examinations using ultrasonic testing. Also, visual examination is used as a 
general characterization tool in conjunction with ultrasonic testing when access to interior 
surfaces is allowed such as during plant modifications.  

Sample Size - Not applicable for an existing program.  

Industry Codes and Standards - No code or standard exists to guide or govern this 
inspection. However, the program follows the basic guidelines or recommendations 
provided by EPRI Document NSAC-202L. Component wall thickness acceptability is 
judged in accordance with the component design code of record.  

Frequency - Because the corrosion phenomena is slow-acting, inspection frequency 
varies for each location with a periodicity on the order of five to ten years. The first 
inspections were performed in the early 1990s. The frequency of re-inspection depends 
on previous inspection results, calculated rate of material loss, piping analysis review, 
pertinent industry events and plant operating experiences. Most locations received one 
re-inspection at the time of application.  

Acceptance Criteria - No inspection locations falling below the minimum pipe wall 
thickness values for the inspection locations as defined in the program. These minimum 
values have been determined based on design pressure or structural loading using the 
piping design code of record and then applying additional conservatism.  

4.25-2 
Revision 2 

Volume III.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 
Service Water Piping Corrosion Program 

0 Corrective Action - Inspection locations that fall below the acceptance criteria are 
repaired or replaced prior to the system returning to service unless an engineering analysis 
allows further operation. In the cases where a component may be allowed to continue in 
service, a re-inspection interval is established in the program.  

Specific corrective actions will implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Control - The Service Water Piping Corrosion Program is implemented 
by engineering specification in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - The Service Water Piping Corrosion Program is a formalization of a 
portion of the commitments made in response to GL 89-13, primarily those associated 
with component pressure boundary maintenance [References 4.25-1, 4.25-2, 4.25-3, 
4.25-4, and 4.25-5].  

4.25.2 OPERATING EXPERIENCE AND DEMONSTRATION 

The Service Water Piping Corrosion Program was formalized in 1993. The program 
began in the 1980s with an engineering study aimed at understanding how loss of material 
due to general corrosion could be affecting the Oconee raw water system piping. The 
early investigation was continued as a part of Oconee efforts to address GL 89-13. The 
first sets of piping wall thickness data were taken in 1990. The results of the data showed 
minimal to no wall loss at all inspection locations. These initial results confirmed the 
slow-acting nature of the corrosion phenomenon as these components had then been in 
service approximately 20 years. Since then additional inspections have continued to 
confirm the sound condition of the piping components. No piping replacements in any 
system have been necessary based on the results of the piping inspections under the 
Service Water Piping Corrosion Program.  

Based on the above review, the continued implementation of the Service Water Piping 
Corrosion Program provides reasonable assurance that the aging effects will be managed 
such that the components of the Auxiliary Service Water System, the Condenser 
Circulating Water System, the High Pressure Service Water System, the Low Pressure 
Injection System (for the raw water side of the Decay Heat Cooler), the Low Pressure 
Service Water System, the SSF Auxiliary Service Water System, the Keowee Service 
Water System, the Turbine Generator Cooling Water System, and the Turbine Sump 
Pump System will continue to perform their intended functions consistent with the 
current licensing basis for the period of extended operation.  
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4.25.3 REFERENCES FOR SECTION 4.25 

4.25-1. H.B. Tucker (Duke) letter dated January 26, 1990 to the Document Control 
Desk (NRC), Response to NRC Generic Letter 89-13, Service Water System 
Problems Affecting Safety-Related Equipment, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.25-2. H.B. Tucker (Duke) letter dated May 31, 1990 to the Document Control Desk 
(NRC), Supplemental Response to NRC Generic Letter 89-13, Service Water 
System Problems Affecting Safety Related Equipment, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.25-3. J.W. Hampton (Duke) letter dated December 10, 1992 to the Document 
Control Desk (NRC), Confirmation of Implementation of Recommended Action 
Related to Generic Letter 89-13, Oconee Nuclear Station, Units 1, 2, and 3, 
Docket Nos. 50-269, -270, and -287.  

4.25-4. J.W. Hampton (Duke) letter dated September 1, 1994 to the Document Control 
Desk (NRC), Follow Up to a Deviation Notice in NRC Inspection 
Report 93-25 to Revise Response to 89-13, Oconee Nuclear Station, Units 1, 2, 
and 3, Docket Nos. 50-269, -270, and -287.  

4.25-5. J.W. Hampton (Duke) letter dated April 4, 1995 to Document Control Desk 
(NRC), Supplemental Response #3 to Generic Letter 89-13, Oconee Nuclear 
Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  
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4.26 STEAM GENERATOR TUBE SURVEILLANCE PROGRAM 

Section 2.4.7 of OLRP- 1001 identifies the once through steam generators as subject to 
aging management review. Section 3.4.7 of OLRP-1001 identifies the aging effects that 
are applicable to the once through steam generators during the period of extended 
operation. The Steam Generator Tube Surveillance Program, Oconee Improved 
Technical Specification 5.5.10 [Reference 4.26-1], in conjunction with the RCS 
Operational Leakage Monitoring ( see Section 4.23), Inservice Inspection Plan (see 
Section 4.18), and Chemistry Control Program (see Section 4.6) will manage these aging 
effects. The Steam Generator Tube Surveillance Program has the following attributes.  
In addition, because Steam Generator Tube Surveillance Program is an existing program, 
operating experience and demonstration are provided, as applicable.  

4.26.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Steam Generator Tube Surveillance Program is to provide 
comprehensive examinations of the steam generator tubes to assure that degradation of 
the tubes is identified and corrective actions are taken prior to exceeding allowable limits.  

Scope - The scope of the Steam Generator Tube Surveillance Program includes all steam 
generator tubes in each steam generator.  

Aging Effects or Relevant Conditions - The aging effects managed by the Steam 
Generator Tube Surveillance Program are: loss of material, cracking, and mechanical 
distortion of the tubing.  

Method - The method of examination is specified in Oconee Improved Technical 
Specification 5.5.10.  

Sample Size - Not applicable for an existing program.  

Industry Codes or Standards - NUREG- 1430, Standard Technical Specifications 
Babcock and Wilcox Plants, Revision 1, April 1995; 

Frequency - The frequency of examination is specified in Oconee Improved Technical 
Specification 5.5.10.  

Acceptance Criteria or Standard - Acceptance criteria are specified in 
Oconee Improved Technical Specification 5.5.10.  
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Corrective Action - The corrective actions are specified in Oconee Improved Technical 
Specification 5.5.10.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Steam Generator Tube Surveillance Program is 
implemented by written procedures as required by Oconee Improved Technical 
Specification 5.4 and the Duke Quality Assurance Program.  

Regulatory Basis - Oconee Improved Technical Specification 5.5.10 Steam Generator 
(SG) Tube Surveillance Program 

4.26.2 OPERATING EXPERIENCE AND DEMONSTRATION 
A review of Oconee operating experience confirms that the Steam Generator Tube 
Surveillance Program is effective in managing cracking, loss of material, and denting of 
tubes. Routine, non-destructive examinations (mainly eddy current testing) of a 
representative number of steam generator tubes have been performed at each unit's 
refueling outages. Several examinations have been performed during non-scheduled 
outages for various reasons. The non-destructive in-service examinations (eddy current 
testing) have been expandeC -d enhanced during operating life to inspect additional 
tubes above the technical specification requirements. Enhancements include utilizing 
new and improved technology to detect and characterize tube degradation at lower levels.  
Identified problems and indications have either been repaired by plugging or sleeving the 
affected tubes, or have been identified and tracked to monitor any further degradation.  
Periodically, tubes have been removed from the steam generators and examined with both 
non-destructive and destructive techniques in the laboratory to verify and validate the in
service non-destructive examination methods.  

The Bases of Oconee Improved Technical Specifications provide evidence that supports 
the programmatic attributes of ITS 5.5.10 Steam Generator (SG) Tube Surveillance 
Program.  

Based on the above review, the continued implementation of the Steam Generator (SG) 
Tube Surveillance Program provides reasonable assurance that the aging effects will be 
managed such that the steam generators will continue to perform their intended functions 
consistent with the current licensing basis for the period of extended operation.  

4.26.3 REFERENCES FOR SECTION 4.26 

4.26-1. Oconee Nuclear Station Improved Technical Specifications 
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4.27 SYSTEM PERFORMANCE TESTING ACTIVITIES 
Section 2.5 of OLRP-1001 identifies mechanical components in Oconee, Keowee, and 
Standby Shutdown Facility systems that are subject to aging management review.  
Section 3.5.3 of OLRP-1001 identifies fouling due to macro-organisms and silting in 
Oconee, Keowee, and Standby Shutdown Facility raw water systems to be an applicable 
aging effect for smaller diameter piping that requires management for license renewal.  
Additionally in Section 3.5.14, loss of material in the Standby Shutdown Facility 
Auxiliary Service Water System air ejector and orifices is identified to be an applicable 
aging effect. As described in the Oconee UFSAR Chapter 13.5.2.2.3, Periodic Test 
Procedures, performance testing is conducted on a periodic basis to determine various 
station parameters and to verify the continuing capability of safety-related structures, 
systems and components to meet established performance requirements. Complete, 
integrated system performance tests are performed to the extent possible, based on the 
system design. Where integrated system performance tests are not possible, hydraulic 
models are usually used to complement the results gained from partial system testing.  
Even visual inspection of the interior of piping systems can be a complementary activity 
under the system performance test. Specific System Performance Testing Activities will 
serve to manage fouling.  

The following raw water systems have been identified as containing smaller diameter 
piping that could be effected by fouling and will be managed by System Performance 
Testing Activities: Auxiliary Service Water System, Low Pressure Service Water System, 
SSF Auxiliary Service Water System, Turbine Generator Cooling Water System, and 
Turbine Sump Pump System. Performance testing for these systems will provide 
assurance that the components are capable of delivering adequate flow at a sufficient 
pressure as required to meet system and accident load demands. Performance testing will 
also provide the means to manage the loss of material in the Standby Shutdown Facility 
Auxiliary Service Water System air ejector and orifices as loss of material will be directly 
revealed by system performance.  

Periodic testing and inspections are completed for the above systems at a range of 
frequencies. Periodic testing frequencies range from quarterly to every third refueling 
outage, depending on the system. The Turbine Generator Cooling Water System is tested 
at design conditions every time the Keowee units operate. The Keowee units operate at 
about a ten percent capacity factor. Visual inspections of the Auxiliary Service Water 
System are conducted every five years.  

Flow capacity is determined and compared to test acceptance criteria established by 
engineering and to previous test results. The results of visual inspections are evaluated by 
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engineering. If the results of the flow tests and inspections do not meet acceptance 
criteria, then corrective actions, which could require piping replacement, are undertaken.  
Specific corrective actions are implemented in accordance with the Duke Quality 
Assurance Program.  

The System Performance Testing Activities are implemented by plant procedures in 
accordance with the Duke Quality Assurance Program. The activities credited here for 
license renewal are consistent with the Oconee commitments made in response to Generic 
Letter 89-13 [References 4.27-1, 4.27-2, 4.27-3 , 4.27-4, and 4.27-5].  

The continued implementation of the System Performance Testing Activities provides 
reasonable assurance that the aging effects will be managed such that mechanical 
components will continue to perform their intended functions consistent with the current 
licensing basis for the period of extended operation.  

4.27.1 REFERENCES FOR SECTION 4.27 

4.27-1. H.B. Tucker (Duke) letter dated January 26, 1990 to the Document Control 
Desk (NRC), Response to NRC Generic Letter 89-13, Service Water System 
Problems Affecting Safety-Related Equipment, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.27-2. H.B. Tucker (Duke) letter dated May 31, 1990 to the Document Control Desk 
(NRC), Supplemental Response to NRC Generic Letter 89-13, Service Water 
System Problems Affecting Safety Related Equipment, Oconee Nuclear Station, 
Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  

4.27-3. J.W. Hampton (Duke) letter dated December 10, 1992 to the Document 
Control Desk (NRC), Confirmation of Implementation of Recommended Action 
Related to Generic Letter 89-13, Oconee Nuclear Station, Units 1, 2, and 3, 
Docket Nos. 50-269, -270, and -287.  

4.27-4. J.W. Hampton (Duke) letter dated September 1, 1994 to the Document Control 
Desk (NRC), Follow Up to a Deviation Notice in NRC Inspection 
Report 93-25 to Revise Response to 89-13, Oconee Nuclear Station, Units 1, 2, 
and 3, Docket Nos. 50-269, -270, and -287.  

4.27-5. J.W. Hampton (Duke) letter dated April 4, 1995 to Document Control Desk 
(NRC), Supplemental Response #3 to Generic Letter 89-13, Oconee Nuclear 
Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, and -287.  
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4.28 TENDON - SECONDARY SHIELD WALL - SURVEILLANCE PROGRAM 
Section 2.7.7 of OLRP-1001 identifies the Secondary Shield Wall Post-Tensioning 
System as subject to aging management review. Section 3.7.7 of OLRP-1001 identifies 
the aging effects that are applicable to the Secondary Shield Wall Post-Tensioning 
System during the period of extended operation. The Tendon - Secondary Shield Wall 
Surveillance Program will manage these aging effects. The Tendon - Secondary Shield 
Wall - Surveillance Program has the following attributes. In addition, because the 
Tendon - Secondary Shield Wall - Surveillance Program is an existing program, operating 
experience and demonstration are provided, as applicable.  

4.28.1 PROGRAM DESCRIPTION 

Purpose - The purpose of the Tendon - Secondary Shield Wall - Surveillance Program is 
to inspect the Secondary Shield Wall Post-Tension Tendon System to ensure that the 
quality and structural performance of the secondary shield wall is consistent with the 
licensing basis.  

Scope - The scope of this program includes the tendon wires and tendon anchorage 
hardware, including bearing plates, anchorheads, bushing, buttonheads, and shims of the 
Units 1, 2, and 3 Secondary Shield Wall Tendons.  

Aging Effects - The applicable aging effects include loss of material due to corrosion and 
cracking of tendon anchorage; wire force relaxation; loss of material due to corrosion and 
breakage of wires; loss of material due to corrosion and cracking of bearing plate; 
cracked, split, and broken buttonheads; cracking and loss of material due to corrosion of 
shims.  

Method - This program requires a visual examination of in-scope components and lift-off 
testing of the tendon system.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - No code or standard exists to guide or govern this 
program.  

Frequency - All vertical tendon caps are visually inspected each refueling outage. A 
random sample of tendons (including vertical) are inspected every other refueling outage 
and lift-off tests are performed on a selected number of tendons. All accessible tendon 
anchorages are visually inspected every fourth refueling outage. The inspection sample 
size and the frequency of performance of the inspections were initially based on the 
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judgment of experienced engineers. The frequency and extent of the inspections are 
acceptable because they are more stringent than those used for reactor building 
containment tendon inspections required by ASME, Section XI, Subsection IWL which 
has been endorsed by the NRC.  

Acceptance Criteria or Standard - No unacceptable visual indication of moisture, 
discoloration, foreign matter, rust, corrosion, splits or cracks in the buttonheads, broken 
or missing wires, and other obvious damage as identified by the accountable engineer.  
Lift-off forces are measured and compared to established acceptance criteria. Oconee 
operating experience tends to confirm that visual inspections and lift-off tests of these 
tendons are appropriate.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated for 
continued service or corrected by replacement. Specific corrective actions are 
implemented in accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  

Administrative Controls - The Tendon - Secondary Shield Wall - Surveillance Program 
is implemented by written procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This program has no current regulatory basis.  

4.28.2 OPERATING EXPERIENCE AND DEMONSTRATION 

The Tendon - Secondary Shield Wall - Surveillance Program was implemented in 1982 in 
response to the finding of tendon corrosion. On April 28, 1982, during the final Reactor 
Building interior inspection on Unit 2, one secondary shield wall vertical tendon was 
found broken. Subsequent detailed inspection of the Units 1, 2, and 3 Secondary Shield 
walls found one additional failed vertical tendon in Unit 2, no failures in Units 1 and 3, 
and some vertical tendons exhibiting corrosion in Units 1, 2 and 3. All rejected tendons 
were replaced. The apparent cause of the corrosion was water accumulation in the 
bottom of the vertical tendon sheath.  

The apparent cause of the failures was stress corrosion of the post-tensioning wires near 
the lower stressing washer caused by water accumulating in the tendon covers and lower 
portion of the tendon sheaths.  

4.28-2 

Revision 2 
Volume III.doc 

June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Tendon - Secondary Shield Wall - Surveillance Program 

Modifications were made to prevent the build up of water in the tendon sheaths. In 
addition to the modifications, a surveillance program was designed to ensure that any 
future corrosion is detected, evaluated and corrective action is taken to minimize 
additional deterioration. The NRC was notified that the surveillance program was 
implemented to assure that any future corrosion is detected and corrective action is taken 
to prevent tendon failure [Reference 4.28-1]. The 1982 incident was also documented in 
Reportable Occurrence Report RO-270/82-07, Revision 1 [Reference 4.28-2].  

More than twenty inspections have been performed on the Secondary Shield Wall 
tendons. The secondary shield wall inspections have revealed wire corrosion and surface 
corrosion of the anchorage hardware. Water has been detected in some end caps and they 
have been modified to provide drainage. Where tendon lift-off readings have fallen 
below the minimum allowable, adjacent tendons were tested and the tendons have been 
re-tensioned.  

Based on the above review, the continued implementation of the Tendon - Secondary 
Shield Wall - Surveillance Program provides reasonable assurance that the aging effects 
will be managed such that the secondary shield wall tendons will continue to perform 
their intended functions consistent with the current licensing basis for the period of 
extended operation.  

4.28.3 REFERENCES FOR SECTION 4.28 

4.28-1. W. 0. Parker (Duke) letter dated May 12, 1982 to J. P. O'Reilly (NRC), 
Docket No. 50-270.  

4.28-2. H. B. Tucker (Duke) letter dated July 27, 1983 to J. P. O'Reilly (NRC), 
Docket No. 50-270.  
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4.29 230 KV KEOWEE TRANSMISSION LINE INSPECTION 
Section 2.7.10 of OLRP-1001 identifies the 230 kV Keowee transmission line towers as 
subject to aging management review. Section 3.7.10 of OLRP-1001 identifies loss of 
material as an applicable aging effect for steel components in an air environment which 
includes the 230 kV Keowee transmission line towers. The 230 kV Keowee Transmission 
Line Inspection will manage this aging effect. The 230 kV Keowee Transmission Line 
Inspection has the following attributes. In addition, because the 230 kV Keowee 
Transmission Line Inspection is an existing program, operating experience and 
demonstration are provided, as applicable.  

4.29.1 PROGRAM DEScRIPTION 

Purpose - The purpose of the 230 kV Keowee Transmission Line Inspection is to 
maintain the structural integrity of the 230 kV Keowee transmission line structures.  

Scope - The 230 kVKeowee Transmission Line Inspection include steel towers, concrete 
foundations, and hardware within the 230 kV Keowee transmission line.  

Aging Effects - The applicable aging effects of concern include loss of material due to 
corrosion of the steel structures and loss of material due to spalling or scaling for concrete 
components.  

Method - The inspection requires a visual examination of the towers.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - National Electric Safety Code, Part 2 Safety Rules for 
Overhead Lines; Rule 214 Inspection and Tests of Lines and Equipment.  

Frequency - The inspections are performed once every five years.  

Acceptance Criteria or Standard - No unacceptable visual indication of aging effects as 
evaluated by the inspector.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated for 
continued service or corrected by repair or replacement. Specific corrective actions are 
implemented in accordance with the Duke Quality Assurance Program.  

Timing of New Program or Activity - Not applicable for an existing program.  
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Administrative Controls - The 230 kV Keowee Transmission Line Inspection is 
contracted through the Oconee site engineering group with Duke Power's Power Delivery 
Group. The inspection is addressed within the Oconee preventive maintenance program.  

Regulatory Basis - National Electric Safety Code, Part 2, Safety Rules for Overhead 
Lines, Rule 214 Inspection and Tests of Lines and Equipment.  

4.29.2 OPERATING EXPERIENCE AND DEMONSTRATION 

Visual inspections of the 230 kV Keowee transmission line, including the towers and 
hardware, from Keowee to Oconee have been performed since initial operation of the site.  
Duke Power has performed inspections of all of the transmission towers throughout the 
Duke Power transmission and distribution system.  

The requirements for the inspection of the towers and hardware are contained in the 
National Electric Safety Code (NESC), Part 2 Safety Rules for Overhead Lines, Rule 214 
Inspection and Tests of Lines and Equipment [Reference 4.29-1]. Rule 214 states that 
"lines and equipment shall be inspected at such intervals as experience has shown to be 
necessary." The requirements of NESC Rule 214 are implemented through the Duke 
Power Delivery Maintenance Standards Manual. Section 9 of the Maintenance 
Standards Manual contains the information regarding tower inspections.  

A review of completed 230 kV Keowee transmission line inspections confirms the 
reasonableness and acceptability of the inspection frequency in that degradation of the 
towers and hardware is detected prior to loss of function. Previous inspections found 
some instances of loose structural bolts and slight rusting of the structural members.  
Slight rust was found on the hardware where galvanizing was burnt off due to flashing 
from lightning strikes. The inspections have not identified wear on 230 kV line 
hardware. The hardware at the catch-off points at the Turbine Building were also 
inspected for corrosion, rust and wear.  

Based on the above review, the continued implementation of the 230 kV Keowee 
Transmission Line Inspection provides reasonable assurance that the aging effects will be 
managed such that the transmission towers will continue to perform their intended 
functions consistent with the current licensing basis for the period of extended operation.  

4.29.3 REFERENCES FOR SECTION 4.29 

4.29-1. National Electric Safety Code, published by the Institute of Electrical and 
Electronic Engineers, Inc., 345 East 47th Street, New York, NY, 1996.  
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5. TIME-LIMITED AGING ANALYSES AND EXEMPTIONS 
REVIEW 
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5.1 INTRODUCTION 

As discussed in Chapter 1 of OLRP-1001, two areas of technical review are required in 
support of an application for a renewed operating license. The first area of technical 
review is the Oconee Integrated Plant Assessment, which is described in Chapters 2, 3, 
and 4 of OLRP-1001. The second area of technical review required for license renewal is 
the identification and evaluation of plant specific time-limited aging analyses and 
exemptions, which are provided in Chapter 5 of OLRP-1001.  

The identification and evaluations contained in Chapter 5 meet the requirements 
contained in §54.21(c) and are designed to allow the NRC to make the finding contained 
in §54.29(a)(2).  

§54.29 Standards for issuance of a renewed license 

A renewed license may be issued by the Commission up to the full term 
authorized by §54.31 if the Commission finds that: 

(a) Actions have been identified and have been or will be taken with respect to 
the matters identifed in Paragraphs (a)(1) and (a)(2) of this section, such 
that there is reasonable assurance that the activities authorized by the 
renewed license will continue to be conducted in accordance with the CLB, 
and that any changes made to the plant's CLB in order to comply with this 
paragraph are in accord with the Act and the Commission's regulations.  
These matters are: 

(1) managing the effects of aging during the period of extended 
operation on the functionality of structures and components that 
have been identified to require review under §54.21(a)(1); and 

(2) time-limited aging analyses that have been identified to require 
review under §54.21(c).  

(b) Any applicable requirements of Subpart A of 10 CFR Part 51 have been 
satisfied.  

(c)Any matters raised under §2.758 have been addressed.  
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Proposed changes to reflect the Oconee-specific time-limited aging analyses are provided 
in the UFSAR Supplement for License Renewal, which is Exhibit B of the Application.  
The Oconee UFSAR Supplement for License Renewal will be incorporated into the 
Oconee UFSAR following the issuance of the Oconee renewed operating licenses by the 
NRC. Upon inclusion of descriptions of the time-limited aging analyses in the Oconee 
UFSAR, changes to the descriptions will be made in accordance with the change process 
in effect at the time of any such change.  
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5.2 PROCESS OVERVIEW 

5.2.1 IDENTIFICATION AND EVALUATION OF TIME-LIMITED AGING ANALYSES 

Section 54.21(c) requires a list of time-limited aging analyses be provided as part of the 
application for a renewal license. Time-limited aging analyses are defined in §54.3 as 
those licensee calculations and analyses that meet six specific criteria.  

54.21 Contents of Application - technical information 

(c) An evaluation of time-limited aging analyses.  

(1) A list of time-limited aging analyses, as defined in §54 .3, must be 
provided. The applicant shall demonstrate that 

(i) The analyses remain valid for the period of extended operation; 
(ii) The analyses have been projected to the end of the period of 

extended operation; or 
(iii) The effects of aging on the intended function(s) will be adequately 

managed for the period of extended operation 

(2) A list must be provided ofplant-specific exemptions granted pursuant to 
10 CFR 50.12 and in effect that are based on time-limited aging 
analyses as defined in §54.3. The applicant shall provide an evaluation 
that justifies the continuation of these exemptions for the period of 
extended operation.  
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54.3 Definitions 

Time-limited aging analyses, for the purposes of this part, are those licensee 
calculations and analyses that: 

(1) Involve systems, structures, and components within the scope of license 
renewal, as delineated in §54.4(a); 

(2) Consider the effects of aging; 

(3) Involve time-limited assumptions defined by the current operating term, 
for example, 40 years; 

(4) Were determined to be relevant by the licensee in making a safety 
determination; 

(5) Involve conclusions or provide the basis for conclusions related to the 
capability of the system, structure, and component to perform its intended 
functions, as delineated in §54.4(b); and 

(6) Are contained or incorporated by reference in the CLB.  

The process used to identify the Oconee specific time-limited aging analyses is consistent 
with the guidance provided in NEI 95-10, Revision 0, Chapter 5 [Reference 5.2-1].  

In order to provide reasonable assurance that the Oconee time-limited aging analyses 
have been identified, searches of several document sets were conducted. Duke believes 
that the multiple searches of multiple source documents provides reasonable assurance 
that the Oconee time-limited aging analyses have been identified.  

Oconee-specific source documents that were reviewed for time-limited aging analyses 
include the Oconee licensing correspondence file, the Oconee UFSAR [Reference 5.2-2], 
BWNT Topical Reports referenced in both correspondence and the UFSAR, and ASME 
Section XI Summary Reports. All Oconee time-limited aging analyses were identified in 
one or more of these documents.  

5.2-2 
Revision 2 

Volume UI.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Process Overview 

Additional assurance in completeness of the resultant list of Oconee-specific time-limited 
aging analyses was obtained by reviewing several generic source documents.  
Specifically, in addition to the review of Oconee-specific documents, reviews were 
performed on several documents that are generically applicable to all pressurized water 
reactors. The generic source documents reviewed included the Standard Review Plan, 
various codes and standards, and certain NRC generic regulatory compliance documents 
including Bulletins, Generic Letters, Regulatory Guides, and 10 CFR Part 50 and its 
Appendices. The review of generic source documents confirmed the results from the 
review of Oconee-specific source documents.  

The information developed from the review of both Oconee-specific source documents 
and generic source documents was reviewed to determine which calculations and 
analyses meet all six criteria of §54.3. The analyses and calculations that meet all six 
criteria were identified as Oconee-specific time-limited aging analyses. The Oconee
specific time-limited aging analyses are listed in Table 5.2-1.  

As required by §54.21(c)(1), an evaluation of Oconee-specific time-limited aging 
analyses must be performed to demonstrate that: 

(1) the analyses remain valid for the period of extended operation; or 
(2) the analyses have been projected to the end of the period of extended 

operation; or 
(3) the effects of aging on the intended function(s) will be adequately managed for 

the period of extended operation.  

Consistent with the information provided previously in Chapters 2, 3, and 4, the 
evaluation of time-limited analyses for the Reactor Building (Containment) and the 
Reactor Coolant System are provided in Sections 5.3 and 5.4, respectively. Likewise, 
the evaluation of time-limited aging analyses for mechanical components, electrical 
equipment, and structural components are provided in Sections 5.5, 5.6, and 5.7, 
respectively.  

5.2.2 IDENTIFICATION OF EXEMPTIONS 

Part 54 also requires that the application for a renewed license include a list of current 
plant-specific exemptions granted pursuant to §50.12 that are based on time-limited aging 
analyses as defined in §54.3. A review of the Oconee docket has been performed and the 
results of this review identified that no §50.12 exemptions have been granted on the basis 
of a time-limited aging analysis as defined in §54.3.  
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5.2.3 REFERENCES FOR SECTION 5.2 

5.2-1. Industry Guideline for Implementing the Requirements of 10 CFR Part 54 
The License Renewal Rule, NEI 95-10, Revision 0, Nuclear Energy Institute, 
March 1996.  

5.2-2. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  
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Table 5.2-1 Time-Limited Aging Analyses 

1. Containment Liner Plate and Penetrations -Fatigue analyses on the liner plate and penetrations 
were identified as a time-limited aging analysis. The results of the evaluation for 60 years of operation 
are provided in Section 5.3.  

2. Containment Post-Tensioning System - Loss of prestress in the post-tensioning system analyses have 
been identified as a time-limited aging analysis. The results of the evaluation for 60 years of operation 
are provided in Section 5.3.  

3. Reactor Coolant System and Class 1 Components -Fatigue analyses and fracture mechanics 
analyses for ISI reportable indications have been determined to be a time-limited aging analyses. The 
results of the evaluation for 60 years of operation are provided in Section 5.4.1.  

4. Reactor Vessel - Reactor vessel studs, pressurized thermal shock, Charpy upper shelf energy 
toughness, and intergranular separation have all been identified as time-limited aging analyses. The 
results of the evaluation for 60 years of operation are provided in Section 5.4.2.  

5. Reactor Vessel Internals -Flow induced vibration, transient cycle count assumptions, and ductility 
reduction of fracture toughness have been identified as time limited aging analyses. The results of the 
evaluation for 60 years of operation are provided in Section 5.4.3.  

6. Reactor Coolant Pump Flywheel - Fatigue analysis of the reactor coolant pump flywheel has been 
identified as a time-limited aging analysis. The results of the evaluation for 60 years of operation are 
provided in Section 5.4.4.  

7. Mechanical Component -Fatigue analyses have been identified as time-limited aging analyses. The 
results of the evaluation for 60 years of operation are provided in Section 5.5.  

8. Electrical Equipment - The analyses that support the environmental qualification of electrical 
equipment have been identified as time-limited aging analyses. The results of the evaluation for 60 
years of operation are provided in Section 5.6.  

9. Polar Crane - Fatigue analysis of structural supports due to heavy load cycles has been identified as a 
time-limited aging analysis. The results of the evaluation for 60 years of operation are provided in 
Section 5.7.1.  

10. Spent Fuel Rack Boraflex -The aging evaluation of the non-metallic Boraflex has been determined to 
be a time-limited aging analysis. The results of the evaluation for 60 years of operation are provided in 
Section 5.7.2.  
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5.3 TIME-LIMITED AGING ANALYSES FOR THE REACTOR BUILDING 
(CONTAINMENT) STRUCTURAL COMPONENTS 

5.3.1 CONTAINMENT LINER PLATE AND PENETRATIONS 

The interior surface of the Containment is lined with welded steel plate to provide an 
essentially leak tight barrier. At all penetrations, the liner plate is thickened to reduce 
stress concentrations. Design criteria are applied to the liner to assure that the specified 
leak rate is not exceeded under design basis accident conditions. The following fatigue 
loads, as described in the Oconee UFSAR, Section 3.8.1.5.3 [Reference 5.3-1], were 
considered in the design of the liner plate and are considered to be time-limited aging 
analyses for the purposes of license renewal: 

(a) Thermal cycling due to annual outdoor temperature variations. Number of cycles 
for this loading is 40 cycles for the plant life of 40 years.  

(b) Thermal cycling due to Reactor Building interior temperature varying during the 
startup and shutdown of the Reactor Coolant System. The number of cycles for 
this loading is assumed to be 500 cycles.  

(c) Thermal cycling due to the loss-of-coolant accident will be assumed to be one 
cycle.  

(d) Thermal load cycles in the piping systems are somewhat isolated from the liner 
plate penetrations by concentric sleeves between the pipe and the liner plate. The 
attachment sleeve is designed in accordance with ASME Section III 
considerations. All penetrations are reviewed for a conservative number of cycles 
to be expected during the plant life.  

Each of the above four time-limited aging analyses have been evaluated for continued 
operation for up to 60 years. For item (a), an increase in the number of thermal cycles 
due to annual outdoor temperature variations from 40 to 60 cycles is considered to be 
insignificant in comparison to the assumed 500 thermal cycles due to Containment 
interior temperature varying during heatup and cooldown of the Reactor Coolant System.  
Thus, this time-limited aging analysis is considered to be valid for the period of extended 
operation as it is enveloped with item (b) above.  
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For item (b), with respect to the assumed 500 thermal cycles due to startup and shutdown 
of the Reactor Coolant System, a more limiting number of thermal cycles is contained in 
the Oconee UFSAR, Section 5.2 [Reference 5.3-1] for actual plant operation. Oconee 
UFSAR, Table 5.2 [Reference 5.3-1] indicates a design limit of 360 heatup cycles and 
360 cooldown cycles for the Reactor Coolant System. The projected number of cycles for 
each Oconee unit through 60 years of operation has been determined to be less than the 
original 360 cycle design limits. This time-limited aging analysis is considered to be 
valid for the period of extended operation because actual operating cycle values fall 
within the assumed 500 thermal cycles due to startup and shutdown of the Reactor 
Coolant System. [Footnote 8] 

For item (c), the assumed value for thermal cycling due to loss-of-coolant accident 
remains valid. None have occurred and none are expected to occur. This time-limited 
aging analysis is considered to be valid for the period of extended operation.  

Finally for item (d), the design of the Containment penetrations has been reviewed. The 
design meets the general requirements of ASME Section Ell for thermal cycling 
[Reference 5.3-2]. The only high temperature lines penetrating the Containment wall and 
liner plate are the feedwater and main steam lines. The design number of thermal load 
cycles in these two systems is bounded by the number of design heatup and cooldown 
cycles of the Reactor Coolant System. The projected number of cycles for each Oconee 
unit through 60 years of operation has been determined to be less than these original 
design limits. Thus, based on a review of the existing fatigue analysis, this time-limited 
aging analysis is considered to be valid for the period of extended operation.  

Periodic Type A Integrated Leak rate tests are additional major sources of load changes.  
These Type A loads are considered within the set of design loads whose cumulative total 
was assumed to be 500 cycles. Seven Type A tests have been performed per unit to date 
(June 1998). The frequency of performing Type A tests has recently been revised to once 
every ten years. Four more tests may be performed per unit through the period of 
extended operation. The additional load cycles on the liner due to Type A testing are 
considered to be insignificant. [Footnote 9] 

8. See Section 5.4.1.1 for an evaluation of the thermal fatigue cycles of the Reactor Coolant System.  
9. This section has been revised to supplement the initial Duke response to RAI 3.3-6 which was provided 

by Duke letter dated January 14, 1998. The initial Duke response to RAI 3.3-6 was discussed during a 
meeting with the NRC staff on April 29, 1998.  
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For license renewal, the existing analyses addressing thermal fatigue of the Containment 
liner plate and penetrations are considered to be valid for the period of extended 
operation.  
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5.3.2 CONTAINMENT POST-TENSIONING SYSTEM 
Loss of prestress in the post-tensioning system is due to material strain occurring under 
constant stress. Loss of prestress over time is accounted for in the design and is a time
limited aging analysis requiring review for license renewal.  

In accordance with ACI 318-63 [Reference 5.3-3] the design of the Oconee Containment 
post-tensioning system provides for prestress losses caused by the following: 

* Elastic shortening of concrete 
* Creep of concrete 
* Shrinkage of concrete 
* Relaxation of prestressing steel stress 
* Frictional loss due to curvature in the tendons and contact with tendon conduit.  

No allowance is provided for seating of the anchor since no slippage occurs in the anchor 
during transfer of the tendon load into the structure [Reference 5.3-1].  

By assuming an appropriate initial stress from tensile loading and using appropriate 
prestress loss parameters, the magnitude of the design losses and the final effective 
prestress at the end of 40 years for typical dome, vertical, and hoop tendons was 
calculated at the time of initial licensing. This analysis is presently summarized in the 
Oconee UFSAR, Section 3.8.1.5.2 [Reference 5.3-1].  

In 1996, Oconee provided a description of the methodology for determining the most 
accurate minimum required lift-off force for each tendon group for NRC review 
[Reference 5.3-4]. Based upon the results of the evaluation of the submitted information 
and commitments made by Duke, the NRC staff has determined that the integrity of the 
Oconee Containment is adequate to support continued operation [Reference 5.3-5].  

Containment post-tensioning system surveillance will be performed in accordance with 
Oconee Improved Technical Specification SR 3.6.1.2 (Oconee Custom Technical 
Specification 4.4.2). Acceptance criteria for tendon surveillance are given in terms of 
Prescribed Lower Limits and Minimum Required Values. Oconee Selected Licensee 
Commitment, Oconee UFSAR, SLC 16.6.2 [Reference 5.3-1] provides the required 
prescribed lower limits and minimum required values in Appendix 16.6-2, Figures 1, 2, 
and 3. These figures contain the dome, hoop and vertical tendon prescribed lower limits 
and minimum required values, respectively, for all three Oconee units. The figures have 
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been developed using the guidance contained in Regulatory Guide 1.35 [Reference 5.3-6].  
Each prescribed lower limit line has been extended to 60 years of plant operation and 
remains above the minimum required values for all three tendon groups.  

For license renewal, the existing analysis addressing loss of prestress in the Containment 
post-tensioning system is considered to be valid for the period of extended operation. In 
addition, continuation of the current surveillance program provides reasonable assurance 
that the post-tensioning system will remain capable of performing its intended function.  

5.3.3 REFERENCES FOR SECTION 5.3 

5.3-1. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  

5.3-2. ASME Boiler and Pressure Vessel Code, Section III, "Nuclear Vessels," 1965.  

5.3-3. American Concrete Institute, Building Requirements for Reinforced Concrete, 
ACI 318-63, Detroit, Michigan.  

5.3-4. J. W. Hampton (Duke) letter dated March 14, 1996 to Document Control 
Desk (NRC), Docket Numbers 50-269, 50-270, 50-287, Response to Request 
for Additional Information Concerning Reactor Building Post-Tensioning 
Systems, Sixth Surveillance.  

5.3-5. D. E. LaBarge (NRC) letter dated November 7, 1996, Reactor Building Post
Tensioning System Sixth Surveillance - Oconee Nuclear Station, Unit 3 (TAC 
NO. M93942).  

5.3-6. Regulator Guide 1.35, Inservice Inspection of Ungrouted Tendons in 
Prestressed Concrete Containments, Revision 3, U. S. Nuclear Regulatory 
Commission, July 1990.  

5.3-5 
Revision 2 

Volume lI.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for the Reactor Coolant System and Class 1 Components 

5.4 TIME-LIMITED AGING ANALYSES FOR THE REACTOR COOLANT 
SYSTEM AND CLASS 1 COMPONENTS 

Duke actively participated in a B&W Owners Group effort that developed a series of 
topical reports whose purpose was to demonstrate that the aging effects for Reactor 
Coolant System components are adequately managed for the period of extended operation 
for license renewal. Two B&W Owners Group topical reports have been submitted and 
approved by NRC for use by applicants for a renewed operating license. BAW-2243A 
[Reference 5.4-1] addresses Reactor Coolant System piping and BAW-2244A 
[Reference 5.4-2 ] addresses the pressurizer. In each of these reports, the commitment 
was made to address applicable time-limited aging analyses on a plant specific basis. For 
Oconee Reactor Coolant System piping, the applicable time-limited aging analyses are 
thermal fatigue [see Section 5.4.1.1] and flaw growth acceptance under ASME Boiler and 
Pressure Code Section XI [see Section 5.4.1.2].  

BAW-2243A identified leak-before-break and high energy line break postulation based 
on fatigue cumulative usage factor (CUF>O. 1) as generically applicable time-limited 
aging analyses. However, the review conducted of Oconee documentation determined 
that neither the leak-before-break analyses nor the cumulative usage factor (CUF>O. 1) 
analyses are time-limited aging analyses for Oconee. For the Oconee pressurizer, the 
applicable time-limited aging analyses are thermal fatigue [see Section 5.4.1.1] and flaw 
growth acceptance under ASME Boiler and Pressure Code Section XI 
[see Section 5.4.1.2].  

As a result of NRC review of these B&W Owners Group reports, several Renewal 
Applicant Action Items were identified. These Action Items are described in Section 4.1 
of the Safety Evaluations issued by the NRC concerning BAW-2243A [Reference 5.4-3] 
and BAW-2244A [Reference 5.4-4]. One Renewal Applicant Action in each of the NRC 
Safety Evaluations requires that the renewal applicant referencing the reports evaluate the 
applicable time-limited aging analyses for both the Reactor Coolant System piping and 
the pressurizer. Section 5.4.1 provides the evaluation of the applicable time-limited aging 
analyses for Oconee Reactor Coolant System piping and pressurizer.  
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5.4.1 REACTOR COOLANT SYSTEM PIPING AND COMPONENTS 

5.4.1.1 Thermal Fatigue, 

5.4.1.1.1 BACKGROUND 
The issue of design assumptions associated with thermal fatigue of Reactor Coolant 
System components has been identified as a time-limited aging analysis for Oconee. All 
six of the criteria contained in §54.3 are satisfied. Specific Reactor Coolant System 
components have been designed considering transient cycle assumptions as listed in 
Table 5-4 of the Oconee Updated Final Safety Analysis Report (UFSAR) 
[Reference 5.4-5], except the pressurizer surge line which is covered in Table 5-23.  
Because the initial design of the Oconee Reactor Coolant System was divided between 
B&W, who designed the main Reactor Coolant System components and piping, and 
Bechtel, who designed the piping linking the interconnected systems to the Reactor 
Coolant System, the evaluation of each vendor's piping design is performed separately.  
[Footnote 10] 

5.4.1.1.2 B & W SCOPE OF SUPPLY 
The B&W scope of supply includes all the major components in the Reactor Coolant 
System and the associated interconnected piping. These components are designed to 
ASME Section III and USAS B31.7 Class I, collectively known as Class 1 standards. An 
analysis was performed to determine which B&W Class 1 components may require 
additional actions when considering 60 years of operation.  

The review began with the thermal transient cycle count assumptions from the B&W 
Reactor Coolant System Functional Specification which is captured in the trackable 
transient set listed in the Oconee UFSAR [Reference 5.4-5]. This trackable transient set 
can be found in the Oconee UFSAR Table 5-2 for Reactor Coolant System components, 
except the pressurizer surge line which is covered in Table 5-23. Next, actual plant 
operating thermal transient cycle count data were used to determine where the component 
was in its fatigue lifetime. From there, a conservative cycle accumulation rate was used 
to project when plant operation would exceed the number of design cycles for the given 
transients. Exceeding this limit does not necessarily mean the component will fail or 
even that the cumulative usage factor will be 1.0, but rather that the component may 
require further evaluation.  

10. GSI 190, "Fatigue evaluation of metal components for 60-year life" is addressed in Section 1.5.5 of 
OLRP-1001.  
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The locations that require further evaluation include the reactor vessel studs for all three 
units, the pressurizer spray line for Unit 3, and the Emergency Feedwater System nozzle 
for Unit 3. The trackable transient set for all Reactor Coolant System components, 
including those that require further evaluation, is being managed by the Oconee Thermal 
Fatigue Management Program.  

For license renewal, continuation of the Oconee Thermal Fatigue Management Program 
into the period of extended operation will assure that the analyses remain valid or that 
appropriate action is taken in a timely manner to assure continued validity of the design.  

5.4.1.1.3 BECHTEL SCOPE OF SUPPLY 
The Bechtel scope of supply for the Reactor Coolant System included the following 
attached piping: 

* Low Pressure Injection (LPI) / Core Flood (CF) Piping 
* Pressurizer Spray Bypass Line / Auxiliary Spray Piping 
* High Pressure Injection (HPI) - Emergency Injection Piping 
* High Pressure Injection (HPI) - Normal Makeup Piping 
* Low Pressure Injection - Decay Heat Drop Line (including Dump-to-Sump) 
* High Pressure Injection Letdown Piping 
* All RCS Loop Drains 

This attached piping was originally designed to USAS B31.7, Class I standards, except 
for the piping analysis which was done to Class II standards. Specifically, the pipe sizing, 
materials selection and non-destructive examination were all performed to Class I 
standards. The piping analysis was performed to Class II standards. From a review of the 
Oconee design files, Bechtel performed only a Class II analysis on this attached piping 
because their limited computer capabilities in 1969 would not allow them to perform a 
Class I analysis. This design detail was inadvertently overlooked in the Oconee UFSAR 
presentation of the Reactor Coolant System design standards where, at the time of NRC 
review in 1994, it was reported that the reactor coolant pressure boundary, including the 
attachment piping to the first isolation valve, was designed to USAS B31.7, Class I 
standards. Following the 1994 NRC visit, as discussed further in Section 5.0, wherein 
review of calculational details identified the Class II analysis basis and the inconsistency 
with the Oconee UFSAR, Oconee committed to the NRC to complete Class I analyses for 
the attached piping out to the first isolation valve [References 5.4-6, 5.4-7, and 5.4-8].  
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As of June 1998, the reanalysis of these connecting lines is underway. The technical 
information contained in this portion of the application will be supplemented after the 
completion of the reanalysis. For license renewal, the results of the Class I reanalysis for 
the Reactor Coolant System attached lines will establish a more easily trackable fatigue 
design basis which will allow fatigue management through 60 years of operation. Upon 
completion of the reanalysis, these attached piping components will be added to the 
Oconee Thermal Fatigue Management Program.  

For license renewal, continuation of the Oconee Thermal Fatigue Management Program 
into the period of extended operation will assure that the analyses remain valid or that 
appropriate action is taken in a timely manner to assure continued validity of the design.  

5.4.1.1.4 IE BULLETIN 88-11, PRESSURIZER SURGE LINE STRATIFICATION 
Since the beginning of initial operation, specific industry operating issues associated with 
thermal fatigue have arisen and licensees have evaluated these issues relative to their 
existing design configuration. The first of two such issues evaluated at Oconee was 
IE Bulletin 88-11 which requested that all domestic, commercial pressurized water 
reactors establish and implement a program to determine the impact of thermal 
stratification on pressurizer surge line integrity. The elements of this program are as 
follows [Reference 5.4-9]: 

(1) Conduct of an initial ASME Section XI VT-3 examination of the entire pressurizer 
surge line to determine any gross structural damage which may have resulted from 
surge line movement due to thermal stratification.  

(2) Demonstration by analysis that the pressurizer surge line meets applicable design 
codes and current licensing basis commitments for the licensed life of the plant, 
considering the phenomenon of thermal stratification.  

(3) Collection of plant-specific data on thermal stratification where the analysis does not 
demonstrate compliance with the current licensing basis.  

(4) Revision of the stress and fatigue analyses using the applicable plant specific data to 
demonstrate compliance with the current licensing basis.  

A comparison of actual operating experience to the design transient cycle count 
assumptions, including a projection of assumed future cycles, must be done to determine 
the validity of the pressurizer surge line reanalysis when considering 60 years of 
operation.  

Original design analyses of the surge line did not include stratified flow loading 
conditions. An assessment of stratification effects on the pressurizer surge line was 
necessary to ensure piping integrity and code compliance. The review of the pressurizer 
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surge line stratification concern was performed in several stages. Oconee participated in 
the B&W Owners Group effort to review data from a B&W plant in Germany 
(Muelheim-Kaerlich) and also was actively involved in an extensive data collection 
program on Oconee Unit 1. Additionally, inspections of the surge line design at Oconee 
determined only snubbers were used and no rigid or whip restraints exist on the pipe that 
could restrict the expansion. A B&W Owners Group Report BAW-2085 was prepared to 
justify short term plant operation and to present a bounding analysis. The final report 
BAW-2127 was later submitted to complete the actions requested in the Bulletin 
[Reference 5.4-10]. Activities which were completed to re-establish the design basis 
include revision of the B&W Reactor Coolant System Functional Specification, placing 
restrictions on the heat-ups and cooldowns (this was the genesis of Oconee UFSAR 
Table 5-23), and reanalysis of the piping configuration to take thermal stratification into 
consideration.  

Through the series of correspondences in References 5.4-11 and 5.4-12, the NRC 
reviewed the Oconee responses and determined the actions taken by Oconee met the 
requirements of the Bulletin. The identified thermal stresses are now represented in the 
appropriate stress calculations and the thermal transient cycle count assumptions for the 
reanalyzed pressurizer surge line are included in the review described in 
Section 5.4.1.1.2.  

The inclusion of the pressurizer surge line reanalysis information within the Reactor 
Coolant System piping fatigue design means that no additional plant program is required 
to track the fatigue design basis for 60 years of operation. The trackable transient set for 
all Reactor Coolant System components, which includes the pressurizer surge line, will 
be managed by the Oconee Thermal Fatigue Management Program. Inclusion of this 
information in this program will go beyond addressing the pressurizer surge line 
reanalysis to meet the requirements of IE Bulletin 88-11 and will assure that the analysis 
will remain valid for the period of extended operation.  

For license renewal, continuation of the Oconee Thermal Fatigue Management Program 
into the period of extended operation will assure that the pressurizer surge line reanalysis 
remains valid or that appropriate action is taken in a timely manner to assure continued 
validity of the design.  

5.4.1.1.5 IE BULLETIN 88-08, THERMAL STRESSES IN PIPING CONNECTED TO 
REACTOR COOLANT SYSTEMS 
Since the beginning of initial operation, specific industry operating issues associated with 
thermal fatigue have arisen and licensees have evaluated these issues relative to their 
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existing design configuration. The second of two such issues evaluated at Oconee was 
IE Bulletin 88-08 which requested that all light-water-cooled nuclear power reactor 
licensees review their Reactor Coolant System designs to identify any connected, 
unisolable piping that could be subjected to temperature distributions which would result 
in unacceptable thermal stresses. The elements of this review program are as follows 
[Reference 5.4-6]: 

(1) Review systems connected to the RCS to identify any connected, unisolable piping 
that could be subjected to temperature distributions which would result in 
unacceptable thermal stresses.  

(2) Perform nondestructive examination on the welds, heat-affected zones and high 
stress locations in any piping sections identified in (1) to assure that there are no 
existing flaws.  

(3) Implement a program to provide continuing assurance that unisolable sections of 
piping systems connected to RCS will not be subjected to thermal and mechanical 
loadings that could cause fatigue failure.  

A comparison of actual operating experience to the design transient cycle count 
assumptions, including a projection of assumed future cycles, must be done to determine 
the validity of any analysis performed on the unisolable sections of piping systems 
connected to the Reactor Coolant System when considering 60 years of operation.  

Specific industry issues associated with thermal fatigue were identified for lines 
connecting to the Reactor Coolant System in IE Bulletin 88-08, Thermal Stresses in 
Piping Connected to the Reactor Coolant System. The bulletin, issued on June 22, 1988, 
identified a potential generic problem associated with an incident at Farley Nuclear Plant.  
The incident which was first reported in NRC Information Notice 88-01 involved a 
through wall pipe crack in an emergency core cooling system line. The crack was 
attributed to high cycle thermal fatigue resulting from valve leakage. The bulletin 
identified certain actions and reporting requirement for the licensees. Subsequent 
Supplements 1,2 and 3 to the bulletin provided additional information on other similar 
cracks and emphasized the need for sufficient review of the Reactor Coolant System to 
identify any connected, unisolable piping that could be subjected to thermal stratification 
and the importance of taking action for any such identified piping to ensure that the 
piping would not be subjected to unacceptable thermal stresses.  

Through a series of correspondences [Reference 5.4-13], the NRC was provided the 
results of the Oconee review. The emergency injection lines of the High Pressure 
Injection system were identified as the only unisolable piping potentially susceptible to 
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unacceptable thermal stresses resulting from the type of event described in the bulletin.  
The actions prescribed by the bulletin were completed for these lines in question.  

In addition to the work described here for the bulletin on the emergency injection lines of 
the High Pressure Injection system, the fatigue design of both the normal and emergency 
injection lines, particularly the nozzles connecting to the main Reactor Coolant System 
piping was called into question following the April 21, 1997, unisolable Reactor Coolant 
System leak on Oconee Unit 2. The cause of the leak was a crack in the weld connecting 
the piping to the nozzle safe-end on one of the two normal injection lines in the High 
Pressure Injection system. The cause was judged to be thermal fatigue.  

Following this event and subsequent NRC inspection, the NRC issued a Notice of 
Violation which called into question actions Oconee had taken in response to Generic 
Letter 85-20 where an augmented inservice inspection program had been established for 
detection of High Pressure Injection system cracks. Oconee actions are further described 
in Section 5.4.7.2 of the Oconee UFSAR [Reference 5.4-3].  

The Notice of Violation [Reference 5.4-14] and Duke's response [Reference 5.4-15] 
provide additional details. The important issue for license renewal application 
development is the timing of the commitment in Reply 3(d) to Violation b(2) in Duke's 
response to provide a revised submittal to IE Bulletin 88-08. In a February 26, 1998 letter 
[Reference 5.4- 16] which served as a follow-up to the initial response to the Notice of 
Violation, Oconee committed to provide a final supplement to IE Bulletin 88-08 by 
July 1, 2000. As of June 1998, the work to meet this commitment is ongoing.  

For license renewal, the results of the revised LE Bulletin 88-08 submittal will establish a 
more easily trackable fatigue design basis which will allow fatigue management of the 
High Pressure Injection lines.through 60 years of operation. Upon completion of the 
reanalysis which supports this revised IE Bulletin 88-08 submittal, the High Pressure 
Injection results will be included in the Oconee Thermal Fatigue Management Program.  

For license renewal, continuation of the Oconee Thermal Fatigue Management Program 
into the period of extended operation will assure that the analyses remain valid or that 
appropriate action is taken in a timely manner to assure continued validity of the design.  

5.4.1.2 Flaw Growth Acceptance under ASME Boiler and Pressure Code Section XI 
As background, the NRC periodically amends §50.55a [Reference 5.4-17] to incorporate 
by reference an edition and applicable Addenda of the ASME Boiler and Pressure Vessel 
Code, Section XI, with specified modifications and limitations. Throughout the service 
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life of nuclear power plants, components which are classified as ASME Code Class 1, 
must meet the requirements, except design and access provisions and preservice 
examination requirements, set forth in Section XI of editions of the ASME Code and 
Addenda that are incorporated by reference in §50.55a(b). These requirements are 
subject to the limitations and modifications described in §50.55a and to the extent 
practical within the limitations of design, geometry and materials of construction of the 
components [Reference 5.4-17, (g)(4)].  

Inservice examination of components and system pressure tests conducted during 
successive 120-month inspection intervals, following the initial 120-month inservice 
inspection interval, must comply with the requirements of the latest edition and Addenda 
of the Code incorporated by reference in §50.55a(b) twelve months prior to the start of 
the 120-month inspection interval, subject to the limitations and modifications listed in 
paragraph §50.55a(b) [Reference 5.4-17, (g)(4)(ii)]. Oconee is currently operating in the 
third inservice inspection interval. The renewal license period of extended operation for 
Oconee will contain the fifth and sixth inservice inspection intervals.  

The ASME Section XI inservice inspection (ISI) requirements are contained in 
Subsection IWB for Class 1 pressure retaining components, Subsection IWC for Class 2 
pressure-retaining components, and Subsection IWD for Class 3 pressure retaining 
components. Inservice inspection at Oconee has, in a number of instances, lead to the 
identification of crack-like indications (primarily in welds). For indications detected 
during ISI that exceed acceptance standards in IWB, IWC, and IWD (1) repairs may be 
made, (2) affected portions of the component may be replaced, or (3) the flaw may be 
shown to be acceptable through analytical evaluation.  

Acceptance through analytical evaluation requires a prediction of crack growth through 
the end of service life of the component. The crack growth analysis is based on fracture 
mechanics techniques and helps determine the course of action required in the 
management of these flaws. Indications that are determined not to grow beyond an 
acceptable limit during the projected lifetime of the component are justified for continued 
operation. These crack growth analyses involve the same design thermal transient cycle 
assumptions considered in the original design. Because the crack growth rate determined 
by these analyses may further limit the design life of the components, a review of these 
analyses is required in order to justify 60 years of operation. For license renewal, Duke 
identified the specific fracture mechanics analyses that have been performed at Oconee 
and then re-evaluated these analyses for the period of extended operation.  
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A review of the ASME Section XI Summary Reports was initially conducted for all, 
reportable conditions discovered during the first and second inspection intervals for each 
of the three Oconee units. The scope of this review was limited to the reportable items 
for which fracture mechanics analyses or other evaluations were performed. The 
summary reports initially reviewed were for Refueling Outages 1 through 15 for Oconee 
Unit 1; Refueling Outages 1 through 14 for Unit 2; and Refueling Outages 1 through 14 
for Unit 3. Subsequently, as refueling outages are completed, fracture mechanics 
analyses are also being reviewed for acceptability for the period of extended operation.  

The results of this review have identified the following general flaw locations that have 
not been demonstrated to be acceptable for the number of controlling design basis 
transients (e.g., 360 design cycles or normal heatup/cooldown): 

Oconee Unit 1: 
* Pressurizer near heater bundle 
* Pressurizer support lugs 
* OTSG at the upper head to tubesheet region 
* Reactor vessel at the reactor vessel flange to shell region 
* Control rod drive motor tube housings 

Oconee Unit 2: 
* Core Flood Tank dump valve to nozzle 
* Pressurizer upper head to shell region 
* Control rod drive motor tube housings 

Oconee Unit 3: 
* None 

These locations with limiting transient assumptions are being managed under the Oconee 
Thermal Fatigue Management Program.  

5.4.1.3 Thermal Fatigue Management Program 
The Thermal Fatigue Management Program tracks actual plant thermal cycles for those 
components that contain design features that have explicit design basis transient cycle 
assumptions in order to assure the continued validity of the component design basis. The 
component scope requiring design thermal cycle limit confirmation for license renewal is: 

(1) Reactor Coolant System components (including piping connected to the Reactor 
Coolant System falling under the purview of IE Bulletins 88-11 and 88-08).  
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(2) Components falling within the Oconee ISI Program that contain flaws detected during 
ISI that exceeded acceptance standards, but were shown to be acceptable by analysis.  
Fracture mechanics analyses for these components will fall into two categories: 

(a) ASME Section XI ISI Class 1 fracture mechanics analyses 
(b) ASME Section XI ISI Class 2 or 3 fracture mechanics analyses that are based 

on cycle assumptions less than 7000 cycles (or 22,000 cycles for the 
components in the pressurizer sample line) 

From continual monitoring of plant operating conditions, the responsible engineer will 
discover plant conditions that meet the definition of a transient cycle defined by this 
program. Upon discovery of each transient cycle required to be documented by the 
program, the responsible engineer will tabulate the cycle count information. The 
tabulated information allows a comparison of the accumulated cycles to the overall 
allowable cycles required to be documented. Not all transient events require 
documenting since some analysis categories assumed values that far exceed what can be 
accomplished physically within 60 years of plant operation, and some transient events 
will result in negligible fatigue. If a transient cycle count approaches or exceeds the 
allowable design limit, corrective action steps are taken.  

The Oconee Thermal Fatigue Management Program is implemented by an engineering 
procedure in accordance with Oconee ITS 5.5.6, Component Cyclic or Transient Limit for 
components covered within Oconee UFSAR, Section 5.2.1.4. These components 
comprise set (1) above. For license renewal, the program will be enhanced to more 
explicitly cover the components in set (2).  

For license renewal, continuation of the Oconee Thermal Fatigue Management Program 
into the period of extended operation will provide reasonable assurance that the analyses 
will remain valid or that appropriate action is taken in a timely manner to assure 
continued validity of the design.  
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5.4.2 REACTOR VESSEL 

Duke actively participated in a B&W Owners Group effort that developed a series of 
topical reports whose purpose was to demonstrate that the aging effects for reactor 
coolant system components are adequately managed for the period of extended operation 
for license renewal. One of the B&W Owners Group topical reports that was submitted 
and is currently under NRC review is BAW-2251 [Reference 5.4-18] which addresses the 
reactor vessel. Time-limited aging analyses applicable to the reactor vessel are addressed 
within BAW-2251. Pending approval of BAW-2251 by the NRC, these time-limited 
aging analysis evaluations are repeated in OLRP-1001. However, in some instances 
(i.e. pressurized thermal shock and upper shelf energy) the results for Oconee supersede 
those results presented in BAW-225 1.  

Time-limited aging analyses that are applicable to the Reactor Vessel include (1) thermal 
fatigue which is addressed in Section 5.4.1.1; (2) flaw growth acceptance under ASME 
Boiler and Pressure Code Section XI which is addressed in Section 5.4.1.2; 
and (3) neutron embrittlement of the beltline region, including pressurized thermal shock 
and Charpy upper-shelf energy reduction, is addressed in Sections 5.4.2.1 and 5.4.2.2; 
and (4) intergranular separation in HAZ of low alloy steel under austenitic stainless steel 
weld cladding is addressed in Section 5.4.2.3.  

The Oconee Reactor Vessel Integrity Program as described in Chapter 4 of OLRP-1001 
is being utilized to ensure that the time dependent parameters used in the TLAA 
evaluations reported in BAW-2251 are tracked such that the TLAA remain valid through 
the period of extended operation for Oconee [Footnote 11].  

5.4.2.1 Pressurized Thermal Shock 
Section 50.61(b)(1) provides rules for protection against pressurized thermal shock events 
for pressurized water reactors. Licensees are required to perform an assessment of the 
projected values of reference temperature whenever a significant change occurs in projected 
values of RTpers, or upon request for a change in the expiration date for the operation of the 
facility. For license renewal, RTprs values are calculated for 48 EFPY for Oconee 
Units 1, 2, and 3.  

11. Follow-up RAI #4 to BAW-2251 states: "Each license renewal applicant will define a process to 
ensure that the time dependent parameters used in the TLAA evaluations reported in BAW-2251 are 
tracked such that the TLAA remain valid through the period of extended operation." The GLRP 
response indicated that the process would be defined on a plant-specific basis at the time of license 
renewal application.  
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Section 50.6 1(c) provides two methods for determining RTprs: (Position 1) for material that 
does not have surveillance data available, and (Position 2) for material that does have 
surveillance data. Availability of surveillance data is not the only measure of whether 
Position 2 [Footnote 12] may be used; the data must also meet tests of sufficiency and 
credibility.  

RTer is the sum of the initial reference temperature (IRTNDT), the shift in reference 
temperature caused by neutron irradiation (ARTNDT), and a margin term (M) to account for 
uncertainties.  

IRTNDT is determined using the method of Section III of the ASME Boiler & Pressure 
Vessel Code. That is, IRTNDT is the greater of the drop weight nil-ductility transition 
temperature or the temperature that is 60 oF below that at which the material exhibits 
Charpy test values of 50 ft-lbs and 35 mils lateral expansion. For a material for which 
test data is unavailable, generic values may be used if there are sufficient test results for 
that class of material. For Linde 80 weld material with the exception of WF-70, the 
IRTNDT is taken to be the currently NRC accepted values of -7 oF or -5 oF. For WF-70, 
the IRTNDT is similarly taken to be a measured value, -26.5 OF, in accordance with the 
discussion and results presented in BAW-2202 [Footnote 13][Reference 5.4-19]. For 
forgings and plate material, measured values are used where appropriate data is available.  
Where not available, the generic value of +3 OF is used for forgings and +1 oF is used for 
plate material [Reference 5.4-20].  

For Position 1 material (surveillance data not available), ARTNDT is defined as the product 
of the chemistry factor (CF) and the fluence factor (ff). CF is a function of the material's 
copper and nickel content expressed as weight percent. "Best estimate" copper and nickel 
contents are used which is the mean of measured values for the material. For Oconee, best 
estimate values were obtained from the following FTI reports: BAW-1820, BAW-2121P, 
BAW-2166, and BAW-2222 [Footnote 14] [References 5.4-21, 5.4-22, 5.4-23, and 5.4-24].  

12. The term "Position" is taken from Regulatory Guide 1.99, the methodology of which was 
incorporated into 10 CFR 50.61.  

13. BAW-2202 is an Ff1 topical report submitted to the NRC for their acceptance on September 29, 1993.  
The NRC's acceptance for use at the Zion plants was published in the Federal Register, Vol. 59, No. 40, 
Pages 9782-9785, March 1, 1994.  

14. BAW-1820 and BAW-2121P were provided to the NRC for their information. BAW-2166 and 
BAW-2222 were provided to the NRC as part of the Generic Letter 92-01 program.  
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The value of CF is directly obtained from tables in §50.61. ff is a calculated value 
[Footnote 15] using end-of-license (EOL) peak fluence at the inner surface at the material's 
location. Fluence values were obtained by extrapolation to 48 EFPY of the current 32 
EFPY values for each Oconee unit.  

For beltline welds and plate materials for which surveillance data is available, evaluations 
were performed in accordance with Regulatory Guide 1.99, Revision 2, Position 2. The 
applicable chemistry factors, margin, and RTprs at 48 EFPY are summarized in 
Tables 5.4-1 through 5.4-3.  

For Position 2 material (surveillance data available), the discussion above for Position 1 
applies except for determination of CF, which in this instance is a material-specific value 
calculated as follows: 

(1) Multiply each ARTNDT value by its corresponding ff.  

(2) Sum these products.  

(3) Divide this sum by the sum of the squares of the ffs.  

The margin term (M) is generally determined as follows: 

M = 2(al 2 +A2 ) 0.5 

where r is the standard deviation for IRTNDT 

and oA is the standard deviation for ARTNDT.  

For Position 1, or = 0 if measured values are used. If generic values are used, a1 is the 
standard deviation of the set of values used to obtain the mean value. For ARTNDT, 
on = 28 0F for welds and 170F for base metal (plate and forgings), except that oA need not 
exceed one-half of the mean value of ARTNDT. For Position 2, the same method for 
determining the a values are used except that the oA values are halved (14'F for welds and 
8.5 0F for base metal).  

15. ff = fo.2'-o.elos", where f= fluence*10 19 (n/cm 2, E>1MeV).  

5.4-13 
Revision 2 

Volume UI.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for the Reactor Coolant System and Class 1 Components 

Section 50.61(b)(2) establishes screening criteria for RTvrs: 2700 F for plates, forgings, 
and axial welds and 300oF for circumferential welds. The values for RTprs at 48 EFPY are 
provided in Tables 5.4-1, 5.4-2, and 5.4-3 for Units 1, 2, and 3, respectively and supersede 
the values provided in Appendix A of BAW-2251 [Reference 5.4-18] for Oconee Nuclear 
Station. The revised RTprs values reported herein are based on updated 48 EFPY fluence 
projections using the evaluation based methodology described in BAW-2251 Appendix D 
and BAW-2241P [Reference 5.4-25].  

The projected RTprs values for Units 1 and 3 are within the established screening criteria 
for 48 EFPY. For Unit 1, the limiting weld is SA-1073 with a projected value of RTers at 
48 EFPY of 230.3oF ( screening limit of 270oF). For Unit 3, the limiting weld is WF-67 
with a projected value of RTers at 48 EFPY of 253.5oF (screening limit of 300oF).  

For Unit 2, the projected RTprs value for 48 EFPY is 300. 1F which is 0. 1oF above the 
established screening criteria or 300oF for circumferential welds. Section 50.61(b)(3) 
requires that licensees implement flux reduction programs that are reasonably practical to 
avoid exceeding the screening criteria set forth in §50.61(b)(2).  

Duke commits to the following activities in order to avoid exceeding these screening 
criteria at Oconee during the period of extended operation: 

(1) Duke will continue our practice of using low leakage core designs for each unit of 
Oconee; 

(2) Duke will continue our involvement in various industry activities that provide new 
information or new analysis techniques associated with the reactor vessel beltline 
region. These activities include, but are not limited to, the development of the master 
curve technique which will establish a generic initial value of RTNDT of -27 'F Linde 80 
welds (WF 25, the limiting weld for Unit 2 is a Linde 80 weld); 

(3) Duke will provide additional projected values of RTprs at 48 EFPY for each Oconee 
unit as follows: 

(a) in 2013 (which is 40 years of operation or approximately 33 EFPY) 
(b) in 2023 (which is 50 years of operation or approximately 41 EFPY) 

5.4.2.2 Charpy Upper-Shelf Energy 
Appendix G of 10 CFR 50 requires that reactor vessel beltline materials "have Charpy 
upper-shelf energy ... of no less than 75 ft-lb initially and must maintain Charpy upper-shelf 
energy throughout the life of the vessel of no less than 50 ft-lb ... ." The B&WOG positions 
on upper shelf energy for 32 EFPY are documented in the responses to 
Generic Letter 92-01, as reported in BAW-2166 and BAW-2222 and, the low upper shelf 
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toughness analyses documented in BAW-2275 [Reference 5.4-26], which is included in 
BAW-2251 [Reference 5.4-18] as Appendix B.  

Regulatory Guide 1.99, Revision 2 provides two methods for determining Charpy upper
shelf energy (CvUSE): Position 1 for material that does not have surveillance data available 
and Position 2 for material that does have surveillance data. For Position 1, the percent 
drop in CvUSE, for a stated copper content and neutron fluence, is determined by reference 
to Figure 2 of Regulatory Guide 1.99, Revision 2. This percentage drop is applied to the 
initial CvUSE to obtain the adjusted CvUSE. For Position 2, the percent drop in CvUSE is 
determined by plotting the available data on Figure 2 and fitting the data with a line drawn 
parallel to the existing lines that upper bounds all the plotted points.  

The 48 EFPY CvUSE values were determined for the reactor vessel beltline materials for 
each Oconee Unit are reported in Table 5.4-4 through 5.4-6. The T/4 fluence values 
reported in these tables were calculated in accordance with the ratio of inner surface to T/4 
values (i.e. neutron fluence lead factors at T/4) determined in the latest Reactor Vessel 
Surveillance Program report [Footnote 16]. As shown in these tables, the CvUSE is 
maintained above 50 ft-lb for base metal (plates and forgings), however, for Oconee the 
CvUSE for weld metal drops below the required 50 ft-lb level at 48 EFPY. Appendix G of 
10 CFR 50 provides for this by allowing operation with lower values of CvUSE if " ... it is 
demonstrated ... that the lower values of Charpy upper-shelf energy will provide margins of 
safety against fracture equivalent to those required by Appendix G of Section XI of the 
ASME Code." 

This equivalent margin analysis was performed for 48 EFPY and is reported in BAW-2275 
for service levels A, B, C, and D. The analysis used very conservative material models and 
load combinations, i. e., treating thermal gradient stress as a primary stress. For service 
levels A and B, the analytical results demonstrate that there is sufficient margin beyond that 
required by the acceptance criteria of Appendix K of the ASME Code (1995 Edition). For 
service levels C and D, the most limiting transient was evaluated, and again the analytical 
results demonstrate that there is sufficient margin beyond that required by the acceptance 
criteria of Appendix K of the ASME Code. The evaluations for all service levels 

16. The current projected 48 EFPY fluence values for Unit I welds are slightly greater than that reported in 
BAW-225 1, Table 4-4. A calculation has been performed which shows that the weld metals of Oconee 
Unit I continue to satisfy the acceptance criteria of Appendix K of Section XI of the ASME Code. The 
current projected 48 EFPY fluence values for Units 2 and 3 are less that those values presented in 
BAW-2251, Tables 4-5 and 4-6. The values reported in these two tables of BAW-2251 are 
conservatively bounding.  
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conclusively demonstrate the adequacy of margin of safety against fracture for the three 
Oconee reactor vessels within the scope of this report for 48 EFPY.  

5.4.2.3 Intergranular Separation in HAZ of Low Alloy Steel under Austenitic SS 
Weld Cladding 
Intergranular separations in low alloy steel heat-affected zones under austenitic stainless 
steel weld claddings were detected in SA-508, Class 2 reactor vessel forgings 
manufactured to a coarse grain practice, and clad by high-heat-input submerged arc 
processes. BAW-10013 contains a fracture mechanics analysis that demonstrates the 
critical crack size required to initiate fast fracture is several orders of magnitude greater 
than the assumed maximum flaw size plus predicted flaw growth due to design fatigue 
cycles. The flaw growth analysis was performed for a 40-year cyclic loading, and an end
of-life assessment of radiation embrittlement (i.e., fluence at 32 EFPY) was used to 
determine fracture toughness properties. The report concluded that the intergranular 
separations found in B&W vessels would not lead to vessel failure. This conclusion was 
accepted by the AEC [Footnote 17]. To cover the period of extended operation, an 
analysis was performed using current ASME Code requirements; this analysis is fully 
described in BAW-2274 [Reference 5.4-27] which is contained in BAW-2251 as 
Appendix C.  

In May 1973, the Atomic Energy Commission issued Regulatory Guide 1.43, "Control of 
Stainless Steel Weld Cladding of Low-Alloy Steel Components," [Reference 5.4-28].  
The guide states that underclad cracking "...has been reported only in forgings and plate 
material of SA-508 Class 2 composition made to coarse grain practice when clad using 
high-deposition-rate welding processes identified as 'high-heat-input' processes such as 
the submerged-arc wide-strip and the submerged-arc 6-wire processes. Cracking was not 
observed in clad SA-508 Class 2 materials clad by 'low-heat-input' processes controlled 
to minimize heating of the base metal. Further, cracking was not observed in clad SA
533 Grade B Class 1 plate material, which is produced to fine grain practice.  
Characteristically, the cracking occurs only in the grain-coarsened region of the base
metal heat-affected zone at the weld bead overlap." The guide also notes that the 
maximum observed dimensions of these subsurface cracks is 0.165-inch deep by 0.5-inch 
long.  

The BAW-10013 fracture mechanics analysis is a flaw evaluation performed before the 
ASME Code requirements for flaw evaluation, the Kla curve for ferritic steels as indexed 

17. R. C. DeYoung (USAEC) to J. F. Mallay (B&W), letter transmitting topical report evaluation, 
October 11, 1972.  
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against RTNDT, and the ASME Code fatigue crack growth curves for carbon and low 
alloy ferritic steels were available. The revised analysis uses current fracture toughness 
information, applied stress intensity factor solutions, and fatigue crack growth 
correlations for SA-508 Class 2 material. The objective of the analysis is to determine 
the acceptability of the postulated flaws for 48 EFPY using ASME Code, Section XI, 
(1995 Edition), IWB-3612 acceptance criteria.  

The revised analysis was applied to three relevant regions of the reactor vessel: the 
beltline, the nozzle belt, and the closure head/head flange. The analysis conservatively 
considered 360 cycles of 100 F/hr normal heatup and cooldown transients. For the power 
maneuvering transients, the range in applied stress intensity factors for the closure head 
region were assumed to be the same as that determined for the beltline region. This 
assumption is considered conservative since the closure head region is subject to a low 
flow condition while the beltline region is subject to a forced flow condition.  

An initial flaw size of 0.353-inch deep by 2.12-inch long (6:1 aspect ratio) was 
conservatively assumed for each of the three regions. The flaw was further assumed to be 
an axially oriented, semi-elliptical surface flaw in contrast to the observed flaws which 
are subsurface with a maximum size of 0.165-inch deep by 0.5-inch long.  

The maximum crack growth and applied stress intensity factor for the normal and upset 
conditions were found to occur in the nozzle belt region. The maximum crack growth, 
considering all the normal and upset condition transients for 48 EFPY, was determined to 
be 0.180-inch, which results in a final flaw depth of 0.533-inch. The maximum applied 
stress intensity factor for the normal and upset condition results in a fracture toughness 
margin of 3.6 which is greater than the IWB-3612 acceptance criterion of 3.16.  

The maximum applied stress intensity factor for the emergency and faulted conditions 
occurs in the closure head to head flange region and the fracture toughness margin was 
determined to be 2.24, which is greater than the IWB-3612 acceptance criterion of 1.41.  
It is therefore concluded that the postulated intergranular separations in the Oconee 
Unit 1, 2, and 3 reactor vessel 508 Class 2 forgings are acceptable for continued safe 
operation through the period of extended operation.  
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5.4.3 REACTOR VESSEL INTERNALS 

Duke actively participated in a B&W Owners Group effort that developed a series of 
topical reports whose purpose was to demonstrate that the aging effects for reactor 
coolant system components and component groups are adequately managed for the period 
of extended operation for license renewal. One of the B&W Owners Group topical 
reports that was submitted and is currently under NRC review is BAW-2248 
[Reference 5.4-29]which addresses the reactor vessel internals. Time-limited aging 
analyses applicable to the three Oconee reactor vessel internals are addressed within 
BAW-2248.  

Time-limited aging analyses that are applicable to the Oconee reactor vessel internals 
include: (1) flow-induced vibration endurance limit assumptions; (2) transient cycle 
count assumptions for the replacement bolting; and (3) reduction in fracture toughness.  

For license renewal, the Reactor Vessel Internals Aging Management Program will 
assure that appropriate action is taken in a timely manner to assure continued validity of 
the design of the Reactor Vessel Internals. This program is discussed in Chapter 4 of 
OLRP-1001.  

5.4-18 
Revision 2 

Volume UI.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for the Reactor Coolant System and Class 1 Components 

5.4.4 REACTOR COOLANT PUMP FLYWHEEL 

The reactor coolant pump motors are large, vertical, squirrel cage, induction motors. The 
motors have flywheels to increase rotational-inertia, thus prolonging pump coastdown 
and assuring a more gradual loss of main coolant flow to the core in the event that pump 
power is lost. The flywheel is mounted on the upper end of the rotor, below the upper 
radial bearing and inside the motor frame. The assumed operation of the reactor coolant 
pumps was 500 motor starts over forty years. The aging effect of concern is fatigue crack 
initiation in the flywheel bore key way from stresses due to starting the motor 
[Reference 5.4-5, Section 5.4.4.2]. Therefore, this topic is considered to be a time
limited aging analysis for license renewal.  

The flywheels have been designed for 10,000 starts that provide a safety factor of 20 over 
the original operation assumptions. Reaching 10,000 starts in 60 years would require on 
average a pump start every 2.1 days. This conservative design is considered to be valid 
for the period of extended operation.  

For license renewal, the effects of aging on the integrity of the reactor coolant pump 
flywheel will be adequately managed by the Reactor Coolant Pump Flywheel Inspection 
Program, Oconee Improved Technical Specification 5.5.8.  
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Table 5.4-1 Evaluation of Reactor Vessel Pressurized Thermal Shock Toughness Properties at 48 EFPY - Oconee Unit 1 

Material Descri Chemical 
Composition 

Reactor Vessel Mat Heat Ni Initial Chemistry Fluence, n/cm ART-or, F RTns. F Screening 
Beline Region Location ident Number Type lwt%' W RTrr Factor Inside Surface at 48 EFPY Margin at 48 EFPY Crieria 

10 CFR 50.61 (Tables) 

Lower Nozzle Belt Forging AHR 54 ZV-2861 A 508 Cl. 2 0.16 0.65 +3 119.3 1.11E+18 52.2 70.7 126.0 270 
Intermediate Shell Plate C2197-2 C2197-2 SA-302 Gr. BM* 0.15 0.50 +1 104.5 1.18E+19 109.3 63.6 174.0 270 
Upper Shell Plate C3265-1 03265-1 SA-302 Gr. BM* 0.10 0.50 +1 65.0 1.31E+19 69.9 -63.6 134.5 270 
Upper Shell Plate . C3278-1 C3278-1 SA-302 Gr. BM* 0.12 0.60 +1 83.0 1.31E+19 89.2 63.6 153.9 270 
Lower Shell Plate C2800-1 C2800-1 SA-302 Gr. BM* 0.11 0.63 +1 74.5 1.31 E+19 80.0 63.6 144.7 270 
Lower Shell Plate C2800-2 C2800-2 SA-302 Gr. BM* 0.11 0.63 +1 74.5 1.31 E+19 80.0 63.6 144.7 270 

LNB to IS Circ. Weld (100%) SA-1135 61782 ASA/Linde 80 0.23 0.52 -5 157.4 1.11E+18 69.0 68.5 132.4 300 
IS Longit. Weld (Both 100%) SA-1073 1P0962 ASA/Linde 80 0.21 0.64 -5 170.6 9.24E+18 166.8 68.5 (230.3] 270 
IS to US Cire. Weld (ID 61%) SA-1229 71249 ASA/Linde 80 0.23 0.59 +10 167.6 1.19E+19 175.7 56.0 241.7 300 
US Longit. Weld (Both 100%) SA-1493 871762 ASA/Linde 80 0.19 0.55 -5 149.3 1.12E+19 154.0 68.5 217.4 270 
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde 80 0.22 0.54 -5 158.0 1.27E+19 168.5 68.5 232.0 300 
LS Longit. Weld (100%) SA-1426 871762 ASA/Linde 80 0.19 0.55 -5 149.3 1.08E+19 152.5 68.5 215.9 270 
LS Longit. Weld (100%) SA-1430 8T1762 ASA/Linde 80 0.19 0.55 -5 149.3 1.08E+19 152.5 68.5 215.9 270 
10 CFR 50.61 (Surveillance Data) 

LNB to IS Circ. Weld (100%) SA-1135 61782 ASA/Linde 80 0.23 0.52 -5 133.0 1.11E+18 58.3 48.3 101.6 300 
US to LS Cire. Weld (100%) SA-1585 72445 ASA/Linde 80 0.22 0.54 -5 151.8 1.27E+19 161.9 48.3 205.2 300 
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Table 5.4-2 Evaluation of Reactor Vessel Pressurized Thermal Shock Toughness Properties at 48 EFPY - Oconee Unit 2 

Mlaterial Description Chemnical 
1 Composition 

Reactor VEsl Matt Heat Cu Ni Initial Chemistry Fluence, n/Ictn ARTwo7, F RT7rs, F Screening 
Beltline Region Loato det. NumberI Type wtll wt% RTurr Factor Inside Surface at 48 EFPY Margin at 48 EFPY Criteria 

10 CFR 50.61 (Tables) 

Lower Nozzle Belt Forging AMX 77 123T382 A 508 Cl. 2 0.13 0.78 +3 95.0 1.19E+19 99.6 70.7 173.3 270 
Upper Shell Forging AAW 163 3P2359 A 508 Cl. 2 0.04 0.75 +20 26.0 1.28E+19 27.8 27.8 75.6 270 
Lower Shell Forging AWG 164 4P1885 A 508 Cl. 2 0.02 0.80 +20 20.0 1.27E+19 21.3 21.3 62.7 270 

LNB to US Cire. Weld (100%) WF-154 406L.44 ASA/Linde 80 0.28 0.59 -5 185.7 1.19E+19 194.7 68.5 258.1 300 
US to LS Circ. Weld (100%) ,WF-25 299L_44 ASA/Linde 80 0.34 0.68 -5 220.6 1.23E+19 233.3 68.5 296.8 300 
10 CFR 50.61 (Surveillance Data) 

Upper Shell Forging .AAW 163 3P2359 A 508 CI. 2 0.04 0.75 +20 8.9 1.28E+19 9.5 9.5 39.0 270 

US to LS Cire. Weld (100%) WF-25 299L_44 ASA/Linde 80 10. 34 0.681 -5 223.7 1.23E+19 236.6 68.5 [300.1] 300 
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Table 5.4-3 Evaluation of Reactor Vessel Pressurized Thermal Shock Toughness Properties at 48 EFPY - Oconee Unit 3 

Material DescrIption Ceia 
Composition 

Reco 8ese Mat Ha Cu NiIinitial Chemistry Fluence, n/crn2 ART or, F RTprs, F Screening 
Beltfine Region Loction Ident. Nuber Type, w% wt% RTrT Factor Inside Sudface at 48 EFPY Margin at 48 EFPY Criteria 

10 CFR 50.61 (Tables) 

Lower Nozzle Belt Forging 4680 4680 A 508 Cl. 2 0.13 0.91 +3 96.0 1.14E+19 99.5 70.7 173.2 270 Upper Shell Forging AWS 192 522314 A 508 CI. 2 0.01 0.73 +40 20.0 1.26E+19 21.3 21.3 82.6 270 Lower Shell Forging ANK 191 522194 A 508 CI. 2 0.02 0.76 +40 20.0 1.26E+19 21.3 21.3 82.6 270 

LNB to US Circ. Weld (100%) WF-200 821T44 ASA/Linde 80 0.25 0.63 -5 181.0 1.14E+19 187.6 68.5 251.0 300 US to LS Circ. Weld (ID 75%) WF-67 72442 ASA/Linde 80 0.26 0.60 -5 180.0 1.22E+19 190.0 68.5 [253.5] 300 
10 CFR 50.61 (Surveillance Data) 

Upper Shell Forging AWS 192 522314 A 508 CI. 2 0.01 0.73 +40 47.4 1.26E+19 50.5 34.0 124.5 270 Lower Shell Forging ANK 191 522194 A 508 C. 2 0.02 0.76 +40 32.5 1.26E+19 34.6 17.0 91.6 270 
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Table 5.4-4 Evaluation of Reactor Vessel Extended Life (48EFPY) Charpy V-Notch Upper-Shelf Energy - Oconee Unit 1 

Material Description 48 Ef4Y luence 
Copper Initial T/4 Location, Estimated 48 EFPY 48 EFPY.% Drop 

Composition CvUSE n/cm' CvUTSE at T/4 at T/4 
w/o ft-Ibs 

Regulatory Guide 1.99, Revision 2, Position I 

Lower Nozzle Belt Forging AHR-54 ZV-2861 A508 C1.2 0.16 109 9.18E+17 94 14 
Intermediate Shell Plate C2197-2 C2197-2 SA-302 Gr. B M 0.15 81 6.22E+18 63 22 
Upper Shell Plate C3265-1 C3265-1 SA-302 Gr. B M 0.10 108 7.06E+18 90 17 
Upper Shell Plate C3278-1 C3278-1 SA-302 Gr. B M 0.12 81 7.06E+18 66 19 
Lower Shell Plate C2800-1 C2800-1 SA-302 Gr. B M 0.11 81 6.78E+18 66 18 
Lower Shell Plate C2800-2 C2800-2 SA-302 Gr. B M 0.11 119 6.78E+18 98 18 

LNB to IS Circ. Weld (100%) SA-1135 61782 ASA/Linde 80 0.25 70 9.18E+17 55 22 
IS Longit. Weld (Both 100%) SA-1073 1P0962 ASA/Linde 80 0.21 70 4.91E+18 50 29 
IS to US Circ. Weld (61% ID) .SA-1229 71249 ASA/Linde 80 0.26 70 6.22E+18 45 36 
IS to US Circ. Weld (39% OD) WF-25 299LA4 ASA/Linde 80 0.35 70 ------ -
US Longit Weld (Both 100%) SA-1493 8T1762 ASA/Linde 80 0.20 70 5.66E+18 49 30 
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde 80 0.21 70 6.78E+18 48 32 
LS Longit. Weld (100%) SA-1430 8T1762 ASA/Linde 80 0.20 70 5.71E+18 49 30 
LS Longit. Weld (100%) SA-1426 8T1762 ASA/Linde 80 0.20 70 5.71E+18 49 30 
LS to Dutch. Circ. Weld (100%) WF-9 72445 ASA/Linde 80 0.21 70 3.95E+16 64 9 

Regulatory Guide 1.99, Revision 2, Position 2 

Upper Shell Plate C3265-1 C3265-1 SA-302 Gr. B M 0.10 108 7.06E+18 91 16 

LNB to IS Circ. Weld (100%) SA-1135 61782 ASAILinde 80 0.25 70 9.18E+17 53 24 
IS to US Circ. Weld (61% ID) SA-1229 . 71249 ASA/Linde 80 0.26 70 6.22E+18 47 33 
IS to US Circ. Weld (39% OD) WF-25 299L44 ASA/Linde 80 0.35 70 ------ -
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde 80 0.21 70 6.78E+18 48 31 
LS to Dutch. Circ. Weld (100%) WF-9 72445 ASA/Linde 80 0.21 70 3.95E+16 64 9 
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Table 5.4-5 Evaluation of Reactor Vessel Extended Life (48 EFPY) Charpy V-Notch Upper-Shelf Energy - Oconee Unit 2 

Material Description 

48 EIPY Fluence 
vCpper Initial T/4 Location, Estimated 48 EFPY 

Composition CvUSE, n/crn CvUSE at T/4 48 EYPY % Drop 
w/o ft-lbs at T/4 

Regulatory Guide 1.99, Revision 2, Position 1 

Lower Nozzle Belt Forging AMX-77 123T382 A508 C1.2 0.06 109 6.83E+18 94 14 
Upper Shell Forging . AAW-163 3P2359 A508 C1.2 0.04 133 7.78E+18 117 12 
Lower Shell Forging AWG-164 4P1885 A508 C1.2 0.02 138 7.45E+18 124 10 

LNB to US Circ. Weld (100%) WF-154 406L44 ASAILinde 80 0.31 70 6.83E+18 42 40 
US to LS Circ. Weld (100%) WF-25 299L44 ASA/Linde 80 0.35 70 7.45E+18 41 41 
LS to Dutch. Circ. Weld (100%) WF-112 406L44 ASA/Linde 80 0.31 70 4.36E+16 62 12 

Regulatory Guide 1.99, Revision 2, Position 2 

Upper Shell Forging AAW-163 3P2359 A508 C1.2 0.04 133 7.78E+18 116 13 

NB to US Circ. Weld (100%) WF-154 406144 ASA/Linde 80 0.31 70 6.83E+18 45 36 
US to LS Circ. Weld (100%) WF-25 299144 ASAILinde 80 0.35 70 7.45E+18 44 37 
LS to Dutch. Circ. Weld (100%) WF-112 406144 ASA/Linde 80 0.31 70 4.36E+16 62 11 
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Table 5.4-6 Evaluation of Reactor Vessel Extended Life (48 EFPY) Charpy V-Notch Upper-Shelf Energy - Oconee Unit 3 

Material Description 

48 EFPY Fluence 
Copper Initial T/4 Location, Estimated 48 EFTY 

Composition CvUSE, n/cm CvUSE at T/4 48 EFPY % Drop 
w/o ft-lbs at T/4 

Reactor Vessel Matl. Hleat 
Beltline Region Location Ident Number Type 

a t pI.f 

Regulatory Guide 1.99, Revision 2, Position 1 

Lower Nozzle Belt Forging 4680 4680 A508 C1.2 0.13 109 6.66E+18 87 20 Upper Shell Forging AWS-192 522314 A508 C1.2 0.01 112 7.56E+18 102 9 Lower Shell Forging ANK-191 522194 A508 C1.2 0.02 144 7.28E+18 130 10 

LNB to US Circ. Weld (100%) WF-200 821T44 ASA/Linde 80 0.24 70 6.66E+18 46 35 US to LS Circ. Weld (75% ID) WF-67 72442 ASA/Linde 80 0.24 70 7.28E+18 46 35 US to LS Circ. Weld (25% OD) WF-70 72105 ASA/Linde 80 0.35 70 -----
LS to Dutch. Circ. Weld (100%) WF-169-1 8T1554 ASAILinde 80 0.18 70 4.23E+16 64 9 

Regulatory Guide 1.99, Revision 2, Position 2 

Upper Shell Forging AWS-192 522314 A508 C.2 0.01 112 7.56E+18 95 15 Lower Shell Forging ANK-191 522194 A508 C1.2 0.02 144 7.28E+18 111 23 

NB to US Circ. Weld (100%) WF-200 821T44 ASA/Linde 80 0.24 70 6.66E+18 55 21 
US to LS Circ. Weld (25% OD) WF-70 72105 ASA/Linde 80 0.35 70 ---
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5.5 - TIME-LIMITED AGING ANALYSES FOR MECHANICAL COMPONENTS 

5.5.1 MECHANICAL COMPONENT THERMAL FATIGUE 

Thermal fatigue of mechanical systems is considered to be a time-limited aging analysis 
because all six of the criteria contained in §54.3 are satisfied. Thermal fatigue is 
considered to be an effect of aging and involves time-limited assumptions defined by the 
current term (e.g., 7000 cycles). Thermal fatigue is relevant in making a safety 
determination and involves conclusions related to the capability of the component to 
perform its intended function. The mechanical system design requirements are contained 
in the applicable design Code of Record which is given in Table 2.5-1 of OLRP-1001 and 
are thus considered to be part of the current licensing basis. The Reactor Coolant System 
components are addressed in Section 5.4. This section addresses the remaining 
mechanical systems falling within the scope of license renewal.  

As background, Oconee has a number systems within the scope of license renewal that 
were designed to USAS B31.7 Class II and Class III, USAS B31.1.0, ASME Section III 
Subsection ND and ANSI B3 1.1 requirements. Piping systems designed to these 
requirements include a stress range reduction factor to provide conservatism in the design 
to account for cyclic conditions due to operations. The stress range reduction factor is 1.0 
as long as the location does not exceed 7000 full temperature thermal cycles during its 
operation.  

In order to identify the specific locations where extended operation could invalidate the 
existing stress range reduction factor in the piping analysis, an engineering review 
process was developed that considered the design temperatures and operating conditions 
of these Oconee mechanical systems. These mechanical systems were reviewed to 
determine which ones would be likely to see 7000 equivalent full temperature thermal 
cycles during plant operations. Results of this engineering review determined that 
analyses for all locations based on assumptions of less than 7000 cycles (22,000 cycles 
for the pressurizer sample line) are valid for the period of extended operation.  

For license renewal, the existing analysis addressing thermal fatigue of the mechanical 
components within the scope of license renewal is considered to be valid for the period of 
extended operation.  
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5.6 TIME-LIMITED AGING ANALYSES FOR ELECTRICAL EQUIPMENT 
The environmental qualification evaluations of electrical equipment [Footnote 18] are 
identified as time-limited aging analyses for Oconee by reviewing correspondence on the 
Oconee dockets, the Oconee UFSAR [Reference 5.6-1, Section 3.11], and Oconee 
engineering documents. In 1979, the NRC issued I.E. Bulletin 79-01B. Subsequently, 
NRC incorporated the requirements to environmentally qualify electrical equipment into 
§50.49, Environmental qualification of electric equipment important to safety for 
nuclear power plants. The Oconee Environmental Qualification Program includes the 
identification of all electrical equipment that is included within the program as well as the 
qualification records. Based on a review of the documentation, Duke identified electrical 
equipment that has a qualified life of at least 40 years. The qualified life establishes the 
time period for which assurance is provided that the electrical equipment can perform its 
function under postulated harsh environmental conditions resulting from a loss of coolant 
accident or a high energy line break inside the Reactor Building and a high energy line 
break outside the Reactor Building [Reference 5.6-1, Section 3.11]. The environmental 
qualification evaluations of electrical equipment are considered to be time-limited aging 
analysis for Oconee because all of the criteria contained in §54.3 are met.  

The Oconee environmental qualification records have been evaluated for operation of 
Oconee during the period of extended operation. The results of time-limited aging 
analysis evaluations for electrical equipment are presented in Sections 5.6.1 through 
5.6.33. [Footnote 19] 

The Oconee Environmental Qualification Program is an effective program to manage the 
electrical equipment within the bounds of these time-limited aging analyses. The Oconee 
Environmental Qualification Program provides assurance that: 

* All electrical equipment within the Oconee Environmental Qualification Program has 
a qualified life based on the component materials of construction, service 
environment, and testing, and 

* All electrical equipment in the Oconee Environmental Qualification Program is 
replaced prior to the expiration of its qualified life.  

18. Use of the phrase "electrical equipment" is consistent with the Environmental Qualification rule 
(§50.49) and is intended to be equivalent to the phrase "electrical component." 

19. GSI 168, which concerns Environmental Qualification of electrical components, is addressed in 
Section 1.5.3 of OLRP-1001.  
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The Environmental Qualification Program is implemented and maintained in accordance 
with the Duke Quality Assurance Program.  

5.6-2 
Revision 2 

Volume lfl.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for Electrical Equipment 

5.6.1 ACCELEROMETERS, TEC MONITOR 

TEC monitor accelerometers are used in the Pressure Operated Relief Valve Acoustical 
Monitoring System. TEC monitor accelerometers are age insensitive. The qualification 
analyses of the TEC monitor accelerometers remains valid for the period of extended 
operation.  

5.6.2 ACTUATORS, LIMITORQUE 

Limitorque Actuators are used in all areas of Oconee Nuclear Station. An analysis of the 
qualified life was completed using actual ambient condition parameters, including 
radiation, to demonstrate a qualified life in excess of 60 years. Limitorque Actuators are 
qualified for both inside containment and outside containment. Both of these applications 
are included in this analysis.  

5.6.2.1 Thermal Analysis Summary 
Inside containment Limitorque Actuators are qualified to the equivalent of 135 years at an 
average ambient temperature of 140'F (60 0 C). The bounding average ambient 
temperature is 135.67 0 F (57.59 0 C). The bounding application temperature is less than the 
qualified ambient temperature.  

Outside containment Limitorque Actuators are qualified to the equivalent of 60 years at 
an average ambient temperature of 137.96oF (58.87 0 C). The bounding average inside 
containment ambient temperature is 1220 F (50oC). The bounding application 
temperature is less than the qualified temperature.  

5.6.2.2 Radiation Analysis Summary 
Inside containment Limitorque Actuators are qualified to 2.04E8 rads. The bounding 
inside containment 60-year total integrated dose (normal dose plus LOCA dose) is 
1.06E8 rads. The bounding total integrated dose is less than the qualified dose.  

Outside containment Limitorque Actuators are qualified to 2.0E8 rads. The bounding 
outside containment 60-year total integrated dose (normal dose plus LOCA dose) is 
7.0E6 rads. The bounding total integrated dose is less than the qualified dose for these 
actuators.  

5.6.2.3 Conclusion 

Limitorque Actuators are qualified for applicable bounding thermal and radiation 
environments to the end of the period of extended operation.  
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5.6.3 ACTUATORS, ROTORK 

Rotork Actuators have a 40-year qualified life. No plans exist to extend the qualified life 
of Rotork Actuators and they are not analyzed for license renewal. The Oconee 
Environmental Qualification Program will ensure the effects of aging on the intended 
functions will be adequately managed for the period of extended operation.  

5.6.4 CABLES, ANACONDA EPR/HYPALON & EPR/NEOPRENE 

Anaconda EPR/Hypalon and EPR/Neoprene cables are used extensively throughout 
Oconee Nuclear Station in motor operated valve and solenoid valve applications. The 
bounding EQ application for Anaconda EPR/Hypalon and EPRINeoprene cables was 
determined and an analysis of the qualified life was completed using actual temperature 
rise and ambient condition parameters, including radiation, to demonstrate a qualified life 
in excess of 60 years. This bounding application is used to envelope all other 
applications of Anaconda EPR/Hypalon and EPRINeoprene cables.  

5.6.4.1 Thermal Analysis Summary 
Anaconda EPR/Hypalon and EPR/Neoprene cables are qualified for a 40-year life at 
181.4oF (83oC). The bounding cable conductor temperature (ambient temperature plus 
self-heating temperature rise) is 124.930 F (51.630 C). At 124.930 F (51.63 0C), the 
qualified life of Anaconda EPR/Hypalon and EPRINeoprene cables is greater than 
60 years.  

5.6.4.2 Radiation Analysis Summary 
Anaconda EPR/Hypalon and EPRINeoprene cables are qualified to 2.0E8 rads. The 
bounding containment 60-year total integrated dose (normal dose plus LOCA dose) is 
1.06E8 rads. The bounding total integrated dose is less than the qualified dose for these 
cables.  

5.6.4.3 Conclusion 
Anaconda EPR/Hypalon and EPRINeoprene cables are qualified for applicable bounding 
thermal and radiation environments to the end of the period of extended operation.  

5.6.5 CABLES, BIW CSPE 
BIW CSPE cables are used throughout Oconee Nuclear Station in instrumentation 
applications. The bounding EQ application for BIW CSPE cables was determined and an 
analysis of the qualified life was completed using actual temperature rise and ambient 
condition parameters, including radiation, to demonstrate a qualified life in excess of 
60 years. This bounding application is used to envelope all other applications of BIW 
CSPE cables.  
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5.6.5.1 Thermal Analysis Summary 

BIW CSPE cables are qualified to 40 years at 131 0 F (550C). Self-heating temperature 
rise is insignificant for BIW CSPE cable applications. The bounding average ambient 
temperature is 120'F (48.890 C). At 120'F (48.890 C), the qualified life of BIW CSPE 
cables is greater than 60 years.  

5.6.5.2 Radiation Analysis Summary 
BIW CSPE cables are qualified to 1. 14E8 rads. The bounding 60-year total integrated 
dose (normal dose plus LOCA dose) is 1.06E8 rads. The bounding total integrated dose 
is less than the qualified dose for these cables.  

5.6.5.3 Conclusion 

BIW CSPE cables are qualified for applicable bounding thermal and radiation 
environments to the end of the period of extended operation.  

5.6.6 CABLES, BRAND-REX & SAMUEL MOORE PVC 
Brand-Rex and Samuel Moore PVC cables are used outside the Reactor Building at in 
instrumentation and ASCO solenoid valve applications. The bounding EQ application 
was determined and an analysis of the qualified life was completed using actual 
temperature rise and ambient condition parameters, including radiation, to demonstrate a 
qualified life in excess of 60 years. This bounding application is used to envelope all 
other applications of Brand-Rex and Samuel Moore PVC cables.  

5.6.6.1 Thermal Analysis Summary 
Brand-Rex and Samuel Moore PVC cables are qualified to 40 years at 140oF (600 C).  
Self-heating temperature rise is insignificant for Brand-Rex and Samuel Moore PVC 
cable applications. The bounding average ambient temperature of the Penetration Rooms 
is 1080F (42.220 C). At 108 0F (42.220C), the qualified life of Brand-Rex and Samuel 
Moore PVC cables is greater than 60 years.  

5.6.6.2 Radiation Analysis Summary 
Brand-Rex PVC cables are qualified to 8.26E7 rads and Samuel Moore PVC cables are 
qualified to 5.0E6 rads. The bounding Penetration Room 60-year total integrated dose 
(normal dose plus LOCA dose) is 3.6E6 rads. The bounding total integrated dose is less 
than the qualified dose for these cables.  
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5.6.6.3 Conclusion 

Brand-Rex and Samuel Moore PVC cables are qualified for applicable bounding thermal 
and radiation environments to the end of the period of extended operation.  

5.6.7 CABLES, BRAND-REX FLAME RETARDANT XLPE 
Brand-Rex flame retardant XLPE insulated instrumentation cable is used in solenoid 
valve applications in the Auxiliary Building Penetration Rooms. The bounding EQ 
application for Brand-Rex flame retardant XLPE cables was determined and an analysis 
of the qualified life was completed using actual temperature rise and ambient condition 
parameters, including radiation, to demonstrate a qualified life in excess of 60 years. This 
bounding application is used to envelope all other applications of Brand-Rex flame 
retardant XLPE cables.  

5.6.7.1 Thermal Analysis Summary 
Brand-Rex flame retardant XLPE cables are qualified for 40 years at 161.6oF (72oC).  
Self-heating temperature rise is insignificant for Brand-Rex flame retardant XLPE cable 
applications. The bounding average ambient temperature of the Penetration Rooms is 
108 0 F (42.220 C). At 108 0F (42.220C), the qualified life of Brand-Rex flame retardant 
XLPE cables is greater than 60 years.  

5.6.7.2 Radiation Analysis Summary 
Brand-Rex flame retardant XLPE cables are qualified to 2. 1E8 rads. The bounding 
Penetration Room 60-year total integrated dose (normal dose plus LOCA dose) is 
3.6E6 rads. The bounding total integrated dose is less than the qualified dose for these 
cables.  

5.6.7.3 Conclusion 

Brand-Rex flame retardant XLPE cables are qualified for applicable bounding thermal 
and radiation environments to the end of the period of extended operation.  

5.6.8 CABLES, ITT SUPRENANT & RAYCHEM CROSS-LINKED POLYALKENE HOOK-UP 
WIRE 

ITT Surprenant and Raychem cross-linked polyalkene (ML W-81044) hook-up wire is 
used outside the Reactor Building at in various applications. The bounding EQ 
application for ITT Surprenant and Raychem cross-linked polyalkene hook-up wire was 
determined and an analysis of the qualified life was completed using actual temperature 
rise and ambient condition parameters, including radiation, to demonstrate a qualified life 
in excess of 60 years. This bounding application is used to envelope all other 
applications of ITT Surprenant and Raychem cross-linked polyalkene hook-up wire.  
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5.6.8.1 Thermal Analysis Summary 
ITT Surprenant and Raychem cross-linked polyalkene hook-up wire is rated for 40 years 
at a continuous operating temperature of 302oF (150oC). Self-heating temperature rise is 
insignificant for ITT Surprenant and Raychem cross-linked polyalkene hook-up wire 
applications. The bounding ambient temperature is 122 0 F (50 0 C). At 122 0F (50 0C), the 
qualified life of ITT Surprenant and Raychem cross-linked polyalkene hook-up wire is 
greater than 60 years.  

5.6.8.2 Radiation Analysis Summary 
ITT Surprenant and Raychem cross-linked polyalkene hook-up wire is qualified to 
2.0E8 rads. The bounding outside-containment 60-year total integrated dose (normal 
dose plus LOCA dose) is 7.5E6 rads. The bounding total integrated dose is less than the 
qualified dose for these cables.  

5.6.8.3 Conclusion 
ITT Surprenant and Raychem cross-linked polyalkene hook-up wire are qualified for 
applicable bounding thermal and radiation environments to the end of the period of 
extended operation.  

5.6.9 CABLES, KERITE-HTK 

Kerite-HTK cables are only used on the Reactor Building cooling unit fan motors. The 
bounding EQ application for Kerite-HTK cables was determined and an analysis of the 
qualified life was completed using actual temperature rise and ambient condition 
parameters, including radiation, to demonstrate a qualified life in excess of 60 years. This 
bounding application is used to envelope all other applications of Kerite-HTK cables.  

5.6.9.1 Thermal Analysis Summary 
Kerite-HTK cables are rated for 60 years at a continuous operating temperature of 
169.590 F (76.44oC). The bounding application conductor temperature (ambient 
temperature plus self-heating temperature rise) is 146.14'F (63.410 C). The bounding 
application temperature is less than the qualified temperature.  

5.6.9.2 Radiation Analysis Summary 
Kerite-HTK cables are qualified to 2.0E8 rads. The bounding containment 60-year total 
integrated dose (normal dose plus LOCA dose) is 1.06E8 rads. The bounding total 
integrated dose is less than the qualified dose for these cables.  
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5.6.9.3 Conclusion 
Kerite-HTK cables are qualified for applicable bounding thermal and radiation 
environments to the end of the period of extended operation.  

5.6.10 CABLES, OKONITE EPRINEOPRENE 
Okonite EPRINeoprene cables are used extensively throughout Oconee Nuclear Station in 
EQ and non-EQ applications. The bounding EQ application for Okonite EPRINeoprene 
cables was determined and an analysis of the qualified life was completed using actual 
temperature rise and ambient condition parameters, including radiation, to demonstrate a 
qualified life in excess of 60 years. This bounding application is used to envelope all 
other applications of Okonite EPRINeoprene cables.  

5.6.10.1 Thermal Analysis Summary 

Okonite EPR/Neoprene cables are qualified for 40 years at 194oF (900 C). The bounding 
conductor temperature (ambient temperature plus self-heating temperature rise) is 
157.87 0 F (69.930 C). At 157.87 0F (69.93 0 C), the qualified life of Okonite EPR/Neoprene 
cables is greater than 60 years.  

5.6.10.2 Radiation Analysis Summary 
Okonite EPR/Neoprene cables are qualified to 2.0E8 rads. The bounding containment 
60-year total integrated dose (normal dose plus LOCA dose) is 1.06E8 rads. The 
bounding total integrated dose is less than the qualified dose for these cables.  

5.6.10.3 Conclusion 
Okonite EPR/Neoprene cables are qualified for applicable bounding thermal and 
radiation environments to the end of the period of extended operation.  

5.6.11 CABLES, SAMUEL MooRE EPDM/HYPALON 
Samuel Moore EPDM/Hypalon cables are used in instrumentation applications inside the 
Reactor Buildings and in the Penetration Rooms. The bounding EQ application was 
determined and an analysis of the qualified life was completed using actual temperature 
rise and ambient condition parameters, including radiation, to demonstrate a qualified life 
in excess of 60 years. This bounding application is used to envelope all other 
applications of Samuel Moore EPDM/Hypalon cables.  

5.6.11.1 Thermal Analysis Summary 

Samuel Moore EPDM/Hypalon cables are qualified for 40 years at 1270 F (52.78 0C).  
Self-heating temperature rise is insignificant for Samuel Moore EPDM/Hypalon cable 
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applications. The bounding average ambient temperature of the Penetration Rooms for 
all three units is 108 0F (42.220 C). The bounding application temperature in the Reactor 
Buildings (located in the basement) is 90aF (32.220 C). At both 108 0 F (42.220 C) and 
90aF (32.22 0C), the qualified life of Samuel Moore EPDM/Hypalon cables is greater than 
60 years.  

5.6.11.2 Radiation Analysis Summary 
Samuel Moore EPDM/Hypalon cables are qualified to 2.0E8 rads. The bounding 
Penetration Room 60-year total integrated dose (normal dose plus LOCA dose) is 
3.6E6 rads. The bounding inside-containment 60-year total integrated dose (normal dose 
plus LOCA dose) is 1.06E8 rads. The bounding total integrated dose for the Penetration 
Rooms and inside-Containment are less than the qualified dose for these cables.  

5.6.11.3 Conclusion 
Samuel Moore EPDM/Hypalon cables are qualified for applicable bounding thermal and 
radiation environments to the end of the period of extended operation.  

5.6.12 CONNECTION & SEALING ASSEMBLIES, SCOTCHCAST 9 AND SWAGELOK 
QUICK-CONNECT ASSEMBLIES 

Scotchcast 9 and Swagelok quick-connect assemblies are used on motor-operated valves, 
solenoid valves, limit switches, and transmitters. The bounding EQ application was 
determined and an analysis of the qualified life was completed using ambient condition 
parameters, including radiation, to demonstrate a qualified life in excess of 60 years. This 
bounding application is used to envelope all other applications of Scotchcast 9 and 
Swagelok quick-connect assemblies.  

5.6.12.1 Thermal Analysis Summary 
ScotchCast 9 and Swagelok quick-connect assemblies are qualified for 40 years at 140oF 
(60 0 C). Self-heating temperature rise is insignificant for ScotchCast 9 and Swagelok 
quick-connect assembly applications. The bounding average ambient temperature for all 
three units is 1290 F (53.890 C). At 129oF (53.89 0 C), the qualified life of ScotchCast 9 
and Swagelok quick-connect assemblies is greater than 60 years.  

5.6.12.2 Radiation Analysis Summary 
ScotchCast 9 and Swagelok quick-connect assemblies are qualified to 2.2E8 rads. The 
bounding inside-containment 60-year total integrated dose (normal dose plus LOCA 
dose) is 1.06E8 rads. The bounding total integrated dose is less than the qualified dose 
for these assemblies.  
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5.6.12.3 Conclusion 

ScotchCast 9 and Swagelok quick-connect assemblies are qualified for applicable 
bounding thermal and radiation environments to the end of the period of extended 
operation.  

5.6.13 HEAT SHRINK TUBING, RAYCHEM NCBK NUCLEAR CABLE BREAKOUT SPLICE 
ASSEMBLIES 

Raychem NCBK nuclear cable breakout splice assemblies are used extensively 
throughout Oconee Nuclear Station in all types of applications. The bounding EQ 
application was determined and an analysis of the qualified life was completed using 
actual temperature rise and ambient condition parameters, including radiation, to 
demonstrate a qualified life in excess of 60 years. This bounding application is used to 
envelope all other applications of Raychem NCBK nuclear cable breakout splice 
assemblies.  

5.6.13.1 Thermal Analysis Summary 
Raychem NCBK nuclear cable breakout splice assemblies without an overall sleeve are 
qualified for 40 years at 167 0F (750C). The bounding application temperature (ambient 
temperature plus self-heating temperature rise) is 140 0 F (600 C). At 140 0 F (60 0C), the 
qualified life of Raychem NCBK nuclear cable breakout splice assemblies is greater than 
60 years.  

5.6.13.2 Radiation Analysis Summary 
Raychem NCBK nuclear cable breakout splice assemblies are qualified to 2.0E8 rads.  
The bounding inside containment 60-year total integrated dose (normal dose plus LOCA 
dose) is 1.06E8 rads. The bounding total integrated dose is less than the qualified dose 
for these cables.  

5.6.13.3 Conclusion 
Raychem NCBK nuclear cable breakout splice assemblies are qualified for applicable 
bounding thermal and radiation environments to the end of the period of extended 
operation.  

5.6.14 HEAT SHRINK TUBING, RAYCHEM NPKV NUCLEAR PLANT STUB CONNECTION 
KIT 

Raychem NPKV nuclear plant stub connection kits are used extensively throughout 
Oconee Nuclear Station in all types of applications. The bounding EQ application was 
determined and an analysis of the qualified life was completed using actual temperature 
rise and ambient condition parameters, including radiation, to demonstrate a qualified life 
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in excess of 60 years. This bounding application is used to envelope all other 
applications of Raychem NPKV nuclear plant stub connection kits.  

5.6.14.1 Thermal Analysis Summary 

Raychem NPKV nuclear plant stub connection kits are qualified for 42.8 years at 194oF 
(90'C). The bounding stub connection temperature (ambient temperature plus self
heating temperature rise) is 140 0 F (600 C). At 140oF (60 0C), the qualified life of 
Raychem NPKV nuclear plant stub connection kits is greater than 60 years.  

5.6.14.2 Radiation Analysis Summary 
Raychem NPKV nuclear plant stub connection kits are qualified to 2.0E8 rads. The 
bounding inside containment 60-year total integrated dose (normal plus LOCA dose) is 
1.06E8 rads. The bounding total integrated dose is less than the qualified dose.  

5.6.14.3 Conclusion 

Raychem NPKV nuclear plant stub connection kits are qualified for applicable bounding 
thermal and radiation environments to the end of the period of extended operation.  

5.6.15 HEAT SHRINK TUBING, RAYCHEM WCSF-N IN-LINE SPLICE ASSEMBLIES 
Raychem WCSF-N in-line splice assemblies are used extensively throughout Oconee 
Nuclear Station in all types of applications. The bounding EQ application was 
determined and an analysis of the qualified life was completed using actual temperature 
rise and ambient condition parameters, including radiation, to demonstrate a qualified life 
in excess of 60 years. This bounding application is used to envelope all other 
applications of Raychem WCSF-N in-line splice assemblies.  

5.6.15.1 Thermal Analysis Summary 
Raychem WCSF-N in-line splice assemblies are qualified for 44.2 years at 194oF (90 0 C).  
The bounding application conductor temperature (ambient temperature plus self-heating 
temperature rise) is 157.87oF (69.93 0C). At 157.87 0 F (69.93 0C), Raychem WCSF-N in
line splice assemblies have a qualified life greater than 60 years.  

5.6.15.2 Radiation Analysis Summary 
Raychem WCSF-N in-line splice assemblies are qualified to 2.20E8 rads. The bounding 
inside-containment 60-year total integrated dose (normal dose plus LOCA dose) is 
1.06E8 rads. The bounding total integrated dose is less than the qualified dose.  
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5.6.15.3 Conclusion 

As required by §54.21(c)(1), calculation OSC-7058 demonstrates that Raychem WCSF-N 
in-line splice assemblies used in EQ applications are qualified in excess of 60 years; i.e., 
through the period of extended operation.  

5.6.16 HEAT SHRINK TUBING, EGS GRAYBOOTS 
EGS Grayboots were initially installed in 1994 with a qualified 40-year qualified life. No 
plans exist to extend the qualified life of EGS Grayboots and they are not analyzed for 
license renewal. The Oconee Environmental Qualification Program will ensure the 
effects of aging on the intended functions will be adequately managed for the period of 
extended operation.  

5.6.17 HEAT SHRINK TUBING, EGS CONNECTORS 
EGS Connectors were initially installed in April 1993 with a qualified 40-year life. No 
plans exist to extend the qualified life of EGS Connectors and they are not analyzed for 
license renewal. The Oconee Environmental Qualification Program will ensure the 
effects of aging on the intended functions will be adequately managed for the period of 
extended operation.  

5.6.18 MOTORS, JOY/RELIANCE 
Joy/Reliance Motors have a 40-year qualified life. No plans exist to extend the qualified 
life of Joy/Reliance Motors and they are not analyzed for license renewal. The Oconee 
Environmental Qualification Program will ensure the effects of aging on the intended 
functions will be adequately managed for the period of extended operation.  

5.6.19 MOTORS, LOUis-ALLIS 
Louis-Allis Motors have a 40-year qualified life. No plans exist to extend the qualified 
life of Louis-Allis Motors and they are not analyzed for license renewal. The Oconee 
Environmental Qualification Program will ensure the effects of aging on the intended 
functions will be adequately managed for the period of extended operation.  

5.6.20 MOTORS, RELIANCE 

Reliance Motors were initially installed in 1994 with a 40-year qualified life. No plans 
exist to extend the qualified life of Reliance Motors and they are not analyzed for license 
renewal. The Oconee Environmental Qualification Program will ensure the effects of 
aging on the intended functions will be adequately managed for the period of extended 
operation.  
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5.6.21 MOTORS, WESTINGHOUSE 

5.6.21.1 Westinghouse Reactor Building Spray Pump Motors 
Westinghouse Reactor Building spray pump motors have a 40-year qualified life. No 
plans exist to extend the qualified life of Westinghouse Reactor Building spray pump 
motors and they are not analyzed for license renewal. The Oconee Environmental 
Qualification Program will ensure the effects of aging on the intended functions will be 
adequately managed for the period of extended operation.  

5.6.21.2 Westinghouse High Pressure Injection Pump & Low Pressure Injection 
Pump Motors 
Westinghouse high pressure injection pump and low pressure injection pump motor 
operating parameters were determined and an analysis of the qualified life was performed 
using actual ambient condition parameters, including radiation, to demonstrate a qualified 
life in excess of 60 years.  

5.6.21.2.1 THERMAL ANALYSIS SUMMARY 
Westinghouse high pressure injection pump and low pressure injection pump motors are 
qualified for 40 years at 2210 F (105oC). The bounding high pressure injection pump 
motor stator temperature (combination of ambient temperature and self-heating 
temperature rise) is 176.3 10 F (80.17 0 C). The bounding low pressure injection pump 
motor stator temperature (combination of ambient temperature and self-heating 
temperature rise) is 202.66oF (94.81 oC). At both 176.31 oF (80.17 0C) and 202.660 F 
(94.8 1oC), these Westinghouse pump motors are qualified for greater than 60 years.  

5.6.21.2.2 RADIATION ANALYSIS SUMMARY 
Westinghouse HPI and LPI pump motors are qualified to 2.0E8 rads. The bounding 
60-year total integrated dose (normal dose plus LOCA dose) is 3.95E6 rads. The 
bounding total integrated dose is less than the qualified dose.  

5.6.21.2.3 CONCLUSION 
Westinghouse high pressure injection pump and low pressure injection pump motors are 
qualified for applicable bounding thermal and radiation environments to the end of the 
period of extended operation.  
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5.6.22 PENETRATION ASSEMBLIES, CONAX 

Conax electrical penetration assemblies are used in the Reactor Buildings. The bounding 
EQ application was determined and an analysis of the qualified life was completed using 
actual ambient condition parameters, including radiation, to demonstrate a qualified life 
through a period of extended operation. This bounding application is used to envelope all 
other applications of Conax electrical penetration assemblies.  

5.6.22.1 Thermal Analysis Summary 
Conax electrical penetration assemblies were initially installed in April 1986. The 
bounding ambient temperature is 124.32oF (51.29 0C). At 124.32 0 F (51.29 0C), the 
qualified life of Conax electrical penetrations is 56.8 years which will extend beyond the 
end of the period of extended operation.  

5.6.22.2 Radiation Analysis Summary 
Conax electrical penetrations are qualified to 1.71E8 rads. The bounding Reactor 
Building 60-year total integrated dose (normal dose plus LOCA dose) is 1.06E8 rads.  
The bounding total integrated dose is less than the qualified dose.  

5.6.22.3 Conclusion 

Conax electrical penetration assemblies are qualified for applicable bounding thermal and 
radiation environments to the end of the period of extended operation.  

5.6.23 PENETRATION ASSEMBLIES, D. G. O'BRIAN 
D. G. O'Brian electrical penetration assemblies are used in the containment structures.  
The bounding application was determined and an analysis of the qualified life was 
completed using actual ambient condition parameters, including radiation, to demonstrate 
a qualified life in excess of 60 years. This bounding application is used to envelope all 
other applications of D. G. O'Brian electrical penetration assemblies.  

5.6.23.1 Thermal Analysis Summary 

The bounding service temperature (ambient temperature plus self-heating temperature 
rise) is 174oF (78.89 0 C). At 174oF (78.890 C), the qualified life of D. G. O'Brian 
electrical penetration assemblies is greater than 60 years.  

5.6.23.2 Radiation Analysis Summary 

D. G. O'Brian electrical penetrations installed at Oconee Nuclear Station are qualified to 
1.03E8 rads and similar D. G. O'Brian electrical penetration assemblies used at McGuire 
and Catawba Nuclear Stations are qualified to 2.0E8 rads. The bounding containment 
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60-year total integrated dose (normal plus LOCA dose) is 1.06E8 rads. The bounding 
total integrated dose is less than the qualified dose.  

5.6.23.3 Conclusion 

D. G. O'Brian electrical penetration assemblies are qualified for applicable bounding 
thermal and radiation environments to the end of the period of extended operation.  

5.6.24 PENETRATION ASSEMBLIES, VIKING 
Viking electrical penetration assemblies are used extensively on all three units. An 
analysis of qualified life (temperature and radiation) is performed in the vendor 
documentation. The thermal and radiation values contained in the vendor qualification 
documentation are compared to the Viking electrical penetration assembly service 
conditions.  

5.6.24.1 Thermal Analysis Summary 
The Viking electrical penetration assembly vendor qualification demonstrates a qualified 
life of 62 years at 120oF (48.89 0 C) ambient which includes self-heating temperature rise.  
The actual yearly average ambient temperature for the penetration assemblies at the 
highest installed elevation in the Reactor Buildings is 102 0F (38.89 0 C). The penetration 
assembly current rating is significantly derated from that used for vendor qualification 
and the 180F difference envelopes the actual self-heating temperature rise.  

5.6.24.2 Radiation Analysis Summary 
The vendor qualification demonstrates that Viking electrical penetration assemblies are 
qualified to 1.2E8 rads. The bounding Reactor Building 60-year total integrated dose 
(normal dose plus LOCA dose) is 1.06E8 rads. The bounding total integrated dose is less 
than the qualified dose.  

5.6.24.3 Conclusion 
The Viking electrical penetration assembly vendor qualification remains valid for the 
period of extended operation.  

5.6.25 RTD, CONAX 
Conax RTDs were initially installed in September 1991 with a qualified 40-year life. No 
plans exist to extend the qualified life of Conax RTDs and they are not analyzed for 
license renewal. The Oconee Environmental Qualification Program will ensure the 
effects of aging on the intended functions will be adequately managed for the period of 
extended operation.  

5.6-15 
Revision 2 

Volume ll.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for Electrical Equipment 

5.6.26 RTD, ROSEMOUNT 
Rosemount RTDs are constructed with all inorganic materials with the exception of the 
o-ring supplied with the manufacturer's head. The manufacturer's supplied head and 
o-ring are not used for EQ applications of Rosemount RTDs at Oconee Nuclear Station so 
all installed Rosemount RTDs have no organic materials. With no organic materials, the 
existing analyses remain valid for the period of extended operation.  

5.6.27 RTD, WEED 

Weed RTDs were initially installed in September 1991 with a 40-year qualified life. No 
plans exist to extend the qualified life of Weed RTDs and they are not analyzed for 
license renewal. The Oconee Environmental Qualification Program will ensure the 
effects of aging on the intended functions will be adequately managed for the period of 
extended operation.  

5.6.28 SOLENOID VALVES, VALCOR 

Valcor solenoid valves were installed after 1993 with a qualified 40-year life. No plans 
exist to extend the qualified life of Valcor solenoid valves and they are not analyzed for 
license renewal. The Oconee Environmental Qualification Program will ensure the 
effects of aging on the intended functions will be adequately managed for the period of 
extended operation.  

5.6.29 SWITCHES, BARTON/WESTINGHOUSE 

Barton/Westinghouse switches were initially installed in 1986 with a 40-year qualified 
life. No plans exist to extend the qualified life of Barton/Westinghouse switches and they 
are not analyzed for license renewal. The Oconee Environmental Qualification Program 
will ensure the effects of aging on the intended functions will be adequately managed for 
the period of extended operation.  

5.6.30 TERMINAL BLOCKS, STATES & STANWICK 
States and Stanwick terminal blocks are used in solenoid valve circuits and are located in 
the Penetration Rooms. The bounding EQ application for States and Stanwick terminal 
blocks was determined and an analysis of the qualified life was completed using ambient 
condition parameters, including radiation, to demonstrate a qualified life in excess of 
60 years. This bounding application is used to envelope all other applications of States 
and Stanwick terminal blocks.  

5.6.30.1 Thermal Analysis Summary 
States and Stanwick terminal blocks are qualified for 40 years at 221oF (105oC).  
Self-heating temperature rise is insignificant for States and Stanwick terminal block 
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applications. The bounding average ambient temperature of the Penetration Rooms for 
all three units is 108'F (42.22oC). At 108 0 F (42.220 C), the qualified life of States and 
Stanwick terminal blocks is greater than 60 years.  

5.6.30.2 Radiation Analysis Summary 
States and Stanwick terminal blocks are qualified to 3.0E7 rads. The bounding 
Penetration Room 60-year total integrated dose (normal dose plus LOCA dose) is 
1.79E6 rads. The bounding total integrated dose is less than the qualified dose for these 
terminal blocks.  

5.6.30.3 Conclusion 
States and Stanwick terminal blocks are qualified for applicable bounding thermal and 
radiation environments to the end of the period of extended operation.  

5.6.31 TRANSMITTERS, GEMS DELAVAL 
Gems Delaval level transmitters have a 40-year qualified life. No plans exist to extend 
the qualified life of Gems Delaval level transmitters and they are not analyzed for license 
renewal. The Oconee Environmental Qualification Program will ensure the effects of 
aging on the intended functions will be adequately managed for the period of extended 
operation.  

5.6.32 TRANSMITTERS, BARTON MODEL 764 
Barton model 764 transmitters are used as Reactor Building pressure transmitters and are 
located in the Penetration Rooms. The bounding EQ application was determined and an 
analysis of the qualified life was completed using ambient condition parameters, 
including radiation, to demonstrate a qualified life in excess of 60 years. This bounding 
application is used to envelope all other applications of Barton model 764 transmitters.  

5.6.32.1 Thermal Analysis Summary 
Barton model 764 transmitters are qualified for 40 years at 122oF (50 0 C). Self-heating 
temperature rise is insignificant for Barton model 764 transmitters. The bounding 
average ambient temperature of the Penetration Rooms for all three units is 108 0 F 
(42.220C). At 108 0F (42.220 C), the qualified life of Barton model 764 transmitters is 
greater than 60 years.  

5.6.32.2 Radiation Analysis Summary 
Barton model 764 transmitters are qualified to 2.0E8 rads. The bounding Penetration 
Room 60-year total integrated dose (normal dose plus LOCA dose) is 1.79E6 rads. The 
bounding total integrated dose is less than the qualified dose for these transmitters.  
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5.6.32.3 Conclusion 
Barton model 764 transmitters are qualified for applicable bounding thermal and 
radiation environments to the end of the period of extended operation.  

5.6.33 TRANSMITTERS, ROSEMOUNT 

Rosemount transmitters have a 40-year qualified life. No plans exist to extend the 
qualified life of Rosemount transmitters and they are not analyzed for license renewal.  
The Oconee Environmental Qualification Program will ensure the effects of aging on the 
intended functions will be adequately managed for the period of extended operation.  

5.6.34 REFERENCES FOR SECTION 5.6 

5.6-1. Oconee Nuclear Station, Updated Final Safety Analysis Report, as revised.  
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5.7 TIME-LIMITED AGING ANALYSES FOR STRUCTURES & STRUCTURAL 
COMPONENTS 

5.7.1 POLAR CRANE 

The load cycle limit of the Oconee Polar Cranes has been identified as a time-limited 
aging analysis by reviewing correspondence on the Oconee dockets associated with the 
control of heavy loads. In 1981, NRC issued Generic Letter 81-07 and NUREG-0612 
[Reference 5.7-1]. NRC issued a letter [Reference 5.7-2] requesting additional 
information which Duke responded to by letter [Reference 5.7-3]. One of the concerns 
expressed in NUREG-0612 was the potential for fatigue of the crane due to frequent 
loadings at or near design conditions. Cranes at Oconee are not generally subjected to 
frequent loads at or near design conditions. The topic of lift cycles of cranes at or near 
rated load is considered to be a time-limited aging analysis for Oconee because the 
analysis meets all of the criteria contained in §54.3.  

In the written response to NUREG-0612, Duke stated that the polar crane was the 
bounding Oconee crane for the lift of loads at or near rated capacity. Other cranes at 
Oconee at the time were considered to be bounded by the polar crane since the projected 
number of lifts of loads at or near capacity for the life of the plant were less than the 
number of projected lifts by the polar crane for the life of the plant. The number of lifts 
at or near the rated capacity of the polar crane over a 40 year life was estimated to be 
approximately 100. The estimated number of lifts at or near capacity of the polar crane 
was based upon the expected number of annual refueling cycles for the life of the plant 
and two lifts at or near capacity for each refueling outage. One lift is to remove the 
reactor vessel head at the beginning of refueling and the second lift is to replace it on the 
reactor vessel at the end of refueling. The number of lifts is conservative because Duke 
now projects fewer refueling outages through the remaining licensed life of Oconee 
because refueling occurs approximately once every 18 months instead of annually.  

The NRC evaluated the written Duke response to NUREG-0612 and in its evaluation 
[Reference 5.7-4] stated that since the number of cycles is far below the 20,000 loading 
cycles specified by CMAA-70 [Reference 5.7-5], fatigue is not a concern at Oconee.  
Duke notes that even for operation of the Oconee polar cranes through 60 years, the 
estimated number of heavy load cycles of the polar crane remains below 20,000 loading 
cycles.  
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Subsequent to the above NUREG-0612 review, Oconee installed an Independent Spent 
Fuel Storage Installation (ISFSI) which became operational in 1990. The operation of the 
ISFSI resulted in additional lifts by the spent fuel pool cranes near their rated lifting 
capacity. Spent fuel pool cranes lift near their rated capacity when they are lifting full 
spent fuel casks. For each cask, the crane makes two full lifts: 

(1) moving from the support frame to the decon pit and 
(2) moving from the decon pit to the transfer car.  

The ISFSI is currently licensed for 88 casks which equates to 176 full lifts over the life of 
the plant. Because the NUHOMS-24P canisters in the Oconee ISFSI are assumed to be 
non-transportable, they will be returned to the spent fuel pool so that the spent fuel can 
be removed and repackaged into multi-purpose canisters. Repackaging will result in 
three full lifts per cask: 

(1) moving the canisters from the transfer car to the pool; 
(2) moving the canisters from the support frame to the decon pit; and 
(3) moving the canisters from the decon pit to the car.  

This repackaging will result in an additional 264 full lifts for the 88 casks and a total of 
440 full load lifts of one spent fuel pool crane for the 88 casks. This value is conservative 
because all lifts are assigned to one spent fuel pool crane rather than dividing the lifts 
between the two Oconee spent fuel pool cranes. The estimate of the number of heavy 
load lifts of the spent fuel pool cranes requires assumptions associated with the date when 
the high level waste repository is licensed and capable of accepting spent fuel. Current 
estimates are that this will not occur until late in the current licensed term of Oconee.  
Duke estimates that an additional 123 casks would be needed to store spent fuel onsite 
through 2013 and to completely empty the pools. Each cask will require two full lifts to 
initially load each cask and then three full lifts to repackage each cask for shipment.  
These casks could be multi-purpose casks, thereby eliminating the need for three 
additional lifts per cask, but three additional lifts have been assumed for conservatism.  
Overall results for the additional casks are 615 additional heavy load lifts through 2013 
for a total of 1055 lifts on one spent fuel crane for the current operating term. Extending 
this estimate through 2034 still results in a number of estimated heavy lifts below the 
threshold of 20,000 cycles from CMAA-70.  

For license renewal, the existing analyses addressing heavy load lifts of both the polar 
cranes and the spent fuel pool cranes are considered to be valid for the period of extended 
operation.  
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5.7.2 SPENT FUEL RACK BORAFLEX 

High density poison spent fuel storage racks were installed in the Oconee Unit 1 & 2 
spent fuel pool in 1981 and in the Oconee Unit 3 spent fuel pool in 1984. The NRC 
approved the installation of these racks by amendments to the Oconee operating license 
[References 5.7-6 & 5.7-7]. The spent fuel storage racks contain Boraflex, which is the 
trade name for a silicon polymer that contains a specified amount of Boron 10 that is used 
as the neutron absorber to assure that the design basis for criticality control is met through 
the service life of the racks. The Boraflex is affixed to each of the four exterior sides of 
the fuel storage cell by means of stainless steel wrappers. Boraflex is used in spent fuel 
storage racks for the nonproductive absorption of neutrons such that the NRC established 
acceptance criterion of keff no greater than 0.95 is maintained.  

Testing of Boraflex was performed by the manufacturer prior to installation. These tests 
subjected Boraflex specimens to high levels of gamma radiation with the specimens 
immersed in borated water. These test results indicated that under irradiation, Boraflex 
loses elasticity and becomes brittle at high levels of exposure and that no significant 
degradation should occur for a normal service life of 40 years. In the NRC Safety 
Evaluations approving the use of these racks, the NRC concluded that 'tests under 
irradiation and at elevated temperatures in borated water indicate that the Boraflex 
material will not undergo significant degradation during the expected service life of 40 
years.' Based on the above information, Duke has conservatively determined that the 
aging of Boraflex meets the criteria of §54.3 and should be considered as a time-limited 
aging analysis for the purposes of license renewal.  

At the time of initial installation, Duke implemented a Boraflex Monitoring Program to 
provide assurance that no unexpected corrosion or degradation of the Boraflex materials 
would compromise the criticality analysis in support of the design of spent fuel storage 
racks. Surveillance specimens, which are in the form of removable stainless steel clad 
Boraflex sheets, were removed after approximately five years and examined to determine 
their physical condition after installation. Since the initial implementation of the 
program, it has been modified to require additional testing and inspections of the spent 
fuel storage racks based on experience at Oconee as well as in the industry.  

Blackness testing was performed at Oconee on the spent fuel storage racks in 1991. In 
the Unit 1 and 2 pool, a total of 33 Boraflex panels in 9 storage cells were examined. No 
detectable gaps were observed from the standard scan. In the Unit 3 pool, a total of 34 
Boraflex panels in 9 storage cells were examined and again there were no detectable gaps 
observed from the standard scan. Future in-situ examinations at Oconee are contingent 

5.7-3 
Revision 2 

Volume lI.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for Structures & Structural Components 

upon the results of a no-Boraflex analyses. If continued operation of the Boraflex is 
required, the need/schedule for future examinations will be based on RACKLIFE 
predictions for the Oconee pools, the extent to which Boraflex is relied upon in the 
analysis, and other relevant testing results.  

In 1996 as a result of industry-wide experience with the degradation of Boraflex, NRC 
issued Generic Letter 96-04 [Reference 5.7-8] which provides descriptions of several 
industry experiences to date and a discussion of relevant experimental data from test 
programs. The staff stated that on the basis of test and surveillance information from 
plants that have detected areas of Boraflex degradation, no safety concern exists that 
warrants immediate action. In issuing Generic Letter 96-04, the staff requested that all 
licensees with installed spent fuel pool storage racks containing the neutron absorber 
Boraflex provide an assessment of the physical condition of the Boraflex.  

The Duke response to this request was provided by Reference 5.7-9 and supplemented by 
Reference 5.7-10. The response indicated, in part, that Duke had acquired the 
RACKLIFE computer code which had been developed by the Electric Power Research 
Institute for the purpose of assessing overall Boraflex thinning based upon cumulative 
gamma exposure, storage rack design parameters, and dissolved silica concentration in 
the spent fuel pool. The Oconee spent fuel storage racks are being analyzed, taking 
reduced or no credit for Boraflex. Future Boraflex verification activities will depend 
upon the extent to which Boraflex is relied upon in the analysis, as well as the 
RACKLIFE assessment, and plans for future verification will be developed accordingly.  

Oconee has had in place a Boraflex Monitoring Program since the installation of the high 
density spent fuel storage racks containing Boraflex. This program contains several 
elements including testing, monitoring, and analysis of the criticality design. Actions are 
taken as necessary to assure that the NRC established acceptance criterion of kes no 
greater than 0.95 is maintained.  

For license renewal, the continuation of the Boraflex Monitoring Program will provide 
reasonable assurance that the capability of the Boraflex to nonproductively absorb 
neutrons such that kef is maintained no greater than 0.95 will continue to be adequately 
managed for the period of extended operation.  

5.7-4 
Revision 2 

Volume E.doc 
June 1998



Oconee Nuclear Station 
License Renewal - Technical Information 

Time-Limited Aging Analyses for Structures & Structural Components 

5.7.3 REFERENCES FOR SECTION 5.7 

5.7-1. Generic Letter 81-07, NUREG-0612, Control of Heavy Loads, NRC, 
February 3, 1981.  

5.7-2. J. F. Stolz (NRC) to W. 0. Parker (Duke) letter dated February 18, 1982, 
Oconee Nuclear Station, Docket Numbers 50-269, 50-270, 50-287.  

5.7-3. W. 0. Parker (Duke) letter to Document Control Desk (NRC) dated 
October 8, 1982, Oconee Nuclear Station, Docket Numbers 50-269, 50-270, 
50-287.  

5.7-4. J. F. Stolz (NRC) letter H. B. Tucker (Duke) dated April 20, 1983, Oconee 
Nuclear Station, Docket Numbers 50-269, 50-270, 50-287.  

5.7-5. Crane Manufacturers Association of America (CMAA) Specification #70, 
Specifications for Electric Overhead Traveling Cranes, Revised 1975.  

5.7-6. R. W. Reid (NRC) letter to W. 0. Parker (Duke) dated December 24, 1980, 
License Amendments 90, 90, and 87 for License Nos. DPR-38, DPR-47 and 
DPR-55 for Oconee Nuclear Station, Docket Nos. 50-269, 50-270, and 
50-287.  

5.7-7. J. F. Stolz (NRC) letter to H. B. Tucker (Duke) dated September 29, 1983, 
License Amendments 123, 123, and 120 for License Nos. DPR-38, DPR-47 
and DPR-55 for Oconee Nuclear Station, Docket Nos. 50-269, 50-270, and 
50-287.  

5.7-8. NRC Generic Letter 96-04, Boraflex Degradation in Spent Fuel Pool Storage 
Racks, June 26, 1996.  

5.7-9. M. S. Tuckman (Duke) letter to Document Control Desk (NRC) dated 
October 22, 1996, Response to Generic letter 96-04, Boraflex Degradation in 
Spent Fuel Storage Racks, Oconee Nuclear Station, Docket Nos. 50-269, 50
270, and 50-287.  
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5.7-10. M. S. Tuckman (Duke) letter to Document Control Desk (NRC) dated 
December 22, 1997, Response to Generic letter 96-04, Boraflex Degradation 
in Spent Fuel Storage Racks, Oconee Nuclear Station, Docket Nos. 50-269, 
50-270, and 50-287.  
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OCONEE NUCLEAR STATION 
UFSAR SUPPLEMENT FOR LICENSE RENEWAL 

1. INTRODUCTION 
As the current operating license holder for Oconee Nuclear Station (Oconee), Duke 
Energy Corporation (Duke) has prepared an Application for Renewed Operating Licenses 
for Oconee Nuclear Station, Units 1, 2, and 3 (Application). The complete application 
includes sufficient information for the NRC to complete their technical and 
environmental reviews and provides the basis for the NRC to make the findings required 
by §54.29. [Footnote 1] 

Exhibit B of the Application contains the UFSAR Supplement required by §54.21(d).  

§54.21(d) An FSAR Supplement 

The FSAR supplement for the facility must contain a summary description of the 
programs and activities for managing the effects of aging and the evaluation of time
limited aging analyses for the period of extended operation determined by paragraphs 
(a) and (c) of this section, respectively.  

Exhibit A of the Application (OLRP-1001) contains the technical information required by 
§§54.21(a) and (c). Chapter 4 of OLRP-1001 provides descriptions of the programs -1 
activities that manage the effects of aging for the period of extended operation and 
Chapter 5 of OLRP-1001 contains the evaluations of the time-limited aging analyses for 
the period of extended operation. Both of these chapters have been used to prepare the 
program and activity descriptions that are contained in the attached UFSAR Supplement 
for License Renewal.  

Available guidance has been considered in the preparation of the UFSAR Supplement for 
License Renewal. This guidance includes NEI 95-10, Revision 0 [Reference B-l] and the 
Statement of Considerations for the Final Part 54 Rule [Reference B-2]. In addition, 
several ongoing industry activities are focused on the enhancing the scope and content of 
existing safety analysis reports. Generally, the existing guidance is qualitative and 
subject to wide variations of interpretation. The attached UFSAR Supplement for License 
Renewal is considered reasonable in light of the guidance currently available and the 
existing Oconee UFSAR [Reference B-3].  

1. Exhibit A of the Application contains the technical information for license renewal, as required by 
§§54.21(a) and (c), Exhibit B contains the UFSAR Supplement, as required by §54.21(d), 
Exhibit C contains the changes for the technical specifications, as required by §54.22 and 
Exhibit D contains the Environmental Information, as required by §54.23.  
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The attached UFSAR Supplement for License Renewal will be incorporated into Oconee 
UFSAR following issuance of the renewed operating licenses for Oconee Nuclear 
Station, Units 1, 2 and 3. Upon inclusion of the UFSAR Supplement for License Renewal 
in the Oconee Updated Final Safety Analysis Report, changes to the descriptions of 
programs and activities will be made in accordance with the change process in effect at 
the time of any such change.  

As an aid to the reader, Table 18-1 provides a summary listing of the programs, activities 
and time-limited aging analyses (TLAA) (topics) required for license renewal that are 
contained in the Oconee Nuclear Station UFSAR Supplement for License Renewal. The 
first column of Table 18-1 provides an alphabetical listing of these topics. The second 
column of Table 18-1 indicates whether the topic is a Program/Activity or TLAA.  
Programs and Activities are described in Chapter 4 of OLRP-1001 (Exhibit A of the 
Application). Topics that are considered to be currently existing programs, will continue 
through the life of the plant and are well documented.  

Topics which are considered to be activities are of three types: 

(1) Individual inspections which currently exist and will continue through the life of the 
plant (e.g., plant inspections and surveillances); 

(2) Component replacemen', specifically identified within the Application as required for 
license renewal of Oconee; and 

(3) New one-time inspections specifically identified within the Application as required 
for license renewal of Oconee.  

TLAA are described in Chapter 5 of OLRP-1001 (Exhibit A of the Application).  

The third column of Table 18-1 identifies where the description of the Program, Activity, 
or TLAA will be located in the Oconee UFSAR. In some instances, a specification 
contained in the Oconee Improved Technical Specifications (ITS) pertains to a Program, 
Activity, or TLAA. In these instances, the ITS location is provided in the fourth column 
of Table 18-1.  
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2. REFERENCES 

B-1. NEI 95-10, Revision 0, Industry Guideline for Implementing the 
Requirements of 10 CFR Part 54 - The License Renewal Rule, Nuclear Energy 
Institute, March 1996.  

B-2. 10 CFR Parts .2, 51, and 54, Nuclear Power Plant License Renewal; Revisions, 
60 Federal Register 22461, May 8, 1995.  

B-3. Oconee Nuclear Station, Final Safety Analysis Report, through December 1996 
Revision submitted by M. S. Tuckman (Duke) letter dated June 30, 1997 to 
Document Control Desk (NRC), Oconee Nuclear Station, Docket Nos. 50-269, 
-270, and -287.  
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Chapter 3 Changes 

Revise existing text in UFSAR Section 3.2.2.2 to read as follows: 

3.2.2.2 System Piping Classifications 
Oconee has a number of systems that were designed to USAS B31.7 Class II and Class III 
and to USAS B3 1.1.0 requirements [Reference Table 3-1]. Piping analyses for these 
systems include stress range reduction factors to provide conservatism in the design to 
account for thermal cyclic operations. Thermal fatigue of mechanical systems designed to 
USAS B31.7 Class II and Class III and to USAS B31.1 is considered to be a time-limited 
aging analysis because all six of the criteria contained in §54.3 are satisfied.  

For license renewal, the existing analysis addressing thermal fatigue of the mechanical 
components within the scope of license renewal is considered to be valid for the period of 
extended operation.  

Add the following References: 

Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 2, 
and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to Document 
Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Chapter 3 Changes 

Revise existing text in UFSAR Section 3.8.1.5.2 to read as follows: 

3.8.1.5.2 Prestress Losses 
Loss of prestress in the post-tensioning system is due to material strain occurring under 
constant stress. Loss of prestress over time is accounted for in the design and is a time
limited aging analysis requiring review for license renewal.  

In accordance with ACI 318-63 the design of the Oconee Containment post-tensioning 
system provides for prestress losses caused by the following: 

* Elastic shortening of concrete 
* Creep of concrete 
* Shrinkage of concrete 
* Relaxation of prestressing steel stress 
* Frictional loss due to curvature in the tendons and contact with tendon conduit.  

No allowance is provided for seating of the anchor since no slippage occurs in the anchor 
during transfer of the tendon load into the structure.  

By assuming an appropriate initial stress from tensile loading and using appropriate 
prestress loss parameters, the magnitude of the design losses and the final effective 
prestress at the end of 40 years for typical dome, vertical, and hoop tendons was 
calculated at the time of initial licensing.  

In 1996, Oconee provided a description of the methodology for determining the most 
accurate minimum required lift-off force for each tendon group for NRC review. Based 
upon the results of the evaluation of the submitted information and commitments made 
by Duke, the NRC staff has determined that the integrity of the Oconee Containment is 
adequate to support continued operation.  

Containment post-tensioning system surveillance will be performed in accordance with 
Oconee Improved Technical Specification SR 3.6.1.2. Acceptance criteria for tendon 
surveillance are given in terms of Prescribed Lower Limits and Minimum Required 
Values. Oconee Selected Licensee Commitment, Oconee UFSAR, SLC 16.6.2 provides 
the required prescribed lower limits and minimum required values in Appendix 16.6-2, 
Figures 1, 2, and 3. These figures contain the dome, hoop and vertical tendon prescribed 
lower limits and minimum required values, respectively, for all three Oconee units. The 
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figures have been developed using the guidance contained in Regulatory Guide 1.35.  
Each prescribed lower limit line has been extended to 60 years of plant operation and 
remains above the minimum required values for all three tendon groups.  

Add the following References: 

Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 2, 
and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to Document 
Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Revise existing text concerning fatigue loads in UFSAR Section 3.8.1.5.3 to read as 
follows: 

3.8.1.5.3 Liner Plate 
The interior surface of the Containment is lined with welded steel plate to provide an 
essentially leak tight barrier. At all penetrations, the liner plate is thickened to reduce 
stress concentrations. Design criteria are applied to the liner to assure that the specified 
leak rate is not exceeded under design basis accident conditions. The following fatigue 
loads were considered in the design of the liner plate and are considered to be time
limited aging analyses for the purposes of license renewal: 

(a) Thermal cycling due to annual outdoor temperature variations. The number of 
cycles for this loading is 40 cycles for the plant life of 40 years.  

(b) Thermal cycling due to Reactor Building interior temperature varying during the 
startup and shutdown of the Reactor Coolant System. The number of cycles for 
this loading is assumed to be 500 cycles.  

(c) Thermal cycling due to the loss-of-coolant accident will be assumed to be one 
cycle.  

(d) Thermal load cycles in the piping systems are somewhat isolated from the liner 
plate penetrations by concentric sleeves between the pipe and the liner plate. The 
attachment sleeve is designed in accordance with ASME Section I 
considerations. All penetrations are reviewed for a conservative number of cycles 
to be expected during the plant life.  

Each of the above four time-limited aging analyses have been evaluated for continued 
operation for up to 60 years. For item (a), an increase in the number of thermal cycles 
due to annual outdoor temperature variations from 40 to 60 cycles is considered to be 
insignificant in comparison to the assumed 500 thermal cycles due to Containment 
interior temperature varying during heatup and cooldown of the Reactor Coolant System.  
Thus, this time-limited aging analysis is considered to be valid for the period of extended 
operation as it is enveloped with item (b) above.  

For item (b), with respect to the assumed 500 thermal cycles due to startup and shutdown 
of the Reactor Coolant System, a more limiting number of thermal cycles is contained in 
the Oconee UFSAR, Section 5.2 for actual plant operation. Oconee UFSAR , Table 5.2 
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indicates a design limit of 360 heatup cycles and 360 cooldown cycles for the Reactor 
Coolant System. The projected number of cycles for each Oconee unit through 60 years 
of operation has been determined to be less than the original 360 cycle design limits.  
This time-limited aging analysis is considered to be valid for the period of extended 
operation because actual operating cycle values fall well within the assumed 500 thermal 
cycles due to startup and shutdown of the Reactor Coolant System.  

For item (c), the assumed value for thermal cycling due to loss-of-coolant accident 
remains valid. None have occurred and none are expected to occur. This time-limited 
aging analysis is considered to be valid for the period of extended operation.  

Finally for item (d), the design of the Containment penetrations has been reviewed. The 
design meets the general requirements of ASME Section Ell for thermal cycling. The only 
high temperature lines penetrating the Containment wall and liner plate are the feedwater 
and main steam lines. The design number of thermal load cycles in these two systems is 
bounded by the number of design heatup and cooldown cycles of the Reactor Coolant 
System. The projected number of cycles for each Oconee unit through 60 years of 
operation has been determined to be less than these original design limits. Thus, basc. 3 n 
a review of the existing fatigue analysis, this time-limited aging analysis is considered to 
be valid for the period of extended operation.  

Periodic Type A Integrated Leak rate tests are additional major sources of load changes.  
These Type A loads are considered within the set of design loads whose cumulative total 
was assumed to be 500 cycles. Seven Type A tests have been performed per unit to date 
(June 1998). The frequency of performing Type A tests has recently been revised to once 
every ten years. Four more tests may be performed per unit through the period of 
extended operation. The additional load cycles on the liner due to Type A testing are 
considered to be insignificant.  
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Add the following References: 

Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 2, 
and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to Document 
Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Revise existing text in UFSAR Section 3.11, to read as follows: 

(Text that has been added is underlined; text that has been revised is str4kethrough) 

3.11 ENVIRONMENTAL DESIGN OF MECHANICAL AND 
ELECTRICAL EQUIPMENT 

3.11.1 EQUIPMENT IDENTIFICATION AND ENVIRONMENTAL 
CONDITIONS 

Duke has a program in place for environmental qualification of safety-related electrical 
equipment inclusive of equipment required to achieve a safe shutdown. Environmental 
effects resulting from the postulated design basis accidents documented in Chapter 15, 
"Accident Analyses" have been considered in the qualification of electrical equipment 
which is covered by this program. This program has been reviewed and approved by NRC 
(Reference 2).  

3.11.1.1 Equipment Identification 

Safety-related electrical equipment that is required to perform a safety function(s) in a 
postulated harsh environment is identified in Duke Power Company's response to NRC 
IE Bulletin 79-O1B (Reference 1).  

Safety-related mechanical equipment including design information is identified in Section 
3.2.2, "System Quality Group Classification." 

3.11.1.2 Environmental Conditions 

The postulated harsh environmental conditions resulting from a LOCA or HELB inside 
the Reactor Building and a HELB outside the Reactor Building are identified and 
discussed in Duke Power Company's response to NRC IE Bulletin 79-01B (Reference 1).  

The environmental parameters that compose the overall worst-case containment 
environment are as follows: 

Containment Temperature: Time history as shown in Figure 15-71 for the Design 
Basis Accident (DBA), a 5.0 ft2 hot leg break.  
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Containment Pressure: Time history as shown in Figure 15-56 for the largest 
(14.1 ft2 ) hot leg break.  

Relative Humidity: 100% 

Radiation: Total integrated radiation dose for the equipment location includes the 
40 year normal operating dose plus the appropriate accident dose based on equipment 
operability requirements. The bases for determining the containment radiation 
environment are discussed in Chapter 12, "Radiation Protection." 

Chemical Spray: Boric acid spray resulting from mixing in the containment sump 
with borated water from the borated water storage tank. Refer to Section 6.2.2, 
"Containment Heat Removal Systems" for additional information on chemical spray.  

3.11.2 QUALIFICATION TEST AND ANALYSIS 

Safety-related equipment identified in Section 3.11.1.1, "Equipment Identification" is 
qualified by test and/or analysis. The method of qualification for this Class IE equipment 
is identified in Duke Power Company's response to NRC IE Bulletin 79-01B 
(Reference 1).  

3.11.3 QUALIFICATION TEST RESULTS 

The results of the qualification tests and/or analyses for the electrical equipment 
identified in Section 3.11.1.1, "Equipment Identification" are presented in the 
qualification documentation references identified in Duke Power Company's response to 
NRC IE Bulletin 79-01B (Reference 1). Additionally, a summary of the qualification 
results is also presented in the bulletin response.  

3.11.4 EVALUATION FOR LICENSE RENEWAL 

Some qualification analyses for safety-related equipment identified in Section 3.11.1.1 
were found to be a time-limited aging analyses for license renewal. Evaluations were 
performed for applicable electrical equipment with the results submitted in Reference 3.  

3.-.4 3.11.5 LOSS OF VENTILATION 

The control area air conditioning and ventilation systems (Section 9.4.1, "Control Room 
Ventilation") are conservatively designed to provide a suitable environment for the 
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control and electrical equipment. In addition, redundant air conditioning and ventilation 
equipment is provided, as summarized below, to assure that no single failure of an active 
component within these systems will prevent proper control area environmental control.  

1. Two 100 percent capacity supply fans with filter banks and chilled water coils.  

2. Two 100 percent capacity chillers.  

3. Two 50 percent capacity outside air booster fans.  

The Station Blackout scenario involves a four hour loss of ventilation to the control area.  
Assuming the non-essential loads are manually stripped within the first 30 minutes of the 
event, and the initial ambient temperatures outlined in the Selected Licensee 
Commitments Manual, Section 16.8.1 are not exceeded, analysis has shown that the 
following temperatures would not be exceeded: 

Control rooms 120oF 
Cable rooms 137 0F 
Electrical equipment rooms 1 150F 
I&C Battery rooms 107 0F 

The above temperatures are within the specifications of the control room habitability 
requirements of 10CFR 50.63, and within the operating temperature limits of the 
equipment required to operate during the scenario.  

3.-15 3.11.6 ESTIMATED CHEMICAL AND RADIATION ENVIRONMENT 

The estimated chemical and radiation environments at Oconee are discussed in Duke 
Power Company's response to NRC IE Bulletin 79.01B (Reference 1). Additional 
information regarding chemical and radiation conditions is presented in Section 6.5, 
"Fission Product Removal and Control Systems" and in Chapter 12, "Radiation 
Protection," respectively.  

3A-16 3.11.7 REFERENCES 

1. Oconee Nuclear Station Response to IE Bulletin 79-OlB, as revised, including 
Response to NRC Equipment Qualification Safety Evaluation Report.  
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2. Letter from J. F. Stolz (NRC) to H. B. Tucker (Duke) dated March 20, 1985.  
Subject: Safety Evaluation Report on Environmental Qualification of Electrical 
Equipment Important to Safety.  

3. Application for Renewed Operatin Licenses for Oconee Nuclear Station, 
Units 1. 2. and 3. submitted by M. S. Tuckman (Duke) letter dated July 6. 1998 to 
Document Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

Insert specifics of NRC approval document as a reference, when available.] 
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Insert new UFSAR Section 3.12 to read as follows: 

3.12 Coatings Program 
The Oconee Coatings Program was established prior to initial licensing of the station and 
has been in effect continuously since then. Over the years, enhancements and refinements 
have been made to improve the effectiveness of the program. The purpose of the Oconee 
Coatings Program is to protect the underlying structure or component from detrimental 
effects of the environment to which it is exposed during normal operation and to reduce 
personnel exposure to as low as reasonably achievable in areas subject to radiation and 
contamination. Table 3-12 provides a tabulation of the original, maintenance and new 
coating systems used in primary Containment. The elements of the Oconee Coatings 
Program are documented in a Nuclear Generation Department Directive.  

Add the following References: 

Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 2, 
and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to Document 
Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Insert new UFSAR Section 3.13 to read as follows: 

3.13 Cranes and Control of Heavy Loads 
The load cycle limit of the Oconee Polar Cranes has been identified as a time-limited 
aging analysis by reviewing correspondence on the Oconee dockets associated with the 
control of heavy loads. In 1981, NRC issued Generic Letter 81-07 and NUREG-0612 
[Reference 3.13-1]. NRC issued a letter [Reference 3.13-2] requesting additional 
information which Duke responded to by letter [Reference 3.13-3]. One of the concerns 
expressed in NUREG-0612 was the potential for fatigue of the crane due to frequent 
loadings at or near design conditions. Cranes at Oconee are not generally subjected to 
frequent loads at or near design conditions. The topic of lift cycles of cranes at or near 
rated load is considered to be a time-limited aging analysis for Oconee because the 
analysis meet all of the criteria contained in §54.3.  

The NRC evaluated the written Duke response to NUREG-0612 and in its evaluation 
[Reference 3.13-4] stated that since the number of cycles is far below the 20,000 loading 
cycles specified by CMAA-70 [Reference 3.13-5], fatigue is not a concern at Oconee.  
Duke notes that even for operation of the Oconee polar cranes through 60 years, the 
estimated number of heavy load cycles of the polar crane is still below 20,000 loading 
cycles.  

Subsequent to the above NUREG-0612 review, Oconee installed an Independent Spent 
Fuel Storage Installation (ISFSI) which became operational in 1990. The operation of the 
ISFSI resulted in additional lifts by the spent fuel pool cranes near their rated lifting 
capacity.  

For license renewal, the existing analyses addressing heavy load lifts of both the polar 
cranes and the spent fuel pool cranes are considered to be valid for the period of extended 
operation [Reference 3.13-6] 
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References for Section 3.13 

3.13-1. Generic Letter 81-07, NUREG-0612, Control of Heavy Loads, NRC, 
February 3, 1981.  

3.13-2. J. F. Stolz (NRC) to W. 0. Parker (Duke) letter dated February 18, 1982, 
Oconee Nuclear Station, Docket Numbers 50-269, 50-270, 50-287.  

3.13-3. W. 0. Parker (Duke) letter to Document Control Desk (NRC) dated 
October 8, 1982, Oconee Nuclear Station, Docket Numbers 50-269, 50-270, 
50-287.  

3.13-4. J. F. Stolz (NRC) letter H. B. Tucker (Duke) dated April 20, 1983, Oconee 
Nuclear Station, Docket Numbers 50-269, 50-270, 50-287.  

3.13-5. Crane Manufacturers Association of America (CMAA) Specification #70, 
Specifications for Electric Overhead Traveling Cranes, Revised 1975.  

3.13-6. Application for Renewed Operating Licenses for Oconee Nuclear Station, 
Units 1, 2, and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 
to Document Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Revise existing text in UFSAR Section 4.5.1.2 to read as follows: 

4.5.1 Reactor Internals 

4.5.1.2 Design Bases 
Duke actively participated in a B&W Owners Group effort that developed a series of 
technical reports whose purpose was to demonstrate that the aging effects for reactor 
coolant system components are adequately managed for the period of extended operation 
for license renewal. One of the B&W Owners Group topical reports that was submitted 
and is currently under NRC review is BAW-2248 [Reference 4-1] which addresses the 
reactor vessel internals. Time-limited aging analyses applicable to the Oconee reactor 
vessel internals are addressed within BAW-2248.  

Time-limited aging analyses that are applicable to the Oconee reactor vessel internals 
include: (1) flow-induced vibration endurance limit assumptions; (2) transient cycle 
count assumptions for the replacement bolting; and (3) reduction in fracture toughness.  
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REFERENCES FOR CHAPTER 4 

4-1. Demonstration of the Management ofAging Effects for the Reactor Vessel 
Internals, BAW-2248, The B&W Owners Group Generic License Renewal 
Program, July 1997.  

4-2 Application for Renewed Operating Licenses for Oconee Nuclear Station, 
Units 1, 2, and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 
to Document Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Revise existing text in UFSAR Section 5.2.1.4 to read as follows: 

5.2.1.4 Cyclic Loads 
Oconee Technical Specification 5.5.6 establishes the requirement to provide controls to 
track the number of UFSAR Section 5.2.1.4 cyclic and transient occurrences to assure 
that components are maintained within design limits. The Transient Cycle Monitoring 
Program is implemented by written procedures as required by Oconee Technical 
Specification 5.4. The evaluation of the thermal transient cycle count assumptions used 
in Oconee mechanical system thermal fatigue analyses considered the following specific 
topic areas: 

(1) Reactor Coolant System components within the B&W scope of supply; 
(2) Reactor Coolant System components within the Bechtel scope of supply; 
(3) IE Bulletin 88-11, Pressurizer Surge Line Stratification; 
(4) IE Bulletin 88-08, Thermal Stresses in Piping Connected to the Reactor Coolant 

System.  
(5) ASME Section XI - Analysis of Inservice Inspection Indications; 
(6) Non-Reactor Coolant System mechanical components; 

For license renewal, continuation of the Oconee Thermal Fatigue Management Program 
into the period of extended operation will provide reasonable assurance that the analyses 
will remain valid or that appropriate action is taken in a timely manner to assure 
continued validity of the design.  

Add the following References: 

Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 2, 
and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to Document 
Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

[Insert specifics of NRC approval document as a reference, when available.] 
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Revise appropriate portions of text in UFSAR Section 5.2.3.3 to include the following: 

5.2.3.3 Reactor Vessel 

Replace existing text in Section 5.2.3.3.6 with the following: 

5.2.3.3.6 Pressurized Thermal Shock 
Section 50.61(b)(1) provides rules for protection against pressurized thermal shock events 
for pressurized water reactors. Licensees are required to perform an assessment of the 
projected values of reference temperature whenever there is a significant change in 
projected values of RTyrs, or upon request for a change in the expiration date for the 
operation of the facility. For license renewal, RTprs values are calculated for 48 EFPY for 
Oconee Units 1, 2, and 3.  

Section 50.6 1(c) provides two methods for determining RTprs: (Position 1) for material that 
does not have surveillance data available, and (Position 2) for material that does have 
surveillance data. Availability of surveillance data is not the only measure of whether 
Position 2 [Footnote 1] may be used; the data must also meet tests of sufficiency and 
credibility.  

RTyrs is the sum of the initial reference temperature (IRTNDT), the shift in reference 
temperature caused by neutron irradiation (ARTNDT), and a margin term (M) to account for 
uncertainties.  

IRTNDT is determined using the method of Section III of the ASME Boiler & Pressure 
Vessel Code. That is, IRTNDT is the greater of the drop weight nil-ductility transition 
temperature or the temperature that is 60 oF below that at which the material exhibits 
Charpy test values of 50 ft-lbs and 35 mils lateral expansion. For a material for which 
test data is unavailable, generic values may be used if there are sufficient test results for 
that class of material. For Linde 80 weld material with the exception of WF-70, the 
IRTNDT is taken to be the currently NRC accepted values of -7 oF or -5 'F. For WF-70, 
the IRTNDT iS similarly taken to be a measured value, -26.5 'F, in accordance with the 
discussion and results presented in BAW-2202 [Footnote 2][Reference 5-1]. For forgings 

1. The term "Position" is taken from Regulatory Guide 1.99, the methodology of which was 
incorporated into 10 CFR 50.61.  

2. BAW-2202 is an FTI topical report submitted to the NRC for their acceptance on September 29, 
1993. The NRC's acceptance for use at the Zion plants was published in the Federal Register, Vol.  
59, No. 40, Pages 9782-9785, March 1, 1994.  
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and plate material, measured values are used where appropriate data is available. Where 
not available, the generic value of +3 'F is used for forgings and +1 oF is used for plate 
material [Reference 5-2].  

For Position 1 material (surveillance data not available), ARTNDT is defined as the product 
of the chemistry factor (CF) and the fluence factor (ff). CF is a function of the material's 
copper and nickel content expressed as weight percent. "Best estimate" copper and nickel 
contents are used which is the mean of measured values for the material. For Oconee, best 
estimate values were obtained from the following FTI reports: BAW-1820, BAW-2121P, 
BAW-2166, and BAW-2222 [Footnote 1][References 5-3, 5-4, 5-5, and 5-6]. The value of 
CF is directly obtained from tables in §50.61. ff is a calculated value [Footnote 2] using 
end-of-license (EOL) peak fluence at the inner surface at the material's location. Fluence 
values were obtained by extrapolation to 48 EFPY of the current 32 EFPY values for each 
Oconee unit.  

For beltline welds and plate materials for which surveillance data is available, evaluations 
were performed in accordance with Regulatory Guide 1.99, Revision 2, Position 2. The 
applicable chemistry factors, margin, and RTers at 48 EFPY are summarized in 
Tables 5-1 through 5-3.  

For Position 2 material (surveillance data available), the discussion above for Position 1 
applies except for determination of CF, which in this instance is a material-specific value 
calculated as follows: 

(1) Multiply each ARTNDT value by its corresponding ff.  

(2) Sum these products.  

(3) Divide this sum by the sum of the squares of the ffs.  

The margin term (M) is generally determined as follows: 

M = 2(o1
2 + 20.5 

1. BAW-1820 and BAW-2121P were provided to the NRC for their information. BAW-2166 and BAW
2222 were provided to the NRC as part of the Generic Letter 92-01 program.  

2. ff = f(. 28-0.*logf, where f = fluence*10' 9 (n/cm 2, E>1MeV).  
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where orAis the standard deviation for IRTNDT 

and a is the standard deviation for ARTNDT 

For Position 1, o1 = 0 if measured values are used. If generic values are used, 1 is the 
standard deviation of the set of values used to obtain the mean value. For ARTNDT, 
or = 280 F for welds and 170 F for base metal (plate and forgings), except that oA need not 
exceed one-half of the mean value of ARTNDT. For Position 2, the same method for 
determining the a values are used except that the a values are halved (140 F for welds and 
8.5 0F for base metal).  

Section 50.61(b)(2) establishes screening criteria for RTPTs : 270oF for plates, forgings, 
and axial welds and 300aF for circumferential welds. The values for RTprTs at 48 EFPY are 
provided in Tables 5-1, 5-2, and 5-3 for Units 1, 2, and 3, respectively. The RTprs values 
reported herein are based on updated 48 EFPY fluence projections using the evaluation 
based methodology described in BAW-2251 [Reference 5-7, Appendix D] and 
BAW-2241P [Reference 5-8].  

The projected RTpTs values for Units 1 and 3 are within the established screening criteria 
for 48 EFPY. For Unit 1, the limiting weld is SA- 1073 with a projected value of RTvrs at 
48 EFPY of 230.3oF ( screening limit of 270'F). For Unit 3, the limiting weld is WF-67 
with a projected value of RTprs at 48 EFPY of 253.5oF (screening limit of 300oF).  

For Unit 2, the projected RTprs value for 48 EFPY is 300. 1oF which is 0. 1oF above the 
established screening criteria or 300aF for circumferential welds. Section 50.61 (b)(3) 
requires that licensees implement flux reduction programs that are reasonably practical to 
avoid exceeding the screening criteria set forth in §50.61(b)(2).  

Duke commits to the following activities in order to avoid exceeding these screening 
criteria at Oconee: 

(1) Duke will continue our practice of using low leakage core designs; 
(2) Duke will continue our involvement in various industry activities that provide new 

information or new analysis techniques associated with the reactor vessel beltline 
region. These activities include, but are not limited to, the development of the master 
curve technique which will establish a generic initial value of RTNDT of -27 oF 

Linde 80 welds (WF 25, the limiting weld for Unit 2 is a Linde 80 weld); 
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(3) Duke will provide projected values of RTvrs at 48 EFPY for each Oconee unit as 
follows: 

(a) in 2013 (which is 40 years of operation or approximately 33 EFPY) 
(b) in 2023 (which is 50 years of operation or approximately 41 EFPY) 

[Reference 5-9] 
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Insert New Section 5.2.3.3.X 

5.2.3.3.X Charpy Upper-Shelf Energy 
Appendix G of 10 CFR 50 requires that reactor vessel beltline materials "have Charpy 
upper-shelf energy ... of no less than 75 ft-lb initially and must maintain Charpy upper-shelf 
energy throughout the life of the vessel of no less than 50 ft-lb ... ." The B&WOG positions 
on upper shelf energy for 32 EFPY are documented in the responses to 
Generic Letter 92-01, as reported in BAW-2166 and BAW-2222 and, the low upper shelf 
toughness analyses documented in BAW-2275 [Reference 5-10], which is included in 
BAW-2251as Appendix B.  

Regulatory Guide 1.99, Revision 2 provides two methods for determining Charpy upper
shelf energy (CvUSE): Position 1 for material that does not have surveillance data available 
and Position 2 for material that does have surveillance data. For Position 1, the percent 
drop in CvUSE, for a stated copper content and neutron fluence, is determined by reference 
to Figure 2 of Regulatory Guide 1.99, Revision 2. This percentage drop is applied to the 
initial CvUSE to obtain the adjusted CvUSE. For Position 2, the percent drop in CvUSE is 
determined by plotting the available data on Figure 2 and fitting the data with a line dr: 1 

parallel to the existing lines that upper bounds all the plotted points.  

The 48 EFPY CVUSE values were determined for the reactor vessel beltline materials for 
each Oconee Unit are reported in Tables 5-4 through 5-6. The T/4 fluence values reported 
in these tables were calculated in accordance with the ratio of inner surface to T/4 values 
(i.e. neutron fluence lead factors at T/4) determined in the latest Reactor Vessel Surveillance 
Program report. [Footnote 1] As shown in these tables, the CvUSE is maintained above 50 
ft-lb for base metal (plates and forgings), however, for Oconee the CvUSE for weld metal 
drops below the required 50 ft-lb level at 48 EFPY. Appendix G of 10 CFR 50 provides for 
this by allowing operation with lower values of CvUSE if "it is demonstrated ... that the 
lower values of Charpy upper-shelf energy will provide margins of safety against fracture 
equivalent to those required by Appendix G of Section XI of the ASME Code." 

This equivalent margin analysis was performed for 48 EFPY and is reported in BAW-2275 
for service levels A, B, C, and D. The analysis used very conservative material models and 

1. The current projected 48 EFPY fluence values for Unit I welds are slightly greater than that 
reported in BAW-225 1, Table 4-4. A calculation has been performed which shows that the weld 
metals of Oconee Unit I continue to satisfy the acceptance criteria of Appendix K of Section XI of 
the ASME Code. The current projected 48 EFPY fluence values for Units 2 and 3 are less that 
those values presented in BAW-225 1, Tables 4-5 and 4-6. The values reported in these two tables 
of BAW-2251 are conservatively bounding.  

UFSAR Supplement -page 22 
Revision 0 

UFSAR.doc 
June 1998



Oconee Nuclear Station 
UFSAR Supplement For License Renewal 

Chapter 5 Changes 

load combinations, i. e., treating thermal gradient stress as a primary stress. For service 
levels A and B, the analytical results demonstrate that there is sufficient margin beyond that 
required by the acceptance criteria of Appendix K of the ASME Code (1995 Edition). For 
service levels C and D, the most limiting transient was evaluated, and again the analytical 
results demonstrate that there is sufficient margin beyond that required by the acceptance 
criteria of Appendix K of the ASMIE Code. The evaluations for all service levels 
conclusively demonstrate the adequacy of margin of safety against fracture for the reactor 
vessels within the scope of this report for 48 EFPY [Reference 5-9].  
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Insert New Section 5.2.3.3. Y 

5.2.3.3Y Intergranular Separation in HAZ of Low Alloy Steel under Austenitic SS 
Weld Cladding 
Intergranular separations in low alloy steel heat-affected zones under austenitic stainless 
steel weld claddings were detected in SA-508, Class 2 reactor vessel forgings 
manufactured to a coarse grain practice, and clad by high-heat-input submerged arc 
processes. BAW-10013 contains a fracture mechanics analysis that demonstrates the 
critical crack size required to initiate fast fracture is several orders of magnitude greater 
than the assumed maximum flaw size plus predicted flaw growth due to design fatigue 
cycles. The flaw growth analysis was performed for a 40-year cyclic loading, and an end
of-life assessment of radiation embrittlement (i.e., fluence at 32 EFPY) was used to 
determine fracture toughness properties. The report concluded that the intergranular 
separations found in B&W vessels would not lead to vessel failure. This conclusion was 
accepted by the Atomic Energy Commission. [Footnote 1] To cover the period of 
extended operation, an analysis was performed using current ASME Code requirements; 
this analysis is fully described in BAW-2274 [Reference 5-11] which is contained in 
BAW-2251 as Appendix C.  

In May 1973, the Atomic Energy Commission issued Regulatory Guide 1.43, "Control of 
Stainless Steel Weld Cladding of Low-Alloy Steel Components," [Reference 5-12]. The 
guide states that underclad cracking "has been reported only in forgings and plate material 
of SA-508 Class 2 composition made to coarse grain practice when clad using high
deposition-rate welding processes identified as 'high-heat-input' processes such as the 
submerged-arc wide-strip and the submerged-arc 6-wire processes. Cracking was not 
observed in clad SA-508 Class 2 materials clad by 'low-heat-input' processes controlled 
to minimize heating of the base metal. Further, cracking was not observed in clad SA
533 Grade B Class 1 plate material, which is produced to fine grain practice.  
Characteristically, the cracking occurs only in the grain-coarsened region of the base
metal heat-affected zone at the weld bead overlap." The guide also notes that the 
maximum observed dimensions of these subsurface cracks is 0.165-inch deep by 0.5-inch 
long.  

The BAW-10013 fracture mechanics analysis is a flaw evaluation performed before the 
ASME Code requirements for flaw evaluation, the KIa curve for ferritic steels as indexed 
against RTNDT, and the ASME Code fatigue crack growth curves for carbon and low alloy 
ferritic steels were available. The revised analysis uses current fracture toughness 

1. R. C. DeYoung (USAEC) to J. F. Mallay (B&W), letter transmitting topical report evaluation, 
October I1, 1972.  
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information, applied stress intensity factor solutions, and fatigue crack growth 
correlations for SA-508 Class 2 material. The objective of the analysis is to determine 
the acceptability of the postulated flaws for 48 EFPY using ASME Code, Section XI, 
(1995 Edition), IWB-3612 acceptance criteria.  

The revised analysis was applied to three relevant regions of the reactor vessel: the 
beltline, the nozzle belt, and the closure head/head flange. The analysis conservatively 
considered 360 cycles of 100F/hr normal heatup and cooldown transients. For the power 
maneuvering transients, the range in applied stress intensity factors for the closure head 
region were assumed to be the same as that determined for the beltline region. This 
assumption is considered conservative since the closure head region is subject to a low 
flow condition while the beltline region is subject to a forced flow condition.  

An initial flaw size of 0.353-inch deep by 2.12-inch long (6:1 aspect ratio) was 
conservatively assumed for each of the three regions. The flaw was further assumed to be 
an axially oriented, semi-elliptical surface flaw in contrast to the observed flaws which 
are subsurface with a maximum size of 0.165-inch deep by 0.5-inch long.  

The maximum crack growth and applied stress intensity factor for the normal and upset 
conditions were found to occur in the nozzle belt region. The maximum crack growth, 
considering all the normal and upset condition transients for 48 EFPY, was determined to 
be 0.180-inch, which results in a final flaw depth of 0.533-inch. The maximum applied 
stress intensity factor for the normal and upset condition results in a fracture toughness 
margin of 3.6 which is greater than the IWB-3612 acceptance criterion of 3.16.  

The maximum applied stress intensity factor for the emergency and faulted conditions 
occurs in the closure head to head flange region and the fracture toughness margin was 
determined to be 2.24, which is greater than the IWB-3612 acceptance criterion of 1.41.  
It is therefore concluded that the postulated intergranular separations in the Oconee 
Unit 1, 2, and 3 reactor vessel 508 Class 2 forgings are acceptable for continued safe 
operation through the period of extended operation [Reference 5-9].  
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Revise existing text in UFSAR Section 5.4.4.2 to read as follows: 

5.4.4.2 Flywheel Design Consideration 
The reactor coolant pump motors are large, vertical, squirrel cage, induction motors. The 
motors have flywheels to increase rotational-inertia, thus prolonging pump coastdown 
and assuring a more gradual loss of main coolant flow to the core in the event that pump 
power is lost. The flywheel is mounted on the upper end of the rotor, below the upper 
radial bearing and inside the motor frame. The assumed operation of the reactor coolant 
pumps was 500 motor starts over forty years. The aging effect of concern is fatigue crack 
initiation in the flywheel bore key way from stresses due to starting the motor. Therefore, 
this topic is considered to be a time-limited aging analysis for license renewal.  

The flywheels have been designed for 10,000 starts that provide a safety factor of 20 over 
the original operation assumptions. Reaching 10,000 starts in 60 years would require on 
average a pump start every 2.1 days. This conservative design is considered to be valid 
for the period of extended operation [Reference 5-9].  
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Table 5-1 Evaluation of Reactor Vessel Pressurized Thermal Shock Toughness Properties at 48 EFPY - Oconee Unit 1 

Reactor Vessel HatC Ni Intal Chemistry Fluence, n/c2 ARTwr, F ATas, F Screening Number Type w% wt% RTar Factor inside Surface at 48 EFPY at 48 EFPY Criteria 

10 CFR 50.61 (Tables) 

Lower Nozzle Belt Forging AHR 54 ZV-2861 A 508 CI. 2 0.16 0.65 +3 119.3 1.11E+18 52.2 70.7 126.0 270 
Intermediate Shell Plate C2197-2 C2197-2 SA-302 Gr. BM 0.15 0.50 +1 104.5 1.18E+19 109.3 63.6 174.0 270 
Upper Shell Plate C3265-1 C3265-1 SA-302 Gr. BM' 0.10 0.50 +1 65.0 1.31 E+19 69.9 63.6 134.5 270 
Upper Shell Plate C3278-1 C3278-1 SA-302 Gr. BM* 0.12 0.60 +1 83.0 1.31E+19 89.2 63.6 153.9 270 
Lower Shell Plate C2800-1 C2800-1 SA-302 Gr. BM' 0.11 0.63 +1 74.5 1.31E+19 80.0 63.6 144.7 270 
Lower Shell Plate C2800-2 C2800-2 SA-302 Gr. BM' 0.11 0.63 +1 74.5 1.31E+19 80.0 63.6 144.7 270 

LNB to IS Circ. Weld (100%) SA-1 135 61782 ASA/Linde 80 0.23 0.52 -5 157.4 1.11E+18 69.0 68.5 132.4 300 
IS Longit. Weld (Both 100%) SA-1073 1P0962 ASA/Linde 80 0.21 0.64 -5 170.6 9.24E+18 166.8 68.5 [230.3] 270 
IS to US Circ. Weld (ID 61%) SA-1229 71249 ASA/Linde 80 0.23 0.59 +10 167.6 1.19E+19 175.7 56.0 241.7 300 
US Longit. Weld (Both 100%) SA-1493 8T1762 ASA/Linde 80 0.19 0.55 -5 149.3 1.12E+19 154.0 68.5 217.4 270 
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde 80 0.22 0.54 -5 158.0 1.27E+19 168.5 68.5 232.0 300 
LS Longit. Weld (100%) SA-1426 8T1762 ASA/Linde 80 0.19 0.55 -5 149.3 1.08E+19 152.5 68.5 215.9 270 
LS Longit. Weld (100%) SA-1430 8T1762 ASA/Linde 80 0.19 0.55 -5 149.3 1.08E+19 152.5 68.5 215.9 270 
10 CFR 50.61 (Surveillance Data) 

LNB to IS Circ. Weld (100%) SA-1135 61782 ASA/Linde 80 0.23 0.52 -5 133.0 1.11E+18 58.3 48.3 101.6 300 
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde80 0.22 0.54 -5 151.8 1.27E+19 161.9 48.3 205.2 300 
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Table 5-2 Evaluation of Reactor Vessel Pressurized Thermal Shock Toughness Properties at 48 EFPY - Oconee Unit 2 

Material Descrion Chiemi cal 

Comnposiio 

Reactor Vessel matt Heat CU Ni ilia Chemist Fluence, nm ARTar, F RTPs, F Screening 
3in Rgion Locatoln ident Number Type t% &tT Factor sde Sudace at 48 EFPY Margin at 48 EFPY Crie ria 

10 CFR 50.61 (Tables) 

Lower Nozzle Belt Forging AMX 77 123T382 A 508 CI. 2 0.13 0.76 +3 95.0 1.19E+19 99.6 70.7 173.3 270 
Upper Shell Forging AAW 163 3P2359 A 508 Cl. 2 0.04 0.75 +20 26.0 1.28E+19 27.8 27.8 75.6 270 
Lower Shell Forging AWG 164 4P1885 A 508 CI. 2 0.02 0.80 +20 20.0 1.27E+19 21.3 21.3 62.7 270 

LNB to US Circ. Weld (100%) WF-154 406L44 ASAILinde 80 0.28 0.59 -5 185.7 1.19E+19 194.7 68.5 258.1 300 
US to LS Circ. Weld (100%) WF-25 299L44 ASA/Linde 80 0.34 0.68 -5 220.6 1.23E+19 233.3 68.5 296.8 300 
10 CFR 50.61 (Surveillance Data) 

Upper Shell Forging AAW 163 3P2359 A 508 Cl. 2 0.04 0.75 +20 8.9 1.28E+19 9.5 9.5 .39.0 270 

US to LS Circ. Weld (100%) WF-25 299L44 ASAILinde 80 0.34 0.68 -5 223.7 1.23E+19 236.6 68.5 [300.1] 300 
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Table 5-3 Evaluation of Reactor Vessel Pressurized Thermal Shock Toughness Properties at 48 EFPY - Oconee Unit 3 

Mateial Descrptin Cheadmi 
Composition 

Reactor Vese mat. Hea CU NI initia Cheity Fluence, nrt ARTaro, F RTPrs, F Screening 
Bettin Region Loain ident Number Typ wt% wt% RTwor Facto insid Surface at 48 EFPY Magn at 48 EFPY Gritera 

10 CFR 50.61 (Tables) 

Lower Nozzle Belt Forging 4680 4680 A 508 Cl. 2 0.13 0.91 +3 96.0 1.14E+19 99.5 70.7 173.2 270 
Upper Shell Forging AWS 192 522314 A 508 CI. 2 0.01 0.73 +40 20.0 1.26E+19 21.3 21.3 82.6 270 
Lower Shell Forging ANK 191 522194 A 508 CI. 2 0.02 0.76 +40 20.0 1.26E+19 21.3 21.3 82.6 270 

LNB to US Circ. Weld (100%) WF-200 821 T44 ASA/Linde 80 0.25 0.63 -5 181.0 1.14E+19 187.6 68.5 251.0 300 
US to LS Circ. Weld (ID 75%) WF-67 72442 ASA/Linde 80 10.26 10.60 -5 180.0 1.22E+19 1 190.0 1 68.5 1 [253.51 300 

10 CFR 50.61 (Surveillance Data) 

Upper Shell Forging AWS 192 522314 A 508 CI. 2 0.01 10.73 +40 47.4 1.26E+19 50.5 34.0 124.5 270 
Lower Shell Forging ANK 191 522194 A 508 Cl. 2 0.02 0.76 +40 32.5 1.26E+19 34.6 17.0 91.6 270 
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Table 5-4 Evaluation of Reactor Vessel Extended Life (48EFPY) Charpy V-Notch Upper-Shelf Energy - Oconee Unit 1 

Material Description 
48 EFPY Fluence 

Copper Inita T/4 Location, tmd 48 EFPY 

Compotion CvWCYUSE at T/4 48 EFPY % Drop 
W/o ft-Ibs at T/4 

Rxador Vessel N..< Heat444 
___ .~ <4...,4.~ 4 B.eWtlne Regom Location Id4nf.~ Number~ >~4~Type 4 ......... 4.<.~4<44 . <4~44>4..4.444 

Regulatory Guide 1.99, Revision 2, Position I 

Lower Nozzle Belt Forging AHR-54 ZV-2861 A508 C1.2 0.16 109 9.18E+17 94 14 
Intermediate Shell Plate C2197-2 C2197-2 SA-302 Gr. B M 0.15 81 6.22E+18 63 22 
Upper Shell Plate C3265-1 C3265-1 SA-302 Gr. B M 0.10 108 7.06E+18 90 17 
Upper Shell Plate C3278-1 C3278-1 SA-302 Gr. B M 0.12 81 7.06E+18 66 19 
Lower Shell Plate C2800-1 C2800-1 SA-302 Gr. B M 0.11 81 6.78E+18 66 18 
Lower Shell Plate C2800-2 C2800-2 SA-302 Gr. B M 0.11 119 6.78E+18 98 18 

LNB to IS Circ. Weld (100%) SA-1135 61782 ASA/Linde 80 0.25 70 9.18E+17 55 22 
IS Longit. Weld (Both 100%) SA-1073 IP0962 ASA/Linde 80 0.21 70 4.91E+18 50 29 
IS to US Circ. Weld (61% ID) SA-1229 71249 ASA/Linde 80 0.26 70 6.22E+18 45 36 
IS to US Circ. Weld (39% OD) WF-25 299L44 ASA/Linde 80 0.35 70 ----- -- -
US Longit. Weld (Both 100%) SA- 1493 8TI762 ASA/Linde 80 0.20 70 5.66E+18 49 30 
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde 80 0.21 70 6.78E+18 48 32 
LS Longit. Weld (100%) SA-1430 8T1762 ASA/Linde 80 0.20 70 5.71E+18 49 30 
LS Longit. Weld (100%) SA-1426 8T1762 ASA/Linde 80 0.20 70 5.71E+18 49 30 
LS to Dutch. Circ. Weld (100%) WF-9 72445 ASA/Linde 80 0.21 70 3.95E+16 64 9 

Regulatory Guide 1.99, Revision 2, Position 2 

Upper Shell Plate C3265-1 C3265-1 SA-302 Gr. B M 0.10 108 7.06E+18 91 16 

LNB to IS Circ. Weld (100%) SA-1 135 61782 ASA/Linde 80 0.25 70 9.18E+17 53 24 
IS to US Circ. Weld (61% ID) SA-1229 71249 ASA/Linde 80 0.26 70 6.22E+18 47 33 
IS to US Circ. Weld (39% OD) WF-25 299L44 ASA/Linde 80 0.35 70 ----- -- -
US to LS Circ. Weld (100%) SA-1585 72445 ASA/Linde 80 0.21 70 6.78E+18 48 31 
LS to Dutch. Circ. Weld (100%) WF-9 72445 ASA/Linde 80 0.2' 70 3.95E+16 64 9 
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Table 5-5 Evaluation of Reactor Vessel Extended Life (48 EFPY) Charpy V-Notch Upper-Shelf Energy - Oconee Unit 2 

Material Description 
48 EFPY Fluence 

Copper Initial T/4 Location, Estimated 48 EFPY 
Composiition CvUSE, n/cm CvUSE at T/4 48 EFP % Drop 

W/o ft-lbs at T/4 

Regulatory Guide 1.99, Revision 2, Position I 

Lower Nozzle Belt Forging AMX-77 123T382 A508 C1.2 0.06 109 6.83E+18 94 14 
Upper Shell Forging AAW-163 3P2359 A508 C1.2 0.04 133 7.78E+18 117 12 

Lower Shell Forging AWG-164 4Pl885 A508 C1.2 0.02 138 7.45E+18 124 10 

LNB to US Cire. Weld (100%) WF-154 406L44 ASA/Linde 80 0.31 70 6.83E+18 42 40 
US to LS Circ. Weld (100%) WF-25 299L44 ASA/Linde 80 0.35 70 7.45E+18 41 41 
LS to Dutch. Circ. Weld (100%) WF-ll12 406L44 ASAILinde 80 0.31 70 4.36E+16 62 12 

Regulatory Guide 1.99, Revision 2, Position 2 

Upper Shell Forging AAW-163 3P2359 A508 C1.2 0.04 133 7.78E+18 116 13 

NB to US Circ. Weld (100%) WF-154 406L,44 ASA/Linde 80 0.31 70 6.83E+18 45 36 
US to LS Circ. Weld (100%) WF-25 299L,44 ASA/Linde 80 0.35 70 7.45E+ 18 44 37 
LS to Dutch. Cire. Weld (100%) WF-ll12 406L44 ASA/Linde 80 0.31 70 4.36E+16 62 11 
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Table 5-6 Evaluation of Reactor Vessel Extended Life (48 EFPY) Charpy V-Notch Upper-Shelf Energy - Oconee Unit 3 

Material Desription 

48 EFPY Fluetce 
Copper Initial T/4 Loction, Estimated 48 EFY 

Composition CvUSE, rcm CPUSE at T/4 48 EFPY % Drop 

w/o ft-Ibs at T/4 

Reactor Vessl Matl. Heat 

Bet Region Location Ident Num ber Type 

Regulatory Guide 1.99, Revision 2, Position I 

Lower Nozzle Belt Forging 4680 4680 A508 CI.2 0.13 109 6.66E+18 87 20 
Upper Shell Forging AWS-192 522314 A508 C1.2 0.01 112 7.56E+18 102 9 
Lower Shell Forging ANK-191 522194 A508 C1.2 0.02 144 7.28E+18 130 10 

LNB to US Circ. Weld (100%) WF-200 821T44 ASA/Linde 80 0.24 70 6.66E+18 46 35 
US to LS Circ. Weld (75% ID) WF-67 72442 ASA/Linde 80 0.24 70 7.28E+18 46 35 
US to LS Circ. Weld (25% OD) WF-70 72105 ASA/Linde 80 0.35 70 ------
LS to Dutch. Circ. Weld (100%) WF-169-1 8T1554 ASA/Linde 80 0.18 70 4.23E+16 64 9 

Regulatory Guide 1.99, Revision 2, Position 2 

Upper Shell Forging AWS-192 522314 A508 CI.2 0.01 112 7.56E+18 95 15 
Lower Shell Forging ANK-191 522194 A508 CI.2 0.02 144 7.28E+18 111 23 

NB to US Circ. Weld (100%) WF-200 821T44 ASAILinde 80 0.24 70 6.66E+18 55 21 
US to LS Circ. Weld (25% OD) WF-70 72105 ASA/Linde 80 0.35 70 ----- -- -
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Insert new UFSAR Section 9.1.2.5 to read as follows: 

9.1.2.5 Boraflex 
The spent fuel storage racks contain Boraflex, which is the trade name for a silicon 
polymer that contains a specified amount of Boron 10 that is used as the neutron absorber 
to assure that the design basis for criticality control is met through the service life of the 
racks. The Boraflex is affixed to each of the four exterior sides of the fuel storage cell by 
means of stainless steel wrappers. Boraflex is used in spent fuel storage racks for the 
nonproductive absorption of neutrons such that the NRC established acceptance criterion 
of keff no greater than 0.95 is maintained.  

In the NRC Safety Evaluations approving the use of these racks, the NRC concluded that 
'tests under irradiation and at elevated temperatures in borated water indicate that the 
Boraflex material will not undergo significant degradation during the expected service 
life of 40 years.' Based on the above information, Duke has conservatively determined 
that the aging of Boraflex meets the criteria of §54.3 and should be considered as a time
limited aging analysis for the purposes of license renewal.  

Oconee has had in place a Boraflex Monitoring Program since the installation of the high 
density spent fuel storage racks containing Boraflex. This program contains several 
elements including testing, monitoring, and analysis of the criticality design. Actions are 
taken as necessary to assure that the NRC established acceptance criterion of keff no 
greater than 0.95 is maintained.  

The Spent Fuel Rack Boraflex Monitoring Program monitors the Boraflex to assure that 
the required 5% criticality margin is maintained for the lifetime of the spent fuel storage 
racks. The program includes: 

(1) Periodic neutron attenuation testing of a representative sample of actual Boraflex 
panel enclosures to established appropriate acceptance criteria; 

(2) Periodic sampling and analysis for silica in the spent fuel cooling water and the 
trending of results obtained; 

(3) Corrective actions to be taken in the event the Boraflex is no longer capable of 
maintaining the required subcriticality margin.  

Data collection and analysis of Boraflex condition is implemented through Nuclear 
Generation Department administrative and workplace procedures.  
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Insert Reference: 

9-1 Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 
2, and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to 
Document Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  
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Revise Figures 1, 2, and 3 of SLC 16.6.2 as follows: 

16.6. COMMITMENTS RELATED TO ENGINEERED SAFETY FEATURES (NON
ESF SYSTEMS) 

16.6.2 REACTOR BUILDING POST-TENSIONING SYSTEM 

See next three pages.  

Insert reference: 

Application for Renewed Operating Licenses for Oconee Nuclear Station, Units 1, 2, 
and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 1998 to Document 
Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  
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Appendix 16.6-2 
Figure 1 
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Appendix 16.6-2 
Figure 2 
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Appendix 16.6-2 
Figure 3 
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Insert new UFSAR Chapter 18 to read as follows: 

18. AGING MANAGEMENT PROGRAMS AND ACTIVITIES 
As the current operating license holder for Oconee Nuclear Station, Duke Energy 
Corporation prepared an Application for Renewed Operating Licenses for Oconee 
Nuclear Station, Units 1, 2, and 3 (Application) [Reference 18-1]. The complete 
application included sufficient information for the NRC to complete their technical and 
environmental reviews and provided the basis for the NRC to make the findings required 
by §54.29 [Reference 18-2]. Pursuant to the requirements of §54.21(d), the FSAR 
supplement for the facility must contain a summary description of the programs and 
activities for managing the effects of aging and the evaluation of time-limited aging 
analyses for the period of extended operation determined by §54.21 (a) and (c), 
respectively. Chapter 18 of the Oconee UFSAR fulfills this requirement.  

As an aid to the reader, Table 18-1 provides a summary listing of the programs, activities 
and time-limited aging analyses (TLAA) (topics) required for license renewal that are 
contained in the Oconee Nuclear Station UFSAR Supplement for License Renewal. The 
first column of Table 18-1 envides an alphabetical listing of these topics. The second 
column of Table 18-1 indicates whether the topic is a Program/Activity or TLAA.  
Programs and Activities have been described in Chapter 4 of OLRP-1001 (Exhibit A of 
the Application.) Topics that are considered to be programs currently exist, will continue 
through the life of the plant and are well documented.  

Topics which are considered to be activities are of three types: 

(1) Individual inspections which currently exist and will continue through the life of the 
plant; 

(2) Component replacements specifically identified within the Application as required for 
license renewal of Oconee; and 

(3) New one-time inspections specifically identified within the Application as required 
for license renewal of Oconee.  

TLAA have been described in Chapter 5 of OLRP-1001 (Exhibit A of the Application.) 

The third column of Table 18-1 identifies where the description, of the Program, Activity, 
or TLAA is located in the Oconee UFSAR. In some instances, a specification contained 
in the Oconee Improved Technical Specifications (ITS) pertains to a Program, Activity, 
or TLAA. In these instances, the ITS location is provided in the fourth column of 
Table 18-1.  
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Table 18-1 Summary Listing of the Changes Contained in the 

UFSAR Supplement for License Renewal 

Program / UFSAR ITS 
Topic Activity or Location Location 

TLAA 

New Programs and Activities: Program/ 18.1 
* Alloy 600 Aging Management Program Activity 
* Cast Iron Selective Leaching Inspection 
* Galvanic Susceptibility Inspection 
* Keowee Air and Gas Systems Inspection 
* Keowee Oil Sampling Program 
* Once Through Steam Generator Upper 

Lateral Support Inspection 
Pressurizer Examinations 
Preventive Maintenance Activity 
Assessment 

* Reactor Building Spray System 
Inspection 

* Reactor Coolant Pump Motor Oil 
Collection System Inspection 

* Reactor Vessel Internals Aging 
Management Program 

* Small Bore Piping Inspection 
* Treated Water Systems Stainless Steel 

Inspection 
Battery Rack Inspections Program/ SR 3.8.1.13, 

Activity SR 3.8.3.2, 
SR 3.10.1.10 

Boric Acid Wastage Surveillance Program Program/ 18.2 
Activity 

Chemistry Control Program Program/ 18.3 
Activity 
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Table 18-1 Summary Listing of the Changes Contained in the 

UFSAR Supplement for License Renewal 
(continued) 

Program / UFSAR ITS 
Topic Activity or Location Location 

TLAA 

Coatings Program Program/ 3.12 

Containment Inservice Inspection Plan Program/ 18.4 

Containment Leak Rate Testing Program Program/ 5.5.2 

Containment Liner Plate and Penetrations TLAA 3.8.1.5.3 

Containment Post-Tensioning System TLAA 3.8.1.5.2, 
16.6.2 

Control Rod Drive Mechanism Nozzle Program/ 18.5 
and Other Vessel Closure Penetrations Activity 
Inspection Program 

Crane Inspection Program Program/ 18.6 

Duke Power Five-Year Underwater Program/ 18.7 
Inspection of Hydroelectric Dams and Activity 
Appurtenances______ 

Duke Quality Assurance Program Program/ 17 

Environmental Qualification of Electrical TLAA 3.11 
Equipment 

Elevated Water Storage Tank Inspection Program/ 18.8 

Federal Energy Regulatory Commission Program/ 18.9 
(FERC) Five Year Inspections Activity 
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Table 18-1 Summary Listing of the Changes Contained in the 

UFSAR Supplement for License Renewal 
(continued) 

Program / UFSAR ITS 
Topic Activity or Location Location 

TLAA 

Fire Protection Program Program/ 16.9.1, 
Activity 16.9.2, 

16.9.4, 
16.9.5 

Heat Exchanger Performance Testing Program/ 18.10 
Activities Activity 
Inservice Inspection Plan Program/ 18.11 

Activity 
Inspection Program for Civil Engineering Program/ 18.12 
Structures and Components Activity  
Penstock Inspection Program/ 18.13 

Activity 

Piping Erosion/Corrosion Program Program/ 18.14 
_________________________________ Activity 

Program to Inspect High Pressure Program/ 18.15 
Injection Connections to the Reactor Activity 
Coolant System 

Non-Class 1 Piping TLAA 3.2.2.2 

Polar Crane TLAA 3.13 

Reactor Coolant Pump Flywheel TLAA 5.5.8 

Reactor Coolant System Operational Program/ 3.4.13 
Leakage Monitoring Atvt 
Reactor Coolant System and Class 1 TLAA 5.2.1.4 
Components 
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Table 18-1 Summary Listing of the Changes Contained in the 

UFSAR Supplement for License Renewal 
(continued) 

Program / UFSAR ITS 
Topic Activity or Location Location 

TLAA 

Reactor Vessel TLAA 5.2.3.3.4, 
5.2.3.3.6, 
5.2.3.13 

Reactor Vessel Integrity Program Program/ 18.16 
Activity 

Reactor Vessel Internals TLAA 4.5.1.2 

Service Water Piping Corrosion Program Program/ 18.17 

Spent Fuel Rack Boraflex TLAA 9.1.2.5 

Steam Generator Tube Surveillance Program/ 5.5.10 
Program Atvt 
System Performance Testing Activities Program/ 18.18 

Tendon - Secondary Shield Wall - Program/ 18.19 
Surveillance Program Activity__ 

230 kV Keowee Transmission Line Program/ 18.20 
Inspections Activity 
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18.1 NEW PROGRAMS AND ACTIVITIES 

The Oconee Integrated Plant Assessment for license renewal identified several new 
programs and activities that currently do not exist, nevertheless are necessary to continue 
operation of Oconee during the additional 20-years beyond the initial license term.  
Section 18.1 describes these activities and programs. They are commitments that will be 
implemented following issuance of the renewed operating licenses for Oconee Nuclear 
Station.  

These commitments will be met prior to the expiration of the initial facility operating 
license for Oconee Unit 1 (DPR-38), which currently expires at midnight 
February 6, 2013; of the initial facility operating license for Oconee Unit 2 (DPR-47), 
which currently expires at midnight October 6, 2013; and of the initial facility operating 
license for Oconee Unit 3 (DPR-55), which currently expires at midnight July 19, 2014.  
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18.1.1 ALLOY 600 AGING MANAGEMENT PROGRAM 

Purpose - The purpose of the Oconee Alloy 600 Aging Management Program will be to 
manage cracking due to PWSCC of Alloy 600 and Alloy 82/182 locations, including the 
Alloy 82/182 cladding in the hot leg flowmeter element, for the period of extended 
operation.  

Scope - The results of the Alloy 600 Aging Management Program will be applicable to 
the Alloy component 600 material and Alloy 82/182 weld material in the Oconee Reactor 
Coolant System, including the hot leg flowmeter element. [Footnote 1] 

Aging Effects - The applicable aging effect for the scope of the Alloy 600 Aging 
Management Program is primary water stress corrosion cracking (PWSCC) of Alloy 600 
components and Alloy 82/182 weld metal in the Reactor Coolant System at Oconee.  

Method - The exact inspection method will be dependent on the geometry of the 
inspection locations. Inspection methods will involve a combination of surface and 
volumetric examinations which may include eddy current testing, ultrasonic testing, and 
radiography.  

1. Renewal Applicant Action Item in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Reactor Coolant System Piping," BAW-2243A states that: 

"The BWOG defers the development of details of (1) the inspection of the Alloy 82/182 clad hot leg 
segment and plant selection for that inspection, and (2) the sample inspection of small bore RCS piping, to 
the renewal applicant referencing this topical report. The renewal applicant will have to provide details of 
these ... inspection programs in its renewal application for staff review and approval." 

Renewal Applicant Action Item 5 in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Pressurizer," BAW-2244A states that: 

"Since the B&WOG defers the development of details of the sample volumetric inspection program of 
small-bore nozzles and safe ends to the renewal applicant referencing this topical report, the renewal 
applicant will have to provide details of the additional sample inspection program in its renewal application 
for staff review and approval." 

[Reference Chapter 2.4 of OLRP-1001, Table 2.4-2].  

The Alloy 600 Aging Management Program is intended to address these Renewal Applicant Action Items 
regardless of whether or not the hot leg segment is included in the inspection locations selected.  
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Sample Size - To determine the initial inspection locations, the Oconee Alloy 600 Aging 
Management Program will, first, complete a susceptibility study of Alloy 600 
components and Alloy 82/182 weld locations in the Reactor Coolant System. Upon 
completion and validation of this susceptibility study, the top three or four locations will 
have detailed inspection plans developed and implemented to monitor the condition of 
these locations. Monitoring the most susceptible locations will bound the Alloy 600 
component locations and the Alloy 82/182 weld locations that are not inspected.  

Industry Code or Standards - ASME Section XI, 1989 Edition, including mandatory 
Appendices VII and VII (Appendix VI in accordance with 1989 Addenda).  

Frequency - The frequency will be based on findings of the initial inspections. An 
analysis will be completed at each of the selected locations that will determine crack 
propagation rates. The time for an indication to grow from a newly initiated indication to 
a through wall crack will determine the inspection frequency.  

Acceptance Criteria or Standard - Acceptance criteria for identified flaws will be based 
on crack propagation rates, which vary from location to location based on the calc -'ted 
residual and operating stresses for the particular location using approved fracture 
mechanics techniques. In past inspections, after measuring the depth of the indications, 
small cracks have been allowed to remain in service without immediate repair when the 
calculated crack growth rate plus the measured depth of the indication predicted no 
through wall leak (or other acceptance criteria agreed to by the NRC) will occur prior to 
corrective action being taken or the crack otherwise being dispositioned.  

Corrective Action - Corrective actions will be developed and implemented on a case-by
case basis at Oconee depending on the nature of the inspection findings. A complete, full 
replacement or a repair in accordance with ASME Section XI may be appropriate for 
some locations. Taking no immediate action on the indication and monitoring with 
further inspections may also be appropriate.  

Both the sample size and number of locations will be re-evaluated following the 
completion of each inspection with documentation of these re-evaluations completed on 
an annual basis once the inspections begin. Additional inspection locations may be added 
to the list based on a qualitative assessment of risk.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  
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Timing of New Program or Activity - Following issuance of a renewed operating 
licenses for Oconee Nuclear Station, this inspection will be completed by 
February 6, 2103 ( the end of the initial license term for Oconee Unit 1).  

Administrative Controls - The Alloy 600 Aging Management Program will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - BAW-2243A, [Reference 18-3] and BAW-2244A, Action Item 5 
[Reference 18-4] [Footnote 1].  

1. Renewal Applicant Action Item in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Reactor Coolant System Piping," BAW-2243A states that: 

"The BWOG defers the development of details of (1) the inspection of the Alloy 82/182 clad hot 
leg segment and plant selection for that inspection, and (2) the sample inspection of small bore 
RCS piping, to the renewal applicant referencing this topical report. The renewal applicant will 
have to provide details of these ... inspection programs in its renewal application for staff review 
and approval." 

Renewal Applicant Action Item 5 in the NRC SER concerning the "Demonstration of the 
Management of Aging Effects for the Pressurizer," BAW-2244A states that: 

"Since the B&WOG defers the development of details of the sample volumetric inspection 
program of small-bore nozzles and safe ends to the renewal applicant referencing this topical 
report, the renewal applicant will have to provide details of the additional sample inspection 
program in its renewal application for staff review and approval." 

[Reference Chapter 2.4 of OLRP-1001, Table 2.4-2].  

The Alloy 600 Aging Management Program is intended to address these Renewal Applicant Action Items 
regardless of whether or not the hot leg segment is included in the inspection locations selected.  
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18.1.2 CAST IRON SELECTIVE LEACHING INSPECTION 
Purpose - The purpose of the Cast Iron Selective Leaching Inspection will be to 
characterize loss of material due to selective leaching for cast iron components in Oconee 
raw water, treated water, and underground environments.  

Scope - The results of this inspection will be applicable to the cast iron components 
falling within the scope of license renewal. These components include pump casings in 
several systems along with piping, valves and other components. As identified in 
Sections 3.5.3 through 3.5.14, the Oconee raw and treated water systems containing cast 
iron components potentially susceptible to loss of material due to selective leaching are 
the Auxiliary Service Water System, the Condensate System, the Condenser Circulating 
Water System, the Service Water System (Keowee), and the High Pressure Service Water 
System.  

Aging Effects - The inspection will determine the existence of loss of material due to 
selective leaching, a form of galvanic corrosion and assess the likelihood of the impact of 
this aging effect on the component intended function. Selective leaching is the 
dissolution of iron at the metal surface that leaves a weakened network of graphite and 
iron corrosion products.  

Method - The Cast Iron Selective Leaching Inspection will inspect a select set of cast 
iron pump casings to determine whether selective leaching of the iron has been occurring 
at Oconee and whether loss of material due to selective leaching will be an aging effect of 
concern for the period of extended operation. A Brinnell Hardness check will be 
performed on the inside surface of a select set of cast iron pump casings to determine if 
this phenomenon is occurring. The results of the Cast Iron Selective Leaching Inspection 
will be applicable to all cast iron components within license renewal scope and installed 
in applicable environments.  

Sample Size - Five pump casings will be inspected for evidence of selective leaching, 
one from each of the following systems on-site: 

* Auxiliary Service Water System 
* Condensate System 
* High Pressure Service Water System 
* Service Water System (Keowee) 
* Condensate System (one inspection location on any of the three Oconee Units.) 
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Industry Codes or Standards - No specific codes or standards exist to address this 
inspection.  

Frequency - The Cast Iron Selective Leaching Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due to 
selective leaching as determined by engineering analysis. Component wall thickness 
acceptability will be judged in accordance with the Oconee component design code of 
record.  

Corrective Action - Any unacceptable loss of material due to selective leaching requires 
an engineering analysis be performed to determine potential impact on component 
intended function.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Cast Iron Selective Leaching Inspection will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis.  
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18.1.3 GALVANIC SUSCEPTIBLITY INSPECTION 
Purpose - The purpose of the Galvanic Susceptibility Inspection will be to characterize 
the loss of material by galvanic corrosion in carbon steel - stainless steel couples in the 
Oconee raw water systems.  

Scope - The results of this inspection will be applicable to all galvanic couples with the 
focus on the carbon steel - stainless steel couples in the Oconee raw water systems falling 
within the scope of license renewal.  

Aging Effects - The inspection will determine the existence of loss of material due to 
galvanic corrosion and assess the likelihood of the impact of this aging effect on the 
component intended function.  

Method - A volumetric examination at the junction of the carbon steel - stainless steel 
components is needed to determine material loss from the more anodic carbon steel. At 
the time of Application, a destructive examination of the more susceptible locations 
chosen to be the sentinel population would be an acceptable examination method. Other 
volumetric techniques may also be effective with the exact method of examination to be 
selected at the time of inspection.  

Sample Size - A sentinel population of the more susceptible locations on all three Oconee 
units, Keowee, and Standby Shutdown Facility will be selected for this inspection from 
the following raw water systems within the scope of license renewal.  

* Auxiliary Service Water System 
* Condensate System (raw water portions of the Condensate Cooler and Main 

Condenser within the scope of license renewal) 
* Condenser Circulating Water System 
* High Pressure Service Water System 
* Low Pressure Injection (raw water portion of the Decay Heat Removal Cooler) 
* Low Pressure Service Water System 
* Service Water System (Keowee) 
* Turbine Generator Cooling Water System (Keowee) 
* Turbine Sump Pump System (Keowee) 
* Standby Shutdown Facility Auxiliary Service Water System 
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Areas of low to stagnant flow in Oconee raw water systems which contain carbon steel 
stainless steel couples are the most susceptible locations. Engineering practice at Duke 
has been to use stainless steel as a replacement material in raw water systems for several 
years. Since engineering practice will continue to use stainless steel as an acceptable 
substitute material, the size of the sentinel population will be dependent on the number of 
susceptible locations at the time of the inspection.  

Industry Codes or Standards - No code or standard exists to guide or govern this 
inspection. Component wall thickness acceptability will be judged in accordance with the 
Oconee component design code of record.  

Frequency - The Galvanic Susceptibility Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due 
to galvanic corrosion as determined by engineering analysis.  

Corrective Action - Any unacceptable loss due of material due to galvanic corrosion 
requires that an engineering analysis be performed to determine potential impact on 
component intended function.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Galvanic Susceptibility Inspection will be implemented 
by plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - This inspection has no current regulatory basis.  
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18.1.4 KEOWEE AIR AND GAS SYSTEMS INSPECTION 

Purpose - The purpose of the Keowee Air and Gas Systems Inspection will be to 
characterize the loss of material due to general corrosion of the carbon steel components 
within the Carbon Dioxide, Depressing Air, and Governor Air Systems at Keowee that 
may be exposed to condensation.  

Scope - The results of this inspection will be applicable to the carbon steel components 
within the license renewal portion of the Carbon Dioxide, Depressing Air, and Governor 
Air Systems on each unit at Keowee.  

Aging Effects - The inspection will determine the existence of loss of material due to 
general corrosion of carbon steel components in the Carbon Dioxide, Depressing Air, and 
Governor Air Systems. The inspection will assess the likelihood of the impact of this 
aging effect on the component intended function.  

Method - An inspection of select portions of the each system will determine whether loss 
of material due to general corrosion will be an aging effect of concern for the period of 
extended operation. The results Keowee Air and Gas Systems Inspection will determine 
the need for additional programmatic oversight to manage this aging effect.  

For the Carbon Dioxide System, the discharge piping low elevation point will be 
determined. A volumetric examination will conducted on a portion of carbon steel pipe 
in and around this low point of the Carbon Dioxide System.  

For the Depressing Air System, a volumetric examination will be conducted on a portion 
of piping between the control valves and the Keowee unit turbine head cover.  

For the Governor Air System, a visual examination of the bottom half of the interior 
surface of the air receiver tanks will determine the presence of corrosion. The visual 
examination will also serve to characterize any instance of corrosion. Piping between the 
air receiver tank and the governor oil pressure tank will receive a volumetric examination.  

Sample Size - For the Carbon Dioxide System, the inspection will include four feet of 
pipe around the system low elevation point (two feet upstream and downstream).  

For the Depressing Air System, the inspection will include one of the two four-foot 
sections of piping between the control valves and the Keowee unit headcover.  
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For the Governor Air System, the inspection will include the lower half of each Air 
Receiver Tank and one of the two four-foot sections of the piping between the air receiver 
tanks and the governor oil pressure tanks.  

Industry Code or Standards - No code or standard exists to guide or govern this 
inspection.  

Frequency - The Keowee Air and Gas Systems Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of loss of material due to 
corrosion as determined by engineering analysis. Component wall thickness acceptability 
will be judged in accordance with the component design code of record.  

Corrective Action - Any unacceptable indication of loss of material due to corrosion will 
require that an engineering analysis be performed to determine proper corrective action.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Governor Air System Inspection will be implemented by 
plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - This inspection has no current regulatory basis.  
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18.1.5 KEOWEE OIL SAMPLING PROGRAM 

Purpose - The purpose of the Keowee Oil Sampling Program will be to monitor and 
control the water contamination levels in the Governor Oil System to preclude loss of 
material for the carbon steel and stainless steel components in the scope of license 
renewal. In addition, the Keowee Oil Sampling Program will manage loss of material of 
the stainless steel subcomponents in the Turbine Guide Bearing Oil System by 
monitoring the Turbine Guide Bearing Oil System for water contamination.  

Scope - The scope of the Keowee Oil Sampling Program includes all carbon steel and 
stainless steel components within the scope of license renewal in the Governor Oil 
System and the turbine guide bearing oil coolers, the only stainless steel component of 
concern in the Turbine Guide Bearing Oil System. This program will contain elements 
which cover all four Keowee oil systems and, as such, is intended to cover a broader 
scope than is being credited for license renewal.  

Aging Effects - Water contamination in the Governor Oil System can expose the carbon 
steel and stainless steel components to conditions conducive to loss of material d' ' to 
various forms of corrosion. Water contamination in the Turbine Guide Bearing Oil 
System is evidence of leakage of the Turbine Guide Bearing Oil Cooler from loss of 
material due to microbiologically influenced corrosion. Monitoring and controlling water 
contamination precludes this applicable aging effect in the Governor Oil System and 
manages this applicable aging effect in the Turbine Guide Bearing Oil Coolers.  

Method - The Keowee Oil Sampling Program will require that the Governor Oil System 
Sump and Turbine Guide Bearing Oil System reservoirs be sampled for the presence of 
water contamination.  

Sample Size - This criteria is not applicable, since relevant conditions are being 
monitored and not system hardware.  

Industry Codes or Standards - ASTM D95-83, Water in Petroleum and Bitumens, 
provides guidance for the testing of the oil sample.  

Frequency - Oil samples will be taken and analyzed every six months. Results of the 
analysis will be monitored and trended.  
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Acceptance Criteria or Standard - No water contamination in excess of 0.1% water by 
volume will be the limit for water contamination in the Governor Oil System and Turbine 
Guide Bearing Oil System.  

Corrective Action - If water contamination levels exceed the acceptance criteria, the 
accountable engineer will be notified and the source of the water contamination will be 
located and corrected. The contaminated oil will be sent to the plant oil purifier to 
remove the water and returned to the system.  

Specific corrective actions will be made in accordance with the Duke Quality Assurance 
Program.  

Timing of New Program or Activity - Following issuance of a renewed operating 
license for Oconee Nuclear Station, the Keowee Oil Sampling Program will be 
implemented by February 6, 2013 (the end of the initial license term for Oconee Unit 1).  

Administrative Control - The Keowee Oil Sampling Program will be implemented by 
plant procedures in accc" ance with the Duke Quality Assurance Program.  

Regulatory Basis - This program has no current regulatory basis.  
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18.1.6 ONCE THROUGH STEAM GENERATOR UPPER LATERAL SUPPORT INSPECTION 

Purpose - The purpose of the OTSG Upper Lateral Support Inspection is to determine 
whether cracking of the OTSG upper lateral support lubrite pads has occurred and to 
validate that the condition of the lubrite pads is acceptable for the period of extended 
operation.  

Scope - The results of this inspection will be applicable to all thirty lubrite pads installed 
at Oconee (ten per unit).  

Aging Effects - The applicable aging effect is cracking of the lubrite pads by gamma 
irradiation.  

Method - A visual inspection of the accessible surfaces of a sample population of lubrite 
pads will be performed to determine if the pads are cracking.  

Sample Size - The sample size will be five lubrite pads on one OTSG upper lateral 
support.  

Industry Codes or Standards - No code or standard exists to guide or govern this 
inspection.  

Frequency - The OTSG Upper Lateral Support Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No cracks in the lubrite pads.  

Corrective Action - If the sample lubrite pads are cracked, then the affected pads must be 
replaced and the remaining 25 lubrite pads must be inspected. Lubrite pads that are 
cracked will be replaced with new pads.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The OTSG Upper Lateral Support Inspection will be 
implemented in accordance with written procedures as required by the Duke Quality 
Assurance Program.  

Regulatory Basis - This one-time inspection has no current regulatory basis.  
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18.1.7 PRESSURIZER EXAMINATIONS 

18.1.7.1 Pressurizer Cladding, Internal Spray Line, and Spray Head Examination 
The Pressurizer Cladding, Internal Spray Line, and Spray Head Examination will have 
the following attributes.  

Purpose - The purpose of the Pressurizer Cladding, Internal Spray Line, and Spray Head 
Examination will be to assess the condition of the pressurizer cladding, internal spray 
line, and spray head.  

Scope - The scope of this activity will include the cladding and attachment welds to the 
cladding of all three pressurizers at the Oconee units and to the internal spray line and 
spray head of all three pressurizers at the Oconee units, including the fasteners that 
connect the spray line and spray head to the internal surface of the pressurizer.  

Aging Effects - The aging effects of concern are cracking of cladding by thermal fatigue, 
which may propagate to the underlying ferritic steel. Cracking of the internal spray line 
by fatigue and cracking of the spray head due to reduction of fracture toughness are also 
aging effects.  

Method - Visual examination (VT-3) of the clad inside surfaces of the pressurizer (100% 
coverage of the accessible surface) including attachment welds to the pressurizer will be 
performed. Historical data (Haddam Neck) indicates cracking may occur adjacent to the 
heater bundles, if at all. Therefore, the examination will focus on cladding adjacent to the 
heater bundles. In addition, visual inspections have been shown to be adequate for 
detecting cracks in cladding at Haddam Neck; cracking that extended to underlying 
ferritic steel was found due to the observance of rust.  

Visual examination (VT-3) of the internal spray line and spray head, including the 
fasteners that are used to attach the spray line to the internal surface of the pressurizer will 
also be performed.  

Sample Size - The examination will be performed on the cladding (100% coverage of the 
accessible surface), spray head, and internal spray line of one pressurizer at Oconee.  

Industry Code or Standards - ASME Section XI, 1989 Edition, including mandatory 
Appendices VII and V11I (Appendix VIII in accordance with 1989 Addenda).  
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Frequency - The Pressurizer Cladding, Internal Spray Line, and Spray Head 
Examination is a one-time inspection.  

Acceptance Criteria or Standard - Acceptance standards for visual examinations will 
be in accordance with ASME Section XI VT-3 examinations.  

Corrective Action - If cracks are detected in the cladding that extend to the underlying 
ferritic steel, acceptance standards for Examination Categories B-B and B-D may be 
applicable to subsequent volumetric examination of ferritic steel.  

If cracks are detected in the internal spray piping, acceptance standards for Examination 
Category B-J may be applied. If cracks are detected in the spray head, engineering 
analysis will determine corrective actions that could include replacement of the spray 
head.  

The need for subsequent examinations will be determined after the results of the initial 
examination are available.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - Inspections and engineering evaluations will be performed in 
accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Renewal Applicant Action Item 4.2 (1) in the Safety Evaluation for 
BAW-2244A (See Table 2.4-3 of OLRP-1001).  
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18.1.7.2 Pressurizer Heater Bundle Penetration Welds Examination 
The Pressurizer Heater Bundle Penetration Welds Examination will have the following 
attributes.  

Purpose - This purpose of the Pressurizer Heater Bundle Penetration Welds 
Examination will be to assess the condition of the pressurizer heater penetration welds.  

Scope - The results of this examination will be applicable to the heater sheath-to-sleeve 
or heater sheath-to-diaphragm plate penetration welds for the pressurizer heater bundles.  
Each pressurizer contains three heater bundles.  

Aging Effects - The aging effect of concern is cracking at heater bundle penetration 
welds which may lead to coolant leakage.  

Method - For the heater bundle that is removed, a surface examination of sixteen 
peripheral welds on one bundle will be performed. A visual examination (VT-3 or 
equivalent) of the remaining welds of the heater bundle will be performed. [Footnote 1] 

0 Sample Size - The examination will include sixteen peripheral heater penetration welds 
on one heater bundle in one of the Oconee units, whichever heater bundle is removed 
first.  

Industry Code or Standards - ASME Section XI, 1989 Edition, including mandatory 
Appendices VII and VIII (Appendix VIII in accordance with 1989 Addenda).  

Frequency - The Pressurizer Heater Bundle Penetration Welds Examination is a 
one-time inspection.  

Acceptance Criteria or Standard - Acceptance standards for surface examinations and 
visual examination (VT-3) will be in accordance with ASME Section XI.  

Corrective Action - If the results of the inspection are not acceptable, then the results 
may be used as a baseline inspection for establishing a longer term programmatic action 
covering all Oconee pressurizer heater bundles.  

1. The Oconee Inservice Inspection Plan for the 5d inservice inspection interval will include 

Section 18.11) 

19 
pressurizer heater bundle welds under Examination Category B-E or equivalent.(See 
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Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - The surface examinations of the sixteen 
peripheral heater penetration welds will be performed upon removal of a pressurizer 
heater bundle.  

Administrative Controls - Inspections and engineering evaluations will be performed in 
accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Renewal Applicant Action Item 4.2 (2) in the Safety Evaluation for 
BAW-2244A (See Table 2.4-3 of OLRP-1001).  
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18.1.8 PREVENTIVE MAINTENANCE ACTIVITY ASSESSMENT 
Purpose - The purpose of the Preventive Maintenance Activity Assessment will be to 
assess the effectiveness of existing plant maintenance activities identified in Table 18-2.  

Scope - The Preventive Maintenance Activity Assessment will include an assessment of 
the effectiveness of the maintenance activities listed in Table 18-2.  

Aging Effects - The applicable aging effects that have been identified for license 
renewal are listed in Table 18-2.  

Method - The Preventive Maintenance Activity Assessment will be conducted in 
accordance with the requirements for performing self-assessments as described in 
Chapter 17.3.3, SelfAssessments, of the Duke Quality Assurance Program Topical 
Report.  

Sample Size - Each of the above maintenance activities will be assessed.  

Industry Codes or Standards - No code or standard exist to guide or govern this 
assessment.  

Frequency - The Preventive Maintenance Activity Assessment is a one-time assessment.  

Acceptance Criteria or Standard - The Duke Quality Assurance Program.  

Corrective Action - The maintenance activities identified in Table 18-2 are effective in 
managing the aging effects and that the component intended functions are being 
maintained under all current licensing basis conditions for the period of extended 
operation. If the Preventive Maintenance Activity Assessment determines that 
enhancements to one or more of the maintenance activities listed in Table 18-2 are 
required, then corrective actions will be implemented.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  
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Administrative Controls - The Preventive Maintenance Activity Assessment will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - 10 CFR §50.65, Requirements for monitoring the effectiveness of 
maintenance at nuclear power plants.  
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Table 18-2 Preventive Maintenance Activities 

Preventive Maintenance Aging Effect 
Activity 

Auxiliary Service Water Piping Fouling due to macro-organisms and silting has been identified as an 
Inspection applicable aging effect for specific portions of the Auxiliary Service Water 

System piping that can not be periodically tested.  

Borated Water Storage Tank Loss of material due to general and localized corrosion has been identified 
Internal Coatings Inspection as an applicable aging effect for the carbon steel borated water storage tank 

in the Low Pressure Injection System.  

Component Cooler Tubing Loss of material due to general and pitting corrosion of the brass tubes 
Examination exposed to raw water has been identified as an applicable aging effect for 

the component cooler tubing in the Component Cooling System.  

Condensate Cooler Tubing Loss of material due to pitting corrosion of the stainless steel tubes exposed 
Examination to raw water has been identified as an applicable aging effect for the 

condensate coolers in the Condensate System.  

Condenser Circulating Water Condenser Circulating Water System Internal Coatings - Loss of material 
System Internal Coatings Inspection due to general and localized corrosion has been identified as applicable 

aging effect for the underground Condenser Circulating Water System 
pipmng.  

Decay Heat Cooler Tubing Loss of material due to pitting corrosion and microbiologically influenced 
Examination corrosion of the stainless steel tubes exposed to raw water has been 

identified as an applicable aging effect for the decay heat coolers in the Low 
Pressure Injection System.  

Main Condenser Tubing Loss of material due to pitting corrosion and microbiologically influenced 
Examination corrosion of the stainless steel tubes exposed to raw water has been 

identified as an applicable aging effect for the main condenser in the 
Condensate System.  

Reactor Building Cooling Unit Loss of material due to general and localized corrosion of the tube side 
Tubing Inspection exposed to raw water and localized corrosion due to galvanic corrosion and 

boric acid wastage of the copper alloy tubing has been identified as 
applicable aging effects for the cooling units in the Reactor Building 
Cooling System.  

Standby Shutdown Facility Diesel Loss of material due to general and localized corrosion of the carbon steel 
Fuel Oil Tank Inspection Standby Shutdown Facility Fuel Oil Tank has been identified as applicable 

aging effects for the external surfaces.  

Turbine Generator Cooling Water Loss of material due to general and localized corrosion has been identified 
System Strainer Inspection as an applicable aging effect for the carbon steel strainers in the Turbine 

Generator Cooling Water System.  
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18.1.9 REACTOR BUILDING SPRAY SYSTEM INSPECTION 

Purpose - The purpose of Reactor Building Spray System Inspection will be to 
characterize the loss of material due to pitting corrosion and cracking due to stress 
corrosion of stainless steel components within the Reactor Building Spray System 
periodically exposed to an borated water environment that is not monitored.  

Scope - The results of this inspection will be applicable to stainless steel piping and 
components downstream of the containment isolation valves BS-1 and BS-2 toward their 
respective spray headers, a total of two lines per Oconee unit. Because the piping is open 
to the Reactor Building environment, unmonitored conditions exist in any borated water 
which may be entrapped downstream of these valves.  

Aging Effects - The inspection will determine the existence of loss of material due to 
pitting corrosion and cracking due to stress corrosion of stainless steel piping due to the 
periodic presence of borated water in the Reactor Building Spray piping open to the 
Reactor Building environment. The inspection will assess the likelihood of the impact of 
these aging effects on the component intended function.  

Method - An inspection of a select set of stainless steel piping locations will determine 
whether loss of material due to pitting corrosion and cracking due to stress corrosion have 
been occurring and whether further programmatic aging management will be required to 
manage these effects for license renewal. The length of susceptible piping will be 
determined. A volumetric examination of a length of the susceptible piping locations will 
be conducted for this inspection. This examination will include a stainless steel weld and 
heat affected zone, if available, since this is a more likely location for stress corrosion 
cracking to occur.  

Sample Size - The inspection will include one of the six susceptible locations. The 
inspection locations are the piping between valves BS-1 and BS-2 and the normally open 
drain valves BS-15 and BS-20. If no parameters are known that would distinguish the 
susceptible locations, one location of the six available locations will be examined.  

Industry Code or Standards - No code or standard exists to guide or govern this 
inspection. Component wall thickness acceptability will be judged in accordance with the 
Oconee component design code of record.  

Frequency - The Reactor Building Spray System Inspection is a one-time inspection.  
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Acceptance Criteria or Standard - No unacceptable indication of loss of material due to 
pitting corrosion or cracking due to stress corrosion as determined by engineering 
analysis.  

Corrective Action - Any unacceptable indication of loss of material due to pitting 
corrosion or cracking or cracking due to stress corrosion will require that an engineering 
analysis be performed to determine proper corrective action.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Reactor Building Spray System Inspection will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis.  

S 
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18.1.10 REACTOR COOLANT PUMP MOTOR OIL COLLECTION SYSTEM INSPECTION 

Purpose - The purpose of the Reactor Coolant Pump Motor Oil Collection System 
Inspection will be to characterize the loss of material due to general and localized 
corrosion of the carbon steel, copper alloy and stainless steel components in the Reactor 
Coolant Pump Motor Oil Collection System that may periodically be exposed to water.  

Scope - The results of this inspection will be applicable to the components in the system, 
particularly the lower portions of the system, with the potential to be exposed to water.  
Each Oconee unit has four Reactor Coolant Pump Oil Collection Tanks for a total 
population of twelve at Oconee.  

Aging Effects - The inspection will determine the existence of loss of material due to 
general and galvanic corrosion for the carbon steel component materials and pitting and 
crevice corrosion for the carbon steel, copper alloys and stainless steel component 
materials as a result of periodic exposure to water.  

Method - An inspection of several of the Reactor Coolant Pump Motor Oil Collection 
System Tanks will determine whether loss of material due to general and localized 
corrosion will be an aging effect of concern for the period of extended operation. The 
evidence gained from the tank examinations will be indicative of the condition of all 
materials in the lower portion of the system.  

A visual examination on the bottom half of the interior surface of the tank will be 
performed to determine the presence of corrosion. The visual examination will also serve 
to characterize any instances of corrosion, both general and localized. A volumetric 
examination will then be conducted on any problematic areas to determine the condition 
of the lower portions of the tank which is a leading indicator of the other susceptible 
components.  

Sample Size - The inspection will include one of the twelve Reactor Coolant Pump 
Motor Oil Collection System Tanks.  

Industry Code or Standards - No code or standard exists to guide or govern this 
inspection.  

Frequency - The Reactor Coolant Pump Motor Oil Collection System Inspection is a 
one-time inspection.  
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Acceptance Criteria - No unacceptable indication of loss of material due to various 
forms of corrosion as determined by engineering analysis. Component wall thickness 
acceptability will be judged in accordance with the Oconee component design code of 
record.  

Corrective Action - Any unacceptable indication of loss of material due to various forms 
of corrosion will require that an engineering analysis be performed to determine proper 
corrective action.  

Timing of New Program or Activity - Following issuance of renewed operating licenses 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013 (the 
end of the initial license of Oconee Unit 1).  

Administrative Controls - The Reactor Coolant Pump Motor Oil Collection System 
Inspection will be implemented by plant procedures in accordance with the Duke Quality 
Assurance Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis.  
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18.1.11 REACTOR VESSEL INTERNALS AGING MANAGEMENT PROGRAM 
Duke proposes an Oconee Reactor Vessel Internals Aging Management Program which 
may include the following activities: 

(a) Continue the characterization of the potential aging effects that have been identified 
in BAW-2248, Demonstration of the Management ofAging Effects for the Reactor 
Vessel Internals [Reference 18-5]. The scope of the characterization includes, but is 
not limited to, the development of key program elements to address the following 
aging effects: cracking, reduction of fracture toughness, and loss of closure integrity.  

(b) After the characterization of aging effects and prior to midnight February 6, 2013, 
Duke will develop an appropriate monitoring and inspection program, with attributes 
as defined in Section 4.2. This monitoring and inspection program will provide 
additional assurance that the reactor vessel internals will remain functional through 
the period of extended operation.  
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18.1.12 SMALL BORE PIPING INSPECTION 

Purpose - The purpose of the Small Bore Piping Inspection will be to validate that 
service-induced weld cracking is not occurring in the small bore Reactor Coolant System 
piping that does not receive a volumetric examination under ASME Section XI.  

Scope - The scope of Small Bore Piping Inspection includes the Oconee ISI [Footnote 1] 
Class A piping welds in lines less than 4 inch NPS [Footnote 2] including pipe, fittings, 
and branch connections.  

Aging Effects - The aging effect being investigated is cracking of piping welds which 
may not be fully managed by the current ASME Section XI examinations. For Duke, 
these inspections are driven by the consequences of small bore piping failures rather than 
a lack of confidence in the current inservice inspection techniques to manage aging. In 
many instances, small bore piping cannot be isolated from the Reactor Coolant System 
and a leak could lead to a SBLOCA [Footnote 3] and plant shutdown.  

Method - Selected inspection locations will receive either a destructive or 
non-destructive examination that permits inspection of the inside surface of the piping.  

Sample Size - Pipe, fittings, and branch connections over the entire small bore size range 
will be considered for inspection. The total population of welds will be determined by 
summing the number of welds found in scope. To determine the inspection locations 
from this total population of welds, risk-informed approaches will be used to identify 
locations most susceptible to cracking. Susceptibility will be determined either 
qualitatively (i.e., based on site and industry experience, evaluation of current ASME 
Section XI inspection requirements and results, and any applicable regulatory initiatives) 
or quantitatively, or both. The consequences of weld failure, without respect to 
susceptibility, also will be evaluated to identify the most safety significant piping welds.  
After the evaluation of susceptibility and consequences, a list of potential inspection 
locations will be developed. Actual inspection locations will be selected based on 
physical accessibility, exposure levels, and the likelihood of meaningful results if a non
destructive technique is employed.  

Industry Code or Standards - No code or standard exists to guide or govern this 
inspection. ASME Section XI provides rules for this piping, but not for volumetric or 

1. ISI = Inservice Inspection 
2. NPS = Nominal Pipe Size 
3. SBLOCA = Small Break Loss of Coolant Accident 
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destructive examination. If destructive examination is employed, the Section XI rules for 
Repair and Replacement will be used to return piping to its original condition.  

Frequency - The Small Bore Piping Inspection is a one-time inspection.  

Acceptance Criteria or Standard - No unacceptable indication of cracking of piping 
welds as determined by engineering analysis.  

Corrective Action - Any unacceptable indication of cracking of piping welds requires an 
engineering analysis be performed to determine proper corrective action.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  

Timing of New Program or Activity - Following issuance of a renewed operating 
licenses for Oconee Nuclear Station, this inspection will be completed by 
February 6, 2103 ( the end of the initial license term for Oconee Unit 1).  

Administrative Controls - The Small Bore Piping Inspection will be implemented by 
plant procedures in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Renewal Applicant Action Item in the NRC SER concerning the 
"Demonstration of the Management of Aging Effects for the Reactor Coolant System 
Piping," BAW-2243A: 

"... The BWOG defers the development of details of ... (2) the sample inspection of 
small bore RCS piping, to the renewal applicant referencing this topical report. The 
renewal applicant will have to provide details of these ... inspection programs in its 
renewal application for staff review and approval." 
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18.1.13 TREATED WATER SYSTEMS STAINLESS STEEL INSPECTION 

Purpose - The purpose of the Treated Water Systems Stainless Steel Inspection will be to 
characterize the loss of material due to pitting corrosion and cracking due to stress 
corrosion of stainless steel components that could be occurring within several Oconee 
treated water systems.  

Scope - The results of this inspection will be applicable to the stainless steel piping and 
valves in portions of several Oconee treated water systems which are exposed to treated 
or potable water falling under separate guidelines from the Chemistry Control Program 
and the state of South Carolina. The stainless steel components may experience aging 
that is not monitored by current plant programs. The focus on this inspection will be on a 
representative sample from each of the three treated water groups. The results of the 
inspections in each group will be an indicator of the condition of all of the stainless steel 
components in the systems within that group. The systems containing the stainless steel 
piping and valves under consideration are: 

* Chemical Addition System (caustic addition portion containing demineralized water) 
* Component Cooling System (the stainless steel Containment penetration portion on 

Unit 2 only containing demineralized water) 
* Demineralized Water System (Containment penetration portion containing 

demineralized water) 
* Filtered Water System (Containment penetration portion containing filtered water) 
* Liquid Waste Disposal System (Containment penetration portion containing 

demineralized water) 
* SSF Drinking Water System (containing potable water) 
* SSF Sanitary Lift System (containing potable water) 

Aging Effects - The inspection will determine the existence of loss of material due to 
pitting corrosion and cracking due to stress corrosion of stainless steel piping and valves.  

Method- A volumetric examination of a length 9 f the susceptible piping locations will 
be conducted for this inspection. This examination will include a stainless steel weld and 
heat affected zone since this is a more likely location for stress corrosion cracking to 
occur. In addition to the volumetric examination, a visual examination of the interior of a 
valve will be conducted to determine the presence of pitting corrosion.  

Sample Size- Portions of stainless steel piping and valves, as applicable, for each of the 
three groups of system components will be inspected.  
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If in the Filtered Water System no parameters exist that would distinguish among the 
three Containment penetrations, one of the three Containment penetrations will be 
inspected. A stainless steel weld at one Containment isolation valve along with piping 
and weld between the isolation valve and the Containment penetration schedule transition 
point will be volumetrically examined in the 6-inches nominal pipe size stainless steel 
piping. In addition, one valve will be disassembled for an internal visual examination.  

If in the Demineralized Water System no parameters exist that would distinguish among 
the four Containment penetrations, one of the three, 4-inches nominal pipe size, 
Containment penetrations will be inspected. A stainless steel weld at one Containment 
isolation valve along with piping and weld between the isolation valve and the 
containment penetration schedule transition point will be volumetrically examined. In 
addition, one valve will be disassembled for an internal visual examination.  
In the SSF Drinking Water System, a one-foot section of 1-inch nominal pipe size piping 
will be volumetrically examined upstream of valve PDW-72. In addition, one valve will 
be disassembled in the license renewal portion of this system for an internal visual 
inspection.  

Industry Code and Standards - No code or standard exists to guide or govern this 
inspection. Component wall thickness acceptability will be judged in accordance with the 
Oconee component design code of record.  

Frequency - The Treated Water Systems Stainless Steel Inspection is a one-time 
inspection.  

Acceptance Criteria or Standards - No unacceptable indication of loss of material due 
to pitting corrosion or cracking due to stress corrosion as determined by engineering 
analysis.  

Corrective Action - Any unacceptable loss of material due to of pitting corrosion or 
stress corrosion cracking requires an engineering analysis be performed to determine 
potential impact on component intended function.  

Specific corrective actions will be implemented in accordance with the Duke Quality 
Assurance Program.  
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Timing of New Program or Activity - Following issuance of renewed operating license 
for Oconee Nuclear Station, this inspection will be completed by February 6, 2013(the 
end of the initial license term for Oconee Unit 1).  

Administrative Controls - The Treated Water Systems Stainless Steel Inspection will be 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This one-time inspection activity has no current regulatory basis 
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18.2 BORIC AciD WASTAGE SURVEILLANCE PROGRAM 
Purpose - The purpose of the Boric Acid Wastage Surveillance Program is to provide 
reasonable assurance that leaks of boric acid are promptly identified and corrected and 
that loss of material due to boric acid corrosion is evaluated. This program focuses on 
small leaks which generally occur below technical specification limits for operational 
leakage.  

Scope - The results of the program are applicable to mechanical components and 
structural components fabricated from carbon steel and low alloy steel that are located in 
proximity to borated systems. This program addresses equipment both inside and outside 
the Reactor Building. Bolted closures such as manways and flanged connections of 
systems containing dissolved boric acid are also included.  

Aging Effects - The condition evaluated during the Boric Acid Wastage Surveillance 
Program is loss of material from components due to boric acid corrosion of the carbon 
steel and low alloy steel.  

Method - Visual inspections are performed on external surfaces in accordance with plant 
procedures.  

Industry Code or Standard - ASME Section XI and Generic Letter 88-05 
[Reference 18-6].  

Frequency - Inspections are performed each time the Reactor Building is entered (not to 
exceed intervals associated with refueling outages and ISI inspections).  

Acceptance Criteria or Standard - The Boric Acid Wastage Surveillance Program 
includes the following acceptance criteria: 

(1) Free from leakage from non-insulated components 
(2) Free from leakage in excess of permissible levels defined by the owner on devices 

with leak limiting devices 
(3) Free from leakage from insulated or inaccessible components 
(4) Free from areas of general corrosion of a component resulting from leakage 
(5) Free from discoloration or accumulated residues on surfaces or components, 

insulation, or floor areas that may indicate borated water leakage.  
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Corrective Action - When the programmatic activities described as the Boric Acid 
Wastage Surveillance Program lead to detection of an unacceptable condition, the 
following corrective actions are required: 

(1) Locate leak source and areas of general corrosion.  
(2) Evaluate pressure-retaining components suffering more than 10% wall loss for 

continued service or replacement.  
(3) Evaluate other affected components such as supports and other structural members for 

continued service, repair or replacement.  

Items which do not meet the acceptance criteria will be repaired or replaced in accordance 
with the Duke Quality Assurance Program.  

Administrative Controls - Implemented through Nuclear Generation Department 
administrative and workplace procedures.  

Regulatory Basis - ASME Section XI, Examination Category B-P, All Pressure 
Retaining Components, Examination Category C-H, All Pressure Retaining Components; 
Examination Category D-A, Systems in Support of Reactor Shutdown Function; 
Examination Category D-B, Systems in Support of Emergency Core Cooling, 
Containment Heat Removal, Atmospheric Cleanup, and Reactor Residual Heat Removal 
and Examination Category D-C, Systems in Support of Residual Heat Removalfrom 
Spent Fuel Storage Pool; Duke commitments in response to NRC Generic Letter 88-05 
[Reference 18-7].  
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18.3 CHEMISTRY CONTROL PROGRAM 
The primary objective of the Oconee Chemistry Control Program is to protect the 
integrity, reliability, and availability of plant equipment and components by minimizing 
corrosion in fluid systems. To ensure the best protection is provided, reactor coolant 
water quality specifications are based upon the current revision of the EPRI PWR 
Primary Water Chemistry Guidelines and vendor recommendations as appropriate 
[UFSAR Section 5.2.1.7]. Secondary chemistry specifications are based upon the 
recommendations in the current revision of the EPRI PWR Secondary Water Chemistry 
Guidelines.  

For component cooling water, Oconee utilizes a modified chromate-phosphate treatment 
recommended by Babcock & Wilcox Co., the Oconee nuclear steam supply system 
vendor, as the basis for the chemistry control specifications for the component cooling 
system. For the SSF diesel jacket water cooling system, Oconee utilizes the industry
standard diesel jacket water cooling treatment method (sodium nitrite/borax/tolytriazole).  

The Oconee SSF Fuel Oil surveillances are governed by Oconee Technical 
Specifications [ITS SR 3.10.1.8 and ITS 5.5.14].  
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18.4 CONTAINMENT INSERVICE INSPECTION PLAN 
The Oconee Containment Inservice Inspection Plan implements the requirements of 
10 CFR §50.55a (61 Federal Register 41303, dated August 8, 1996) and the 1992 Edition 
with the 1992 Addenda of Subsection IWE, "Requirements for Class MC and Metallic 
Liners of Class CC Components of Light-Water Cooled Power Plants," and Subsection 
IWL, "Requirements for Class CC Concrete Components of Light-Water Cooled Power 
Plants." The examinations are performed to the extent practicable within the limitations 
of design, geometry and materials of construction of the component. When examination 
requirements are determined to be impractical, relief requests are prepared and submitted 
in accordance with the requirements of §50.55a(g)(5)(iv) for NRC review and approval 
pursuant to §50.55a(g)(6).  

The Containment Inservice Inspection Plan for each inservice inspection interval of the 
license renewal term will : 

(1) Implement the examination requirements of either: 

(a) §50.55a (61 Federal Register 41303, dated August 8, 1996) and the 1992 
Edition with the 1992 Addenda of Subsection IWE, "Requirements for Class 
MC and Metallic Liners of Class CC Components of Light-Water Cooled 
Power Plants," and Subsection IWL, "Requirements for Class CC Concrete 
Components of Light-Water Cooled Power Plants" with the limitation listed in 
paragraph (b)(2)(vi) and the modifications listed in paragraphs (b)(2)(ix) and 
(b)(2)(x) of §50.55a, or 

(b) the edition of the ASME Section XI Code required by §50.55a(b) prior to the 
start of the 120-month inservice inspection interval, or 

(c) another edition of ASME Section XI provided an appropriate evaluation is 
performed; 

Comply with §50.55a (g)(4)(ii), except that if an examination required by the Code or 
Addenda is determined to be impractical, a relief request will be submitted to the 
Commission in accordance with §50.55a(5)(iv), for Commission evaluation.  
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18.5 CONTROL ROD DRIVE MECHANISM NOZZLE AND OTHER VESSEL 
PENETRATIONS INSPECTION PROGRAM 

Purpose - The purpose of the CRDM Nozzle and Other Vessel Closure Penetrations 
Inspection Program is to verify the assumptions made in the BWOG safety evaluation of 
the susceptibility and consequence of PWSCC in B&W-designed CRDM nozzles by 
gathering additional inspection information in order to better characterize PWSCC.  

Scope - The scope of the program includes reactor vessel closure head CRDM nozzles for 
all three units and the Oconee Unit I thermocouple penetrations.  

Aging Effects - The applicable aging effect is PWSCC of Alloy 600 nozzles with partial 
penetration welds that cause high circumferential residual stresses on the inner diameter 
of the nozzles opposite the welds.  

Method - The current program requires the re-inspection of from two to twelve Oconee 
Unit 2 CRDM nozzles from the top of the head in 1999. Eddy Current inspection will be 
utilized for detection. eddy current, ultrasonic, and liquid penetrate will be used for 
sizmng.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  

Frequency - The inspection frequency is dependent on plant-specific, B&WOG, and 
industry-wide inspection results. The next Oconee Unit 2 inspections are planned for 
1999. Future inspections will be established upon review of the next set of inspection 
results.  

Acceptance Criteria or Standard - Axial flaws detected during inspection will be 
analyzed and evaluated using the NUMARC acceptance criteria which were approved by 
the NRC in their Safety Evaluation dated November 19, 1993. Circumferential flaws will 
be analyzed and addressed with the NRC on a case-by-case basis [Reference 18-8].  

Corrective Action - Flaws that cannot be justified for continued service by analysis will 
be repaired in accordance with ASME Section XI. Flaws that can be justified for 
continued service become a time-limited aging analysis and are addressed by the Oconee 
Thermal Fatigue Management Program (see Section 5.4 of OLRP-1001). Specific 
corrective actions will be implemented in accordance with the Duke Quality Assurance 
Program.  
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Administrative Controls - CRDM Nozzle and Other Vessel Closure Penetrations 
Inspection Program will be implemented by plant procedures in accordance with the 
Duke Quality Assurance Program.  

Regulatory Basis - Duke response to NRC Generic Letter 97-01 [Reference 18-9].  
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18.6 CRANE INSPECTION PROGRAM 
Purpose - The purpose of the Crane Inspection Program is to provide periodic 
inspections and preventive maintenance on Oconee cranes and hoists. A subset of the 
many inspection activities performed under the auspices of the Crane Inspection Program 
is the inspection of the structural components.  

Scope - Structural components associated with the following cranes and hoists are 
included in the Crane Inspection Program for license renewal: 

Building Crane 

Auxiliary Building Spent Fuel Bay Crane 
Spent Fuel Pool Fuel Handling Crane 
Hoists located over safety-related equipment 

Keowee 270 Ton Crane 
Intake Hoist 
Hoists located over safety-related equipment 

Reactor Building Polar Crane 
2 Ton CRDM Service Crane 
Main Fuel Handling Bridge 
Equipment Hatch Hoist 
Hoists located over safety-related equipment 

Turbine Building Pump Aisle Crane 
Turbine Aisle Crane 
Turbine Aisle Auxiliary Crane 
Heater Bay Crane 
Hoists located over safety-related equipment 

Standby Shutdown Facility Hoists located over safety-related equipment 

A list of hoists located over safety-related equipment is maintained at Oconee.  

Aging Effects - The applicable aging effect is loss of material due to corrosion of the 
steel components.  

Method - The program requires visual inspections of cranes and hoists within the scope.  

Industry Code or Standard - ANSI B30.2.0 [Reference 18-10] for cranes and 
ANSI B30.16 [Reference 18-11] for hoists.  
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Frequency - Each crane and hoist is subject to several inspections. The inspection 
frequencies for the cranes are based on the guidance provided by ANSI B30.2.0. The 
inspection frequencies for hoists are based on guidance provided by ANSI B30.16.  
Oconee experience supports the established frequency as being timely and effective.  

Acceptance Criteria or Standard - No unacceptable visual indication of loss of material 
as determined by the accountable engineer.  

Corrective Action - Items which do not meet the acceptance criteria are repaired or 
replaced. Specific corrective actions will be implemented in accordance with the Duke 
Quality Assurance Program.  

Administrative Controls - The Crane Inspection Program is implemented by written 
procedure in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - 29 CFR Chapter XVII, § 1910.179 [Reference 18-12].  
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18.7 DUKE POWER FIVE-YEAR UNDERWATER INSPECTION OF 
HYDROELECTRIC DAMS AND APPURTENANCES 

Purpose - The purpose of the Duke Power Five Year Underwater Inspection of 
Hydroelectric Dams and Appurtenances is to inspect the structural integrity of the 
Keowee intake structure, spillway, and powerhouse.  

Scope - The scope of the Duke Power Five Year Underwater Inspection of Hydroelectric 
Dams and Appurtenances includes: 

* Keowee Intake - trashracks, support steel and concrete 
* Spillway - concrete 
* Powerhouse - concrete 

Aging Effects - The applicable aging effects include loss of material due to corrosion for 
steel components and loss of material, cracking, and change in material properties of 
concrete components.  

Method - The program requires visual examinations of external surfaces.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  

Frequency - Inspections are performed once every five years. The inspection frequency 
is consistent with the periodicity of inspections performed by FERC for maintaining other 
components of the structures (See FERC Five Year Inspections Section 18.9).  

Acceptance Criteria or Standard - No unacceptable visual indication of loss of 
material, cracking, or change in material properties as determined by the accountable 
engineer.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated by the 
accountable engineer. If repair or replacement is required, then specific corrective actions 
will be implemented in accordance with the Duke Quality Assurance Program.  

Administrative Controls - This program currently is performed in accordance with 
written guidance developed by the responsible Duke Power department.  

Regulatory Basis - 18 CFR Part R, Water Power Project Works Safety.  

UFSAR Supplement - page 84 
Revision 0 

UFSAR.doc 
June 1998



Oconee Nuclear Station 
UFSAR Supplement For License Renewal 

New Chapter 18 

UFSAR Supplement - page 85 
Revision 0 

UFSAR.doc 
June 1998



Oconee Nuclear Station 
UFSAR Supplement For License Renewal 

New Chapter 18 

18.8 ELEVATED WATER STORAGE TANK INSPECTION 
Purpose - The purpose of the Elevated Water Storage Tank Civil Inspection is to provide 
a visual examination of the interior and exterior surfaces of the tank and associated 
components to ensure their structural integrity.  

Scope - The scope of the program includes the interior and exterior surfaces of the 
Elevated Water Storage Tank and associated components.  

Aging Effects - The applicable aging effect is loss of material due to corrosion.  

Method - The program requires visual examinations of internal and external surfaces in 
accordance with station procedures.  

Industry Code or Standard - NFPA 25, Standard for the Inspection, Testing, and 
Maintenance of Water-Based Fire Protection Systems.  

Frequency - Inspections are performed once every five years.  

Acceptance Criteria or Standard - No unacceptable visual indication of loss of material 
due to corrosion as determined by the accountable engineer.  

Corrective Action - Items that do not meet the acceptance criteria are evaluated for 
continued service, monitored, or corrected. Specific corrective actions will be 
implemented in accordance with the Duke Quality Assurance Program.  

Administrative Controls - The Elevated Water Storage Tank Inspections are 
implemented by plant procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This program has no current regulatory basis.  
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18.9 FEDERAL ENERGY REGULATORY COMMISSION (FERC) FIVE YEAR 
INSPECTIONS 

Inspections of the Keowee River Dam; Little River Dam; Little River Dikes A, B, C, 
and D; Oconee Intake Canal Dike; Keowee Spillway and Left Abutment, Keowee Intake 
and Powerhouse are performed in accordance with the requirements contained in 
18 CFR Part 12, Water Power Projects and Project Works Safety [Reference 18-13].  
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18.10 HEAT EXCHANGER PERFORMANCE TESTING ACTIVITIES 
The following heat exchangers in' the scope of license renewal have heat transfer as a 
component intended function that could be impacted by fouling. Each of these heat 
exchangers has raw water from the Low Pressure Service Water System: the decay heat 
removal cooler in the Low Pressure Injection System, the Reactor Building cooling units 
in the Reactor Building Cooling System, and the Standby Shutdown Facility heat 
exchangers in the Standby Shutdown Facility Auxiliary Service Water and Heating, 
Ventilation, and Air Conditioning Systems. Performance testing for these heat 
exchangers will provide assurance that the components are capable of adequate heat 
transfer required to meet system and accident load demands. Performance testing will 
also serve to manage loss of material for the applicable Standby Shutdown Facility heat 
exchangers.  

Periodic testing is completed for these heat exchangers at frequencies ranging from twice 
per day for the Standby Shutdown Facility heat exchangers to each refueling outage for 
the decay heat removal cooler and the Reactor Building cooling units. Heat removal 
capacity is determined and compared to test acceptance criteria established by the 
accountable engineer and to previous test results for the decay heat removal coolers and 
the Reactor Building cooling units. For the Standby Shutdown Facility heat exchangers, 
heat removal capacity is verified by monitoring component and system performance 
parameters and comparing them to acceptance criteria. If the heat exchangers fail to 
perform adequately, then corrective actions such as cleaning are undertaken. Specific 
corrective actions are implemented in accordance with the Duke Quality Assurance 
Program.  

The Heat Exchanger Performance Testing Activities are implemented by plant procedures 
in accordance with the Duke Quality Assurance Program. The activities credited here for 
license renewal for the Decay Heat Removal Coolers and the Reactor Building Cooling 
Units are consistent with the Oconee commitments made in response to Generic 
Letter 89-13 [References 18-14, 18-15, 18-16 , 18-17, and 18-18].  

The continued implementation of the Heat Exchanger Performance Testing Activities 
provides reasonable assurance that the heat exchangers will continue to perform their 
intended function consistent with the current licensing basis for the period of extended 
operation.  
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18.11 INSERVICE INSPECTION PLAN 

The Oconee Inservice Inspection Plan, implements the requirements of 10 CFR §50.55a 
(57FR47983) and the 1989 Edition of the ASME Section XI, no addenda. The 
examinations are performed to the extent practicable within the limitations of design, 
geometry and materials of construction of the component. When examination 
requirements are determined to be impractical, relief requests are prepared and submitted 
in accordance with the requirements of §50.55a(g)(5)(iv) for NRC review and approval 
pursuant to §50.55a(g)(6).  

The period of extended operation for Oconee will contain the 5t and 6t ten-year 
inservice inspection intervals. The Oconee Inservice Inspection Plan for each of these 
two inservice inspection intervals will: 

(1) Include compliance with Appendix VII, Qualification of Nondestructive Examination 
Personnel for Ultrasonic Examination; 

(2) Include compliance with Appendix VIII, Performance Demonstration for Ultrasonic 
Examination Systems; 

(3) Implement the Subsection IWB examination requirements of either (a) the 1989 
Edition of ASME Section XI, or (b) the edition of the ASME Section XI Code 
required by §50.55a(b), or (c) another edition of ASME Section XI provided an 
appropriate evaluation is performed; 

(4) Comply with §50.55a (g)(4)(ii) except that if an examination required by the Code or 
Addenda is determined to be impractical, then a relief request will be submitted to the 
Commission in accordance with the requirements contained in §50.55a(5)(iv), for 
Commission evaluation; and 

(5) Include examination of pressurizer heater bundle welds in accordance with 
Examination Category B-E (or equivalent) (see UFSAR Section 18.1.7.2) 

The Oconee Inservice Inspection Plan is a separately maintained document which has 
been approved by NRC for the Third Ten-Year Interval [Reference 18-19]. Current 
regulations require the submittal of each Ten-Year Interval Inservice Inspection Plan to 
the NRC for approval. Oconee will be in full compliance with Appendices VII and VIII 
prior to entering the period of extended operation.  
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In addition for CASS Class 1 components, when conditions are detected during these 
inservice inspections that exceed the allowable limits of ASME Section XI, engineering 
evaluations of either detected or postulated flaws shall be carried out using material 
properties and acceptance criteria applicable to the evaluation procedures presented in 
IWB-3640. More favorable material properties and acceptance criteria may be used, if 
justified, on a case-by-case basis [Reference 18-1, Volume Ill, Exhibit A, Chapter 4].  
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18.12 INSPECTION PROGRAM FOR CIVIL ENGINEERING STRUCTURES AND 
COMPONENTS 

The Inspection Program for Civil Engineering Structures and Components is intended to 
meet the requirements of 10 CFR §50.65, Requirements for monitoring the effectiveness 
of maintenance at nuclear power plants (the Maintenance Rule). This program: 

(1) monitors and assesses civil structures and components and their condition in order to 
provide reasonable assurance that they are capable of performing their intended 
functions in accordance with the current licensing basis; and 

(2) includes nuclear safety-related structures which enclose, support, or protect nuclear 
safety-related systems and components and non-safety related structures whose failure 
may prevent a nuclear safety-related system or component from fulfilling its intended 
function.  

NEI 96-03, Industry Guideline for Monitoring the Condition of Structures at Nuclear 
Power Plants, (draft) has been used as guidance in the preparation of the Inspection 
Program for Civil Engineering Structures and Components.  

For license renewal, the program will be enhanced to include any components identified 
in Tables 3.4-1, 3.5-1 through 3.5-12, and 3.7-1 through 3.7-8 of Reference 18-1 that 
currently are not identified specifically in the program.  
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18.13 PENSTOCK INSPECTION 
Purpose - The purpose of the Penstock Inspection is to ensure that the structural integrity 
of the Keowee Penstock will be maintained.  

Scope - The scope of the Penstock Inspection includes both the steel lined and 
unreinforced concrete lined sections of the Keowee Penstock.  

Aging Effects - The applicable aging effects include loss of material, cracking, and 
change in material properties for the unreinforced concrete lined section and loss of 
material for the steel lined section of the Keowee Penstock.  

Method - The Penstock Inspection requires visual examination of the interior surface of 
the Keowee Penstock.  

Sample Size - Not applicable for an existing program.  

Industry Code or Standard - No code or standard exists to guide or govern this 
inspection.  

Frequency - Inspections are performed each time the Keowee Penstock is dewatered 
during outages, which is at least every five years.  

Acceptance Criteria or Standard - No unacceptable visual indication of aging effects as 
identified by the accountable engineer.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated by the 
accountable engineer for continued service or corrected by repair or replacement.  

Specific corrective actions are implemented in accordance with the Duke Quality 
Assurance Program.  

Administrative Controls - This program is performed in accordance with written 
guidance developed by the responsible Duke Power department.  

Regulatory Basis - 18 CFR Part 12, Water Power Projects and Project Works Safety.  
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18.14 PIPING EROSION/CORROSION PROGRAM 
Purpose - The purpose of the Piping Erosion/Corrosion Program is to manage loss of 
material for the component locations in the Feedwater System and Main Steam System 
that have been identified as being susceptible to erosion/corrosion.  

Scope - The portion of the overall program credited for license renewal includes the 
components in the Feedwater System between the main control valves, bypass block 
valves, and the steam generator, and a small section of piping downstream of the 
Emergency Feedwater pump turbine steam supply control valve.  

Aging Effects - The aging effect of concern is loss of material of carbon steel 
components due to erosion/corrosion under certain relevant conditions. Relevant 
conditions include physical parameters such as fluid temperature, fluid (steam) quality, 
fluid velocity, fluid pH, mechanical component geometry and piping configuration. An 
analytical review process is used to determine susceptible locations based on these types 
of relevant conditions.  

Method - The focus of the program is on the carbon steel components in the more 
susceptible locations within these systems. Over seventy total inspection locations exist 
for the three units' Feedwater Systems and ten separate inspection locations exist for the 
three units' Main Steam Systems. Inspection methods for susceptible component 
locations include use of volumetric examinations using ultrasonic testing and 
radiography. Also visual examination is used when access to interior surfaces is allowed 
by component design.  

Industry Codes and Standards - No code or standard exists to guide or govern this 
inspection. However, the program follows the basic guidelines or recommendations 
provided by EPRI Document NSAC-202L. Component wall thickness acceptability is 
judged in accordance with the Oconee component design code of record.  

Frequency - Inspection frequency varies for each location, depending on previous 
inspection results, calculated rate of material loss, analytical model review, changes in 
operating or chemistry conditions, pertinent industry events, and plant operating 
experiences.  

Acceptance Criteria - Using inspection results and including a safety margin, the 
projected component wall thickness at the time of the next plant outage must be greater 
than the allowable minimum wall thickness under the component design code of record.  
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Corrective Action - If the calculated component wall thickness at the time of the next 
outage is projected to be less than the allowable minimum wall thickness with safety 
margin under the component design code of record, then the component will be repaired 
or replaced prior to system start-up. The as-inspected component can also be justified for 
continued service through additional detailed engineering analysis.  

Specific corrective action will be in accordance with the Duke Quality Assurance 
Program.  

Administrative Control - The Piping Erosion/Corrosion Program is implemented by 
engineering specification in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Duke response to Bulletin 87-01[References 18-20 and 18-21] and 
Duke response to Generic Letter 89-08 [References 18-22 and 18-23].  
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18.15 PROGRAM TO INSPECT THE HIGH PRESSURE INJECTION 
CONNECTIONS TO THE REACTOR COOLANT SYSTEM 

Purpose - The purpose of the Program to Inspect the High Pressure Injection 
Connections to the Reactor Coolant System is to manage the displacement of the HPI 
thermal sleeves or cracking of the thermal sleeves and associated piping welds in the 
normal and emergency HPI portions of the Reactor Coolant System branch lines. This 
program satisfies the requirements of previous Oconee inspection commitments to the 
NRC for Generic Letter 85-20 [Reference 18-24] and IE Bulletin 88-08 
[Reference 18-25], as well as some key ASME Section XI requirements and simplifies 
the programmatic oversight of these risk-significant welds in the Reactor Coolant System.  

Scope - The scope of this program includes the HPI nozzles on the reactor coolant loops 
and attached Reactor Coolant System piping. The program also applies to the thermal 
sleeves within the nozzles. It encompasses all Oconee System Piping Class A (not ISI 
Class A) HPI piping and components with the additions of some welds within Oconee 
System Piping Class B boundaries (still within ISI Class A scope) being examined in 
accordance with IE Bulletin bb-08 commitments.  

Aging Effects - Two aging effects are addressed by this program. The first aging effect is 
the cracking of the base metal or weld metal which could result in a non-isolable Reactor 
Coolant System Piping.  

The second aging effect is the initiation and growth of gaps between the protective 
thermal sleeve and the nozzle safe end.  

Method - This program includes the inspection techniques for these locations defined 
from ASME Section XI, Subsection IWB defined in the Oconee Inservice Inspection 
Plan. Additional augmented inspections are done using ultrasonic (UT) and dye
penetrant (PT) inspections of the components of the nozzles and piping to detect cracks, 
and radiographic (RT) inspections to verify no gaps are growing between the thermal 
sleeve and the safe end.  

Industry Code or Standard - ASME Section XI for the detection and engineering 
evaluation of flaws in the welds.  

Frequency - The frequency of actions under this program are component 
location-specific. The frequencies are established for each component location by 
considering the ASME Section XI inspection frequencies in IWB-2400 as well as the 
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frequencies established by Duke regulatory commitments for Generic Letter 85-20 and 
LE Bulletin 88-08.  

Acceptance Criteria or Standard - No flaws in welds and base metal in accordance 
with ASME Section XI acceptance criteria. No flaws in the nozzle inner radius base 
metal (which is not required to be inspected under ASME Section XI criteria but which is 
being inspected under Generic Letter 85-20 commitments) in accordance with standards 
established as a part of the Duke commitment to Generic Letter 85-20).  

No increase in size of the gaps between the thermal sleeve and safe end.  

Corrective Action - Flaws in weld or base metal which cannot be accepted based on 
either the geometry screening or the Fracture Mechanics Analysis methods of ASME 
Section XI are corrected by repair or replacement activities. Unacceptable gaps detected 
by sleeve RT are corrected by repair or replacement activities. Specific corrective actions 
will implemented in accordance with the Duke Quality Assurance Program.  

Administrative Controls - The Program to Inspect the High Pressure Injection 
Connections to the Reactor Coolant System is implemented by plant procedures and 
controlled in accordance with the Duke Quality Assurance Program.  
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Regulatory Basis - Specific Duke-NRC communications with regard to NRC Generic 
Letter 85-20, IE Bulletin 88-08 and Oconee Inservice Inspection Plan provide the 
regulatory basis for this program. They are: 

* W. R. McCollum, Jr., (Duke) letter dated August 6, 1997 to Document Control Desk 
(NRC), Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, and 
-287, Inservice Inspection Plan, Third Ten- Year Inservice Inspection Interval, 
Generic Letter 85-20 Supplemental Information.  

* W. R. McCollum, Jr., (Duke) letter dated September 10, 1997 to Document control 
Desk (NRC), Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, 
and -287, Inservice Inspection Plan, Third Ten- Year Inservice Inspection Interval, 
Generic Letter 85-20 Supplemental Information.  

* H. B. Tucker (Duke) letter dated December 29, 1989 to Document Control Desk 
(NRC), Oconee Nuclear Station, Units 1, 2, and 3, Docket Nos. 50-269, -270, -287, 
Thermal Stresses in Piping Connected to Reactor Coolant System 
(NRC Bulletin 88-08).  
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18.16 REACTOR VESSEL INTEGRITY PROGRAM 

The Oconee Reactor Vessel Integrity Program consists of the following five interrelated 
subprograms: 

(1) Master Integrated Reactor Vessel Surveillance Program, 
(2) Cavity Dosimetry Program, 
(3) Fluence and Uncertainty Calculations, 
(4) Pressure Temperature Limits, and 
(5) Monitoring Effective Full Power Years.  

The Master Integrated Reactor Vessel Surveillance Program is an NRC approved 
B&WOG program [Reference 18-26] that complies with requirements for an integrated 
surveillance program in accordance with §50.60, Appendix H. Cavity dosimetry is used 
as a continuous monitoring device to ensure that the calculated values of reactor vessel 
fluence are accurate. Reactor vessel fluence and uncertainty calculations are used as 
input to calculate pressure temperature limits and end-of-life reference temperatures.  
Pressure temperature limit curves determine the operating region during normal heatup, 
normal cooldown, and inservice leak and hydrostatic test transients. The calculation of 
reactor vessel effective full power years is used to ensure that the pressure temperature 
limits and end-of-life reference temperatures are not violated. These subprograms are 
described in the following sections. 1 

18.16.1 MASTER INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM 

Duke is a participant in the B&WOG Master Integrated Reactor Vessel Surveillance 
Program (MIRVP). The MIRVP meets the requirements of Appendix H of 10 CFR 
Part 50, with regard to integrated surveillance programs (paragraph lIU.C) and is also an 
NRC accepted program. In addition, the MIRVP addresses reference temperature shift 
concerns and pressurized thermal shock in accordance with §50.61. A description of the 
MIRVP is provided in BAW-1543A, Revision 2, [Reference 18-27] and in BAW 2251 
[Reference 18-28] The attributes of the MIRVP are provided in the following: 

Purpose - The purpose of the MIRVP is to provide a method to monitor reactor pressure 
vessel materials containing Linde 80 high copper beltline welds for determining the 
reduction of material toughness by neutron irradiation embrittlement.  

Scope - The scope of the MIRVP includes beltline plate and weld material for the beltline 
region of the Oconee reactor vessels.  
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Aging Effects - The applicable aging effect is the reduction of material toughness by 
neutron irradiation embrittlement.  

Method - Fracture toughness specimens are irradiated within two operating B&W reactor 
vessels (i.e., Davis-Besse and Crystal River-3) and the participating Westinghouse reactor 
vessels. The specimens are irradiated in capsules that are located near the reactor vessel 
inside wall, thus enabling reactor vessel materials to become irradiated out to and beyond 
anticipated license renewal fluence levels. The fracture toughness specimens are tested in 
accordance with applicable ASTM standards as identified in Section 5.0 of BAW-1543A, 
Revision 2 [Reference 18-27].  

Industry Code or Standard - ASTM E 185 [Reference 18-29]; Regulatory Guide 1.99, 
Revision 2 [Reference 18-30]; ASTM standards as identified in Section 5.0 of 
BAW-1543A, Revision 2 [Reference 18-27], and BAW-1543, Revision 4, Supplement 2 
[Reference 18-31]; 

Frequency - The capsule withdrawal schedules are presented in BAW-1543, Revision 4, 
Supplement 2 [Reference 18-31]. The MIRVP schedule may be altered due to 
unscheduled downtimes or extended outages at the host plants. In addition, certain 
surveillance capsules may receive additional irradiation to fully satisfy license renewal 
fluence requirements.  

Acceptance Criteria or Standard - Fracture toughness specimens removed from the 
surveillance capsules will be laboratory tested to ensure reactor vessel fracture toughness 
properties exhibit upper shelf energy greater than 50 ft-lbs. If the Charpy upper-shelf 
energy drops below 50 ft-lbs, then it must be demonstrated that margins of safety against 
fracture are equivalent to those of Appendix G of ASME Section XI. In addition, 
calculations of reference temperature for pressurized thermal shock (RTpTs) must be 
below the screening criteria of 270oF for plates, forgings, and longitudinal welds and 
300OF for circumferential welds, respectively. If the projected reference temperature 
exceeds the screening criteria, licensees are required to submit an analysis and schedule for 
such flux reduction programs as are reasonably practicable to avoid exceeding the screening 
criteria. If no reasonably practicable flux reduction program will avoid exceeding the 
screening criteria, licensees shall submit a safety analysis to determine what actions are 
necessary to prevent potential failure of the reactor vessel if continued operation beyond the 
screening criteria is allowed.  

Corrective Action - Not applicable because this program is collecting irradiated 
materials data.  
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Administrative Controls - Fracture toughness specimens are being tested and analyzed 
using procedures and specifications developed and maintained in accordance with the 
Duke Quality Assurance Program.  

Regulatory Basis - §50.60, Acceptance criteria for fracture prevention measures for 
lightwater nuclear power reactors for normal operation; §50.61, Fracture Toughness 
requirements for protection against pressurized thermal shock; Appendix G to Part 50, 
Fracture Toughness Requirements; Appendix H to Part 50, Reactor Vessel Material 
Surveillance Program Requirements; and Oconee Improved Technical 
Specification 3.4.3, Reactor Coolant System Pressure and Temperature (P/T) Limits.  
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18.16.2 CAVITY DOSIMETRY PROGRAM 

The Cavity Dosimetry Program is an Oconee on-site method to continuously monitor the 
reactor vessel beltline region fluence for determining the reduction of material toughness 
due to neutron irradiation embrittlement.  

Purpose - The purpose of the Cavity Dosimetry Program is to provide an improved 
methodology to more accurately estimate reactor vessel accumulated neutron fluence for 
the reactor vessel limiting beltline welds. Cavity dosimetry measurements are used to 
verify the accuracy of fluence calculations and to determine fluence uncertainty values.  

Scope - All three Oconee reactor vessels are included in the cavity dosimetry program; 
however, only the Oconee Unit 2 reactor vessel has installed cavity dosimetry. The 
Oconee Unit I and Oconee Unit 3 reactor vessel fluence uncertainty values are based on 
Oconee Unit 2 cavity dosimetry results due to similar design, fabrication, operation, and 
fuel loading patterns.  

Aging Effects - The reduction of material toughness by irradiation embrittlement.  

Method - Dosimeters (i.e., U238, NP237 , Ni, Cu, etc.) are irradiated in the cavity region 
outside of the Oconee Unit 2 reactor vessel. Cavity dosimetry was irradiated at Oconee 
Unit 2 for cycle 9, cycle 10, combined cycles 11-12, combined cycles 13-14, and 
combined cycles 15-16. At present, cavity dosimetry is being irradiated at Oconee Unit 2 
for combined cycles 17-18.  

The cavity dosimeters are measured to determine the activity resulting from the fast 
fluence irradiation. In addition, calculations of the dosimetry activities are performed 
using operational data. The calculations are compared to the measurements to verify the 
accuracy and the uncertainty in the calculated fluence.  

Industry Code or Standard - Regulatory Guide 1.99, Revision 2 [Reference 18-30]; 
ASTM E 185 [Reference 18-29]; Draft Regulatory Guide - 1053 [Reference 18-32]; 
BAW-2241P [Reference 18-33].  

Frequency - At present, cavity dosimetry is changed out on an every-other-cycle basis.  
Future trends indicate extending the frequency to an every-third-cycle exchange period or 
longer. The cavity dosimetry exchange schedule may be altered due to changes in fuel 
type, fuel loading pattern, or power rating of Oconee Unit 2.  

S 
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Acceptance Criteria or Standard - Dosimetry removed from the cavity dosimetry 
holder is laboratory tested to count the amount of neutron irradiation damage to the 
dosimetry specimens. Computer analyses are used to calculate the dosimeter activities 
and associated fluence. Following computer analyses, the calculated accumulated fast 
fluence will be determined. The results of the fluence uncertainty values should be within 
the NRC-suggested limit of +20%.  

Corrective Action - As additional cavity dosimetry is withdrawn and tested, cavity 
dosimetry exchange frequency may be adjusted, as appropriate. If the comparison of 
calculations to measurements of the Unit 2 multiple dosimeters fail to meet +20 %, 
measurements and calculations will be reviewed to locate the discrepancy.  

Administrative Controls - Cavity dosimetry is being tested and analyzed using 
procedures and specifications developed and maintained in accordance with the Duke 
Quality Assurance Program.  

Regulatory Basis - §50.60, Acceptance criteria for fracture prevention measures for 
lightwater nuclear power reactors for normal operation; Appendix H to Part 50, Re -for 
Vessel Material Surveillance Program Requirements; and Oconee Improved Technical 
Specification 3.4.3, Reactor Coolant System Pressure and Temperature (P/T) Limits.  
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18.16.3 FLUENCE AND UNCERTAINTY CALCULATIONS 

The reactor vessel Fluence And Uncertainty Calculations are used as inputs to the 
pressure temperature limit curves and pressurized thermal shock calculations. Updating 
fluence and uncertainty calculations is essential to maintaining an accurate prediction of 
the actual reactor vessel accumulated neutron fast fluence value.  

Purpose - The purpose of the reactor vessel Fluence And Uncertainty Calculations is to 
provide an accurate prediction of the actual reactor vessel accumulated neutron fast 
fluence value.  

Scope - The Fluence And Uncertainty Calculations includes all three of the Oconee 
reactor vessels.  

Aging Effect - The reduction of material toughness by neutron irradiation embrittlement.  

Method - The cavity dosimetry program yields irradiated dosimeters that are analyzed 
based on Oconee specific gL -uetry models (i.e., Mark-B8 fuel, reactor vessel, capsule 
holder, concrete structures), macroscopic cross sections, cycle-specific sources using the 
DORT and GIP computer codes, and a reference set of microscopic cross sections 
(BUGLE-93). Specific attention is made to target fluence values for limiting reactor 
vessel beltline circumferential weld locations. Recently updated fluence and uncertainty 
calculations were based on cavity dosimetry irradiated at Oconee Unit 2 for cycle 9, cycle 
10, combined cycles 11-12, and combined cycles 13-14. Future revised calculations will 
be based on cavity dosimetry currently being irradiated at Oconee Unit 2 for combined 
cycles 15-16.  

Industry Code or Standard - Regulatory Guide 1.99, Revision 2 [Reference 18-30]; 
ASTM E 185 [Reference 18-29]; Draft RG-1053 [Reference 18-32], 
BAW-2241P [Reference 18-33].  

Frequency - Fluence and uncertainty calculations are expected to follow each cavity 
dosimetry analysis for the next few years. The frequency of updating fluence and 
uncertainty calculations may change as additional data are obtained. Future decisions 
concerning the frequency of withdrawal of dosimetry will be based on changes in fuel 
type or fuel loading pattern.  
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Acceptance Criteria or Standard - The results of the fluence uncertainty values are to 
be within the NRC-suggested limit of +20%. Calculated fluence values for fluence levels 
above 1.0MeV are compared with measurement values to determine if calculations 
contain any errors. This methodology represents a continuous validation process to 
ensure that no biases have been introduced, and that the uncertainties remain comparable 
to the reference benchmarks.  

Corrective Action - As additional cavity dosimetry is withdrawn and tested, fluence and 
uncertainty calculations will be revised and updated accordingly. If comparisons of 
dosimetry calculations to measurements are not within acceptance standards, then the 
calculations will be revised. Specific corrective actions will be implemented in 
accordance with the Duke Quality Assurance Program.  

Administrative Controls - The Fluence And Uncertainty Calculations are developed and 
maintained in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Appendix H to Part 50, Reactor Vessel Material Surveillance 
Program Requirements; and Oconee Improved Technical Specification 3.4.3, Reactor 
Coolant System Pressure and Temperature (PIT) Limits.  
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18.16.4 PRESSURE TEMPERATURE LIMIT CURVES 

Pressure Temperature Limit Curves determine the operating region during normal 
heatup, normal cooldown, and inservice leak and hydrostatic test transients. Periodically 
they are updated based on revised accumulated fluence values, additional effective full 
power years, and to incorporate methodology or regulatory changes.  

Purpose - The purpose of the Pressure Temperature Limit Curves is to establish the 
normal operating limits for the Reactor Coolant System.  

Scope - The scope of the Pressure Temperature Limit Curves includes all three of the 
Oconee reactor vessels.  

Aging Effects - The reduction of material toughness by neutron irradiation 
embrittlement.  

Method - Pressure temperature curves are generated assuming a postulated 1/4T surface 
flaw in accordance with ASME Section XI, Appendix G [Reference 18-34]. Bounding 
input heatup and cooldown transients are used to develop the pressure temperature 
curves. Current Oconee Unit-1, -2, and -3 Pressure Temperature Limit Curves are valid 
for 21, 19, and 21 EFPY, respectively. In 1998, updated Oconee Pressure Temperature 
Limit Curves are being extended to at least 26 EFPY for all three units.  

Industry Code or Standard - ASME Section XI, Appendix G, 1989 Edition 
[Reference 18-34]; ASME Code Case N-514 [Reference 18-35]; Regulatory Guide 1.99, 
Revision 2 [Reference 18-30].  

Frequency - Pressure Temperature Limit Curves are valid for a period of time expressed 
in Effective Full Power Years (EFPY). The curves are required to be updated prior to 
exceeding this time period.  

Acceptance Criteria or Standard - NRC approved Pressure Temperature Limit Curves 
must be in place for continued plant operation.  

Corrective Action - Oconee Improved Technical Specifications, ITS 3.4.3, RCS Pressure 
and Temperature (P/T) Limits, require valid pressure-temperature limits prior to and 
during plant operations. Actions to be taken if the pressure-temperature limits are not 
valid are specified in Oconee Improved Technical Specifications 3.4.3.  
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Administrative Controls - The RCS Pressure and Temperature (P/T) Limits.  
are developed and maintained in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - Oconee Improved Technical Specification ITS 3.4.3, Reactor 
Coolant System Pressure and Temperature (PIT) Limits.  
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18.16.5 EFFECTIVE FULL POWER YEARS 

Effective Full Power Years provide a measurement of the age of the reactor vessel and is 
required input for verifying pressure temperature limit curves and pressurized thermal 
shock validity periods. The values for Effective Full Power Years are established from 
the calculation of Effective Full Power Hours and Effective Full Power Days.  

Purpose - The purpose Effective Full Power Years is to accurately monitor and tabulate 
the accumulated operating time and cycles experienced by the reactor vessel and other 
Reactor Coolant System components.  

Scope - The scope of the Effective Full Power Years activity includes all three of the 
Oconee reactor vessels.  

Aging Effect - The reduction of material toughness by neutron irradiation embrittlement.  

Method - The effective full power days of plant operation are based on reactor vessel 
incore power readings. The Nuclear Applications Software, which runs on the operator 
aid computer, collects incore instrument data. Site reactor engineers determine effective 
full power days values by comparing the burnup to the thermal power calculated burnup.  
All data is collected continuously for all three Oconee units.  

Industry Code or Standard - None.  

Frequency - Each unit is continuously computer monitored and updated weekly by site 
reactor engineers to determine the effective full power days of Reactor Coolant System 
operation during the previous seven day period.  

Acceptance Criteria or Standard - For a given fuel cycle, the updated effective full 
power days calculation based on the power history must be within + 0.25 EFPD of the 
operator aid computer generated value.  

Corrective Action - As additional effective full power hour and effective full power day 
values become available, effective full power year calculations are revised and updated 
accordingly. Specific corrective actions will be implemented in accordance with the 
Duke Quality Assurance Program.  

Administrative Controls - The Effective Full Power Years activity are implemented by 
Oconee workplace procedures developed and maintained in accordance with the Duke 
Quality Assurance Program.  

UFSAR Supplement - page 107 
Revision 0 

UFSAR.doc 
June 1998



Oconee Nuclear Station 
UFSAR Supplement For License Renewal 

New Chapter 18 

Regulatory Basis - Oconee Improved Technical Specification 3.4.3, Reactor Coolant 
System Pressure and Temperature (PIT) Limits.  
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18.17 SERVICE WATER PIPING CORROSION PROGRAM 
Purpose - The Service Water Piping Corrosion Program will manage loss of material 
due to general and localized corrosion for components in the Auxiliary Service Water 
System, the Condenser Circulating Water System, the High Pressure Service Water 
System, the Low Pressure Injection System (for the raw water side of the Decay Heat 
Cooler), the Low Pressure Service Water System, the SSF Auxiliary Service Water 
System, the Keowee Service Water System, the Turbine Generator Cooling Water 
System, and the Turbine Sump Pump System.  

Scope - The scope of the program credited for license renewal includes all bronze, 
carbon steel, cast iron and stainless steel components in the license renewal portions of 
the systems listed in the Purpose. The program focuses on the carbon steel piping 
components exposed to raw water which are more susceptible to general corrosion and 
which serve as a leading indicator of the general material condition of the system 
components. At the time of the Application, no inspection locations were identified for 
any of the Keowee systems since they remain bounded by the overall program results.  

For license renewal, the program will be enhanced to include piping inspection locations 
at Keowee, focused on bronze and brass piping.  

Over 30 different carbon steel piping component inspection locations have been 
established throughout the applicable systems based on the understanding that fluid flow 
rates are a prime contributor to the conditions conducive to corrosion. Inspection 
locations are spread among the four flow regimes: (1) stagnant, (2) intermittent, (3) low 
flow or approximately three feet per second or less, and (4) normal flow or flow greater 
than three feet per second based on system operations.  

Aging Effects - The aging effects of concern are loss of material due to general corrosion 
of bronze, carbon steel, and cast iron components and loss of material due to localized 
corrosion for bronze, carbon steel, cast iron and stainless steel that may reveal itself in the 
raw water systems within the scope of license renewal.  

Method - Inspection methods for susceptible component locations include use of 
volumetric examinations using ultrasonic testing. Also, visual examination is used as a 
general characterization tool in conjunction with ultrasonic testing when access to interior 
surfaces is allowed such as during plant modifications.  
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Industry Codes and Standards - No code or standard exists to guide or govern this 
inspection. However, the program follows the basic guidelines or recommendations 
provided by EPRI Document NSAC-202L. Component wall thickness acceptability is 
judged in accordance with the component design code of record.  

Frequency - Because the corrosion phenomena is slow-acting, inspection frequency 
varies for each location with a periodicity on the order of five to ten years. The first 
inspections were performed in the early 1990s. The frequency of re-inspection depends 
on previous inspection results, calculated rate of material loss, piping analysis review, 
pertinent industry events and plant operating experiences. Most locations received one 
re-inspection at the time of application.  

Acceptance Criteria - No inspection locations falling below the minimum pipe wall 
thickness values for the inspection locations as defined in the program. These minimum 
values have been determined based on design pressure or structural loading using the 
piping design code of record and then applying additional conservatism.  

Corrective Action - Inspection locations that fall below the acceptance criteria are 
repaired or replaced prior to the system returning to service unless an engineering analysis 
allows further operation. In the cases where a component may be allowed to continue in 
service, a re-inspection interval is established in the program.  

Specific corrective actions will implemented in accordance with the Duke Quality 
Assurance Program.  

Administrative Control - The Service Water Piping Corrosion Program is implemented 
by engineering specification in accordance with the Duke Quality Assurance Program.  

Regulatory Basis - The Service Water Piping Corrosion Program is a formalization of a 
portion of the commitments made in response to GL 89-13, primarily those associated 
with component pressure boundary maintenance [References 18-14, 18-15 18-16, 18-17 
and 18-18].  

0 
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18.18 SYSTEM PERFORMANCE TESTING ACTIVITIES 
The following raw water systems have been identified as containing smaller diameter 
piping that could be effected by fouling and will be managed by System Performance 
Testing Activities: Auxiliary Service Water System, Low Pressure Service Water System, 
SSF Auxiliary Service Water System, Turbine Generator Cooling Water System, and 
Turbine Sump Pump System. Performance testing for these systems will provide 
assurance that the components are capable of delivering adequate flow at a sufficient 
pressure as required to meet system and accident load demands. Performance testing will 
also provide the means to manage the loss of material in the Standby Shutdown Facility 
Auxiliary Service Water System air ejector and orifices as loss of material will be directly 
revealed by system performance.  

Periodic testing and inspections are completed for the above systems at a range of 
frequencies. Periodic testing frequencies range from quarterly to every third refueling 
outage, depending on the system. The Turbine Generator Cooling Water System is tested 
at design conditions every time the Keowee units operate. The Keowee units operate at 
about a ten percent capacit flctor. Visual inspections of the Auxiliary Service Water 
System are conducted every five years.  

Flow capacity is determined and compared to test acceptance criteria established by 
engineering and to previous test results. The results of visual inspections are evaluated by 
engineering. If the results of the flow tests and inspections do not meet acceptance 
criteria, then corrective actions, which could require piping replacement, are undertaken.  
Specific corrective actions are implemented in accordance with the Duke Quality 
Assurance Program.  

The System Performance Testing Activities are implemented by plant procedures in 
accordance with the Duke Quality Assurance Program. The activities credited here for 
license renewal are consistent with the Oconee commitments made in response to Generic 
Letter 89-13 [References 18-14, 18-15 18-16, 18-17 and 18-18].  

The continued implementation of the System Performance Testing Activities provides 
reasonable assurance that the aging effects will be managed such that mechanical 
components will continue to perform their intended functions consistent with the current 
licensing basis for the period of extended operation.  
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18.19 TENDON - SECONDARY SHIELD WALL - SURVEILLANCE PROGRAM 
Purpose - The purpose of the Tendon - Secondary Shield Wall - Surveillance Program is 
to inspect the Secondary Shield Wall Post-Tension Tendon System to ensure that the 
quality and structural performance of the secondary shield wall is consistent with the 
licensing basis.  

Scope - The scope of this program includes the tendon wires and tendon anchorage 
hardware, including bearing plates, anchorheads, bushing, buttonheads, and shims of the 
Units 1, 2, and 3 Secondary Shield Wall Tendons.  

Aging Effects - The applicable aging effects include loss of material due to corrosion and 
cracking of tendon anchorage; wire force relaxation; loss of material due to corrosion and 
breakage of wires; loss of material due to corrosion and cracking of bearing plate; 
cracked, split, and broken buttonheads; cracking and loss of material due to corrosion of 
shims.  

Method - This program requires a visual examination of in-scope components and lift-off 
testing of the tendon system.  

Industry Code or Standard - No code or standard exists to guide or govern this 
program.  

Frequency - All vertical tendon caps are visually inspected each refueling outage. A 
random sample of tendons (including vertical) are inspected every other refueling outage 
and lift-off tests are performed on a selected number of tendons. All accessible tendon 
anchorages are visually inspected every fourth refueling outage. The inspection sample 
size and the frequency of performance of the inspections were initially based on the 
judgment of experienced engineers. The frequency and extent of the inspections are 
acceptable because they are more stringent than those used for reactor building 
containment tendon inspections required by ASME, Section XI, Subsection IWL which 
has been endorsed by the NRC.  

Acceptance Criteria or Standard - No unacceptable visual indication of moisture, 
discoloration, foreign matter, rust, corrosion, splits or cracks in the buttonheads, broken 
or missing wires, and other obvious damage as identified by the accountable engineer.  
Lift-off forces are measured and compared to established acceptance criteria. Oconee 
operating experience tends to confirm that visual inspections and lift-off tests of these 
tendons are appropriate.  
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Corrective Action - Areas which do not meet the acceptance criteria are evaluated for 
continued service or corrected by replacement. Specific corrective actions are 
implemented in accordance with the Duke Quality Assurance Program.  

Administrative Controls - The Tendon - Secondary Shield Wall - Surveillance Program 
is implemented by written procedures in accordance with the Duke Quality Assurance 
Program.  

Regulatory Basis - This program has no current regulatory basis.  
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18.20 230 KV KEOWEE TRANSMISSION LINE INSPECTION 
Purpose - The purpose of the 230 kV Keowee Transmission Line Inspection is to 
maintain the structural integrity of the 230 kV Keowee transmission line structures.  

Scope - The 230 kV Keowee Transmission Line Inspection include steel towers, concrete 
foundations, and hardware within the 230 kV Keowee transmission line.  

Aging Effects - The applicable aging effects of concern include loss of material due to 
corrosion of the steel structures and loss of material due to spalling or scaling for concrete 
components.  

Method - The inspection requires a visual examination of the towers.  

Industry Code or Standard - National Electric Safety Code, Part 2 Safety Rules for 
Overhead Lines; Rule 214 Inspection and Tests of Lines and Equipment.  

Frequency - The inspections are performed once every five years.  

Acceptance Criteria or Standard - No unacceptable visual indication of aging effects as 
evaluated by the inspector.  

Corrective Action - Areas which do not meet the acceptance criteria are evaluated for 
continued service or corrected by repair or replacement. Specific corrective actions are 
implemented in accordance with the Duke Quality Assurance Program.  

Administrative Controls - The 230 kV Keowee Transmission Line Inspection is 
contracted through the Oconee site engineering group with Duke Power's Power Delivery 
Group. The inspection is addressed within the Oconee preventive maintenance program.  

Regulatory Basis - National Electric Safety Code, Part 2, Safety Rules for Overhead 
Lines, Rule 214 Inspection and Tests of Lines and Equipment.  
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Units 1, 2, and 3, submitted by M. S. Tuckman (Duke) letter dated July 6, 
1988 to Document Control Desk (NRC), Docket Nos. 50-269, -270, and -287.  

18-2. [Insert specifics of NRC approval document as a reference, when available.] 
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18-10. ANSI B30.2.0, "Overhead and Gantry Cranes", American National Standard, 
Section 2-2, Safety Standards for Cableways, Cranes, Derricks, Hoists, Hooks, 
Jacks and Slings, The American Society of Mechanical Engineers, New York.  
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INTRODUCTION 
As the current operating license holder for Oconee Nuclear Station (Oconee), Duke 
Energy Corporation (Duke) has prepared an Application for Renewed Operating Licenses 
for Oconee, Units 1, 2, and 3 (Application). The complete application includes sufficient 
information for the NRC to complete their technical and environmental reviews and to 
make the findings required by §54.29.  

Exhibit C of the Application contains the information required by §54.22 [Footnote 1].  

§54.22 Contents of application - technical specifications 

Each application must include any technical specification changes or additions 
necessary to manage the effects of aging during the period of extended operation 
as part of the renewal application. The justification for changes or additions to 
the technical specifications must be contained in the license renewal application.  

In late 1997, Oconee submitted a proposed license amendment to convert from the 
custom technical specifications, under which Oconee operated since initial licensing, to 
the Improved Technical Specifications (ITS) [Footnote 2]. NRC review of this proposed 
license amendment is in progress as of the date of the submittal of the Application. As it 
is full expected that NRC approval of this proposed license amendment will occur in the 
near future, the version of technical specifications considered in this review for license 
renewal is the version that was submitted in October 1997.  

Exhibit A of the Application contains the technical information required by §54.21(a) 
and (c). Chapter 4 of Exhibit A provides descriptions of the programs and activities that 
manage the effects of aging for the period of extended operation and Chapter 5 of 
Exhibit A contains the evaluations of the time-limited aging analyses for the period of 
extended operation.  

1. Exhibit A of the Application contains the technical information for license renewal, as required by 
§54.21(a) and (c), Exhibit B contains the information required by §54.21(d), and Exhibit D 
contains the Environmental Information, as required by §54.23.  

2. W. R. McCollum, Jr. (Duke) letter dated October 28, 1997 to Document Control Desk (NRC), 
Oconee Nuclear Station, Conversion to the Improved Technical Specifications, Docket Nos. 50
269, -270, and -287.  
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Based on a review of the information provided in Chapters 4 and 5 of Exhibit A and the 
October 1997 version of the Oconee ITS, only one change to the Oconee ITS has been 
identified that may need to be made. Currently Oconee ITS 5.5.6 refers Regulatory 
Guide 1.35, Revision 3, 1989 as the basis for the required tendon surveillance program.  
ITS SR 3.6.1.3 requires the verification of containment structural integrity in accordance 
with ITS 5.5.6.  

The Oconee Integrated Plant Assessment for Containment credits the inservice inspection 
requirements of ASME Section XI, Subsections IWE and IWL (See Exhibit A, 
Sections 2.3, 3.3, and Chapter 4). However, because Oconee and all other nuclear power 
plants are required by regulation to fully implement these requirements by 
September 9, 2001 [Footnote 3]. Duke anticipates that generic regulatory guidance will 
be provided in the near future that will permit changes to the Oconee ITS to be made 
before this date in order to eliminate conflicting regulatory requirements. This change is 
expected to occur well before the period of extended operation which would be 
authorized by renewed operating licenses for Oconee Nuclear Station.  

No other potential changes to the version of the Oconee ITS submitted in October 1997 
were identified.  

3. §50.55a(g)(4)(v)(B)(2) 
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Introduction 

Set forth below is Duke Energy Corporation's Environmental Report ("ER"). This report 
was prepared in connection with Duke's application to the U.S. Nuclear Regulatory 
Commission (NRC) to renew the 1973 and 1974 operating licenses for Units 1, 2, and 3 
of the Oconee Nuclear Station (Oconee or ONS). In compliance with applicable NRC 
requirements, this ER analyzes potential environmental impacts associated with renewal 
of the Oconee licenses. It is designed to assist the NRC Staff in preparing the Oconee
specific Supplemental Environmental Impact Statement required for license renewal.  

The ER was prepared and submitted to the NRC prior to publication of the NRC's 
Regulatory Guide for license renewal, and therefore may not conform specifically to the 
format subsequently suggested in the Regulatory Guide at the time of its publication.  
However, Duke submits that the substantive content of the ER complies with the 
requirements of 10 CFR Part 51, as augmented by the NRC's "Generic Environmental 
Impact Statement for License Renewal of Nuclear Plants" (NUREG-1437).  

Specifically, the Oconee ER complies with 10 CFR § 54.23, which requires license 
renewal applicants to submit a supplement to the Environmental Report which complies 
with requirements of Subpart A of 10 CFR Part 51. This Report also addresses the more 
detailed requirements of NRC environmental regulations in 10 CFR §§ 51.45 and 51.53, 
as well as the underlying intent of the National Environmental Policy Act (NEPA), 42 
U.S.C. § 4321 et seq. For major federal actions, NEPA requires preparation of a detailed 
statement that addresses their significant environmental impacts, adverse environmental 
effects that cannot be avoided should the proposal be implemented, alternatives to the 
proposed action, and any irreversible and irretrievable commitments of resources 
associated with implementation of the proposed action. The information responsive to 
these requirements is set forth in the following chapters of the ER: 

Chapter 1: Purpose and Need for the Proposed Action 
Chapter 2: Site and Environmental Interfaces 
Chapter 3: Description of the Proposed Action 
Chapter 4: Environmental Consequences of the Proposed Action 
Chapter 5: Alternatives Considered 
Chapter 6: Comparison of Impacts 
Chapter 7: Status of Compliance 

Based upon the evaluations discussed in the ER, Duke has concluded that there are no 
significant environmental impacts associated with the renewal of the Oconee operating 
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licenses. The environmental impacts from the continued operation of Oconee Nuclear 
Station would continue at the levels and to the same extent as experienced during the 
original operating term and as evaluated in the Final Environmental Statement 
[Reference 1] issued in March 1972. No major plant refurbishment activities have been 
identified as necessary to support the continued operation of Oconee beyond the end of 
the existing operating licenses. Although normal plant maintenance activities may later 
be performed for economic and operational reasons, no significant environmental impacts 
associated with such refurbishments are expected.  

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 

Applicant's Environmental Report 
Operating License Renewal Stage 

Volume IV, Exhibit D 
Applicant's Environmental Report 

Table of Contents 

1. PURPOSE AND NEED FOR THE PROPOSED ACTION..................................1-1 

2. SITE AND ENVIRONMENTAL INTERFACES .................................................. 2-1 

2.1 General Site Environment. ...................................... 2-1 

2.2 Lake Keowee ......................................... ...... 2-2 

2.3 Lake Jocassee and Bad Creek Reservoir. ............................ 2-3 

2.4 Oconee Plant Description ...................................... 2-3 

2.5 Keowee Hydroelectric Station ............................. ...... 2-4 

3. THE PROPOSED ACTION ..................................................................................... 3-1 

3.1 Description of the Proposed Action. .......................... ..... 3-1 

3.2 Plant Modifications or Refurbishments Required for License Renewal ............... 3-1 

3.3 Plant Modifications or Refurbishments Not Required for License Renewal ........ 3-2 

3.4 Programs for Managing Aging ........................... ....... 3-2 

3.5 Employment............................................... 3-2 

4. ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION.......4-1 

4.1 Discussion of GEIS Categories for Environmental Issues ........... ..... 4-1 
4.1.1 Category 1 Issues ................... ................ 4-1 
4.1.2 Category 2 Issues ............................................... 4-2 
4.1.3 Table B-1, Appendix B to Subpart A and §51.53(c)(3)(ii) Issues..................4-2 
4.1.4 Review of §51.53(c)(3)(ii) Issues ........................ ..... 4-21 

4.2 Water use conflicts (Plants with cooling towers and cooling ponds)..................4-23 
4.2.1 Requirement [§51.53(c)(3) (ii)(A)] ................................. 4-23 
4.2.2 Analysis of Environmental Impact .................... ....... 4-23 

111 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

4.3 Entrainment, impingement, and heat shock of fish and shellfish ............... 4-24 
4.3.1 Requirement [§51.53(c)(3)(ii)(B) ....................... 4-24 
4.3.2 Findings from Table B-1, Appendix B to Subpart A..................... 4-24 
4.3.3 Background ............................................ 4-24 
4.3.4 Analysis of Environmental Impact .................................. 4-25 
4.3.5 Consideration of Alternatives For Reducing Adverse Impacts..... .... 4-29 

4.4 Ground-water use conflicts....................................4-30 
4.4.1 Requirement [§51.53(c)(3)(ii)(C) ................... ............. 4-30 
4.4.2 Analysis of Environmental Impact . ............................ 4-30 
4.4.3 Consideration of Alternatives For Reducing Adverse Impacts..................... 4-30 

4.5 Ground-water quality........................................4-31 
4.5.1 Requirement [§51.53(c)(3)(ii)(D)] ............................... 4-31 
4.5.2 Analysis of Environmental Impact ................... .............. 4-31 

4.6 Refurbishment impacts on important plant and animal habitats, and threatened or 
endangered species.............................................. 4-32 

4.6.1 Requirement [§51.53(c)(3)(ii)(E)] ........................ ..... 4-32 
4.6.2 Findings from Table B-1, Appendix B to Subpart A................4-32 
4.6.3 Background ....................................... ..... 4-32 
4.6.4 Analysis of Impacts from Refurbishment Activities On Important Plant and 

Animal Habitats ........................................ 4-33 
4.6.5 Analysis of Impacts of the Proposed Action on Threatened or Endangered 

Species .............................................. 4-33 
4.6.6 Consideration of Alternatives For Reducing Adverse Impacts..................... 4-34 

4.7 Vehicle Exhaust Emissions ............................... ..... 4-36 
4.7.1 Requirement [§51.53(c)(3)(ii)(F)] ................. ............... 4-36 
4.7.2 Findings from Table B-1, Appendix B to Subpart A ........... ..... 4-36 
4.7.3 Analysis of Environmental Impact . ............................ 4-36 

4.8 Microbiological (thermophilic) organisms ..................... ..... 4-37 
4.8.1 Requirement [§51.53(c)(3)(ii)(G)] ........................ 4-37 
4.8.2 Finding from Table B-1, Appendix B to Subpart A .................. 4-37 
4.8.3 Background ............................................ 4-37 
4.8.4 Analysis of Environmental Impact .............. ......... ..... 4-37 
4.8.5 Consideration of Alternatives For Reducing Adverse Impacts..................... 4-38 

4.9 Electrical shock from induced currents. ....................... ..... 4-39 
4.9.1 Requirement [§51.53(c)(3)(ii)(H)] ........ ..................... 4-39 

0v Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

4.9.2 Finding from Table B-1, Appendix B to Subpart A .................... 4-39 
4.9.3 Background ................ 4-..... .................. 39 
4.9.4 Analysis of Environmental Impact ............................ 4-40 
4.9.5 Consideration of Alternatives For Reducing Adverse Impacts.... ..... 4-41 

4.10 Housing, land-use, public schools and public water supply impacts................. 4-43 
4.10.1 Requirement [§51.53(c)(3)(ii)(I)] ..................... ........ 4-43 
4.10.2 Findings from Table B-1, Appendix B to Subpart A............... 4-43 
4.10.3 Estimates of Workforce During the License Renewal Term ...................... 4-43 
4.10.4 Housing Availability - Background ...................... ..... 4-44 
4.10.5 Analysis of Impact of the Proposed Action on Housing Availability.........4-44 
4.10.6 Land-Use - Background ..................................... 4-45 
4.10.7 Analysis of Impact of the Proposed Action on Land-Use.............4-45 
4.10.8 Analysis of Impact of Refurbishment Activities on Public Schools...........4-46 
4.10.9 Public Water Supply - Background ...................... ..... 4-46 
4.10.10 Analysis of Impact of the Proposed Action on Public Water Supply.......4-47 
4.10.11 Consideration of Alternatives For Reducing Adverse Impacts................. 4-47 

4.11 Local transportation impacts ................................... 4-48 
4.11.1 Requirement [§51.53(c)(3)(ii)(J)] .................. ............ 4-48 
4.11.2 Finding from Table B-1, Appendix B to Subpart A ................ 4-48 
4.11.3 Analysis of Environmental Impact ............................ 4-48 

4.12 Historic and archaeological properties ................................. 4-49 
4.12.1 Requirement [§51.53(c)(3)(ii)(K)] .................... ...... 4-49 
4.12.2 Finding from Table B-1, Appendix B to Subpart A ................ 4-49 
4.12.3 Background ........................................... 4-49 
4.12.4 Analysis of Environmental Impact ........................... 4-49 
4.12.5 Consideration of Alternatives For Reducing Adverse Impacts...................4-50 

4.13 Severe accident mitigation alternatives (SAMA's) .............. ..... 4-52 
4.13.1 Requirement [§51.53(c)(3)(ii)(L)] ....................... ..... 4-52 
4.13.2 Finding from Table B-1, Appendix B to Subpart A ................. 4-52 
4.13.3 Background ..................................... ...... 4-52 
4.13.4 Analysis.................................... .......... 4-52 
4.13.5 Consideration of Alternatives For Reducing Adverse Impacts................... 4-52 

4.14 Transportation of High Level Waste........................4-54 
4.14.1 Requirement [§51.53(c)(3)(ii)(M)] ................... ............ 4-54 
4.14.2 Finding from 10 CFR 51, Appendix B to Subpart A, Table B-I................ 4-54 
4.14.3 Duke Energy Response ............................. ...... 4-54 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 

Operating License Renewal Stage 

4.15 Irreversible or Irretrievable Resource Commitments............ ...... 4-56 
4.15.1 Requirement [§51.45(b)(5)] ................................ 4-56 
4.15.2 Duke Energy Response ......................... ............ 4-56 

4.16 Short-term Use Versus Long Term Productivity ............... ...... 4-57 
4.16.1 Requirement [§51.45(b)(4)] ........................... ..... 4-57 
4.16.2 Duke Energy Response .............................. ..... 4-57 

4.17 Unavoidable Adverse Impacts. ................................. 4-59 
4.17.1 Requirement [§51.45(b)(2)] ....................................... 4-59 
4.17.2 Duke Energy Response ........................... ....... 4-59 

4.18 Environmental Justice............... .................. ..... 4-60 
4.18.1 Finding from 10 CFR 51, Appendix B to Subpart A, Table B- I... .... 4-60 
4.18.2 Background ................................................ 4-60 
4.18.3 Environmental Impacts from the Proposed Action..................... 4-60 
4.18.4 Description of Process Used in Duke Review - NRC Interim NRR Procedure 

for Environmental Justice Reviews.................. ......... 4-61 
4.18.5 Environmental Impact Site................................. 4-62 
4.18.6 Selection of Geographic Area ............................... 4-62 
4.18.7 Method to Determine Block Groups Within 10 and 15 Mile Radii............ 4-63 
4.18.8 Comparison of 1990 US Census Data to More Recent Data..... ..... 4-63 
4.18.9 Minority Population Review. ............................... 4-65 
4.18. 10 Low Income Population Review............................ 4-65 
4.18.11 Conclusion ............................... . ........... 4-66 

4.19 New and Significant Information........................ ....... 4-80 
4.19.1 Requirement [§51.53(c)(3)(iv)] ........................ ...... 4-80 
4.19.2 Description of Process ............................. 4-80 
4.19.3 Identification and Resolution of Environmental Issues......... ....... 4-81 

5. ALTERNATIVES CONSIDERED .......................................................................... 5-1 

5.1 Introduction................... ....................... ..... 5-1 

5.2 Proposed Action.............................................5-1 

5.3 No-action Alternative...............5......1.. ................ 5-1 

5.4 Decommissioning .................................................. 5-2 

5.5 Alternatives .......................................... ...... 5-2 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

6. COMPARISON OF IMPACTS ................................................................................ 6-1 

6.1 Alternatives Not Within the Range of Reasonable Alternatives ................. 6-1 

6.2 Comparison of Environmental Impacts for Reasonable Alternatives.... ..... 6-5 
6.2.1 Conventional Coal Fired Units .................................... 6-6 
6.2.2 Oil and Gas (Combined Cycle)............................ 6-7 
6.2.3 Natural Gas (Combined Cycle)........................... 6-8 
6.2.4 Nuclear Power....................................... ..... 6-9 

6.3 Proposed Action Vs No-Action .................................. 6-9 

6.4 Summary ....................................... .......... 6-11 

7. STATUS OF COM PLIANCE.................................................................................. 7-1 

7 Requirement [§51.45(d)] ........... . ................... ...... 7-1 

7.2 Environmental Permits .................................... ..... 7-1 

7.3 Environmental Permits - Discussion of Compliance... ................. 7-3 

7.4 Other Permits and Licenses ............................... ...... 7-3 

8 REFERENCES.......................................................................................................... 8-1 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

List of Tables 

TABLE 2.5-1 OCONEE NUCLEAR STATION SITE INFORMATION....................................2-5 

TABLE 4.1-1 COMPARISON OF APPENDIX B TO SUBPART A, TABLE B-1 ISSUES TO 
§51.53(c)(3)(n) ISSUES ............................................................................ 4-4 

TABLE 4.18-1 COMPARISON OF MINORITY DATA - 1990 CENSUS DATA TO 1996 
ESTIM ATES ............................................................................................ 4-64 

TABLE 4.18-2 COMPARISON OF % MINORITY POPULATION - 10 MILE RADIUS VS. 15 
M ILE RADIUS ......................................................................................... 4-67 

TABLE 4.18-3 COMPARISON OF % HOUSEHOLDS BELOW POVERTY LEVEL - 10 MILE 
RADIUS Vs.. 15 M ILE RADIUS ................................................................ 4-68 

TABLE 4.18-4 PERCENT OF MINORITY POPULATION - BLOCK GROUPS WITHIN 10 
MILE RADIUS OF OCONEE NUCLEAR STATION .................................... 4-69 

TABLE 4.18-5 PERCENTAGE OF HOUSEHOLDS BELOW POVERTY LEVEL - BLOCK 
GROUPS WITHIN 10 MILE RADIUS OF OCONEE NUCLEAR STATION ... 4-71 

TABLE 6.4-1 COMPARISON OF ENVIRONMENTAL IMPACTS ...................................... 6-12 

TABLE 7.2-1 OCONEE ENVIRONMENTAL PERMITS AND COMPLIANCE STATUS.........7-2 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

List of Figures 

FIGURE 2.5-1 GENERAL AREA FOR OCONEE NUCLEAR STATION .............................. 2-6 

FIGURE 2.5-2 KEOWEE-TOXAWAY & BAD CREEK PROJECTS....................................2-7 

FIGURE 2.5-3 OCONEE NUCLEAR STATION SITE - GENERAL FEATURES....................2-8 

FIGURE 2.5-4 OCONEE NUCLEAR STATION - OWNER CONTROLLED AREA AND 1 MILE 

EXCLUSION ZONE .................................................................................... 2-9 

FIGURE 4.6-1 LOCATION OF STATE LISTED RARE, THREATENED OR ENDANGERED 
SPECIES AT OCONEE NUCLEAR STATION............................................. 4-35 

FIGURE 4.9-1 TRANSMISSION LINES FROM OCONEE TURBINE BUILDING TO THE DUKE 

ENERGY TRANSMISSION SYSTEM (OCONEE SWITCHYARDS)..............4-42 

FIGURE 4.12-1 HISTORIC PROPERTIES NEAR OCONEE SITE.......................................4-51 

FIGURE 4.18-1 CENSUS BLOCK GROUPS-10 MILE AND 15 MILE RADII...................4-73 

FIGURE 4.18-2 BLOCK GROUPS - MINORITY POPULATION REVIEW ........................ 4-74 

FIGURE 4.18-3 BLOCK GROUPS - MINORITY POPULATION REVIEW ........................ 4-75 

FIGURE 4.18-4 BLOCK GROUPS - MINORITY POPULATION REVIEW ........................ 4-76 

FIGURE 4.18-5 BLOCK GROUPS - Low INCOME HOUSEHOLD REVIEW....................4-77 

FIGURE 4.18-6 BLOCK GROUPS - Low INCOME HOUSEHOLD REVIEW....................4-78 

FIGURE 4.18-7 BLOCK GROUPS - Low INCOME HOUSEHOLD REVIEW....................4-79 

ix 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

List of Attachments 

Attachment A Watershed Water Quality Assessment, Savannah and Salkehatchie 
Basins, Technical Report No. 003-97, South Carolina Department of 
Health and Environmental Control (SCDHEC), 1997. [Sections on 
Lake Keowee Area.] 

Attachment B Letter from William D. Adair, Duke Power System Environmentalist, to 
Howard Zeller, U.S. Environmental Protection Agency, Subject: Oconee 
Nuclear Station Fish Impingement and Entrainment Studies, dated 
March 24, 1976.  

Attachment C Letter from Robert W. Reid, NRC to William 0. Parker, Jr., Duke 
Power, transmitting Oconee Nuclear Station License Amendments 
deleting Aquatic Surveillance Program and Special Studies 
requirements, dated March 2, 1979.  

Attachment D Letter from William C. Botts, SCDHEC, to Robert Wylie, Duke Power 
Company, transmitting proposed draft National Pollution Discharge 
Elimination System (NPDES) Permit #SC0000515 for Oconee Nuclear 
Station, dated May 21, 1998.  

Attachment E Excerpt from Proposed Draft NPliES Permit, #SC0000515, Rationale 
Section.  

Attachment F Endangered, Threatened, and Otherwise Noteworthy Plant and Animal 
Species of the Oconee Nuclear Station, Oconee and Pickens Counties, 
South Carolina, prepared by L.L. Gaddy, Ph. D., June 1998.  

Attachment G Letter from Jennifer R. Huff, Duke Power, to Roger L. Banks, United 
States Fish & Wildlife Service, dated June 23, 1998.  

Attachment H Letter from Jennifer R. Huff, Duke Power, to Ed Duncan, South 
Carolina Department of Natural Resources, dated June 23, 1998.  

Attachment I Letter from Dr. John F. Brown, State Toxicologist, South Carolina 
Department of Health and Environmental Control, to Thomas W.  
Yocum, Duke Power, discussing public health considerations of 
thermophilic microorganisms, dated October 25, 1996.  

0x 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

List of Attachments 
(continued) 

Attachment J Letter from Jennifer Rudisill, Duke Power, to Nancy Brock, State 
Historic Preservation Office (SHPO), dated October 21, 1997.  

Attachment K "Oconee Nuclear Station Severe Accident Mitigation Alternatives 
(SAMAs) Analysis," April 1998.  

Attachment L January 13, 1998 NRC Staff Requirements Memorandum (SRM 
M970612) titled "Generic and Cumulative Environmental Impacts of 
Transportation of High-Level Waste in the Vicinity of an HLW 
Repository." 

Attachment M 61 Federal Register 66537, 66538 (Dec. 18, 1996).  

Attachment N NRC SECY-97-279, accompanying SRM M970612, "Generic and 
Cumulative Environmental Impacts of Transportation of High-Level 
Waste in the Vicinity of an HLW Repository." 

Attachment 0 Duke Power Company Nuclear Policy Manual, Station Directive 111 
Nuclear Environmental Management.  

XI 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Acronyms and Abbreviations 

B&W Babcock and Wilcox 
CEM Duke Power Environmental Manual 
CFR Code of Federal Regulations 

CO2  Carbon Dioxide 
CTP Chemical Treatment Pond 
ELQST Environmental Leadership Quality Steering Team 
EPA U.S. Environmental Protection Agency 
EPRI Electric Power Research Institute 
FERC Federal Energy Regulatory Commission 
FES Final Environmental Statement 
FR Federal Regulation 
GEHS Group Environment, Health and Safety, Duke Power 
GEIS Generic Environmental Impact Statement 
GL Generic Letter 
HLW High Level (Radioactive) Waste 
IPE Individual Plant Examination 
IPEEE Individual Plant Examination of External Events 
IRP Integrated Resource Plan 
ISFSI Independent Spent Fuel Storage Installation 
LOCA Loss of Cooling Accident 
LPSW Low Pressure Service Water 
LWR Light Water Reactor 
MSA Metropolitan Statistical Area 
msl mean sea level 
NAAQS National Ambient Air Quality Standards 
NEPA National Environmental Policy Act 
NESC National Electric Safety Code 
NOx Nitrogen Oxides 
NPDES National Pollutant Discharge Elimination System 
NRC U.S. Nuclear Regulatory Commission 
NRR (Office Of) Nuclear Reactor Regulation 
NSAC Nuclear Safety Analysis Center 
NSD Nuclear Station Directive 
NUREG Nuclear Report Category 
O&M Operation and Maintenance 

XII 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Acronyms and Abbreviations (continued) 

ONS Oconee Nuclear Station 

PM 2.5  Particulate Matter (particulate matter with a nominal size of less than 2.5 
microns) 

PIP Problem Investigation Process 
PRA Probabilistic Risk Assessment 
SAMA Severe Accident Mitigation Alternative 
SAMG Severe Accident Management Guidelines 
SCR Selective Catalytic Reduction 
SCDHEC South Carolina Department of Health and Environmental Control 
SCDNR South Carolina Department of Natural Resources 
SHPO State Historic Preservation Office 
SNF Spent Nuclear Fuel 
SRP (NRC) Standard Review Plan 
USEPA United States Environmental Protection Agency 
UFSAR Updated Final Safety Analysis Report 
USFWS United States Fish and Wildlife Service 
VOC Volatile Organic Compounds 

XIll 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

UNITS 

ft Feet 

gpm gallons per minute 
gal/min gallons per minute 
ha Hectares 
kg Kilograms 
km Kilometers 
kV Kilovolts 
MW Megawatts 
MW(e) Megawatts, electric 
MW(t) Megawatts, thermal 
m Meters 
m 3 Cubic meters 
mg/i Milligrams/liter 
m/s meters/second 

ry Reactor year 
C Degrees Celsius 
F Degrees Fahrenheit 

pum micron (1 xlI0' meter) 

0xiv Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Purpose and Need for the Proposed Action 

1. PURPOSE AND NEED FOR THE PROPOSED ACTION 
For license renewal reviews, the NRC has adopted the following definition of purpose 
and need: 

"The purpose and need for the proposed action (renewal of an operating license) is 
to provide an option that allows for power generation capability beyond the term 
of a current nuclear power plant operating license to meet future system 
generating needs, as such needs may be determined by State, utility, and, where 
authorized Federal (other than NRC) decision makers." 

Section 1.3 of the NRC Generic Environmental Impact Statement (GEIS) for License 
Renewal of Nuclear Power Plants, NUREG-1437. [Reference 2] 

Nuclear power plants are licensed by the NRC to operate for up to forty (40) years and 
the licenses may be renewed. [10 CFR §50.51] 10 CFR §54.17(c) states that "[a]n .  
application for a renewed license may not be submitted to the Commission earlier than 20 
years before the expiration of the operating license currently in effect." 

The proposed action is to extend the operating licenses for Oconee Nuclear Station, Units 
1, 2, 3 for a period of twenty (20) years past the current operating license expiration date.  
The current operating license for Oconee Unit 1 expires at midnight February 6, 2013, 
and would be renewed to expire at midnight February 6, 2033. The current Oconee Unit 
2 operating license currently expires at midnight October 6, 2013, and would be renewed 
to expire at midnight October 6, 2033. The current Oconee Unit 3 operating license 
expires at midnight July 19, 2014, and would be renewed to expire at midnight July 19, 
2034.  

Oconee Nuclear Station has a generation capacity of 2538 megawatts (net) base load 
power, producing electricity to supply the needs of more than 730,000 homes. Operating 
at full capacity, Oconee saves the equivalent of 7.1 million tons (6.5 trillion kg) of coal 
per year. Oconee supplies a large portion of the power generated on the Duke system.  
The low cost generation of electricity is a valuable service to the industrial, commercial, 
wholesale, and residential customers of Duke Energy and has contributed to the economic 
growth and prosperity in the Piedmont region of North and South Carolina.  
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2. SITE AND ENVIRONMENTAL INTERFACES 
Duke Power, a division of Duke Energy Corporation, owns and operates Oconee 
Nuclear Station, which is part of Duke's integrated energy-producing area called the 
Keowee-Toxaway Complex. The Keowee-Toxaway Complex is located in the upper 
Savannah River drainage basin, at the foot of the Blue Ridge Mountains in northwestern 
South Carolina.  

The Keowee-Toxaway Complex consists of the following electric power producing 
projects: 
* Oconee Nuclear Station - three pressurized water reactors; 
* Keowee-Toxaway Project (FERC Project # 2503) - consists of Keowee Hydroelectric 

Station, a two unit conventional hydroelectric facility, and Jocassee Hydroelectric 
Station, a four unit pumped storage hydroelectric facility; and 

* Bad Creek Pumped Storage Project (FERC Project #2740) - a four unit pumped 
storage hydroelectric facility.  

Oconee Nuclear Station is located in eastern Oconee County, South Carolina, 
approximately 8 miles northeast of Seneca, South Carolina. Lake Keowee occupies the 
area immediately north and west of the site. The Corps of Engineer's Hartwell Reservoir 
is located south, and downstream from the site. Lake Jocassee lies approximately 11 
miles to the north. [See Figure 2.5-1 and 2.5-2] 

The construction of Oconee Nuclear Station and the Keowee-Toxaway Project (Lake 
Keowee, Lake Jocassee, and the associated hydroelectric stations) occurred between 1968 
and 1974. The impacts to the environment from the construction and operation of 
Oconee Nuclear Station were evaluated in the Final Environmental Statement for Oconee 
Nuclear Station [Reference 1] issued in March 1972.  

2.1 General Site Environment 
The Oconee site is located within the Inner Piedmont Belt, at this locality the 
westernmost component of the Piedmont Physiographic Province. The topography of the 
area is undulating to rolling; the surface elevations range from about 700 feet to 900 feet.  
The region is moderately well dissected with rounded hilltops, representing a mature 
regional development. The area is well drained by several intermittent streams flowing 
away from the center of the site in a radial pattern. The general station area is shown on 
Figure 2.5-3. The Oconee site lies within the drainage area of the Little and Keowee 
Rivers, which flow southerly into the Seneca River, and subsequently discharge into the 
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main drainage course of the Savannah River. The average annual rainfall at the site area 
is approximately 53 inches.  

The region surrounding Oconee was classified by the GEIS as having a medium 
population classification, based on the population near the site, and the proximity and size 
of nearby cities. [GEIS Appendix C, C. 1.4] Nearby towns include the cities of Seneca, 
Walhalla, Clemson, and Central, SC. [Figure 2.5-1] Forests cover the majority of the 
land area, with pasture, cropland, and residential development each contributing 
significant proportions of total land-use. The shoreline of Lake Keowee is developed with 
both vacation and permanent residences, along with campgrounds, boat launch areas, 
marinas, golf courses, and small retail establishments. There are no permanent residences 
within the 1-mile (1.6 km) radius (exclusion zone) of Oconee.  

2.2 Lake Keowee 
Lake Keowee serves as the cooling water source for Oconee Nuclear Station. Lake 
Keowee was formed from the Keowee and Little Rivers. [Figure 2.5-2] The full pond 
elevation of Lake Keowee is 800 feet (244 m) mean sea level, providing a surface area of 
18,500 acres (7486 ha) and a shoreline of 300 miles (482.7 km). Lake Keowee has a 
volume of 952,300 acre-feet (1.175x10 9 i 3 ), a mean depth of 52 feet (16 m), and a 
maximum depthfof 141 feet (43 m). The main sources of inflow into Lake Keowee are 
the Little River and Lake Jocassee. The Keowee River and the Little River basins are 
connected by a canal, approximately 100 feet (31 m) wide and 40 feet (12 m) deep.  
[Figure 2.5-2] The Oconee Nuclear Station intake system withdraws once-through 
cooling water from the Little River arm of Lake Keowee, from underneath a skimmer 
wall. The discharge for this cooling water is located on the Keowee arm of the lake.  

Besides serving the needs of the nuclear and hydroelectric power plants, Lake Keowee is 
used as a source of municipal drinking water by the cities of Greenville and Seneca. Lake 
Keowee experiences extensive recreational use by fishermen, boaters, skiers and 
swimmers. Concentrations of all minerals and nutrients are very low, with total 
dissolved solids of less than of 25 mg/l. Water clarity is generally very high. Dissolved 
oxygen concentrations in surface waters are adequate, and algae are never present in 
nuisance concentrations. Due to the low nutrient content of its waters, Lake Keowee has 
a relatively low standing crop (pounds per acre) of fish. The species composition and 
general health of the fish are normal for the region.  

The South Carolina Department of Health and Environmental Control (SCDHEC), as part 
of the Clean Lakes program, monitors the water quality and uses of lakes in the state.  
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The results of the monitoring program are published in Watershed Water Quality 
Assessment. Savannah and Salkehatchie Basins, Technical Report No. 003-97.  
In this document, SCDHEC reported that: 

* Eutrophication assessments indicate that Lake Keowee is the least eutropic 
large lake in South Carolina.  

* Recreational uses are fully supported.  
* Aquatic life uses are not supported at certain sampling locations due to excess 

copper and increasing trend in pH. A significant increasing trend in dissolved 
oxygen concentrations and a decreasing five-day biochemical oxygen demand 
suggest improving conditions for these parameters.  

A copy of portions of the Watershed Water Quality Assessment, Savannah and 
Salkehatchie Basins. Technical Report No. 003-97, SCDHEC, 1997 [Reference 3] is 
included as Attachment A.  

2.3 Lake Jocassee and Bad Creek Reservoir 
Lake Jocassee has a full pond elevation of 1110 feet (338 m) mean sea level, a surface 
area of 7,500 acres (3035 ha), and a shoreline of 75 miles (120.7 ki). [Figure 2.5-2] The 
main tributaries are the Whitewater, Thompson, Horsepasture and Toxaway Rivers.  
Jocassee Hydroelectric Station began operation in 1974, with four pump/turbines that 
have a total generating capacity of 610 MW(e). Jocassee Hydroelectric Station can 
operate in a generating mode or in a pumping mode to store water for later generation of 
electric power. In the generating mode, electricity is generated by allowing water to flow 
from Lake Jocassee (upper pond) into Lake Keowee (lower pond). In the pumping mode, 
water is pumped into Lake Jocassee from Lake Keowee for generation of electricity at a 
later time.  

Bad Creek Reservoir, located to the west of Lake Jocassee, has a full pond elevation of 
2310 feet (704 m) mean sea level, a surface area of 370 acres (150 ha), and a shoreline 
length of 6 miles (9.7 km). Bad Creek Pumped Storage facility began operation in 1991, 
with four pump/turbine units that have a total generating capacity of 1065 MW(e). Bad 
Creek Reservoir serves as the upper pond, and Lake Jocassee as the lower pond for the 
Bad Creek Pumped Storage plant.  

2.4 Oconee Plant Description 
Oconee Units 1 and 2 were licensed by the NRC and began operation in 1973. Oconee 
Unit 3 began operation in 1974. The three Oconee units are pressurized water reactors, 
with nuclear steam supply systems manufactured by Babcock & Wilcox. Each Oconee 
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unit has a thermal rating of 2568 MW(t) and a nuclear design electrical rating of 887 
MW(e). Each unit is rated at 846 MW(e) net power. This provides a combined station 
total of 2538 MW(e) net power. [See Table 2.5-1] 

Oconee Nuclear Station consists of three individual reactor buildings, a common turbine 
building, and an auxiliary building that serves all three units. The reactor and nuclear 
steam supply system for each unit are contained within its respective reactor building.  
Mechanical and electrical systems required for the safe operation of each Oconee unit are 
located in the turbine and auxiliary buildings. Figure 2.5-3 shows the general features of 
the Oconee site. Figure 2.5-4 shows the Owner Controlled Area and the 1 Mile (1.6 kin) 
radius Exclusion Zone. No residences are permitted within this exclusion zone. In 
addition to these facilities, there are various other office buildings and facilities at the 
Oconee site for personnel supporting the station.  

In 1990, Duke received a Part 72 license from the NRC that permitted the construction 
and operation of an independent spent fuel storage installation (ISFSI) at Oconee.  
Materials License No. SNM-2503 was issued to Duke on January 29, 1990, with an 
expiration date of January 31, 2010. Because Oconee's ISFSI is a separately licensed 
facility, it is not within the scope of review as defined by 10 CFR Part 54.  

2.5 Keowee Hydroelectric Station 
The Keowee Hydroelectric Station is a two unit, 140 MW(e) conventional hydroelectric 
plant, located on the Keowee River arm of the lake. The facility began operation in 1971.  
In addition to producing electric power for the Duke Energy transmission system, the 
Keowee Hydroelectric Station serves as the onsite emergency power source for Oconee.  
Keowee was licensed by the Federal Energy Regulatory Commission on September 26, 
1966 (Project No. 2503) with a license term of fifty years.  
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Table 2.5-1 Oconee Nuclear Station Site Information 

Location: Oconee County, South Carolina 
42 km (26 miles) W of Greenville 
latitude 34.7917 0 N; longitude 82.8986 0W 

Licensee: Duke Power Company 

Unit Information Unit 1 Unit 2 Unit 3 
Docket Number 50-269 50-270 50-287 
Construction Permit 1967 1967 1967 
Operating License 1973 1973 1974 
Commercial Operation 1973 1974 1974 
License Expiration 2013 2013 2014 
Licensed Thermal Power [MW(t)] 2568 2568 2568 
Design Electrical Rating [net MW(e)] 887 887 887 
Capability [MW(e)J 846 846 846 
Type of Reactor PWR PWR PWR 
Nuclear Steam Supply System Vendor B&W B&W B&W 

Cooling Water System 
Type: once through 
Source: Lake Keowee 
Source Temperature Range: 7-25 0 C (44-77 0 F) 
Design Condenser Temperature Rise: 9.6 0C (17.2 0 F) 
Intake Structure: A skimmer wall draws water from elevations of 216-223 m (710-733 ft) at a velocity of 

0.2 m/s (0.6 ft/s). [Full pond elevation of Lake Keowee is 244 m (800 ft) msl] 
Discharge Structure: All three units discharge through one structure near Keowee dam. Discharge is 

underwater at an elevation of 233 m (765 ft) msl.  

Site Information 
Total Area: 210 ha (510 acres) 
Exclusion Distance: 1.61-km (1.00-mile) radius 
Low Population Zone: 9.66 km (6.00 miles) 
Nearest City: Greenville; 1990 population: 58,256 (City of Greenville) 
Site Topography: flat to rolling 
Land Use within 8 km (5 miles): wooded 
Nearby Features: The nearest town is Six Mile 6 km (4 miles) ENE. Keowee Dam is close to the plant.  
Chattahoochee National Forest is about 24 km (15 miles) W.  
Population within an 80-km (50-mile) radius: 

1990 2000 2010 2030 2050 
990,000 1,080,000 1,170,000 1,310,000 1,470,000 

Sources are: 
Reference 2, GEIS 
Duke Power Data Manual 
US Census Bureau 1990 
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Figure 2.5-1 General Area for Oconee Nuclear Station 
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Figure 2.5-2 Keowee Toxaway & Bad Creek Projects 
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Figure 2.5-3 Oconee Nuclear Station Site - General Features 
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Figure 2.5-4 Oconee Nuclear Station - Owner Controlled Area 
and 1 Mile Exclusion Zone 
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3. THE PROPOSED ACTION 

3.1 Description of the Proposed Action 
The proposed action is to renew the existing facility operating license for each unit of 
Oconee Nuclear Station for an additional twenty (20) years beyond the expiration of the 
current operating licenses.  

The facility operating license for Oconee Unit 1 currently expires at midnight February 6, 
2013, and would be renewed to expire at midnight February 6, 2033; the Oconee Unit 2 
operating license currently expires at midnight October 6, 2013, and would be renewed to 
expire at midnight October 6, 2033; and the Oconee Unit 3 operating license currently 
expires at midnight July 19, 2014, and would be renewed to expire at midnight July 19, 
2034.  

There are no changes related to license renewal with respect to the operations of the 
Oconee units that would directly affect the environment or plant effluents that affect the 
environment during the period of license extension. The impacts to the environment 
during the period of license extension would be the same as the impacts that were 
evaluated in Final Environmental Statement (FES) [Reference 1] issued in March 1972.  

3.2 Plant Modifications or Refurbishments Required for License Renewal 
10 CFR §51 .53(c)(2) requires that a license renewal applicant's environmental report 
contain: 

"a description of the proposed action, including the applicant's plans to modify 
the facility or its administrative control procedures as described in accordance 
with Section 54.21 of this chapter. This report must describe in detail the 
modifications directly affecting the environment or affecting plant effluents that 
affect the environment.".  

The objective of the review required by §54.21 is to determine whether the detrimental 
effects of plant aging could preclude certain Oconee systems, structures, and components 
from performing in accordance with the manner in which they were initially designed, 
during the additional 20 years of operation requested in the renewal license application.  
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The evaluation of structures and components as required by 10 CFR §54.21 has been 
completed.' This evaluation identified several activities necessary to continue operation 
of Oconee during the additional 20-years beyond the initial license term. These activities 
include replacement of certain components as well as new inspection activities. These 
activities are described in Exhibit A of the Oconee Application for Renewed Operating 
Licenses. [Reference 4] The replacement of these components and the additional 
inspection activities are within the bounds of normal plant component replacement and 
inspections, and therefore, are not expected to affect the environment outside the bounds 
of the plant operations evaluated in the FES.  

3.3 Plant Modifications or Refurbishments Not Required for License Renewal 
Existing programs for testing, surveillance, inspections, and modifications to plant 
systems, structures, and components as normal maintenance activities will continue 
through the license extension period. Continuation of these programs will result in 
modifications to plant systems, structures, and components that are required by changes 
in regulations or to achieve performance improvements in the operation of the plant 
systems.  

Modifications currently performed to improve operation of plant systems, structures, or 
components are reviewed for impact by station environmental management personnel 
during the planning stage for the modification. Site environmental management 
personnel will continue to perform these reviews on modifications proposed during the 
extended license period.  

3.4 Programs for Managing Aging 
The programs for managing aging of systems and equipment at Oconee are described in 
Application for Renewed Operating Licenses, Oconee Nuclear Station, Units 1, 2, and 3 
Exhibit A License Renewal - Technical Information, OLRP-1001, Chapter 4.  
[Reference 4] 

3.5 Employment 
The non-outage work force at Oconee consists of approximately 1700 persons. There are 
1350 Duke Power employees normally on site. The remainder of the 1700 persons are 
contract or vendor workers. Duke has no plans to add non-outage workers at the plant 
during the period of the extended license.  

1 A full description of this review is contained in "Application for Renewed Operating Licenses 
Oconee Nuclear Station, Units 1, 2, and 3 Exhibit A License Renewal - Technical Information, OLRP100 1" [Reference 4] 
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A typical single unit refueling outage has a duration of 45 to 55 days. An additional 800 
to 900 workers are typically on site during a typical outage. The number of workers 
required on-site for normal plant outages during the period of the renewed license is 
expected to be in line with the numbers of additional workers used for past outages at 
Oconee.  
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4. ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED 
ACTION 

4.1 Discussion of GEIS Categories for Environmental Issues 
The Generic Environmental Impact Statement for License Renewal of Nuclear Power 
Plants (GEIS), NUREG-1437, summarizes the approach and findings of a systematic 
inquiry into the potential environmental consequences of renewing the licenses and 
operating individual nuclear power plants for an additional twenty years. The GEIS 
assesses 92 environmental issues relevant to license renewal. The GEIS assessment of 
these issues was used to assign the Categories to the 92 environmental issues listed in 
10 CFR Part 51, Subpart A, Appendix B, Table B-1. In turn, Table B-I was used to 
develop the requirements for the environmental issues listed in §51.53(c)(3)(ii).  

The GEIS assigned most2 environmental issues one of the three following significance 
levels: 

Small: Environmental effects are not detectable or are so minor that they will 
neither destabilize nor noticeably alter any important attribute of the resource.  
For the purposes of assessing radiological impacts, the Commission has 
concluded that those impacts that do not exceed permissible levels in the 
Commission's regulations are considered small.  

Moderate: Environmental effects are sufficient to alter noticeably but not to 
destabilize important attributes of the resource.  

Large: Environmental effects are clearly noticeable and are sufficient to 
destabilize important attributes of the resource.  

4.1.1 Category 1 Issues 

Category 1 issues are defined as those environmental issues whose analysis in the GEIS 
has shown that: 

(1) the environmental impacts associated with the issue have been determined to apply 
either to all plants or, for some issues, to plants having a specific type of cooling 
system or other specified plant or site characteristics; 

2 Of the 92 environmental issues evaluated in the GEIS, 68 were designated as Category I and 22 
were designated as Category 2. Two environmental issues were assigned as Category NA (not applicable).  
These issues are Electromagnetic fields (chronic effects) and Environmental Justice. Footnotes to Table 
9.1, in the GEIS provide details on the category definition for these issues.  
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(2) a single significance level (i.e., small, moderate, or large) has been assigned to the 
impacts (except for collective off-site radiological impacts from the fuel cycle and 
from high-level waste and spent fuel); and 

(3) mitigation of adverse impacts associated with the issue has been considered in the 
analysis and it has been determined that additional plant-specific mitigation measures 
are likely not to be sufficiently beneficial to warrant implementation.  

Sixty-eight of the issues evaluated in the GEIS were found to be Category 1. These 
issues are identified in Appendix B to Subpart A of Part 51 as not requiring additional 
plant-specific analysis. 10 CFR Part 51.53(c)(3)(i) provides that the environmental report 
for the operating license renewal stage need not contain analyses of the environmental 
impacts of the license renewal issues identified as Category 1.  

4.1.2 Category 2 Issues 

For the Category 2 issues, the NRC analysis presented in the GEIS has shown that one or 
more of the Category 1 criteria cannot be met, and therefore, additional plant-specific 
review is required.  

Twenty-two of the issues evaluated in the GEIS were found to meet the Category 2 
criteria. The NRC's findings on the environmental impact of these issues are summarized 
10 CFR Part 51, Subpart A, Appendix B, Table B-1. These twenty-two issues have been 
incorporated into thirteen specific requirements that are listed in §51.53(c)(3)(ii).  

Pursuant to §51.53(c)(3), renewal license applications are required to include the 
information detailed in paragraph §51.53(c)(2), subject to several conditions and 
considerations. The environmental report must contain an analysis of the environmental 
impacts of the proposed action, including the impacts of refurbishment activities, if any, 
associated with license renewal, and the impacts of operation during the renewal term, 
for those issues identified as Category 2 (plant-specific) issues in Appendix B to Subpart 
A of Part 51.  

4.1.3 Table B-1, Appendix B to Subpart A and §51.53(c)(3)(ii) Issues 

Table 4.1-1, of the ER, was developed to show the relationship of the Table B-I Category 
2 issues to the §51.53(c)(3)(ii) requirements. Table B-1, Subpart A, Appendix B lists 
twenty-two (22) Category 2 issues. The Category 2 issues listed in Table B-1 can be 
referenced to the thirteen (13) Category 2 issues defined in §51.53(c)(3)(ii).  

For example, §51.53(c)(3)(ii)(I) requires that an assessment of the impact of the proposed 
action on housing availability, land-use, public schools, and public water supplies be 
performed. Table B-I lists five socioeconomic Category 2 issues that can be addressed in 
the same analysis required by §51.53(c)(3)(ii)(I).  
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Table 4.1-1 lists the issue and the findings from Table B-1, and the applicable 
§51.53(c)(3)(ii) requirements. The issues were grouped by broader topics, such as 
Surface Water Quality, Aquatic Ecology, etc.  
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Table 4.1-1 Comparison of Appendix B to Subpart A, Table B-1 Issues to 
§51.53(c)(3)(ii) Issues 

SURFACE WATER QUALITY, HYDROLOGY, AND USE (for all plants) 
Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 

Water use conflicts SMALL OR MODERATE. [§51.53(c)(3)(ii)(A)] 
(plants with cooling The issue has been a concern If the applicant's plant utilizes 
ponds or cooling towers at nuclear power plants with cooling towers or cooling 
using make-up water cooling ponds and at plants ponds and withdraws make-up 
from a small river with with cooling towers. Impacts water from a river whose 
low flow) on instreamn and riparian annual flow rate is less than 

communities near these plants 3.1w5xit ft3/ year (9x1 'm 3/ 
could be of moderate year), an assessment of the 
significance in some impact of proposed action on 
situations. See the flow of the river and 
§51 .53(c)(3)(ii)(A). related impacts on instreamn 

and riparian ecological 
communities must be 
provided. The applicant shall 
also provide an assessment of 
the impacts of the withdrawal 
of water from the river on 
alluvial aquifers during low 
flow.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

AQUATIC ECOLOGY (for plants with once-through and cooling pond heat dissipation 
systems) 

Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 
Entrainment of fish and SMALL, MODERATE, OR [§51.53(c)(3)(ii)(B)] 
shellfish in early life LARGE. The impacts of If the applicant's plant 
stages entrainment are small at utilizes once-through cooling 

many plants but may be or cooling pond heat 
moderate or even large at a dissipation systems, the 
few plants with once-through applicant shall provide a 
and cooling-pond cooling copy of current Clean Water 
systems. Further, ongoing Act 316(b) determinations 
efforts in the vicinity of these and, if necessary, a 316(a) 
plants to restore fish variance in accordance with 
populations may increase the 40 CFR 125, or equivalent 
numbers of fish susceptible State permits and supporting 
to intake effects during the documentation. If the 
license renewal period, such applicant can not provide 
that entrainment studies these documents, it shall 
conducted in support of the assess the impact of the 
original license may no proposed action on fish and 
longer be valid. See shellfish resources resulting 
§51.53(c)(3)(ii)(B). from heat shock and 

impingement and 
________________________entrainment.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

AQUATIC ECOLOGY (for plants with once-through and cooling pond heat dissipation 
systems) 

Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 
Impingement of fish and SMALL, MODERATE, OR [§51.53(c)(3)(ii)(B)] 
shellfish LARGE. The impacts of If the applicant's plant 

impingement are small at utilizes once-through cooling 
many plants but may be or cooling pond heat 
moderate or even large at a dissipation systems, the 
few plants with once-through applicant shall provide a 
and cooling-pond cooling copy of current Clean Water 
systems. See Act 316(b) determinations 
§51[.53(c)(3)(ii)(B). and, if necessary, a 316(a) 

variance in accordance with 
40 CFR 125, or equivalent 
State permits and supporting 
documentation. If the 
applicant can not provide 
these documents, itshall 
assess the impact of the 
proposed action on fish and 
shellfish resources resulting 
from heat shock and 
impingement and 
entrainment.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

AQUATIC ECOLOGY (for plants with once-through and cooling pond heat dissipation 
systems) (continued) 

Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 
Heat shock SMALL, MODERATE, OR [§51.53(c)(3)(ii)(B)] 

LARGE. Because of continuing If the applicant's plant utilizes once
concerns about heat shock and the through cooling or cooling pond 
possible need to modify thermal heat dissipation systems, the 
discharges in response to changing applicant shall provide a copy of 
environmental conditions, the current Clean Water Act 316(b) 
impacts may be of moderate or detenminations and, if necessary, a 
large significance at some plants. 316(a) variance in accordance with 
See §51.53(c)(3)(ii)(B). 40 CFR 125, or equivalent State 

permits and supporting 
documentation. If the applicant can 
not provide these documents, it 
shall assess the impact of the 
proposed action on fish and 
shellfish resources resulting from 
heat shock and impingement and 
entrainment.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

GROUNDWATER USE AND QUALITY 
Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 

Ground-water use SMALL, MODERATE, OR [§51.53(c)(3)(ii)(C 
conflicts (potable and LARGE. Plants that use If the applicant's plant uses 
service water, and more than 100 gpm may Ranney wells or pumps more 
dewatering; plants that cause ground-water use than 100 gallons of ground 
use >100 gpm) conflicts with nearby water per minute (total 

ground-water users. See onsite), an assessment of the 
§51[.53(c)(3)(ii)(C). impact of the proposed 

action on ground-water use 
must be provided.  

Ground-water use SMALL, MODERATE, OR [§51.53(c)(3)(ii)(A)] 
conflicts (plants using LARGE. Water use conflicts If the applicant's plant 
cooling towers may result from surface utilizes cooling towers or 
withdrawing make-up water withdrawals from cooling ponds and withdraws 
water from a small river) small water bodies during make-up water from a river 

low flow conditions which whose annual flow rate is 
may affect aquifer recharge, less than 3.15x10 " ft'/ year 
especially if other ground- (9X10 "rn'/ year), an 
water or upstream surface assessment of the impact of 
water users come on line the proposed action on the 
before the time of license flow of the river and related 
renewal. See impacts on instream and 
§51 .53(c)(3)(ii)(A). riparian ecological 

communities must be 
provided. The applicant 
shall also provide an 
assessment of the impacts of 
the withdrawal of water from 
the river on alluvial aquifers 

5 during low flow.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

GROUNDWATER USE AND QUALITY 
Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 

Ground-water use SMALL, MODERATE, OR [§51.53(c)(3)(ii)(C)] 
conflicts (Ranney wells) LARGE. Ranney wells can If the applicant's plant uses 

result in potential ground- Ranney wells or pumps more 
water depression beyond the than 100 gallons of ground 
site boundary. Impacts of water per minute (total 
large ground-water onsite), an assessment of the 
withdrawal for cooling tower impact of the proposed 
makeup at nuclear power action on ground-water use 
plants using Ranney wells must be provided.  
must be evaluated at the time 
of application for license 
renewal. See 

3§51).53(c)(3)(ii)()(.  

Ground-water quality SMALL, MODERATE, OR [§51 .53(c)(3)(ii)(D)] 
degradation (cooling LARGE. Sites with closed- If the applicant's plant is 
ponds at inland sites) cycle cooling ponds may located at an inland site and 

degrade ground-water utilizes cooling ponds, an 
quality. For plants located assessment of the impact of 
inland, the quality of the the proposed action on 
ground water in the vicinity ground-water quality must be 
of the ponds must be shown provided.  
to be adequate to allow 
continuation of current uses.  
See §51.53(c)(3)(ii)(D).  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

TERRESTRIAL RESOURCES 

Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 
Refurbishment impacts SMALL, MODERATE, OR [§51.53(c)(3)(ii)(E)] 

LARGE. Refurbishment All license renewal 
impacts are insignificant if applicants shall assess the 
no loss of important plant impact of refurbishment and 
and animal habitat occurs. other license-renewal related 
However, it cannot be known construction activities on 
whether important plant and important plant and animal 
animal communities may be habitats. Additionally, the 
affected until the specific applicant shall assess the 
proposal is presented with impact of the proposed 
the license renewal action on threatened or 
application. See endangered species in 
§51.53(c)(3)(ii)(E). accordance with the 

mEndangered Species Act.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

THREATENED OR ENDANGERED SPECIES (for all plants) 

Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 
Threatened or endangered SMALL, MODERATE, OR [§51.53(c)(3)(ii)(E)] 
species LARGE. Generally, plant All license renewal 

refurbishment and continued applicants shall assess the 
operation are not expected to impact of refurbishment and 
adversely affect threatened or other license-renewal related 
endangered species. construction activities on 
However, consultation with important plant and animal 
appropriate agencies would habitats. Additionally, the 
be needed at the time of applicant shall assess the 
license renewal to determine impact of the proposed 
whether threatened or action on threatened or 
endangered species are endangered species in 
present and whether they accordance with the 
would be adversely affected. Endangered Species Act.  
See §51[.53(c)(3)(ii)(E).  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

AIR QUALITY 

Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 
Air quality during SMALL, MODERATE, OR [§51.53(c)(3)(ii)(F)] 
refurbishment LARGE. Air quality impacts If the applicant's plant is 
(nonattainment and from plant refurbishment located in or near a 
maintenance areas) associated with license nonattainment or 

renewal are expected to be maintenance area, an 
small. However, vehicle assessment of vehicle 
exhaust emissions could be exhaust emissions 
cause for concern at anticipated at the time of 
locations in or near peak refurbishment 
nonattainment or workforce must be provided 
maintenance areas. The in accordance with the Clean 
significance of the potential Air Act as amended.  
impact cannot be determined 
without considering the 
compliance status of each 
site and the numbers of 
workers expected to be 
employed during the outage.  
See §51[.53(c)(3)(ii)(F).  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 
HUMAN HEALTH 

Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 
Microbiological organisms SMALL, MODERATE, OR [§51.53(c)(3)(ii)(G)] 
(public health) (plants using LARGE. These organisms If the applicant's plant 
lakes or canals, or cooling are not expected to be a uses a cooling pond, lake, 
towers or cooling ponds that problem at most operating or canal or discharges into 
discharge to a small river) plants except possibly at a river having an annual 

plants using cooling ponds, average flow rate of less 
lakes, or canals that than 3.1o5xr10g ft/ year 
discharge to small rivers. (9xl01 0m3/year), an 
Without site-specific data, it assessment of the impact 
is not possible to predict the of the proposed action on 
effects generically. See public health from 
§51.53(c)(3)(ii)(G). thermophilic organisms in 

the affected water must be 
____________________provided.  

Electromagnetic fields, acute SMALL, MODERATE, OR [§51.53(c)(3)(ii)(H)] 
effects (electric shock) LARGE. Electrical shock If the applicant's 

resulting from direct access transmission lines that 
to energized conductors or were constructed for the 
from induced charges in specific purpose of 
metallic structures have not connecting the plant to 
been found to be a problem the transmission system 
at most operating plants and do not meet the 
generally are not expected to recommendations of the 
be a problem during the National Electric Safety 
license renewal term. Code (NESC) for 
However, site-specific preventing electric shock 
review is required to from induced currents, an 
determine the significance of assessment of the impact 
the electric shock potential at of the proposed action on 
the site. See the potential shock hazard 
§51[.53(c)(3)(ii)(H). from the transmission 

lines mu t be provided.  

3 The plant is defined as the nuclear reactors, steam-electric systems, intakes, discharges, and all 
other on-station facilities involved in the production of electricity. Transmission lines and other off-station 
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

SOCIOECONOMICS 

Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 
Housing impacts SMALL, MODERATE, OR [§51.53(c)(3)(ii)(I)] 

LARGE. Housing impacts are An assessment of the impact of 
expected to be of small the proposed action on housing 
significance at plants located in a availability, land-use, and 
medium or high population area public schools (impacts from 
and not in an area where growth refurbishment activities only) 
control measures that limit housing within the vicinity of the plant 
development are in effect. must be provided. Additionally, 
Moderate or large housing impacts the applicant shall provide an 
of the workforce associated with assessment of the impact of 
refurbishment may be associated population increases 
with plants located in sparsely attributable to the proposed 
populated areas or in areas with project on the public water 
growth control measures that limit supply.  
housing development. See 

_______________ §51 .53(c)(3)(ii)(I). ________________ 

facilities are not part of the plant. (NUREG-1555, Draft SRP-ER, Introduction Chapter, Definitions, 
August 1997) 
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

SOCIOECONOMICS 

Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 
Public services: public SMALL OR MODERATE. [§51.53(c)(3)(ii)(I)] 
utilities An increased problem with An assessment of the 

water shortages at some sites impact of the proposed 
may lead to impacts of action on housing 
moderate significance on availability, land-use, and 
public water supply public schools (impacts 
availability. See from refurbishment 
§51 .53(c)(3)(ii)(I). activities only) within the 

vicinity of the plant must 
be provided. Additionally, 
the applicant shall provide 
an assessment of the 
impact of population 
increases attributable to 
the proposed project on 
the public water supply.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

SOCIOECONOMICS 

Issue Findings from Table B-1 §51.53(c)(3)(ii)Reference 
Public services, education SMALL, MODERATE, OR [§51.53(c)(3)(ii)(I)] 
(refurbishment) LARGE. Most sites would An assessment of the impact 

experience impacts of small of the proposed action on 
significance but larger housing availability, land
impacts are possible use, and public schools 
depending on site- and (impacts from refurbishment 
project-specific factors. See activities only) within the 
§51.53(c)(3)(ii)(I). vicinity of the plant must be 

provided. Additionally, the 
applicant shall provide an 
assessment of the impact of 
population increases 
attributable to the proposed 
project on the public water 
activitiesonly)withesupply.  

Offsite land use SMALL OR MODERATE. [§51.53(c)(3)(ii)(I)] 
(refurbishment) Impacts may be of moderate An assessment of the impact 

significance at plants in low of the proposed action on 
population areas. See housing availability, land
§51 .53(c)(3)(ii)(I). use, and public schools 

(impacts from refurbishment 
activities only) within the 
vicinity of the plant must be 
provided. Additionally, the 
applicant shall provide an 
assessment of the impact of 
population increases 
attributable to the proposed 
project on the public water 

______________________________________supply.  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

SOCIOECONOMICS 

Issue Findings from Table B-i §51.53(c)(3)(ii)Reference 
Offsite land-use (license SMALL, MODERATE, OR [§51.53(c)(3)(ii)(I)] 
renewal term) LARGE. Significant changes An assessment of the impact 

in land-use may be of the proposed action on 
associated with population housing availability, land
and tax revenue changes use, and public schools 
resulting from license (impacts from refurbishment 
renewal. See activities only) within the 
§51.53(c)(3)(ii)(I). vicinity of the plant must be 

provided. Additionally, the 
applicant shall provide an 
assessment of the impact of 
population increases 
attributable to the proposed 
project on the public water 
supply.  

Public services, SMALL, MODERATE, OR Ii§51.53(c)(3)(ii)(J)] 
Transportation LARGE. Transportation All applicants shall assess 

impacts are generally the impact of the proposed 
expected to be of small project on local 
significance. However, the transportation during periods 
increase in traffic associated of license renewal 
with the additional workers refurbishment activities 
and the local road and traffic 
control conditions may lead 
to impacts of moderate or 
large significance at some 

) sites. See §51.53(c)(3)(ii)(J).( 
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

SOCIOECONOMICS 

Issue Findings from Table B-I §1.53(c)(3)(ii)Reference 
Historic and SMALL, MODERATE, OR [§51.53(c)(3)(ii)(K)] 
archaeological resources LARGE. Generally, plant All applicants shall assess 

refurbishment and continued whether any historic or 
operation are expected to archaeological properties 
have no more than small will be affected by the 
adverse impacts on historic proposed project.  
and archaeological resources.  
However, the National 
Historic Preservation Act 
requires the Federal agency 
to consult with the State 
Historic Preservation Officer 
to determine whether there 
are properties present that 
require protection. See 

3§51).53(c)(3)(ii)(K).  
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

POSTULATED ACCIDENTS 

Issue Findings from Table B-I §51.53(c)(3)(ii)Reference 
Severe accidents SMALL. The probability [§51.53(c)(3)(ii)(L)] 

weighted consequences of If the staff has not previously 
atmospheric releases, fallout onto considered severe accident 
open bodies of water, releases to mitigation alternatives for the 
ground water, and societal and applicant's plant in an 
economic impacts from severe environmental impact statement 
accidents are small for all plants. or related supplement or in an 
However, alternatives to mitigate environmental assessment, a 
severe accidents must be consideration of alternatives to 
considered for all plants that have mitigate severe accidents must be 
not considered such alternatives. provided.  

______________See §51 .53(c)(3)(ii)(L). ________________ 
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Table 4.1-1 (Continued) 

Comparison of Appendix B to Subpart A Table B-1 Issues to §51.53(c)(3)(ii) Issues 

URANIUM FUEL CYCLE AND WASTE MANAGEMENT 

Issue Findings from Table B-i §51.53(c)(3)(ii)Reference 
Transportation Table S-4 of this part contains an [§51.53(c)(3)(ii)(M)] 

assessment of impact parameters The environmental effects of 
to be used in evaluating transportation of fuel and waste 
transportation effects in each case. shall be reviewed in accordance 
See §51.53(c)(3)(ii)(M). with §51.52. The review of 

impacts shall also discuss the 
generic and cumulative impacts 
associated with transportation 
operation in the vicinity of a high
level waste repository site. The 
candidate site at Yucca Mountain 
should be used for the purpose of 
impact analysis as long as that site 
is under consideration for 
licensing.  
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4.1.4 Review of §51.53(c)(3)(ii) Issues 
The review and analysis for the §51.53(c)(3)(ii) issues are found in Sections 4.2 through 
4.14. The issues can be placed into one of three categories, which are discussed below.  
Table 4.1.2-1 provides a summary of the results for the issues listed in §51.53(c)(3)(ii).  

4.1.4.1 §51.53(c)(3)(ii) ISSUES NOT APPLICABLE TO OCONEE 

No analysis was performed for issues that are not applicable to Oconee. The basis for 
Duke's determination that a certain issue is not applicable is set forth in the specific 
section. Two of the issues listed in §51.53(c)(3)(ii) are not applicable to Oconee.  

4.1.4.2 §51.53(c)(3)(ii) ISSUES APPLICABLE TO OCONEE 

The format for the sections of Chapter 4 reviewing the §51.53(c)(3)(ii) issues applicable 
to Oconee is described below: 
* Requirement - The requirement from §51.53(c)(3)(ii) is restated.  
* Findings from Table B-1, Appendix B to Subpart A - The Finding(s) for the issue 

from Table B-1 - Summary of Findings on NEPA Issues for License Renewal of 
Nuclear Power Plants, Subpart A, is presented. Several of the issues in 
§51.53(c)(3)(ii) have more than one issue from Table B-1 associated with that issue.  

* Background - An excerpt from the applicable section of the GEIS is provided as 
background. The specific section of the GEIS is referenced for the convenience of the 
reader.  

* Analysis of Environmental Impact - An analysis of the environmental impact as 
required by §51.53(c)(3)(ii) is provided, taking into account information provided in 
the GEIS, Appendix B to Subpart A of Part 51, as well as Oconee-specific 
information.  

* Consideration of Alternatives For Reducing Adverse Impacts - The alternatives to 
reduce or avoid adverse environmental effects are assessed as required by §51.45(c) 
and §51.53(c)(3)(iii).  

4.1.4.3 §51.53(C)(3)(ii) ISSUES APPLICABLE TO OCONEE RELATED TO REFURBISHMENT 
As discussed in Section 3.2 Plant Modifications or Refurbishments Required for License 
Renewal, the evaluation of structures and components as required by 10 CFR §54.21 did 
not identify any major plant refurbishment activities or modifications necessary to 
support the continued operation of Oconee beyond the end of the existing operating 
licenses. Therefore, analysis of these issues is not required.' 

4 GEIS, Appendix B, Table B.2 lists major refurbishment/replacement activities associated with 
license renewal.  
5 Refer to ER Section 3.3 for discussion of Plant Modifications or Refurbishments Not Required for 
License Renewal.  
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Table 4.1.4-1 Summary of Results for Analyses of Category 2 Issues 

Category 2 Issue Summary of Analysis Results 
§51.53(c)(3)(ii)Requirement 

Water use conflicts (Plants with cooling towers and cooling ponds) Not applicable to Oconee.  
§51.53(c)(3)(ii)(A) 

Entrainment, impingement, and heat shock of fish and shellfish No significant adverse impact from 
§51.53(c)(3)(ii)(B) continued operation. Section 316(a) 

demonstration approved by 
SCDHEC. Section 316(b) 
demonstration submitted to EPA in 
1976.  

Ground-water use conflicts (Ranney Wells or pumps more than 100 No Ranney wells. Groundwater use 
gallons per minute of groundwater) is less than 100 gallons per minute.  
§51.53(c)(3)(ii)(C) 
Ground-water quality (Plants with cooling ponds) Not applicable to Oconee.  
§51.53(c)(3)(ii)(D) 

Refurbishment impacts on important plant and animal habitats, and No major refurbishment activities 
threatened or endangered species identified. No impact from 
§51.53(c)(3)(ii)(E) continued operations. No federal 

listed species present. Four state 
listed species present.  

Vehicle Exhaust Emissions Oconee is not located in or near non 
§51.53(c)(3)(ii)(F) attainment or maintenance area. No 

major refurbishment activities 
identified 

Microbiological (thermophilic) organisms No impact from continued 
§51.53(c)(3)(ii)(G) operation.  
Electrical shock from induced currents §51.53(c)(3)(ii)(H) Lines meet NESC requirements.  
Housing, land-use, public schools and public water supply impacts No impacts from continued 
§51.53(c)(3)(ii)(I) operation. No major refurbishment 

activities identified.  
Local transportation impacts No major refurbishment activities 
§51.53(c)(3)(ii)(J) identified 
Historic and archaeological properties No major refurbishment activities 
§51.53(c)(3)(ii)(K) identified. No impacts from 

continued operation.  
Severe accident mitigation alternatives No impact from continued 
§51.53(c)(3)(ii)(L) operation.  
Transportation of High Level Waste NRC rulemaking pending to 
§51.53(c)(3)(ii)(M) categorize as Category 1 issue.  
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4.2 Water use conflicts (Plants with cooling towers and cooling ponds) 

4.2.1 Requirement [§51.53(c)(3) (ii)(A)] 
If the applicant's plant utilizes cooling towers or cooling ponds and withdraws make-up 
water from a river whose annual flow rate is less than 3.15x1012 ft3/ year (9x01 om'/ year), 
an assessment of the impact of the proposed action on the flow of the river and related 
impacts on instream and riparian ecological communities must be provided. The 
applicant shall also provide an assessment of the impacts of the withdrawal of water from 
the river on alluvial aquifers during low flow.  

4.2.2 Analysis of Environmental Impact 
Oconee uses a once-through cooling system.6 Therefore, this issue is not applicable to 
Oconee and analysis is not required.  

6 In a once-through cooling system, circulating water for condenser cooling is drawn from an 
adjacent body of water, such as a lake or river, passed through the condenser tubes, and returned at a higher 
temperature to the adjacent body of water. The waste heat is dissipated to the atmosphere, mainly by 
evaporation from the water body and, to a much smaller extent, by conduction, convection, and thermal 
radiation loss. [Reference 2] 
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4.3 Entrainment, impingement, and heat shock of fish and shellfish 

4.3.1 Requirement [§51.53(c)(3)(ii)(B)] 
If the applicant's plant utilizes once-through cooling' or cooling pond heat dissipation 
systems, the applicant shall provide a copy of current Clean Water Act 316(b) 
determinations and, if necessary, a 316(a) variance in accordance with 40 CFR part 125, 
or equivalent State permits and supporting documentation. If the applicant can not 
provide these documents, it shall assess the impact of the proposed action on fish and 
shellfish resources resulting from heat shock and impingement and entrainment.  

4.3.2 Findings from Table B-1, Appendix B to Subpart A 
"The impacts of entrainment are small at many plants but may be moderate or 
even large at a few plants with once-through and cooling-pond cooling systems.  
Further, ongoing efforts in the vicinity of these plants to restore fish populations 
may increase the numbers of fish susceptible to intake effects during the license 
renewal period, such that entrainment studies conducted in support of the original 
license may no longer be valid. See §51.53(c)(3)(ii)(B)." 

"The impacts of impingement are small at many plants but may be moderate or 
even large at a few plants with once-through and cooling-pond cooling systems.  
See §51.53(c)(3)(ii)(B)." 

"Because of continuing concerns about heat shock and the possible need to 
modify thermal discharges in response to changing environmental conditions, the 
impacts may be of moderate or large significance at some plants. See 
§51.53(c)(3)(ii)(B)." 

4.3.3 Background 

The impacts of fish and shellfish entrainment are small at many plants, but they may be 
moderate or even large at a few plants with once-through cooling systems. Further, 
ongoing restoration efforts may increase the numbers of fish susceptible to intake effects 
during the license renewal period, so that entrainment studies conducted in support of the 
original license may no longer be valid. For these reasons, the entrainment of fish and 
shellfish is a Category 2 issue for plants with once-through cooling. [Reference 2, GEIS 
Section 4.2.2.1.2] 

.7 In a once-through cooling system, circulating water for condenser cooling is drawn from an 
adjacent body of water, such as a lake or river, passed through the condenser tubes, and returned at a higher 
temperature to the adjacent body of water. The waste heat is dissipated to the atmosphere mainly, by 
evaporation from the water body and, to a much smaller extent, by conduction, convection, and thermal 
radiation loss. [Reference 2] 
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Aquatic organisms that are drawn into the intake with the cooling water and are too large 
to pass through the debris screens may be impinged against the screens. Mortality of fish 
that are impinged is high at many plants because impinged organisms are eventually 
suffocated by being held against the screen mesh or are abraded, which can result in fatal 
infection. Impingement can affect large numbers of fish and invertebrates (crabs, shrimp, 
jellyfish, etc.). As with entrainment, operational monitoring and mitigative measures 
have allayed concerns about population-level effects at most plants, but impingement 
mortality continues to be an issue at others. Consultation with resource agencies (GEIS 
Appendix F) reveals that impingement is a frequent concern at once-through power 
plants, particularly where restoration of anadromous fish may be affected. Impingement 
is an intake-related effect that is considered by EPA or state water quality permitting 
agencies in the development of the National Pollution Discharge Elimination System 
(NPDES) permits and 316(b) determinations. The impacts of impingement are small at 
many plants but may be moderate or even large at a few plants with once-through cooling 
systems. For this reason, the impingement of fish and shellfish is a Category 2 issue.  
[Reference 2, GEIS Section 4.2.2.1.3] 

Based on the research literature, monitoring reports, and agency consultations, the 
potential for thermal discharges to cause thermal discharge effect mortalities is 
considered small for most plants. However, impacts may be moderate or even large at a 
few plants with once-through cooling systems. For example, thermal discharges at the 
Crystal River Nuclear Plant are considered by the agencies to have damaged benthic 
invertebrate and seagrass communities in the effluent mixing zone around the discharge 
canal; as a result, helper cooling towers have been installed to reduce the discharge 
temperatures. Because of continuing concerns about thermal discharge effects and the 
possible need to modify thermal discharges in the future in response to changing 
environmental conditions, this is a Category 2 issue for plants with once-through cooling 
systems. [Reference 2, GEIS Section 4.2.2.1.4] 

4.3.4 Analysis of Environmental Impact 

4.3.4.1 EFFECTS OF COOLING WATER INTAKE--IMPINGEMENT AND ENTRAINMENT 

The Appendix B Environmental Technical Specifications for the Facility Operating 
License for Oconee Units 1, 2, and 3, initially required that: 

1. "The licensee shall accumulate information required to establish baselines for 
the evaluation of thermal, chemical and radiological effects of station 
operation on terrestrial biota and aquatic biota in Lakes Keowee and Hartwell.  

2. The licensee shall develop and implement a comprehensive monitoring 
program that will permit surveillance during plant operation of thermal, 
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chemical, and radiological effects on terrestrial biota and on aquatic biota in 
Lake Keowee and Hartwell." 

Studies of water temperature, chemistry, and fisheries were initiated before Lake 
Keowee reached full pond in 1971. Phytoplankton, periphyton, zooplankton, and benthos 
studies were begun either shortly before or after mid-1973, when Oconee Unit 1 was 
licensed to operate. The purpose of these studies was to detect and quantify the effects of 
the operation of Oconee and to verify the findings of the FES. The results of these 
studies were submitted to the NRC in Semi-Annual and Annual Reports. [Reference 5] 
None of the effects observed were judged to constitute a significant impact to the aquatic 
community of Lake Keowee.  

In accordance with Section 316(b) of the Clean Water Act, the NPDES permit issued by 
the EPA, effective February 18, 1975, required Oconee to implement a program to 
monitor entrainment and impingement on plant intake structures. In response to this 
requirement, rates of fish impingement on the intake screens at Oconee, along with the 
rates of entrainment and entrainment mortality of plankton, were studied and the results 
were reported to the EPA in March 24, 1976. [Reference 6] The study results reported to 
EPA were taken from the studies submitted for the Appendix B Environmental Technical 
Specifications requirements.  

The EPA issued a modified NPDES permit on August 30, 1976, that deleted the 
requirements to monitor impingement and entrainment on plant intake structures. No 
further studies or analyses were required in subsequent NPDES permits.  

On March 2, 1979, the NRC issued Amendments to the Licenses for Oconee Units 1, 2, 
and 3. [Reference 7] These amendments revised the Environmental Technical 
Specifications by deleting the aquatic surveillance program and the special studies 
program. The Environmental Impact Appraisal performed for this amendment concluded 
the impact of Oconee on the aquatic environment was within the bounds of the FES and 
that these special study programs were no longer needed.  

Duke does not believe that any further studies or investigations regarding Section 316(b) 
of the Clean Water Act are warranted at Oconee. EPA is in the process of reformulating 
the existing regulation and collecting and analyzing data applicable to each utility. EPA 
has not identified, as of this date, a planned strategy for rewriting the Section 316(b) 
regulation. Accordingly, it would not be appropriate for Duke to undertake any further 
studies or analyses at this time, since the EPA may ultimately determine that such studies 
are incongruent with its needs and policy.  
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A brief overview of EPA's ongoing actions and anticipated deadlines is provided below.  

EPA is currently reviewing the statutory and regulatory requirements set forth 
at 42 U.S.C. § 1326 and 40 CFR § 316(b) pertaining to the impingement and 
entrainment of organisms. Section 316(b) of the Clean Water Act requires 
that the location, design, construction and capacity of any cooling water intake 
structure reflect the best technology available ("BTA") minimizing adverse 
environmental impact. Although EPA attempted in 1976 to establish rules 
implementing Section 316(b), those rules were invalidated on procedural 
grounds and suspended.  

* At present, there are no specific regulatory requirements set forth which 
establish the specific steps that must be implemented by a utility to ensure 
compliance with Section 316(b). There is, however, a substantial amount of 
guidance, administrative precedent and case law that has shaped the 
implementation of Section 316(b) on a case-by-case basis during the past 20 
years.  

* The terms of a 1995 settlement agreement required EPA to develop and to 
propose regulations implementing Section 316(b) by July 2, 1999, and to take 
final action on the regulation by August 13, 2001. EPA has now initiated a 
process to collect information from which to develop a proposed Section 
316(b) rule, and is currently identifying and assessing the issues that the rules 
must address.  

* EPA plans to begin administering an information collection questionnaire to 
utilities in Fall 1998 and will give recipients 90 days to respond. The EPA 
will begin receiving responsive data by the end of 1998 and must analyze the 
information to prepare a proposed rulemaking. EPA also plans to hold several 
public meetings beginning in Summer 1998 in which all stakeholders will be 
invited to share their-views on various Section 316(b) related issues. Meetings 
will address specific issues including the role of mitigation and adverse 
impact.  

In sum, EPA has many actions that it plans to undertake and implement in regard to 
Section 316(b). Thus, Duke believes that it is inappropriate for any further Section 
316(b) studies to be undertaken for the plant at this time. Most importantly, the existing 
information related to impingement and entrainment issues at the plant demonstrate that 
there has been no adverse environmental impact from the operation of Oconee.  
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4.3.4.2 EFFECTS OF HEATED DISCHARGE 

Oconee has a once-through condenser cooling system that uses Lake Keowee as the 
cooling lake. Condenser cooling water is withdrawn from the deep layers of Lake 
Keowee by the use of a skimmer wall. Oconee's skimmer wall is a concrete "curtain" 
extending from just above the full pond surface elevation of 800 feet (244 m) to a depth 
of 67 feet (20.4 m) below the surface. The skimmer wall extends the across canal, as 
shown on Figure 2.5-3. Water enters the intake canal for Oconee by passing through an 
opening underneath the skimmer wall at depths of 67 feet (20.4 m) to 90 feet (27.4 m) 
below full pond. This deep withdrawal provides intake and discharge temperatures that 
are considerably lower than would be obtained using a conventional surface water intake.  
This arrangement allows Oconee to access the cooler waters of the lake, improving its 
generating efficiency, minimizing discharge water temperatures, and substantially 
reducing the risk of impingement and entrainment of aquatic biota.  

Keowee Hydro withdraws its water from the upper 35 feet (10.7 m) of the lake to 
conserve cooler water for Oconee's use. This arrangement also insures a well-aerated 
tailrace area, with minimal problems with iron, manganese, and sulfides that often occur 
in tailraces drawing water from a lake bottom.  

At 100% capacity, Oconee withdraws water for its once-through condenser cooling 
system at a summer maximum rate of 4700 cubic feet per second (132 m3/s). This water 
is heated by about 16 oF (8.9'C). In winter, the lowest flow rate of 3100 cubic feet per 
second (88 m3/s) would result in a 24 'F (13.3 0 C) temperature rise. These values are the 
extreme range for 100% operation of all three units. Actual flows and discharge 
temperatures vary, often on a daily basis, depending on station output, the number of 
condenser cooling water pumps operating, and the intake water temperature. From 1973 
through 1993, the maximum daily average temperature of the Oconee discharge water, 
prior to any mixing with Lake Keowee, was 98.4 'F (36.90 C). Water discharged to Lake 
Hartwell through Keowee Hydro has never exceeded the 90 oF (32.2 0 C) NPDES limit 
(Station continuous recorder data).  

Oconee has had no violations of its NPDES thermal limits from initial operation in 1973 
through the present. Those thermal limits are as follows: 

Discharge temperature cannot exceed 100oF (37.80) for a time period in excess of 
two hours, unless critical hydrological and meteorological conditions are 
combined with high customer demand that cannot be met from other sources.  
Under these latter conditions, the discharge temperature shall not be allowed to 
exceed 103.0 oF (39.4 'C). Maximum temperature rise above intake temperature 
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shall be limited to 220 F (12.20 C) when intake temperature is greater than 68 'F 
(20 oC). [Reference NPDES Permit #SC0000515] 

Average daily discharge temperature from Keowee Hydro to Lake Hartwell 
cannot exceed 90 'F (32.20 C).  

In January 1995, Duke Power Company submitted a 316(a) Demonstration Report to the 
SCDHEC. The 316 (a) Demonstration was necessary in order to obtain a variance for the 
condenser cooling water system's discharge from the temperature limits as defined in 
South Carolina Regulation 61-68, Water Classifications and Standards.! The 316(a) 
Demonstration presented data to support Duke's position that Oconee operation, under its 
alternative thermal limits, is compatible with the aquatic life of Lake Keowee. On March 
28, 1995, SCDHEC issued a modified NPDES permit, which granted the thermal 
variance request by incorporating the alternative limits.  

On May 21, 1998 SCDHEC issued a proposed draft NPDES permit which reiterated 
SCDHEC's position of granting a thermal variance based on the January 1995 316(a) 
Demonstration. [See References 8 and 9.] A copy of the "Temperature" portion of the 
permit is included as Attachment E.  

4.3.5 Consideration of Alternatives For Reducing Adverse Impacts 
Sections 316(a) and 316(b) of the Clean Water Act allow the operator of a thermal power 
plant to perform studies that evaluate the impact of heated discharges and intake 
structures on the aquatic biota. These demonstrations, if determined to be successful by 
the EPA or its state designee (SCDHEC), allow the operator of the power plant to 
continue operations with the cooling system and intake structure already in place.  

Oconee has operated both the cooling system and the water intakes in a manner that has 
resulted in no significant adverse impacts on the aquatic communities of Lake Keowee.  
This result is evidenced by the approved Section 316(a) demonstration and the fact that 
no additional Section 316(b) studies were required. Therefore, modifications to these 
systems were not considered.  

8 The requirement for a 316 (a) Demonstration is defined in 40 CFR 125.73 and the South Carolina 
Regulation is R 61-9.125.73.  
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4.4 Ground-water use conflicts 

4.4.1 Requirement [§51.53(c)(3)(ii)(C)] 
If the applicant's plant uses Ranney wells or pumps more than 100 gallons (total onsite) 
of ground water per minute, an assessment of the impact of the proposed action on 
ground-water use must be provided.  

4.4.2 Analysis of Environmental Impact 
Oconee does not use Ranney wells and there are no plans to use them. However, Oconee 
does have four wells permitted as drinking water wells. One of these wells is used to 
supply drinking water and a rest room facility located at the station baseball field. The 
pumping capacity of this well is 30 gallons per minute (0.00 19m3/sec).  

The other three groundwater wells are used to supply irrigation water for site landscaping 
during the summer months (June though September). These wells were permitted as 
drinking water wells, but have not been used for that purpose.  

The estimated combined pumping rate for the four groundwater wells at Oconee is less 
than 100 gal/min (0.0068 m'/s). Therefore, it is not necessary to assess the impact of 
license renewal on groundwater use conflicts at Oconee.  

4.4.3 Consideration of Alternatives For Reducing Adverse Impacts 
Oconee does not use Ranney wells. Groundwater use is less than 100 gallons per minute.  
Therefore, mitigation measures for reducing or avoiding this type of adverse 
environmental effect need not be considered.  
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4.5 Ground-water quality 

4.5.1 Requirement [§51.53(c)(3)(ii)(D)] 

If the applicant's plant is located at an inland site and utilizes cooling ponds, an 
assessment of the impact of the proposed action on groundwater quality must be 
provided.  

4.5.2 Analysis of Environmental Impact 
Oconee is located at an inland site. However, Oconee does not use cooling ponds.  
Therefore, this issue is not applicable to Oconee and analysis is not required.  
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4.6 Refurbishment impacts on important plant and animal habitats, and threatened 
or endangered species 

4.6.1 Requirement [§51.53(c)(3)(ii)(E)J 
All license renewal applicants shall assess the impact of refurbishment and other license
renewal-related construction activities on important plant and animal habitats.  
Additionally, the applicant shall assess the impact of the proposed action on threatened or 
endangered species in accordance with the Endangered Species Act.  

4.6.2 Findings from Table B-1, Appendix B to Subpart A 
"Refurbishment impacts are insignificant if no loss of important plant and animal 
habitat occurs. However, it cannot be known whether important plant and animal 
communities may be affected until the specific proposal is presented with the 
license renewal application. See §51.53(c)(3)(ii)(E)." 

"Generally, plant refurbishment and continued operation are not expected to 
adversely affect threatened or endangered species. However, consultation with 
appropriate agencies would be needed at the time of license renewal to determine 
whether threatened or endangered species are present and whether they would be 
adversely affected. See §51.53(c)(3)(ii)(E)." 

4.6.3 Background 

The issue of impacts to threatened or endangered species is potentially relevant to all 
cooling system types and to transmission lines. Review of power plant operations has 
shown that neither current cooling system operations nor electric power transmission 
lines associated with nuclear power plants are having significant adverse impacts on any 
threatened or. endangered species. However, widespread conversion of natural habitats 
and other human activities continues to cause the decline of native plants and animals.  
As biologists review the status of species, additional species threatened with extinction 
are being identified; consequently, it is not possible to ensure that future power plant 
operations will not be found to adversely affect some currently unrecognized threatened 
or endangered species. In addition, future endangered species recovery efforts may 
require modifications of power plant operations. Similarly, operations-related land
disturbing activities (e.g., spent fuel and low-level waste storage facilities) could affect 
endangered species. As noted in GEIS Section 3.2, without site-specific and project
specific information, the magnitude or significance of impacts on threatened and 
endangered species cannot be assessed. For these reasons, the nature and significance of 
nuclear power plant operations on as yet unrecognized endangered species cannot be 
predicted; and no generic conclusion on the significance of potential impacts on 
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endangered species can be reached. The impact on threatened and endangered species, 
therefore, is a Category 2 issue. [Reference 2, GEIS Section 4.1] 

4.6.3.1 THREATENED AND ENDANGERED SPECIES 
Potential impacts of refurbishment on federal- or state-listed threatened and endangered 
species, and species proposed to be listed as threatened or endangered, cannot be assessed 
generically because the status of many species is being reviewed and it is impossible to 
know what species that are threatened with extinction may be identified that could be 
affected by refurbishment activities. In accordance with the Endangered Species Act of 
1973 (Pub. L. 93-205), the appropriate federal agency (either the U.S. Fish and Wildlife 
service or the National Marine Fisheries Service) must be consulted about the presence of 
threatened or endangered species. At that time, it will be determined whether such 
species could be affected by refurbishment activities and whether formal consultation 
will be required to address the impacts. Each state should be consulted about its own 
procedures for considering impacts to state-listed species. Because compliance with the 
Endangered Species Act cannot be assessed without site-specific consideration of 
potential effects on threatened and endangered species, it is not possible to determine 
generically the significance of potential impacts to threatened and endangered species.  
This is a Category 2 issue. [Reference 2, GEIS Section 3.9] 

4.6.4 Analysis of Impacts from Refurbishment Activities On Important Plant and 
Animal Habitats 

There are no major refurbishment activities required for license renewal at Oconee. [See 
Section 3.2 Plant Modifications or Refurbishments Required for License Renewal.] 
Therefore, no analysis of the impact of this issue is required.  

4.6.5 Analysis of Impacts of the Proposed Action on Threatened or Endangered 
Species 

Duke has discussed this issue with the South Carolina Department of Natural Resources 
(SCDNR) and the United States Fish and Wildlife Service (USFWS) concerning the 
impact of the proposed action ori threatened or endangered species.  

In June 1998, a survey was conducted to determine if there were threatened or 
endangered species at the site. This survey was performed on the area within a 1 mile 
(1.6 km) radius of Oconee.  

The results of this survey were: 
1) No federal listed rare and endangered species of plants or animals were found to be 

present.  
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2) Four state listed species of plants were found to be present. These species were 
Carex laxiflora' (loose-flowered sedge), Carex prasina (drooping sedge), Nestronia 
umbellula (Indian olive), and Viola tripartita (three-parted violet).  

A copy of this results of this survey is included as Attachment F. " [Reference 10] 

Duke has submitted the results of this survey to the USFWS and to the SCDNR. Duke 
also requested comments from the USFWS and the SCDNR on the survey results and on 
the Duke determination that there will be no adverse impact to these species from the 
continued operation of Oconee. [References 11 and 12] 

The location of these species is shown on Figure 4.6-1. The location of these species is 
remote from plant operations areas. The continued operations of Oconee will not impact 
these species.  

4.6.6 Consideration of Alternatives For Reducing Adverse Impacts 
There are no major refurbishment activities required for license renewal at Oconee. [See 
ER Section 3.2]. Therefore, no analysis of the impact of this issue is required.  

No federal listed rare and endangered species of plants or animals were found on the site.  
Four state listed rare, threatened, or endangered plant species were found to be present in 
a 1 mile radius area of Oconee. The location of these species is remote from plant 
operations areas. The continued operations of Oconee will not impact these species.  
Therefore, consideration of alternatives to reduce impact to these species is not necessary.  

9 Listed by the SCDNR as state rare, threatened, or endangered species.  
10 New state record for species found during this survey.  
11 Due to the size of the original map, a copy of this map is not included in Attachment F. The 
locations of the species found is shown on Figure 4.6-1.  
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Figure 4.6-1 Location of State Listed Rare, Threatened or Endangered Species at 
Oconee Nuclear Station 
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4.7 Vehicle Exhaust Emissions 

4.7.1 Requirement [§51.53(c)(3)(ii)(F)] 
If the applicant's plant is located in or near a nonattainment or maintenance area, an 
assessment of vehicle exhaust emissions anticipated at the time of peak refurbishment 
workforce must be provided in accordance with the Clean Air Act as amended.  

4.7.2 Findings from Table B-1, Appendix B to Subpart A 
"Air quality impacts from plant refurbishment associated with license renewal are 
expected to be small. However, vehicle exhaust emissions could be cause for 
concern at locations in or near nonattainment or maintenance areas. The 
significance of the potential impact cannot be determined without considering the 
compliance status of each site and the numbers of workers expected to be 
employed during the outage. See §51.53(c)(3)(ii)(F)." 

4.7.3 Analysis of Environmental Impact 
Oconee is not located in, or near, a nonattainment or maintenance area for air pollutants, 
from either the federal or state regulatory standpoint. Additionally, there are no major 
refurbishment activities required for license renewal at Oconee. [See Section 3.2 Plant 
Modifications or Refurbishments Required for License Renewal.] Therefore, no analysis 
of the impact of this issue is required.  
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4.8 Microbiological (thermophilic) organisms 

4.8.1 Requirement [§51.53(c)(3)(ii)(G)] 
If the applicant's plant uses a cooling pond, lake, or canal or discharges into a river 
having an annual average flow rate of less than 3.15x10 12 ft3/ year (9x10om3 /year), an 
assessment of the impact of the proposed action on public health from thermophilic 
organisms in the affected water must be provided.  

4.8.2 Finding from Table B-1, Appendix B to Subpart A 
"These organisms are not expected to be a problem at most operating plants 
except possibly at plants using cooling ponds, lakes, or canals that discharge to 
small rivers. Without site-specific data, it is not possible to predict the effects 
generically. See §51.53(c)(3)(ii)(G)." 

4.8.3 Background 

Public health questions require additional consideration for the 25 plants using cooling 
ponds, lakes, canals, or small rivers because the operation of these plants may 
significantly enhance the presence of thermophilic organisms. The data for these sites are 
not now at hand and it is impossible to predict the level of thermophilic organism 
enhancement at any given site with current knowledge. Thus, the impacts are not known 
and are site-specific. Therefore, the magnitude of the potential public health impacts 
associated with thermal enhancement of N. fowleri cannot be determined generically.  
This is a Category 2 issue. [Reference 2, GEIS Section 4.3.6] 

4.8.4 Analysis of Environmental Impact 
Oconee has a once-through cooling system, using Lake Keowee as the cooling lake. The 
Keowee and Little Rivers, which were impounded to form Lake Keowee, have a 
combined flow rate which is lower than the 3.15 x 1012 ft3 /year (9x0om'/year) specified 
in §51.53(c)(3)(ii)(G).12 

Lake Keowee is a popular site for a variety of water-based recreational activities, 
including boating, fishing, water skiing, and swimming. All of these activities are 
dispersed throughout the lake, rather than being concentrated in certain areas. Swimming 
occurs from private boat docks and piers located around the lake shoreline and from boats 
anchored offshore.  

12 , The combined flow rate of the Keowee and Little Rivers, measured one mile below their 
confluence, in what is now the upper part of the Hartwell Reservoir, was 3.60 x 10'0 ft3/yr (1.02 x 10' 
m3/yr). [Reference l] 
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The private piers nearest to the Oconee discharge would be located on the Keowee River 
arm of the lake. The approximate distance to the nearest private pier location, outside the 
1 mile exclusion zone", would be 4200 feet (1300 meters), measured from the discharge 
structure. The ER Section 4.3.4.2 Effects of Heated Discharge, provides information on 
the discharge temperatures at Oconee.  

The South Carolina Department of Health and Environmental Control (SCDHEC) is the 
state agency responsible for public health. Duke consulted with SCDHEC to determine if 
the continued operation of Oconee will have public health impacts due to the 
enhancement of thermophilic organisms. By letter dated October 25, 1996, Dr. John F.  
Brown, State Toxicologist at SCDHEC, summarized the agency's position and opinion 
regarding the public health implications of continued operation of Oconee. [Reference 
13] Dr. Brown concluded: 

"The potential public health hazard from pathogenic microorganisms whose 
abundance might be promoted by artificial warming of recreational waters is 
largely theoretical and not substantiated by available data. There is some 
justification for providing appropriate respiratory protection and dermal protection 
for workers regularly exposed to known contaminated water, but there seems no 
significant threat to off-site persons near such heated recreational waters. Routine 
monitoring for pathogenic microorganisms could be established if suspicious 
illnesses arose or if there were significant community concerns." 

From this evaluation, Duke concludes that there has been no known impact of Oconee 
operation on public health related to thermophilic microorganisms, and no such impact is 
likely to occur as a result of license renewal.  

4.8.5 Consideration of Alternatives For Reducing Adverse Impacts 
Duke will comply with any directives issued by SCDHEC regarding public health, 
thermophilic organisms, and their relationship to Oconee operation. No additional 
mitigation measures beyond those required by SCDHEC during the current term of 
Oconee operation would be expected as a result of license renewal.  

13 The I mile radius exclusion zone is measured from the center of the Unit 2 Reactor Building.  
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4.9 Electrical shock from induced currents 

4.9.1 Requirement [§51.53(c)(3)(ii)(H)J 
If the applicant's transmission lines that were constructed for the specific purpose of 
connecting the plant14 to the transmission system do not meet the recommendations of the 
National Electric Safety Code (NESC) for preventing electric shock from induced 
currents, an assessment of the impact of the proposed action on the potential shock hazard 
from the transmission lines must be provided.  
[10 CFR §51.53(c)(3)(ii)(H)] 

4.9.2 Finding from Table B-1, Appendix B to Subpart A 
"Electrical shock resulting from direct access to energized conductors or from 
induced charges in metallic structures have not been found to be a problem at 
most operating plants and generally are not expected to be a problem during the 
license renewal term. However, site-specific review is required to determine the 
significance of the electrical shock potential at the site". See §51.53(c)(3)(ii)(H)." 

4.9.3 Background 

The transmission line of concern is that between the plant switchyard and the intertie to 
the transmission system. With respect to shock safety issues and license renewal, three 
points must be made. First, in the licensing process for the earlier licensed nuclear plants, 
the issue of electrical shock safety was not addressed. Second, some plants that received 
operating licenses with a stated transmission line voltage may have chosen to upgrade the 
line voltage for reasons of efficiency, possibly without reanalysis of induction effects.  
Third, since the initial NEPA review for those utilities that evaluated potential shock 
situations under the provision of the NESC, land-use may have changed, resulting in the 
need for reevaluation of this issue.  

The electrical shock issue, which is generic to all types of electrical generating stations, 
including nuclear power plants, is of small significance for transmission lines that are 
operated in adherence with NESC. Without review of each nuclear plant's transmission 

14 The plant is defined as the nuclear reactors, steam-electric systems, intakes, discharges, and all 
other on-station facilities involved in the production of electricity. Transmission lines and other off-station 
facilities are not part of the plant. (NUREG-1555, Draft Standard Review Plan for Environmental Reviews 
for Nuclear Power Plants, Introduction Chapter, Definitions, August 1997.) 

15 The site is considered to be synonymous with 'Station', which is defined as all facilities (reactors, 
control buildings, intakes, discharges, etc.) that are located on the applicant's site. Transmission lines and 
their associated facilities are not considered part of the station. (NUREG-1555, Draft, Draft Standard 
Review Plan for Environmental Reviews for Nuclear Power Plants, Introduction Chapter, Definitions, 
August 1997.) 
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line conformance with NESC criteria, it is not possible to determine the significance of 
the electrical shock potential. This is a Category 2 issue. [Reference GEIS Sections 
4.5.4 and 4.5.4.1] 

4.9.4 Analysis of Environmental Impact 
The transmission lines that connect the plant to the transmission system are the lines from 
the Oconee Turbine Building to the 230 kV and the 525 kV switchyards. These lines are 
shown on Figure 4.9-1.  

The transmission lines which connect Units 1 and 2 to the 230 kV Switching Station meet 
the vertical clearance requirements of the most recent (1997) Edition of the National 
Electric Safety Code, and the transmission lines which connect Unit 3 to the 525 kV 
Switching Station meet the vertical clearance requirements of the most recent (1997) 
Edition of the National Electric Safety Code.  

The clearances for these lines were determined by first measuring the conductor ruling 
span length. At the same time, a survey profile of the area beneath the line was 
performed. This information, along with the specifications for the conductor 
(transmission line), and an appropriate sag template, was used to determine the minimum 
vertical clearance between the conductor and the ground. This minimum vertical 
clearance was then compared to a drawing, developed by Duke Energy's Electric 
Transmission Department, that provides the NESC required clearances for various line 
voltages. Figure 4.9-1 shows a typical view of the measurement of these clearances.  

The transmission lines attributable to Oconee as listed in the Oconee Final Environmental 
Statement [Reference 1, pages 32 and 35] at the time of original licensing are part of the 
Duke Energy Transmission System. The Duke Energy Transmission System consists of a 
highly integrated 525 kV and 230 kV loop network. Underlying the 525 kV and 230 kV 
transmission system is an extensive 100 kV sub-transmission network integrated into the 
primary system by means of 230/100 kV tie stations. [See the Oconee UFSAR, Chapter 
8 Electric Power, Reference 14.] 

The transmission lines listed in the Oconee Final Environmental Statement were 
constructed concurrently with the construction of Oconee and the Keowee-Toxaway 
Project (FERC Project #2503).16 These lines connect both Oconee and the Keowee
Toxaway Project plants to the Duke Energy Transmission System. The 230 kV and the 

16 The project includes transmission lines, access roads, etc. proposed as part of the original 
licensing effort. (NUREG-1555, Draft SRP-ER, Introduction Chapter, Definitions, August 1997.) 
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525 kV Switching Stations located at Oconee are used to connect Oconee to the Duke 
Energy Transmission System. Additionally, the 525 kV Switching Station at Oconee is 
the 525 kV connection between Duke Energy and Georgia Power. All of these 
transmission lines are part of an extensive Duke Energy Transmission System that 
connects several electrical generation sources to the grid. These transmission lines will 
remain in service following the termination of operation and the decommissioning of 
Oconee, unless business needs require otherwise. These transmission lines were 
constructed to the standards of the National Electric Safety Code 6h Edition, published 
November 1961. There have been no upgrades in line voltage on these transmission lines 
since they were constructed.  

4.9.5 Consideration of Alternatives For Reducing Adverse Impacts 
The transmission lines that connect Oconee plant to the Duke Energy Transmission 
System meet or exceed the minimum vertical clearance requirements of the most recent 
(1997) Edition of the NESC. Therefore, pursuant to 10 CFR §51.53(c)(3)(ii)(H), it is not 
necessary to assess the impact of license renewal on the potential shock hazard from the 
transmission lines.  
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Figure 4.9-1 Transmission Lines from Oconee Turbine Building to the Duke 
Energy Transmission System (Oconee Switchyards) 
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4.10 Housing, land-use, public schools and public water supply impacts 

4.10.1 Requirement [§51.53(c)(3)(ii)(I)] 
An assessment of the impact of the proposed action on housing availability, land-use, and 
public schools (impacts from refurbishment activities only) within the vicinity of the 
plant must be provided. Additionally, the applicant shall provide an assessment of the 
impact of population increases attributable to the proposed project on the public water 
supply.  

4.10.2 Findings from Table B-1, Appendix B to Subpart A 
"Housing impacts are expected to be of small significance at plants located in a 
medium or high population area and not in an area where growth control measures 
that limit housing development are in effect. Moderate or large housing impacts of 
the workforce associated with refurbishment may be associated with plants 
located in sparsely populated areas or in areas with growth control measures that 
limit housing development. See §51.53(c)(3)(ii)(I)." 

"An increased problem with water shortages at some sites may lead to impacts of 
moderate significance on public water supply availability. See 
§51.53(c)(3)(ii)(I)." 

"Most sites would experience impacts of small significance but larger impacts are 
possible depending on site- and project-specific factors. See §51.53(c)(3)(ii)(I)." 

"Impacts may be of moderate significance at plants in low population areas. See 
§51.53(c)(3)(ii)(I)." 

"Significant changes in land-use may be associated with population and tax 
revenue changes resulting from license renewal. See §51.53(c)(3)(ii)(I)." 

4.10.3 Estimates of Workforce During the License Renewal Term 
The socioeconomic impacts of license renewal are addressed in the GEIS; in particular 
see Volume 1, Section 3.7, and Section 4.7. Volume 2 of the GEIS, APPENDIX C 
(SOCIOECONOMICS) includes the results of a case study, for the area around Oconee 
Nuclear Station, of the socioeconomic impacts associated with refurbishment activities 
and continued operation during the license renewal term.  

In GEIS APPENDIX C, Section C.4.5, the impact of estimated increases in staff at 
Oconee is evaluated in terms of the population of Oconee County. Oconee Nuclear 
Station is located adjacent to the boundary between Oconee County and Pickens County.  
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The 1990 census showed the population of Oconee and Pickens Counties to be 61,605 
and 102,407 persons, respectively. The Census Bureau estimate of the 1996 population 
for Oconee and Pickens Counties is 62,643 and 103,983, persons respectively.  

The GEIS assumes that an additional staff of 180 permanent workers will be required 
during the license renewal period. This evaluation also accounted for indirect 
employment and for in-migration of workers and their families to Oconee County. The 
evaluation found that the increase would represent less than 0.1 percent of Oconee 
County's population in 2013.  

Duke has not identified any increases in staffing related to license renewal-related 
programs. Therefore, there would be no corresponding increase in direct or indirect 
workers in Oconee County due to the proposed action. Duke accepts the GEIS evaluation 
as a bounding value for the increase in staff at Oconee during the license renewal term.  

4.10.4 Housing Availability - Background 
The impacts on housing are considered to be of small significance when a small and not 
easily discernible change in housing availability occurs, generally as a result of a very 
small demand increase or a very large housing market. Increases in rental rates or 
housing values in these areas would be expected to equal or slightly exceed the statewide 
inflation rate. No extraordinary construction or conversion of housing would occur 
where small impacts are foreseen.  

The impacts on housing are considered to be of moderate significance when there is a 
discernible but short-lived reduction in available housing units because of project-induced 
in-migration. The impacts on housing are considered to be of large significance when 
project-related demand for housing units would result in very limited housing availability 
and would increase rental rates and housing values well above normal inflationary 
increases in the state.  

Moderate and large impacts are possible at sites located in rural and remote areas, at sites 
located in areas that have experienced extremely slow population growth (and thus slow 
or no growth in housing), or where growth control measures that limit housing 
development are in existence or have been recently lifted. Because impact significance 
depends on local conditions that cannot be predicted at this time, housing is a Category 2 
issue. [Reference 2, GEIS Section 3.7.2] 

4.10.5 Analysis of Impact of the Proposed Action on Housing Availability 
The GEIS, Volume 2, APPENDIX C, Table C.66, indicates that in the year 2013, the 
projected direct and indirect plant related employment at Oconee will be 1314 persons.  
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This is 3.6 percent of the total Oconee County employment, as indicated in GEIS Table 
C.67. The GEIS estimated that an additional 180 workers would be required at Oconee 
during the license renewal period and that this would cause only small new housing 
impacts. Duke accepts the GEIS evaluation and no further evaluation is required.  

4.10.6 Land-Use - Background 

The issue evaluated in this section concerns refurbishment-induced changes to local land
use and development patterns. Because the value attributed to land-use changes can vary 
for different individuals and groups, this analysis does not attempt to conclude whether 
such changes have positive or negative impacts. The impacts to off-site land-use are 
considered small if population growth results in very little new residential or commercial 
development compared with existing conditions and if the limited development results 
only in minimal changes in an area's basic land-use pattern.  

Land-use impacts are considered to be moderate if plant-related population growth results 
in considerable new residential or commercial development and the development results 
in some changes to an area's basic land-use pattern. The impacts are considered to be 
large if population growth results in large-scale new residential or commercial 
development and the development results in major changes in an area's basic land-use 
pattern.  

Based on predictions for the case study sites, refurbishment at all nuclear plants is 
expected to induce small or moderate land-use changes. There will be new impacts, but 
for almost all plants, refurbishment-related population growth would typically represent a 
much smaller percentage of the local area's total population than did original 
construction-related growth. Because future impacts are expected to range from small to 
moderate, and because land-use changes could be considered beneficial by some 
community members and adverse by others, this is a Category 2 issue. [Reference 2, 
GEIS Section 3.7.5] 

4.10.7 Analysis of Impact of the Proposed Action on Land-Use 
Appendix C of the GEIS contains an analysis of land-use for the area around Oconee.  
This analysis evaluated the direct and indirect land-use impacts resulting from the 
extension of the license, and concluded that: 

"...the direct land-use impacts of ONS's refurbishment and license renewal term on 
property in the immediate vicinity of the plant and on Oconee County are expected to 
be small." 
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"In terms of land-use, the new indirect impacts of ONS's license renewal term are 
expected to be moderate. The effects of license renewal would probably be greater 
than the direct impacts of the plant's refurbishment and comparable to the indirect 
impacts of operations under the original 40-year license. ONS's property tax 
contributions would continue to help local governments improve and expand their 
municipal services, further defining the county's residential, commercial, and 
industrial land-use and development pattern. Residential land-use is expected to 
continue north of Seneca near Lake Keowee as sewer and water lines are extended 
beyond the city's boundaries. Industrial and commercial growth is expected to 
continue along Highway 123 in the triangle between Seneca, Walhalla, and 
Westminster. Because ONS helps promote the region's economic stability, provides a 
reliable source of power, and allows the county to lower property tax rates while 
expanding services, it also would continue to be an asset in recruiting industries to the 
area. Overall, the new indirect land-use impacts of ONS's license renewal term are 
likely to be similar to the impacts that the plant has had during operations thus far." 
[Reference GEIS, Volume 2, Appendix C, C.4.5.5.2 Predicted Impacts of License 
Renewal] 

Duke accepts the GEIS evaluation and no further evaluation is required.  

4.10.8 Analysis of Impact of Refurbishment Activities on Public Schools 
There are no identified major refurbishment activities required for license renewal at 
Oconee. [See Section 3.2 Plant Modifications or Refurbishments Required for License 
Renewal.] Therefore, no analysis of the impact of this issue is required.  

4.10.9 Public Water Supply - Background 

Impacts on public utility services are considered small if little or no change occurs in the 
utility's ability to respond to the level of demand and thus there is no need to add capital 
facilities. Impacts are considered moderate if overtaxing of facilities during peak demand 
periods occurs. Impacts are considered large if existing service levels (such as the quality 
of water and sewage treatment) are substantially degraded and. additional capacity is 
needed to meet ongoing demands for services.  

In general, small to moderate impacts to public utilities were observed as a result of the 
original construction of the case study plants. While most locales experienced an 
increase in the level of demand for services, they were able to accommodate this demand 
without significant disruption. Water service seems to have been the most affected public 
utility.  
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Public utility impacts at the case study sites during refurbishment are projected to range 
from small to moderate. The potentially small to moderate impact at Diablo Canyon is 
related to water availability (not processing capacity) and would occur only if a water 
shortage occurs at refurbishment time.  

Because the case studies indicate that some public utilities may be overtaxed during peak 
periods, the impacts to public utilities would be moderate in some cases, although most 
sites would experience only small impacts. This is a Category 2 issue. [Reference 2, 
GEIS Section 3.7.4.5] 

4.10.10 Analysis of Impact of the Proposed Action on Public Water Supply 
The impact on public utilities attributable to population increases from the proposed 
action is evaluated in GEIS, Volume 2, Appendix C, Section C.4.5.4.2 (Predicted 
Impacts of License Renewal). The following excerpt is from that source: 

"The operations related in-migration is projected to be 41 persons. Adverse 
impacts, if any, to public services will be small during refurbishment and license 
renewal term operations. The positive effects on recreation will continue." 

There are no identified major refurbishment activities required for license renewal at 
Oconee. [See Section 3.2 ] Duke accepts the GEIS evaluation and no further evaluation 
is required.  

4.10.11 Consideration of Alternatives For Reducing Adverse Impacts 
The impacts from the proposed action on housing availability, public schools, and public 
water supply were evaluated in the GEIS and determined to be small. The impacts of the 
proposed action on land-use were also evaluated in the GEIS. The direct land-use 
impacts were found to be small, while the indirect land-use impacts were found to be 
moderate. These identified impacts were found to be favorable and similar to the impacts 
that Oconee plant operations has had on the community to date. Duke agrees with this 
determination. Therefore, mitigation measures for reducing or avoiding adverse 
environmental effects need not be considered.  

As discussed in GEIS Appendix C, Section C.4.5, one of the most significant impacts of 
Oconee, since the start of operations in 1973, has been the amount of property taxes paid 
by Duke Energy to Oconee County. In 1996, Oconee Nuclear Station accounted for over 
$10 million in tax revenue for Oconee County. License renewal would allow the county 
to continue to receive property taxes from the operating nuclear station for up to 20 
additional years beyond the current license expiration.  
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4.11 Local transportation impacts 

4.11.1 Requirement [§51.53(c)(3)(ii)(J)] 
All applicants shall assess the impact of the proposed project on local transportation 
during periods of license renewal refurbishment activities.  

4.11.2 Finding from Table B-1, Appendix B to Subpart A 
"Transportation impacts are generally expected to be of small significance.  
However, the increase in traffic associated with the additional workers and the 
local road and traffic control conditions may lead to impacts of moderate or large 
significance at some sites. See §51.53(c)(3)(ii)(J)." 

4.11.3 Analysis of Environmental Impact 
There are no identified major refurbishment activities required for license renewal at 
Oconee. [See Section 3.2 Plant Modifications or Refurbishments Required for License 
Renewal.] Therefore, no analysis of the impact of this issue is required.  
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4.12 Historic and archaeological properties 

4.12.1 Requirement [§51.53(c)(3)(ii)(K)] 
All applicants shall assess whether any historic or archaeological properties will be 
affected by the proposed project.  

4.12.2 Finding from Table B-1, Appendix B to Subpart A 
"Generally, plant refurbishment and continued operation are expected to have no 
more than small adverse impacts on historic and archaeological resources.  
However, the National Historic Preservation Act requires the Federal agency to 
consult with the State Historic Preservation Officer to determine whether there are 
properties present that require protection. See §51.53(c)(3)(ii)(K)." 

4.12.3 Background 

It is unlikely that moderate or large impacts to historic resources occur at any site unless 
new facilities or service roads are constructed or new transmission lines are established.  
However, the identification of historic resources and'determination of possible impact to 
them must be done on a site-specific basis through consultation with the State Historical 
Preservation Office. The site-specific nature of historic resources and the mandatory 
National Historic Preservation Act consultation process mean that the significance of 
impacts to historic resources and the appropriate mitigation measures to address those 
impacts cannot be determined generically. This is a Category 2 issue.  
[Reference 2, GEIS Section 3.7.7] 

4.12.4 Analysis of Environmental Impact 
Duke Energy consulted with the South Carolina State Historic Preservation Office 
(SHPO) on this issue. The SHPO responded that it knows of no properties included in or 
eligible for inclusion in the National Register of Historic Properties that will be affected 
by Oconee license renewal. [See Reference 15] 

The Old Pickens Presbyterian Church (and Cemetery) is the only historic property within 
the 1-mile radius of Oconee. [See Figure 4.12-1] In recent years, a group of Oconee 
employees have worked with members of the Pickens Presbyterian Church, a local 
Garden Club, a Boy Scout troop, and US Forest Service employees in a cooperative effort 
to improve the wildlife habitat aspects of the grounds surrounding this church. The 
church is undergoing renovation, and the property has been listed on the National 
Register of Historic Places. Continued operation during the license renewal period will 
not affect this property. No other properties of this type are located within the Oconee 
site boundary.  

4-49 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Environmental Consequences of the Proposed Action 

4.12.5 Consideration of Alternatives For Reducing Adverse Impacts 
Continued operation of Oconee during the period of the renewed license will have no 
impact on historic or archeological property.  

No refurbishment activities have been identified as being necessary to support continued 
operation of Oconee beyond the end of the existing operating licenses. Therefore, there 
will be no impact on historic or archeological property from refurbishment activities.  
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Figure 4.12-1 Historic Properties Near Oconee Site 
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4.13 Severe accident mitigation alternatives (SAMA's) 

4.13.1 Requirement [§51.53(c)(3)(ii)(L)] 
If the staff has not previously considered severe accident mitigation alternatives for the 
applicant's plant in an environmental impact statement or related supplement or in an 
environmental assessment, a consideration of alternatives to mitigate severe accidents 
must be provided.  

4.13.2 Finding from Table B-1, Appendix B to Subpart A 
"The probability weighted consequences of atmospheric releases, fallout onto 
open bodies of water, releases to ground water, and societal and economic impacts 
from severe accidents are small for all plants. However, alternatives to mitigate 
severe accidents must be considered for all plants that have not considered such 
alternatives. See §51.53(c)(3)(ii)(L)." 

4.13.3 Background 

The staff concluded that the generic analysis summarized in the GEIS applies to all plants 
and that the probability-weighted consequences of atmospheric releases, fallout onto open 
bodies of water, releases to ground water, and societal and economic impacts of severe 
accidents are of small significance for all plants. However, not all plants have performed 
a site-specific analysis of measures that could mitigate severe accidents. Consequently, 
severe accidents are a Category 2 issue for plants that have not performed a site-specific 
consideration of severe accident mitigation and submitted that analysis for Commission 
review. [Reference 2, GEIS Section 5.5.2.5] 

4.13.4 Analysis 

Duke has performed a number of severe accident studies on Oconee and has implemented 
several plant enhancements to reduce the risk of severe accidents since the early 1980's.  
[Reference 16] The results of the Oconee-specific analyses for severe accidents show 
that the total core damage frequency is estimated at 8.9E-05 per year (internal and 
external events) and the risk is estimated at 5 person-rem per year. Environmental 
impacts due to potential severe accidents are considered to be of small significance.  
Attachment K of the Environmental Report provides a report that summarizes the studies 
conducted to date at Oconee.  

4.13.5 Consideration of Alternatives For Reducing Adverse Impacts 
For the current residual severe accident risk, a SAMA analysis has been performed using 
probabilistic risk assessments (PRA) techniques and making use of industry studies and 
NRC reports providing guidance on performing the cost-benefit analysis. This analysis 
demonstrates that plant enhancements (severe accident mitigation and containment 
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performance improvements) in excess of $100 to $35,000 are not cost justified based on 
averted public health risk. Although risk assessment studies are subject to varying 
degrees of uncertainty in the estimated core damage frequency, person-rem risk, and in 
the cost to implement alternatives, the results of Duke's analysis show that the cost of 
implementing any of the alternatives is as. much as several orders of magnitude higher 
than the estimated averted risk values. Therefore, no additional severe accident 
mitigation alternatives are cost-beneficial even when the uncertainties in the risk 
assessment process are considered. Attachment K provides a report that summarizes the 
evaluation of severe accident mitigation alternatives for Oconee.  

Because the environmental impacts of potential severe accidents are of small significance 
and because additional measures to reduce such impacts would not be justified from a 
public risk perspective, Duke concludes that no additional severe accident mitigation 
alternative measures beyond those already implemented during the current term license 
are warranted for Oconee.  
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4.14 Transportation of High Level Waste 

4.14.1 Requirement [§51.53(c)(3)(ii)(M)] 

The environmental effects of transportation of fuel and waste shall be reviewed in 

accordance with §51.52. The review of impacts shall also discuss the generic and 

cumulative impacts associated with transportation operation in the vicinity of a high-level 

waste repository site. The candidate site at Yucca Mountain should be used for the 

purpose of impact analysis as long as that site is under consideration for licensing.  

This regulatory requirement is scheduled to be revised by the NRC, as discussed below.  

4.14.2 Finding from 10 CFR 51, Appendix B to Subpart A, Table B-1 

"Table S-4 of this part contains an assessment of impact parameters to be used in 

evaluating transportation effects in each case. See §51.53(c)(3)(ii)(M)." 

4.14.3 Duke Energy Response 

As promulgated in 1996, 10 CFR § 51.53(c)(3)(ii)(M) requires license renewal applicants 

to address in their Environmental Report the generic and cumulative environmental 

impacts of transporting spent nuclear fuel (SNF) and high-level radioactive waste (HLW) 

to a DOE geologic repository that may be located at Yucca Mountain, Nevada. However, 

the Commission has recently authorized the commencement of a Part 51 rulemaking as a 

"long-term solution" intended to eliminate this requirement from Part 51. This 

rulemaking will amend Part 51 to re-categorize the HLW transportation issue as a generic 

(Category 1) issue for purposes of license renewal. [Reference 17] Once the Part 51 

amendments become effective, a plant-specific analysis of the environmental impact of 

HLW and SNF transportation as part of a license renewal applicant's ER will no longer 

be required.  

In the supplementary information accompanying the issuance of Section 

51.53(c)(3)(ii)(M) in 1996, the NRC referred to insufficient information and unresolved 

issues concerning the magnitude of the cumulative impacts arising from the 

transportation of HLW in the vicinity of the repository; accordingly, the NRC declined to 

categorize this issue as Category 1 at that time. At the same time, however, the NRC also 

recognized the generic nature of this issue, and agreed to consider whether further 

changes to the rule "are desirable to generically address" the issue of cumulative SNF and 

HLW transportation impacts. [Reference 18] 

Based on its additional consideration of this issue, plus its preliminary analysis of DOE 

information on HLW transportation impacts and the analysis provided in the GEIS, the 
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NRC has recently determined that HLW transportation should be a Category 1 issue and 
that it "may be generically adopted in a license renewal application." [Reference 19] 
For those license renewal applications filed with the NRC before the completion of the 
above-referenced Part 51 rulemaking, the Commission has directed that a discussion of 
this topic in the plant-specific ER be required only if a "delay due to the generic 
rulemaking might affect the licensing process for a license renewal." (SRM M970612).  
Although Duke's license renewal application for Oconee Nuclear Station was submitted 
to the NRC before completion of the rulemaking, it would be premature to say at this 
time that a delay in the completion of the rulemaking has affected the licensing process 
for Oconee license renewal. Accordingly, Duke has not addressed the existing 
requirements of Section 51.53(c)(3)(ii)(M) in this ER. Significantly, Duke anticipates 
that the NRC will initiate this rulemaking later in 1998, which should allow for 
completion of the rulemaking and promulgation of Part 51 amendments on a schedule 
that will not delay the Oconee license renewal process.  

4-55 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Environmental Consequences of the Proposed Action 

4.15 Irreversible or Irretrievable Resource Commitments 

4.15.1 Requirement [§51.45(b)(5)] 
The applicant's report shall discuss any irreversible and irretrievable commitments of 
resources which would be involved in the proposed action should it be implemented.  

4.15.2 Duke Energy Response 
The March 1972 Final Environmental Impact Statement (FES) [Reference 1], prepared in 
connection with the issuance of the original operating licenses for Oconee, evaluated the 
irreversible and irretrievable commitment of resources associated with the construction 
and operation of Oconee.  

The FES evaluation found that the operation of Oconee will result in some irreversible 
and irretrievable commitment of resources in terms of local environmental impacts and 
consumption of materials. The FES evaluation found that "the commitments of these 
resources are consistent with the objective of attaining the widest range of beneficial uses 
of the environment." [Reference 1, FES, page 154] 

The FES found that there were environmental components of land, air, and water that 
were irreversibly and irretrievably committed. These were: 

a) Land committed for lake bottom, structures, transmission lines, or for other 
use that would preclude reconversion for a long period of time; 

b) Small streams utilized to create the lakes.  

The continued operation of Oconee during the extended license term will result in 
consumption of materials that will be irreversible and irretrievable. These materials will 
be products of the environment, similar to those listed in the FES. The list includes: 

a) Nuclear fuel which is spent and converted into waste radioactive material; 
b) Materials used in the normal maintenance of the plant; 

c) Elemental materials, including iron, zirconium, and aluminum, which will 
become, either by themselves or in combinations with other materials, 
radioactive.  

Other than those impacts previously evaluated by the FES, and the consumption of 
materials discussed above, there are no major refurbishment activities or changes in 
operation of Oconee during the license renewal period that would irreversibly or 
irretrievably commit environmental components of land, water, and air.  
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4.16 Short-term Use Versus Long Term Productivity 

4.16.1 Requirement [§51.45(b)(4)] 
The applicant's report shall discuss the relationship between local short-term uses of 
man's environment and the maintenance and enhancement of long-term productivity.  

4.16.2 Duke Energy Response 
The period of operation for license extension will not change the short-term uses of the 
environment from the uses evaluated in the FES. The March 1972 Final Environmental 
Impact Statement (FES) [Reference I], prepared for the issuance of the original operating 
licenses for Oconee, evaluated the relationship between the short-term uses of the 
environment and the maintenance and enhancement of the long-term productivity 
associated with the construction and operation of Oconee. The short-term period used in 
this evaluation was the forty year original license term. The additional twenty year 
period of operation will not change the evaluations performed in the FES.  

The short-term uses of the environment for the period of the proposed action are: 
(1) For land: 

(a) Continue to cover by water to maintain lakes.  

(b) Continue to cover for buildings, roads, transportation, communication, and 
other structures.  

(c) Continue to plant and maintain vegetation for general landscaping 
purposes and for environmental enhancement.  

(2) For water: 

(a) Continue the impoundment of streams to create lakes.  
(b) Continue to be subject to heating.  

(c) Continue to receive the discharge of chemical and other wastes.  
(3) For air: 

(a) Continue to be subject receiving gaseous wastes, including radioactive 
wastes.  

As stated in the FES, except for items (1)(a) and (2)(a), the short-term uses of the 
environment are generally detrimental in some respects. The damage from these other 
short-term uses is not serious, and the original qualities could be restored in due course.  
These effects are local in nature and do not appreciably degrade the maintenance and 
enhancement of long-term productivity of the environment.  

4-57 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Environmental Consequences of the Proposed Action 

The evaluation of the FES for short-term uses (1)(a) and (2)(a) would remain valid for the 
license extension period. The FES found that the lakes created were: 

a beneficial feature. They constitute a new environment which acts to 
preserve and enhance the overall quality of the natural environment of the region.  
Furthermore, these same short-term uses have the benefit of controlling floods and 
thus further act to preserve environmental quality. Conversely, in examining the 
nature of the effects of building the lakes, it should be noted that if inundation of 
the land and steams be adverse to future usage, these features can be restored in 
future generations to their prior productivity." [Reference 1, FES, page 153] 

The FES also discussed the "long term productivity inherent in the project." The FES 
found that: 

"Until effective means are found to utilize the heat that is necessarily wasted in 
the use thermal energy sources or until a scientific breakthrough actually occurs 
such as to make possible nonthermal electric power production, large bodies of 
water will remain important to this use. The environment created for the Station 
should survive several generations of developments in nuclear power production.  
Hence the new environment created for this Station establishes the region as a 
source of electric power for an indefinite future." [Reference 1, FES, page 153] 

There are no major refurbishment activities or changes in operation of Oconee planned 
for the license renewal period that would alter the evaluation of the FES for the 
relationship between local short-term uses of man's environment and the maintenance 
and enhancement of long-term productivity of these resources.  
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4.17 Unavoidable Adverse Impacts 

4.17.1 Requirement [§51.45(b)(2)] 
The applicant's report shall discuss any adverse environmental effects which cannot be 
avoided upon implementation of the proposed project.  

4.17.2 Duke Energy Response 

Sections 4.2 to 4.14 of this report contain the results of Duke's review and the analyses of 
the thirteen specific Category 2 environmental impacts, as required by §51.53(c)(3)(ii).  
These reviews take into account the information that has been provided in the GEIS, 
Appendix B to Subpart A of Part 51, and information specific to Oconee.  

This review and analysis did not identify any significant adverse environmental impacts 
associated with the continued operation of Oconee Nuclear Station. The evaluation of 
structures and components as required by §54.21 has been completed. No plant 
refurbishment activities, outside the bounds of normal plant component replacement and 
inspections, have been identified as necessary to support continued operation of Oconee 
beyond the end of the existing operating licenses. As a result of these reviews and 
analyses, Duke is not aware of any adverse environmental effects that cannot be avoided 
upon implementation of the proposed project.  
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4.18 Environmental Justice 

4.18.1 Finding from 10 CFR 51, Appendix B to Subpart A, Table B-1 
"The need for and the content of an analysis of environmental justice will be addressed in 
plant-specific reviews." 

4.18.2 Background 

Executive Order 12898, "Federal Actions to Address Environmental Justice in Minority 
Populations and Low Income Populations" 59 FR 7629 (Feb. 11, 1994), requires Federal 
agencies to identify and address, as appropriate, "disproportionately high and adverse 
human health or environmental effects" from their programs, policies, and activities on 
minority and low income populations. Former NRC Chairman Selin took the position 
that the NRC, although an independent agency, would comply with this Executive Order 
and would participate with an Interagency Working Group to develop implementation 
guidelines.  

Guidance on Environmental justice was not available at the time the GEIS was 
developed, and therefore, is not addressed in the GEIS.  

The Council on Environmental Quality (CEQ) is currently developing guidelines on how 
environmental justice is to be integrated into the National Environmental Policy Act 
process. When the final CEQ guidelines become available, the NRC has indicated that it 
will revise its interim guidance on this subject accordingly. Until that occurs, the only 
NRC guidance available to license renewal applicants on how to address environmental 
justice is the March 16, 1995 "Interim NRR Procedure for Environmental Justice 
Reviews" (Interim NRR Procedure). [Reference 20] This procedure is intended to 
"provide-guidance for performing environmental justice reviews on an interim basis until 
CEQ guidance is received." 

At the time this ER was prepared, neither the CEQ final guidance document nor NRC 
final guidance concerning environmental justice reviews for license renewal applications 
was available; therefore, Duke used the Interim NRR Procedure in conducting the review 
and analysis of this issue.  

4.18.3 Environmental Impacts from the Proposed Action 
As noted above, the consideration of environmental justice is required to assure that 
federal programs and activities will not have "disproportionately high and adverse human 
health or environmental effects.. .on minority populations and low income 
populations..." Duke's analyses of the thirteen (13) Category 2 issues defined in 
§51.53(c)(3)(ii) determined that there were no adverse impacts from the renewal of the 
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Oconee licenses. Based on the review of these issues as discussed in Sections 14.2 
through 14.14, no review for environmental justice is necessary. However, the following 
information is presented to assist the NRC review of this issue.  

4.18.4 Description of Process Used in Duke Review - NRC Interim NRR Procedure 
for Environmental Justice Reviews 
The NRC Interim NRR Procedure for Environmental Justice Reviews [Reference 20] was 
developed to provide interim guidance to the NRC Office of Nuclear Reactor Regulation 
staff on conducting environmental justice reviews. The criteria in this reference were 
used to determine if there was a sufficiently large enough minority or low-income 
population composition in the area adjacent to Oconee to warrant an environmental 
justice review. This reference requires the staff to: 

1. Identify the environmental impact site(s) - The Interim NRR Procedure requires 
that the Staff, using input from the public scoping process and the evaluation of 
environmental impacts for the EIS, will determine the location of "environmental 
impact sites for all adverse human health or environmental impacts which are known 
to be significant or perceived as significant by groups and/or individuals." (Interim 
Procedure, Section 4, at p. 3) The size of the impact sites will vary depending upon 
the nature of the impacts, and "should be consistent with the areas used to review 
environmental impacts in the EIS." 

2. Determine the geographic area to be used for the comparative analysis - The 
geographic area is a larger area that encompasses all the environmental impact sites 
(for example, a county or group of counties).  

3. Determine the minority and low-income compositions within a geographic area 
The minority categories are defined as Black; American Indian, Eskimo, or Aleut; 
Asian or Pacific Islander; other non-white; and Hispanic origin." The low income 
composition is determined by using the percentage of households within the 
geographic area that are below the poverty level. For performing environmental 
justice reviews, low-income is defined as being below the poverty level as defined by 
the Census Bureau.  

4. Compare these values to minority and low-income population composition 
within the environmental impacts site(s) - The Interim NRR Procedure requires the 
determination of the minority and low income population in the geographic area using 
the most recent decennial census. An environmental justice review must be 
performed if either (a) or (b) is met; 

17 Note that the values for the Hispanic populations may also be included in the values for the white, 
black, or minority populations.  
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a) A minority population exists in an environmental impact site if (1) the 
percentage of minority of the total population within the environmental impact 
site exceeds the percentage of minority of the total population within the 
geographic area by 10 percent or more, or (2) if the percentage of minority of 
the total population within the environmental impact site is at least 50 percent.  
A minority population is also defined to exist if more than one minority group 
is present and the minority population percentage, as calculated by 
aggregating all minority persons, meets either of the above stated thresholds.  

b) A low-income population is considered to be present if the percentage of 
households below the poverty level in an environmental impact site exceeds 
the percentage of households below the poverty level for the total geographic 
area by 10 percent or more.  

4.18.5 Environmental Impact Site 
Using the guidance in the Interim NRR procedure, Duke has determined that no 
"environmental impact site" exists at or around Oconee Nuclear Station. Note that under 
the Interim NRR Procedure, such impact sites must be designated for all adverse human 
or environmental impacts arising from the proposed action (here, license renewal) which 
are known to be significant. As illustrated by the results of Duke's review of the thirteen 
Category 2 issues defined in 10 CFR § 51.53(c)(3)(ii), there are no significant adverse 
human or environmental impacts arising from the renewal of Oconee's operating licenses.  
Accordingly, no environmental impact sites need to designated for the purposes of an 
environmental justice review at Oconee.  

However, to assist the NRC Staff in its review of this issue, Duke has provided a review 
of the minority and low-income population within a 10 mile (16.1 km) radius of Oconee.  
This area was selected to be consistent with the area used for the Emergency Planning 
Zone at Oconee. There are forty-eight(48) block groups with area centroids in the 10 
mile radius (16.1 km). [Figure 4.18-1 Census Block Groups-10 Mile and 15 Mile Radii] 

4.18.6 Selection of Geographic Area 
Oconee Nuclear Station is located near the boundary between Oconee and Pickens 
Counties. [See Figure 4.18-1] Although Oconee Nuclear Station is located in Oconee 
County, the larger geographic area for the evaluation was selected to be an area composed 
of portions of both counties. The geographic area used in this review is the area within a 
15 mile (24.2 km) radius from Oconee. There are eighty-six (86) block groups with area 
centroids in the 15 mile radius (24.2 km). [Figure 4.18-1 Census Block Groups-10 Mile 
and 15 Mile Radii] 
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For comparison purposes, census data on minority populations and low-income 
populations are presented in the applicable tables for Oconee and Pickens Counties, and 
the state of South Carolina. Comparison of the data for minority populations and low
income populations shows that the data for the 15 mile (16.1 km) radius for minority 
populations and for low-income households are representative of that for Oconee and 
Pickens Counties.  

4.18.7 Method to Determine Block Groups Within 10 and 15 Mile Radii 
The 1990 decennial census is the most recent source for data at the block group (or even 
tract) level. Population and income information from the 1990 census for block groups 
with centroids located in a 10 mile (16.1 km) radius and a 15 mile (24.2 km) radius from 
Oconee were obtained from the US Census Bureau. The ARCVIEW Geographic 
Information System (GIS) was used to determine the census block groups with area 
centroids within the 10 mile (16.1 km) and 15 mile (24.2 km) radii from Oconee, and to 
extract the minority and low-income population data from data files containing US 
Census Bureau data. The information for these block groups was then reviewed with 
respect to the NRR criteria for minority and low-income populations.  

4.18.8 Comparison of 1990 US Census Data to More Recent Data" 
The 1990 decennial census is the most current data at the block group level. There are 
1996 estimates at the county level for minority populations. A comparison was 
performed of the minority population percentages at the block group level for the 1990 
Census data to US Census Bureau 1996 estimates of minority population percentages at 
the county level. As shown in Table 4.18-1, there is no significant difference between the 
1990 data and the 1996 estimates.  

The 1990 census data is the most current data source for households below the poverty 
level. There are county level estimates for total number of persons below the poverty 
level, performed in 1993, but no estimates at the household level. The 1993 estimates for 
persons below the poverty level are: Oconee County, 12.1 % below the poverty level and 
Pickens County 12.1% below the poverty level. These compare with the 1990 census 
data of 11.4 % of Oconee County households below the poverty level and 12.5% of 
Pickens County households below the poverty level. Since there is no 1996 block group 
data available for minority and for low-income populations, and since the more recent 
(1993) data reflects essentially the same percentages for minority and low-income 
populations, the 1990 data was used for the review.  

18 Comparison of 1990 US Census data to more recent data was performed in response to an NRC 
staff comment on sections of draft Duke Power Environmental Report.  
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Table 4.18-1 Comparison of Minority Data - 1990 Census Data to 1996 Estimates 

Total % % American % Asian % % 
Persons White Black Indian, or Pacific Other Hispanic 

Eskimo, Islander Origin 
Aleut 

Pickens County 93,894 91.6% 7.3% 0.2% 0.8% 0.1% 0.6% 
(1990) 

Pickens County 103,983 91.1% 7.7% 0.2% 1.1% N/A 0.9% 
(1996) 1 

Oconee County 57,494 90.5% 8.8% 0.1% 0.3% 0.3% 0.9% 
(1990) 

Oconee County 62,643 90.3% 9.2% 0.1% 0.4% N/A 1.2% 
(1996) 

Notes: 
(1) 1990 data from 1990 US Census Bureau C90STFlA Database 
(2) 1996 data from US Census Bureau PPL-79 Estimates of Population of Counties by 

Race and Hispanic Origin: July 1, 1996 
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4.18.9 Minority Population Review 

The minority population within a 10 mile (16.1 kin) radius from Oconee does not meet 
the NRR criteria requiring an environmental justice review. The percentage of minority 
population within the 10 mile (16.1 kin) radius does not exceed the percentage of 
minority within the total population of the geographic area by 10 percent or more. The 
percentage of minority population within the 10 mile (16.1 kin) radius does not exceed 50 
percent.  

Table 4.18-2 compares the percentage of minority populations within a 10 mile (16.1 km) 
and a 15 mile (24.2 km) radius of Oconee, with the percentage of minority populations 
for Oconee County, Pickens County, and the state of South Carolina. Table 4.18-4 
provides the percentages of minority populations for the individual block groups within a 
10 mile radius of Oconee.  

Within the 10 mile radius, there are ten block groups that have a percentage of minority 
that exceeds the percentage of minority population for the geographic area by 10 percent 
or more. Two of these block groups have minority populations in excess of 50 percent.  
Five of these block groups are located in Oconee County and five block groups are 
located in Pickens County. These block groups are located adjacent to and in the 
municipalities of Seneca and Clemson. [See Figure 4.18-2] 

These block groups are located several miles away from the Oconee plant. There are no 
known environmental pathways by which these minority populations would be 
disproportionately and adversely affected by the renewal of the Oconee license.  
However, failure to obtain a renewed license for the plant could have a significant 
socioeconomic impact on these and other populations. The loss of local jobs and the loss 
of a significant portion of the $10,000,000/year tax revenue from Oconee Nuclear Station 
are likely consequences of a renewed license not being obtained.  

4.18.10 Low Income Population Review 
The low-income population (households) within a 10 mile (16.1 km) radius of Oconee 
does not meet the NRR criteria requiring an environmental justice review. The 
percentage of low-income households within the 10 mile (16.1 kin) radius does not 
exceed the percentage of low-income households within the geographic area by 10 
percent or more.  

Table 4.18-3 compares the percentage of low-income households within a 10 mile (16.1 
kin) and 15 mile (24.2 km) radius of Oconee with the percentage of low-income 
households of Oconee County, Pickens County, and the state of South Carolina. Table 
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4.18-5 provides the percentages of low-income households for the individual block 
groups within a 10 mile radius of Oconee.  

There are eight block groups within the 10 mile (16.1 km) radius with percentages of low 
income households 10 % or more greater than the percentage found in the larger 
geographic area. Two of these block groups are located in Oconee County and six block 
groups are located in Pickens County as shown on Figure 4.18-5.  

Block Group 5, Census Tract 011201, is located within 10 miles of the Oconee plant. In 
this block group, 40% of the households are identified in the 1990 census as having 
incomes below the poverty level. The 15 mile (24.2 km) radius area has 14.8 % of 
households with incomes below the poverty level. Oconee and Pickens Counties 
combined have 13.2% of the households with incomes below the poverty level.  

Except for the one block group described above, these other block groups are located 
several miles from the Oconee plant. There are no known environmental or 
socioeconomic pathways by which these low-income populations would be 
disproportionately and adversely effected by the renewal of the Oconee license.  

4.18.11 Conclusion 

As part of its environmental assessment of this proposed action, Duke has determined 
that no significant off-site impacts will be created by the renewal of the Oconee licenses.  
This conclusion is supported by the review performed of the thirteen (13) Category 2 
issues defined in §51.53(c)(3)(ii). As the Interim NRR Procedure recognizes, if no 
significant off-site impacts occur in connection with the proposed action, then no member 
of the public will be substantially affected. Therefore, there can be no disproportionately 
high and/or adverse impacts or effects on any member of the public, including minority 
and low-income populations, resulting from the renewal of the Oconee licenses. In such 
instances, the NRC does not require an environmental justice review to be performed.  

Duke has reviewed the minority and low-income populations within a 10 mile radius of 
Oconee Nuclear Station to assist the NRC in its review of the environmental justice issue.  
This review, which applied the criteria found in the NRC's Interim Procedure for 
Environmental Justice Reviews, determined that, based on this criteria, no environmental 
justice review is required.  
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Table 4.18-2 Comparison of % Minority Population - 10 Mile Radius vs. 15 Mile 
Radius 

Total % % Total % American % Asian % % 
Persons White Minority Black Indian, or Other Hispanic 

Eskimo, Pacific Origin 
Aleut Islander 

Within 10 Mile 61,377 87.9% 12.9% 10.7% 0.2% 1.1% 0.1% 0.8% 
(16.1 km) Radius 
(1) 

Within 15 Mile 106,409 89.0% 11.7% 9.9% 0.2% 0.7% 0.1% 0.8% 
(24.2 km) Radius 
(1) 

Oconee County (2) 57,494 90.5% 10.4% 8.8% 0.1% 0.3% 0.3% 0.9% 
Pickens County (2) 93,894 91.6% 9.0% 7.3% 0.2% 0.8% 0.1% 0.6% 
Oconee + Pickens 151,388 91.2% 9.5% 7.8% 0.2% 0.6% 0.2% 0.7% 
County I 

South Carolina (2) 3,486703 69.0% 31.8% 29.8% 0.2% 0.6% 0.3% 0.9% 

Notes: 
(1) Source of Data: US Census Bureau 1990 C90STF3A Data 
(2) Source of Data: US Census Bureau 1990 C90STF 1 A Data 
(3) Table 4.18-4 provides data on the percentage of minorities in the individual block 

groups, within the 10 mile (16.1 km) radius 
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Table 4.18-3 Comparison of % Households Below Poverty Level - 10 Mile Radius 
vs. 15 Mile Radius 

Percent of 
Total Number of households 

Number of households below 
households below poverty poverty 

Within 10 Mile (16.1 km) 21,841 3,408 15.6% 
Radius (1) 

Within 15 Mile (24.2 km) 38,767 5,745 14.8% 
Radius (1) 

Oconee County(1) 22,537 3,038 13.5% 
Pickens County(1) 33,424 4,653 13.9% 
Oconee + Pickens County 55,961 7,691 13.7% 
South Carolina (2) 1,258,783 199,131 15.8% 

Notes: 
(1) Source of data US Census Bureau 1990 C90STF3A Database 
(2) Source of data US Census Bureau 1990 C90STF1A Database 
(3) Table 4.18-5 provides data on the percentage of low-income households in the 

individual block groups, within the 10 mile (16.1 km) radius.  
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Table 4.18-4 Percent of Minority Population - Block Groups within 10 Mile Radius 
of Oconee Nuclear Station 

Source of Data: US Census Bureau 1990 C90STF3A Data 

Block % 
Group % % American % Asian % % 

Block group County Total White Black Indian, or Pacific Other Hispanic 
Persons Eskimo, Islander Origin 

Aleut 
450730302.00:2 Oconee 1121 100.0% 0.0% 0.0% 0.0% 0.0% 1.2% 
450730302.00:3 Oconee 2118 99.7% 0.0% 0.0% 0.0% 0.3% 0.2% 
450730303.00:1 Oconee 1482 100.0% 0.0% 0.0% 0.0% 0.0% 0.1% 
450730303.00:2 Oconee 922 100.0% 0.0% 0.0% 0.0% 0.0% 0.5% 
450730303.00:3 Oconee 1737 100.0% 0.0% 0.0% 0.0% 0.0% 0.3% 
450730304.00:1 Oconee 680 99.0% 1.0% 0.0% 0.0% 0.0% 3.8% 
450730304.00:4 Oconee 1185 97.6% 0.0% 0.0% 0.0% 2.4% 0.6% 
450730304.00:5 Oconee 607 82.9% 17.1% 0.0% 0.0% 0.0% 3.0% 
450730304.00:6 Oconee 917 93.7% 5.7% 0.0% 0.0% 0.7% 1.7% 
450730304.00:7 Oconee 959 98.1% 1.9% 0.0% 0.0% 0.0% 4.0% 
450730305.00:3 Oconee 1443 95.8% 3.7% 0.0% 0.5% 0.0% 0.9% 
450730306.00:1 Oconee 951 86.2% 13.8% 0.0% 0.0% 0.0% 0.4% 
450730306.00:2 Oconee 1672 95.8% 3.5% 0.0% 0.8% 0.0% 0.3% 
450730306.00:3 Oconee 1261 99.4% 0.0% 0.0% 0.0% 0.6% 0.9% 
450730306.00:4 Oconee 1302 91.2% 8.2% 0.6% 0.0% 0.0% 0.1% 
450730306.00:5 Oconee 1282 97.6% 0.0% 0.0% 2.4% 0.0% 0.1% 
450730307.00:1 Oconee 1267 35.2% 64.8% 0.0% 0.0% 0.0% 2.3% 
450730307.00:2 Oconee 772 86.1% 13.9% 0.0% 0.0% 0.0% 0.1% 
450730307.00:3 Oconee 1114 78.7% 20.4% 0.9% 0.0% 0.0% 1.1% 
450730307.00:4 Oconee 1088 85.3% 14.0% 0.0% 0.7% 0.0% 1.7% 
450730307.00:5 Oconee 1434 64.4% 35.6% 0.0% 0.0% 0.0% 0.7% 
450730307.00:6 Oconee 1536 89.3% 10.2% 0.5% 0.0% 0.0% 0.4% 
450730308.00:2 Oconee 1551 77.2% 22.8% 0.0% 0.0% 0.0% 1.0% 
450730308.00:3 Oconee 783 93.2% 6.8% 0.0% 0.0% 0.0% 1.0% 
450730308.00:4 Oconee 817 29.6% 70.4% 0.0% 0.0% 0.0% 0.1% 
450730308.00:5 Oconee 1083 78.2% 21.8% 0.0% 0.0% 0.0% 0.6% 
450770102.00:2 Pickens 260 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
450770102.00:3 Pickens 1226 97.9% 2.1% 0.0% 0.0% 0.0% 0.1% 
450770103.00:1 Pickens 1011 100.0% 0.0% 0.0% 0.0% 0.0% 0.4% 
450770103.00:2 Pickens 1404 99.9% 0.0% 0.1% 0.0% 0.0% 0.3% 
450770103.00:3 Pickens 2159 98.7% 0.0% 0.9% 0.3% 0.1% 0.3% 
450770111.01:1 Pickens 805 97.9% 2.1% 0.0% 0.0% 0.0% 0.1% 
450770111.01:2 Pickens 897 86.2% 13.8% 0.0% 0.0% 0.0% 1.3% 
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Table 4.18-4 Percent of Minority Population - Block Groups within 10 Mile 
Radius of Oconee Nuclear Station (Continued) 

Source of Data: US Census Bureau 1990 C90STF3A Data 

Block . % % Asian or 
Group % % American Pacific % % 

Block group County Total White Black Indian, Islander Other Hispanic 
Persons Eskimo, Origin 

Aleut 

450770111.02:2 Pickens 871 93.0% 7.0% 0.0% 0.0% 0.0% 0.9% 
450770111.02:3 Pickens 1727 72.7% 25.0% 0.8% 1.5% 0.0% 1.0% 
450770111.02:4 Pickens 690 60.0% 35.2% 0.0% 4.8% 0.0% 0.3% 
450770111.03:1 Pickens 1221 93.0% 6.5% 0.5% 0.0% 0.0% 0.2% 
450770112.01:1 Pickens 2094 71.8% 25.5% 0.6% 2.1% 0.0% 1.2% 
450770112.01:2 Pickens 564 71.1% 23.4% 0.0% 5.5% 0.0% 1.8% 
450770112.01:3 Pickens 1206 90.9% 1.7% 0.7% 6.6% 0.0% 1.1% 
450770112.01:4 Pickens 1119 93.9% 0.0% 1.2% 3.7% 1.3% 0.7% 
450770112.01:5 Pickens 1647 89.7% 1.0% 0.0% 9.3% 0.0% 0.6% 
450770112.02:1 Pickens 6756 88.4% 9.8% 0.0% 1.4% 0.4% 1.2% 
450770112.03:1 Pickens 2041 89.0% 8.8% 0.0% 2.2% 0.0% 0.7% 
450770112.03:2 Pickens 528 99.1% 0.0% 0.0% 0.9% 0.0% 1.5% 
450770112.03:3 Pickens 858 95.1% 0.0% 0.0% 4.9% 0.0% 1.5% 
450770112.03:4 Pickens 1209 74.4% 24.0% 0.0% 1.6% 0.0% 0.2% 
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Table 4.18-5 Percentage of Households Below Poverty Level - Block Groups within 
10 Mile Radius of Oconee Nuclear Station 

Source of Data: US Census Bureau 1990 C90STF3A Data 

Block Group Percent of 
Total Number of households 

Block group County Number of households below 
households below poverty poverty 

450730302.00:2 Oconee 425 55 12.9% 
450730302.00:3 Oconee 977 39 4.0% 
450730303.00:1 Oconee 543 59 10.9% 
450730303.00:2 Oconee 339 45 13.3% 
450730303.00:3 Oconee 702 81 11.5% 
450730304.00:1 Oconee 309 46 14.9% 
450730304.00:4 Oconee 450 47 10.4% 
450730304.00:5 Oconee 266 42 15.8% 
450730304.00:6 Oconee 313 19 6.1% 
450730304.00:7 Oconee 392 84 21.4% 
450730305.00:3 Oconee 565 54 9.6% 
450730306.00:1 Oconee 392 49 12.5% 
450730306.00:2 Oconee 636 38 6.0% 
450730306.00:3 Oconee 551 60 10.9% 
450730306.00:4 Oconee 455 31 6.8% 
450730306.00:5 Oconee 525 25 4.8% 
450730307.00:1 Oconee 489 175 35.8% 
450730307.00:2 Oconee 316 22 7.0% 
450730307.00:3 Oconee 506 138 27.3% 
450730307.00:4 Oconee 409 38 9.3% 
450730307.00:5 Oconee 563 102 18.1% 
450730307.00:6 Oconee 647 85 13.1% 
450730308.00:2 Oconee 588 96 16.3% 
450730308.00:3 Oconee 331 44 13.3% 
450730308.00:4 Oconee 338 13 3.8% 
450730308.00:5 Oconee 336 59 17.6% 
450770102.00:2 Pickens 95 8 8.4% 
450770102.00:3 Pickens 448 65 14.5% 
450770103.00:1 Pickens 346 14 4.0% 
450770103.00:2 Pickens 548 47 8.6% 
450770103.00:3 Pickens 725 44 6.1% 
450770111.01:1 Pickens 343 34 9.9% 
450770111.01:2 Pickens 330 47 14.2% 
450770111.02:2 Pickens 476 123 25.8% 
450770111.02:3 Pickens 759 120 15.8% 
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Table 4.18-5 Percentage of Households Below Poverty Level - Block Groups within 
10 Mile Radius of Oconee Nuclear Station (Continued) 

Source of Data: US Census Bureau 1990 C90STF3A Data 

Percent of 
Block Group Number of households 

Total households below 
Block group County Number of below poverty poverty 

households 
450770111.02:4 Pickens 285 89 31.2% 
450770111.03:1 Pickens 461 88 19.1% 
450770112.01:1 Pickens 965 393 40.7% 
450770112.01:2 Pickens 299 95 31.8% 
450770112.01:3 Pickens 458 141 30.8% 
450770112.01:4 Pickens 453 109 24.1% 
450770112.01:5 Pickens 648 259 40.0% 
450770112.02:1 Pickens 44 13 29.5% 
450770112.03:1 Pickens 722 19 2.6% 
450770112.03:2 Pickens 208 11 5.3% 
450770112.03:3 Pickens 333 35 10.5% 
450770112.03:4 Pickens 532 108 20.3% 
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Figure 4.18-1 Census Block Groups - 10 Mile and 15 Mile Radii 
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Figure 4.18-2 Block Groups - Minority Population Review 
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Figure 4.18-3 Block Groups - Minority Population Review 

0112015 ' 

011103:1 

011101:2 0111 ;1:1 1 

030600:3 0600.  

Ea011101m2 
030600:5 

030600:4 

1 ~ 11201: ot so 
o 02f 

011203 

011202 1 11203 adius 

Pendleton 

10m inal 6.0 

Radi us9a 

0Lak Lakes 

Oconeeo Nu0a Stalo Exmpe 011)1: is trctnubre110 

eqa to 11. or more t 0 reae 

tten 15-miRepescentag 

County bunce1rie



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Environmental Consequences of the Proposed Action 

Figure 4.18-4 Block Groups -Minority Population Review 
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Figure 4.18-5 Block Groups - Low Income Household Review 
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Figure 4.18-6 Block Groups - Low Income Household Review 
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Figure 4.18-7 Block Groups - Low Income Household Review 
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4.19 New and Significant Information 

4.19.1 Requirement [§51.53(c)(3)(iv)] 

The environmental report must contain any new and significant information regarding the 
environmental impacts of license renewal of which the applicant is aware.  

4.19.2 Description of Process 

Duke Power has developed the following process in order to ensure that new and 
significant information regarding the environmental impacts of license renewal for 
Oconee was properly reviewed prior to submittal of the Environmental Report, and to 
ensure that new and significant information related to renewal of the Oconee licenses will 
be identified, reviewed, and addressed during the period of NRC review: 

The process has two phases; a review of the environmental issues conducted prior to 
submittal of the ER, and reviews performed after submittal and during the period of NRC 
review.  

4.19.2.1 REVIEW OF ENVIRONMENTAL ISSUES PRIOR TO ER SUBMITTAL 
* A review has been performed of environmental issues applicable to license renewal at 

Oconee. This review was performed on the Category 1 issues appearing in 10 CFR 
51, Subpart A, Appendix B, Table B-1 to verify that the conclusions of the GEIS 
remained valid with respect to Oconee.  

* The review was performed by the appropriate personnel from Group Environment, 
Health & Safetyl9 (Group EHS) and Oconee station personnel. The review will be 
documented in a report, Review ofEnvironmental Issues For License Renewal.  

4.19.2.2 REVIEW OF ENVIRONMENTAL ISSUES AFTER ER SUBMITTAL 
* Annually, after the submittal of the Applicant's Environmental Report, the report, 

Review ofEnvironmental Issues For License Renewal, will be reviewed by Group 
EHS and Oconee Site Environmental Management Team personnel to ensure that the 
initial determinations remain valid. The review will be documented in the report.  

* This review process will be repeated at one year intervals until a determination on the 
Oconee license renewal application is made by the NRC.  

* After the submittal of the ER, copies of the ER will be sent to SCDHEC, SCDNR, 
and USFWS. Discussions with these agencies will be conducted to discuss the 
license renewal process and to discuss new and significant information regarding the 

19 Environmental issues are identified at the company level by Duke Power Group Environment, 
Health & Safety (Group EHS). This group addresses environmental issues for Duke Power nuclear, fossil, 
and hydro plants, as well as other Duke facilities.  

4-80 

Revision 0 
Final ER.doc 

June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Environmental Consequences of the Proposed Action 

environmental impacts of license renewal. (Informal meetings have been held 
between Duke and the SCDNR, USFWS, and SCDHEC to inform these agencies of 
Duke's license renewal application submittal and to inform them of the license 
renewal process.) 

* Revisions to the Environmental Report will be made if new issues are identified or if 
changes to conclusions made in this report are required.  

* Time frames and responsibilities for resolution of issues that may be identified 
through this process will be assigned by the appropriate organization discussed in the 
following sections.  

As a result of this review, Duke is not aware of any new and significant environmental 
impacts associated with the renewal of the Oconee operating licenses. As noted above, 
copies of the ER will be sent to the SCDHEC, SCDNR, and the USFWS. Duke will 
request a meeting with these agencies to discuss the environmental issues associated with 
license renewal at Oconee. The meetings and results of the discussions will be 
documented in the report.  

4.19.3 Identification and Resolution of Environmental Issues 
This section describes the process by which environmental issues are identified for 
environmental managers at Duke nuclear plants. This section also describes the 
processes used to track the resolution of environmental issues affecting Oconee.  

4.19.3.1 IDENTIFICATION OF ENVIRONMENTAL ISSUES AT THE COMPANY LEVEL 

The Duke Power Environmental Manual [Reference 21] describes company-wide 
environmental policies, practices, and standards. The purpose of the manual is to ensure 
compliance with environmental regulations by promoting consistency of interpretation, 
implementation, and communications. This manual describes the interface between the 
stations, Group Environment, Health, & Safety (GEHS), Duke Power Legal, and Duke 
Power Governmental Affairs. This manual ensures that Duke Power nuclear station 
environmental managers are made aware of changes in regulations by requiring all 
revisions to this manual to be reviewed by these managers.  

Environmental issues are identified at the company level by Duke Power Group 
Environment, Health & Safety (Group EHS). This group addresses environmental issues 
for Duke nuclear, fossil, and hydro plants, as well as other Duke facilities. This group 
consists of scientists, engineers, and technical personnel involved in environmental 
compliance, environmental monitoring, environmental planning, natural resource 
management, environmental engineering, and health and safety issues. The 
Environmental Protection and Environmental Engineering groups within GEHS are 
involved in the development and review of regulations. The Environmental Protection 
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group serves as the interface between the regulatory agencies and the Oconee site 
environmental organization.  

4.19.3.2 OCONEE SITE ENVIRONMENTAL MANAGEMENT TEAM 

The Oconee Site Environmental Management Team has the primary responsibility for 
ensuring compliance with environmental regulations and for enhancement of the systems 
related to environmental issues. Site Environmental Management is responsible for 
providing environmental support and direction to site groups/individuals for 
implementing and maintaining compliance/enhancements within their areas. Site 
Environmental Management provides regulatory interpretations to site groups to enable 
them to effectively carry out environmental processes. This team is responsible for 
making first line supervision aware of the appropriate environmental training needed for 
site personnel. Before changes are made to plant system processes, procedures, and 
modifications to plant equipment, these changes are reviewed by personnel on this team 
to determine if there are environmental related impacts from these proposed changes.  
This team also actively seeks ways to minimize environmental impacts through 
minimization of wastes generated at Oconee.  

4.19.3.3 NUCLEAR PLANT SITE ENVIRONMENTAL MANAGERS MEETINGS 

The environmental managers at Duke nuclear plants participate in a team to provide 
consistent work practices, to improve environmental performance, and to reduce costs.  
This process is known as the Environmental Management Business Excellence Steering 
Team (BEST). Members include the Site Environmental Managers of Duke Energy's 
three nuclear plants and the GEHS Environmental Protection Manager (or designee from 
GEHS). The team meets at least quarterly and maintains an action item list and minutes 
of meetings. The scope of review by this team covers all environmental and associated 
services, systems, processes, products and personnel at nuclear sites and within support 
organizations. This process helps ensure that items affecting individual plants are 
brought to the attention of the environmental managers at the other plants.  

4.19.3.4 ENVIRONMENTAL PRACTICES AT OCONEE 

Several years ago, Oconee established an Environmental Leadership Quality Steering 
Team (ELQST) to focus on environmental regulatory compliance issues, broad 
environmental policy direction, and initiatives to minimize plant impact on the 
environment. The ELQST provides assurance that: 

1. Environmental issues at Oconee are addressed in the appropriate time frame; 
2. Emerging environmental issues are identified in a timely manner and given 

the appropriate priority; and 
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3. Resources are assigned to the environmental issues that add the greatest value 
to sustaining the environment and achieving compliance, and are the most 
cost-effective, consistent with the Oconee Operational Plan.  

Membership of the ELQST includes the Oconee Site Vice President and managers from 
several areas at Oconee. It meets periodically (approximately quarterly) to discuss 
environmental issues of interest and to assign actions as appropriate.  

4.19.3.5 ENVIRONMENTAL WORK PRACTICES 

Environmental Work Practices (EWP) provide guidance to the site on how environmental 
processes will be implemented. EWP's provide the guidance and direction that enable 
the site to comply with federal, state, and local regulations. These work practices are 
developed by Site Environmental Management with input from the work groups 
responsible for implementation of the work practice.  

4.19.3.6 PROBLEM INVESTIGATION PROCESS 

The operation, maintenance, and modification of a nuclear station may result in problems 
where equipment, process and/or personnel do not perform as expected, unexpected 
changes occur, or conditions are identified that are inconsistent with requirements or 
regulations. The Problem Investigation Process (PIP) is a process by which problems are 
identified, documented, and responded to with a level of effort and timeliness 
commensurate with their significance. In addition to tracking the resolution of events, the 
process is used as a predictive tool to help prevent future problems that may lead to 
environmental incidents.  

4.19.3.7 NUCLEAR SYSTEM DIRECTIVES 

The Duke Power Nuclear Policy Manual provides direction and requirements on various 
policy matters concerning operation and maintenance of Duke nuclear plants through 
Nuclear Station Directives (NSD's). NSD's provide minimum requirements to promote 
consistency among the nuclear sites, the Nuclear General Office and other departments, 
as applicable, in fulfilling licensing and administrative requirements. NSD's address the 
department's or company's position on issues as they arise in the nuclear industry or as 
Duke experience indicates the need for a more definitive policy statement. NSD's also 
provide instructions and minimum requirements for the implementation of various work 
activities.  

NSD 111, Nuclear Environmental Management, outlines the philosophy, responsibilities, 
and methods Oconee, McGuire and Catawba Nuclear Stations will use to support the 
Environmental Leadership Principles of Duke Power Company. A copy of the current 
version of NSD-1 11 is provided as Attachment 0. [Reference 22] 
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5. ALTERNATIVES CONSIDERED 

5.1 Introduction 
The NRC regulations require that an applicant's environmental report discuss alternatives 
to a proposed action. [§51.45(b)(3)] The intent of this review is to enable the 
Commission to consider the relative environmental consequences of the proposed action 
given the environmental consequences of other activities that also meet the purpose of the 
proposed action, as well as the environmental consequences of taking no-action at all.  
[Reference 2] For the purposes of license renewal, there are only two alternatives that 
meet the purpose of the action: the renewal of the operating licenses or the decision not 
to renew the operating licenses. This section identifies the alternatives considered.  

5.2 Proposed Action 
The proposed action is the renewal of the operating licenses of each of the three Oconee 
units. This action would provide the opportunity for Duke to continue to operate Oconee 
through the 20-year term of the renewed licenses, expiring in 2033 and 2034.  

The review of the environmental impacts as required by §51.53(c)(3)(ii) was provided in 
Chapter 4. Based on these reviews, Duke has concluded that there would be no adverse 
impact to the environment from the continued operation of Oconee through the license 
renewal period (until 2034).  

5.3 No-action Alternative 
The no-action alternative to the proposed action is a decision not to renew the original 
operating license for each of the three units of Oconee Nuclear Station. In the event that 
the operating licenses of Oconee are not renewed, it is expected that Oconee will 
continue to operate up to the end of the existing operating licenses. A decision not to 
seek a renewal license would necessitate the replacement of the 2538 MW(e) with some 
other type of generation. The environmental impacts of the no-action alternative would 
be the impacts associated with the type of replacement power utilized. Because the 
environmental impacts would be transferred from one location to another, there would be 
no net benefit to the no-action alternative. The environmental impacts of these various 
types of replacement power are discussed in Chapter 6. In addition, there would likely be 
adverse financial and socioeconomic impacts from the decision not to renew the license, 
including local unemployment, loss of local property tax revenue, and higher energy 
costs.  

5-1 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Alternatives Considered 

5.4 Decommissioning 

Every nuclear power plant is required to submit decommissioning plans within two years 
following permanent cessation of operation of each reactor or at least five years before 
expiration of each operating license, whichever occurs first, pursuant to the requirements 
of §50.54(b). Plant shutdown can occur anytime during the term of the operating license, 
regardless of whether or not the license has been renewed. The only difference between 
shutting down under the present operating licenses and shutting down during the renewal 
operating license period is the timing of the decommissioning activities. The 
environmental impacts of the termination of operations and decommissioning are 
addressed in Sections 8.4 of the GEIS. [Reference 2] In addition, NUREG-0586 
[Reference 23] provides an analysis of the environmental impacts from decommissioning.  
The environmental impacts of the termination of operations and decommissioning of 
Oconee are expected to be comparable to those environmental impacts described in these 
two NRC documents.  

The termination of Oconee operation would have a positive impact on the water resources 
in the area due to the discontinuation of the thermal discharges and other industrial and 
low-level radioactive liquid discharges. This positive impact would exist provided that 
another generating facility, using the same water resources, is not located on this site in 
the future.  

As noted in Section 4.9 of this ER, the transmission lines attributable to Oconee (other 
than the transmission lines connecting the turbine buildings to the 230 kV and 525 kV 
switchyards) listed in the Oconee Final Environmental Statement [Reference 1, pages 32 
and 35] are part of the Duke Energy Transmission System and would remain in service.  

The termination of the operation of Oconee would eliminate the production of low level 
and high level radioactive waste; however, the decommissioning would generate a large 
volume of waste. The termination of plant operations could have significant adverse 
impacts on the economic structure and tax base of communities surrounding the plant, 
due to the loss of the taxes from the facility and to the loss of direct and indirect jobs 
associated with Oconee.  

5.5 Alternatives 

As stated in NUREG-1437, Vol. 1, Section 8.1, the "NRC has determined that a 
reasonable set of alternatives should be limited to analysis of single, discrete electric 
generation sources and only electric generation sources that are technically feasible and 
commercially viable". [Reference 2] Accordingly, for the purposes of the review of 
alternative energy sources for Oconee, the following alternatives were not considered as 
reasonable replacement power: 
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* Wind 
* Photovoltaic Cells 
* Solar Thermal Power 
* Hydroelectric Generation 
* Geothermal 
* Wood Waste (Biomass) 
* Municipal Solid Waste (MSW) 
* Energy Crops 
* Delayed Retirement of Non Nuclear Units 
* Imported Power 
* Conservation 

These technologies were eliminated as possible replacement power alternatives for one or 
more of the following reasons: 

* High land-use impacts - Some of the technologies listed above would require a large 
area of land and would thus require a green field siting plan. This would result in a 
greater environmental impact than continued operation of Oconee.  

* Low capacity factors - Some of the technologies identified above are not capable of 
producing 2500 MW(e) of power due at high capacity factors. These generation 
technologies are used as peaking power sources, as opposed to base load power 
sources, and for this reason are unlike resources.  

* Geographic availability of the resource - Some of the technologies are not feasible 
because there is no feasible location in the Duke Service area.  

* Emerging technology - Some of the technologies have not been proven as a reliable 
and cost effective replacement of a large generation facility. Therefore, these 
technologies are typically used with smaller (lower MW(e)) generation facilities.  

* Availability - There is no assurance of the availability of imported power.  

For the purposes of this review of alternatives to the proposed action, conventional coal 
fired, oil and gas fired combined cycle, and nuclear base load generating sources are 
considered to be currently available conventional base load technologies that would be 
considered to replace Oconee generation upon the termination of operation. This 
assumption is based on the information concerning supply-side resources alternatives 
contained in Chapter 2 of the Duke Power Integrated Resource Plan for 1997. [Reference 
24] The comparison of the environmental impacts of these technologies is discussed in 
detail in Chapter 6.  

5-3 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Environmental Report 

Operating License Renewal Stage 
Comparison of Impacts 

6. COMPARISON OF IMPACTS 
For the purposes of the review of alternative energy sources, the following key 
assumptions have been made. These key assumptions are intended to simplify the 
evaluation, yet still allow the no-action alternative review to meet the intent of NEPA 
requirements and NRC environmental regulations.  

* The goal of the proposed action (license renewal) is the production of 2500 
MW(e) of base load generation. The alternatives that do not meet the goal are 
not considered in detail.  

* A reasonable set of alternatives should be limited to analysis of single, discrete 
electric generation sources and only those electric generation sources that are 
technically feasible and commercially viable. [Section 8.1, GEIS Reference 2].  

* The time frame for the needed generation is 2013 through 2034.  
* Power purchase is not considered as a reasonable alternative because there is no 

assurance that the capacity or energy would be available. [See Section 6.3 
(Reasonable Alternative Energy Sources) for more detail.] 

* The average annual capacity factor of Oconee Nuclear Station is 78%. The 
capacity factor is expected to remain at least this value throughout the plant's 
operating life.  

* The Commission decision regarding the issuance of the renewal operating licenses 
for Oconee occurs within approximately five years after the submittal of the 
application for renewal.  

6.1 Alternatives Not Within the Range of Reasonable Alternatives 
As stated in NUREG-1437, Vol. 1, Section 8.1, the "NRC has determined that a 
reasonable set of alternatives should be limited to analysis of single, discrete electric 
generation sources and only electric generation sources that are technically feasible and 
commercially viable". [Reference 2] The commonly known generation technologies 
considered reasonable by NRC are listed in the following paragraphs. However, these 
sources have been eliminated as "reasonable alternatives" to the proposed action because 
the generation of 2500 MW(e) of electricity as a base load supply utilizing these 
technologies is not technologically feasible. [Reference 2] 

Wind 
The average annual capacity factor for this technology was estimated at 21 % in 
1995 and is projected to be 29% in 2010. This low capacity factor, compared 
with current base load technologies (Oconee's is 78%), results from the high 
degree of intermittency of wind energy in many locations (DOE/EIA-0561).  
Current energy storage technologies are too expensive to permit wind power 
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plants to serve as large base load plants. Wind energy has a large land 
requirement, approximately 150,000 acres (61,000 ha) of land to generate 1000 
MW(e) of electricity. This eliminates the possibility of co-locating a wind energy 
facility with a retired nuclear plant. A green field siting plan would be required.  
This would have a large impact upon much of the natural environment in the 
affected areas. [GEIS, Section 8, Reference 2] 

Photovoltaic Cells 
The average annual capacity factor for Photovoltaic (PV) Cells is estimated at 
25% (Oconee's capacity factor is 78%). The use of PV cells for base load 
capacity requires very large energy storage devices that are not feasible to use to 
store sufficient electricity to meet the base load generating requirements. This is 
very high cost generation, which prevents it from being competitive. This 
technology also has a high land-use impact which, like the wind technology, 
results in a large impact to the natural environment. It is estimated that 35,000 
acres (14,000 ha) of land would be required to generate 1000 MW(e). [GEIS, 
Section 8, Reference 2] 

Solar Thermal Power 
The average capacity factor for this technology is estimated to be between 25% 
and 40% annually (Oconee's is 78%). This technology, like PV cells, has high 
capital costs and lacks base load capability unless combined with natural gas 
backup. It requires very large energy storage capabilities. Based upon solar 
energy resources, the most promising region of the country for this technology is 
the West. Land-use requirements again are high, 14,000 acres (6000 ha) for 1000 
MW(e), which would result in large environmental impacts to the affected area.  
[GEIS, Section 8, Reference 2] 

Hydroelectric Generation 
Hydroelectric generated power has an average annual capacity factor of 46% 
(Oconee's is 78%), The capacity factor depends, to a large degree, on a 
combination of head and available water flow. A large scale hydroelectric plant 
of 1000 MW(e) would require approximately 1,000,000 acres (400,000 ha) of 
land, resulting in large environmental impacts. This option is not practical due to 
the large loss of environmental habitat. There is also no feasible location in the 
Duke service area. [GEIS, Section 8, Reference 2] 

Geothermal 
A geothermal electricity generating facility has an average annual capacity factor 
of approximately 90% and can be used to provide reliable base load power.  
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Geothermal plants may be located only in certain areas, such as the western 
United States, Alaska, and Hawaii, where hydrothermal reservoirs are prevalent.  
This technology is not widely used as base load generation due to the limited 
geographic availability of the resource and the immature status of the technology.  
This technology is not applicable to the region where the replacement of 2500 
MW(e) is needed. There is no feasible location for geothermal generation within 
the Duke service area. [GEIS, Section 8, Reference 2] 

Wood Waste (Biomass) 
A wood burning facility can provide base load power and operate with an average 
annual capacity factor of around 70 - 80% and with 20 - 25% efficiency. The cost 
of the fuels required for this type of facility is highly variable and very site 
specific. Among the factors influencing costs are the environmental 
considerations and restrictions which are influenced by public perceptions, easy 
access to fuel sources, and environmental factors. The rough cost for construction 
of this type of facility in the Oconee area, where 2500 MW(e) is needed, is 
approximately $2400/kW. Economics alone eliminate biomass technology as a 
reasonable alternative. [GEIS, Section 8, Reference 2] 

Municipal Solid Waste (MSW) 
The initial capital costs for this technology are much greater than the comparable 
steam-turbine technology found at wood waste facilities. This is due to the need 
for specialized MSW handling and waste separation equipment and stricter 
environmental emissions controls. These facilities are typically used when 
landfill space is not available for handling the waste disposal needs of a 
community. High costs prevent this technology from being economically 
competitive. Thus, municipal solid waste generation is not a reasonable 
alternative. [GEIS, Section 8, Reference 2] 

Energy Crops 
This technology is comparable to the wood waste facilities. This technology is 
not currently cost competitive with fossil-fired alternatives. Energy crops are 
considered an emerging technology, not economically practicable, and are not a 
reasonable alternative to the license renewal. [GEIS, Section 8, Reference 2] 

Delayed Retirement of Non-Nuclear Units 
Duke Power's 1997 Integrated Resource Plan (IRP) [Reference 24] discusses the 
strategy for meeting the overall future energy needs for the next 15 years. The 
IRP discusses decision dates (as opposed to retirement dates) for the following 
proposed combustion turbine generation requirements: 303 MW(e) in 2004; 
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88 MW(e) in 2005; 85 MW(e) in 2006. The IRP also discusses the retirement of 
the following fossil generation: 276 MW(e) in 2010 and 438 MW(e) in 2011. The 
period of time evaluated by the IRP does not extend to the retirement dates for 
Oconee (2013 and 2014).  

However, the delayed retirement of the above generation sources could not be 
used to replace the 2500 MW(e) generated at Oconee. Combustion turbines (CTs) 
and small fossil units are used for peaking and intermediate generation.  
Therefore, it would not be feasible for the combustion turbines and the fossil units 
listed above to replace base load generation. Additionally, it is unlikely that these 
fossil units could economically operate for an additional 20 years after the current 
decision dates.  

Duke does not have plans to retire any of its base load fossil plants. Therefore, 
delayed retirement of base load fossil generation could not be used as an 
alternative to the license renewal.  

For these reasons, the delayed retirement of non-nuclear generating units is not 
considered as a reasonable alternative to the license renewal.  

Imported Power 
Duke currently uses purchased power contracts and/or options as part of the 
Integrated Resources Plan (IRP). For the purposes of this evaluation, the power 
purchase option is not considered a reasonable replacement for the license renewal 
alternative. This is due to the fact that there is no assurance that sufficient 
capacity or energy would be available in the 2013 through 2034 time frame to 
replace the 2500 MW(e) base load generation.  

Conservation 
Demand-side measures have been included in the past IRP's and Duke currently 
has several general demand side actions planned. [Reference 24 1997 Short-Term 
Action Plan, Integrated Resource Planning] These measures are discussed below: 

Focus on Education - To help maintain competitive electricity rates, Duke is 
shifting the energy efficiency focus from an emphasis on large, high-cost 
incentive-based energy efficiency options to less costly education-based options.  

Implementation of Demand Side Competitive Bidding - Duke assessed the 
potential benefits of paying a third-party or customer to design and or market 
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demand side resource options. Duke has entered into contracts with four of the 
bidders for a total projected resource of 4.7 megawatts.  

Implement Demand Side Resources - Demand side options currently used at Duke 
include the following: 

* Energy Efficiency - High Energy (HE) compressed air systems and HE 
motor systems and replacements 

* Interruptibles - Residential load control rider - A/C and water heating, 
power service rider, generator control rider 

* Load shifts - Residential water heating- controlled/submetered 
* Strategic sales - Electrotechnology strategy, HE food service 

appliance, Nonresidential space heating 
* Energy Efficiency and Strategic Sales - New residential housing 

program, existing residential housing program and nonresidential heat 
pump program.  

Currently, the demand side measures are expected to account for 950 MW(e) in 
1999. This number is projected to decrease to approximately 750 MW(e) in 2004.  
The demand side measures are included in the growth projections. For the 
purposes of this evaluation, the conservation option is not considered a reasonable 
replacement for the license renewal alternative.  

6.2 Comparison of Environmental Impacts for Reasonable Alternatives 
As stated in the GEIS, the "NRC has determined that a reasonable set of alternatives 
should be limited to analysis of single, discrete electric generation sources and only 
electric generation sources that are technically feasible and commercially viable." 
[Reference 2, page 8-1] Below is a discussion of the supply side alternative energy 
technologies that Duke would likely utilize if the decision is made not to extend the 
license period for Oconee. These alternatives are considered to be within the range of 
alternatives capable of meeting the goal of 2500 MW(e) as base load generation 
(replacement power for Oconee).  

For the purposes of this comparison of impacts of alternatives to the proposed action, 
conventional coal fired, oil and gas fired combined cycle, and nuclear base load 
generating sources are considered to be currently available conventional base load technologies that would be considered to replace Oconee generation upon its termination 
of operation. This assumption is based on the information concerning supply-side 
resources alternatives contained in Chapter 2 of the Duke Power Integrated Resource Plan 
for 1997. [Reference 24] 
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The environmental impacts discussed in this chapter are for the construction and 
operation of these generation facilities. The impacts discussed do not include the 
additional environmental impacts from obtaining and transporting the fuel sources 
associated with these facilities.  

The continued operation of Oconee for the license extension period would result in less 
environmental impact than that of the replacement power that could be obtained from 
other reasonable generating sources, as described below, if the license renewal were not 
pursued.  

6.2.1 Conventional Coal Fired Units 
The United States currently has an abundant supply of low cost coal. For this reason, 
fossil fired technology has been considered a reasonable alternative energy source.  
However, the Clean Air Act of 1990 has made it increasingly expensive to operate these 
types of facilities. The initial capital.cost for construction of a conventional coal fired 
unit is approximately $800/kW; the operation and maintenance (O&M) costs are 
approximately $3.65/MW/hr. The environmental impacts from the construction and 
operation of a conventional coal fired plant are summarized in Table 6.4-1.  

A trade-off of water quality impacts would be associated with a 2500 MW(e) base load 
coal unit. New base load coal units would likely utilize closed loop cooling towers which 
would lessen the thermal impact. However, evaporation from the cooling towers would 
be greater than the 16,000 gpm of forced evaporation associated with Oconee's surface 
discharge. There are no low-level radioactive waste discharges to surface water 
associated with a coal unit.  

The solid wastes generated by a conventional coal fired plant would be flyash, bottom 
ash, Selective Catalytic Reduction (SCR) catalyst (used for NOx control), and S2 
scrubber sludge/waste. A coal facility of this size would generate approximately 700,000 
tons per year of ash. Approximately 90% of this would be flyash and 10 % would be 
bottom ash, dependent on the type of coal burned, the type of emission control equipment 
used, etc. The SCR would generate approximately 8000 ft of spent catalyst material per 
year. This catalyst material would have high concentrations of metals that are removed 
from the fly ash. A new coal fired facility would also require SO 2 scrubbers to be 
installed as emission control equipment. This would result in the generation of 
approximately 387,000 tons per year of scrubber sludge.  

The largest environmental impact from this type of generation would result from the air 
emissions. A conventional coal fired facility of this size would emit roughly 13,000 tons 
per year of sulfur dioxide, 13,000 tons per year of nitrogen oxides, 1,800 tons per year of 
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particulate matter, 1,800 tons per year of carbon monoxide, 210 tons per year of volatile 
organic compounds, and 18 million tons per year of carbon dioxide. Trace elements such 
as mercury, arsenic, chromium, beryllium, and selenium in the form of particulates and 
vapor would be emitted in small quantities.  

This energy source is not the most economical option that exists today. For this reason, a 
conventional coal fired plant would not be considered as the first choice if license 
renewal were not pursued for Oconee.  

The issue of "Global Warming" is an obstacle to the utilization of coal as a reliable and 
long term energy source. In a draft treaty developed December 10, 1997 in Kyoto Japan, 
the United States agreed to reduce the emissions of greenhouse gases (including CO) to 
7% below the 1990 levels. This reduction would be phased in between the years of 2008 
and 2012. If this treaty is ratified and the legislation is passed that requires a reduction of 
this magnitude, the expanded use of coal as a reliable energy source may become 
impracticable due to restrictions on the levels of CO2 emitted and the expected carbon 
taxes or emission caps. Other obstacles to the utilization of coal as a reliable and long 
term energy source are the new EPA 8 hour ozone standard (which is impacted by NOx 
emissions), the new EPA PM 2.5 (particulate matter with a nominal size of less than 2.5 
microns), and Regional Haze rules (which are impacted by SO 2). Duke Energy does not 
believe it practical to consider the use of coal as a source of energy for alternative 
generation due to the adverse impacts of expected carbon taxes or emission caps.  

In summary, a conventional coal fired coal facility could be a potential replacement for 
Oconee's 2500 MW(e) based load generation. However, the air quality impacts would be 
greater than the impacts from continued operation of Oconee, and the continued 
economic use of coal is uncertain due to the "global warming" issues. As shown in Table 
6.4-1, the construction of a new facility would result in greater environmental impacts 
than the impacts associated with the proposed action (license renewal).  

6.2.2 Oil and Gas (Combined Cycle) 
Oil as a resource is not considered as a stand alone fuel because it is not price competitive 
when natural gas is readily available. The capital cost for this type of facility is roughly 
$380/kW, with an operation and maintenance cost of approximately $30/MW/hr when 
used in combination with natural gas. The environmental impacts from the construction 
and operation of this type of facility are detailed in Table 6.4-1.  

A trade-off of water quality impacts would be associated with a 2500 MW(e) base load 
oil and gas combined cycle unit. New base load combined cycle units would likely 
utilize closed loop cooling towers which would lessen the thermal impact. However, 

6-7 
Revision 0 

Final ER.doc 
June 1998



Oconee Nuclear Station 
Environmental Report 

Operating License Renewal Stage 
Comparison of Impacts 

evaporation from the cooling towers would be greater than the 16,000 gpm of forced 
evaporation associated with Oconee's surface discharge. There are no low-level 
radioactive waste discharges to surface water associated with a combined cycle unit.  
The solid waste generated from this type of facility would be minimal. The only 
significant waste would be from spent SCR catalyst used for NOx control. The SCR 
would generate approximately 8000 ft' of spent catalyst material per year.  

The largest environmental impact from operating this type of facility would be from the 
air emissions. The air emission values in Table 6.4-1 are based on burning oil throughout 
the year. Economically, it is not feasible to burn oil throughout the year. In reality, oil 
would be used as an alternative fuel to gas, provided gas was available. The emissions 
resulting from burning oil would be 13,000 tons per year of nitrogen oxides, 4,000 tons 
per year of sulfur dioxide, 2,500 tons per year of particulate matter, and 12.6 million tons 
per year of CO2 (carbon dioxide). The use of oil as a stand-alone fuel source emits more 
CO2 than the gas fired alternative. The new 8 hour ozone standard, the PM 2.5 standard, 
Regional Haze rules, and the "Global Warming" issue, as discussed above, may make it 
difficult to use oil as a fuel source.  

This alternative energy source is typically used with natural gas as the primary fuel and 
with oil used as a backup. Used this way, combined cycle becomes a viable alternative 
energy source. The environmental impacts associated with a gas fired facility are detailed 
below.  

6.2.3 Natural Gas (Combined Cycle) 
The estimated capital cost for the construction of combined cycle gas turbines is roughly 
$380/kW, with an O&M cost of approximately $25/MW/hr. Note that this variable cost 
is largely dependent on the price of natural gas. Natural gas is currently the most 
economical of the base load generation technologies available to date. For this reason, 
natural gas is widely used. The environmental impacts resulting from the construction 
and operation of a 2500 MW(e) combined cycle facility are summarized in Table 6.4-1.  

A trade-off of water quality impacts would be associated with a 2500 MW(e) base load 
natural gas combined cycle unit. New base load combined cycle units would likely 
utilize closed loop cooling towers which would lessen the thermal impact. However, 
evaporation from the cooling towers would be greater than the 16,000 gpm of forced 
evaporation associated with Oconee's surface discharge. There are no low-level 
radioactive waste discharges to surface water associated with a combined cycle unit.  

The solid waste generated from this type of facility would be minimal. The largest 
environmental impact would result from the air emissions. These emissions are based on 
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burning natural gas throughout the year. This type of facility would emit approximately 
4,700 tons per year of nitrogen oxides, 310 tons per year of particulate matter, and 9.2 
million tons per year of carbon dioxide. The new 8 hour ozone standard, PM 2.,, and 
Regional Haze rules will not be of concern with natural gas combined cycle because these 
units have low NOx emissions and no S02 emissions.  

One obstacle to the consideration of combined cycle generation using only natural gas is 
the availability of the gas. Based on current technology, a 2500 MW(e) facility would 
require approximately 100 billion cubic feet per year of natural gas. If legislation is 
passed, as discussed above, requiring the reduction of CO2 levels, wide spread conversion 
to natural gas will be required in order to meet these standards. It is questionable if this 
resource will be available in the quantities that would be required to offset the CO2 
emissions from coal fired generation. Use of this resource in these quantities would 
require significant exploration and extraction of natural gas to meet the demand. Some 
estimate that 30-40 trillion cubic feet per year would be required to meet the demand for 
gas if coal were eliminated as a resource.  

In summary, a natural gas fired combined cycle facility would be a viable replacement for 
Oconee's 2500 MW(e) base load generation. However, the air quality impacts would be 
far greater than the impacts from the continued operation of Oconee. As shown in Table 
6.4-1, the construction of a new facility would result in greater environmental impacts 
than the impacts associated with the proposed action (license renewal).  

6.2.4 Nuclear Power 
The estimated capital cost for the construction of an Advanced Light Water Reactor 
(ALWR) nuclear facility is estimated at $1530/kW and the O&M cost is approximately 
$3.76/MW/hr. For this reason, this technology is not economically feasible as an 
alternative to the continued operation of Oconee with a renewed license. The 
environmental impacts from an ALWR would be similar to the impacts that exist for 
Oconee today. However, construction of an ALWR would require a green field site, 
which would have a larger impact on the environment than the license renewal option.  
The environmental impacts resulting from the construction and operation of a 2500 
MW(e) ALWR are summarized in Table 6.4-1.  

6.3 Proposed Action Vs No-Action 
The proposed action is the renewal of the Oconee operating licenses. The Oconee
specific review of the thirteen environmental impacts, as required by §51.53(c)(3)(ii), 
concluded that there would be no adverse impact to the environment from the continued 
operation of Oconee through the license renewal period (until 2034).  
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The no-action alternative to the proposed action is the decision not to pursue renewal of 
the operating license for each of the three units of Oconee Nuclear Station. The 
environmental impacts of the no-action alternative would be the impacts associated with 
the construction and operation of the type of replacement power utilized. In effect, the 
environmental impacts would be transferred from being limited to the impacts of the 
continued operation of Oconee, to the environmental impacts associated with the 
construction and operation of a new generation facility. Therefore, the no-action 
alternative would have no net environmental benefits.  

The environmental impacts associated with the proposed action (the continued operation 
of Oconee) were compared to the environmental impacts from the no-action alternative 
(the construction and operation of other reasonable sources of electric generation). Duke 
believes this comparison shows that the continued operation of Oconee would produce 
fewer significant environmental impacts than the no-action alternative. There are 
significant differences in the impacts to air quality impacts and land-use impacts between 
the proposed action and the reasonable alternative generation sources.  

In addition, there would likely be adverse socioeconomic impacts to the area around 
Oconee from the decision not to pursue the license renewal, including local 
unemployment, loss of local property tax revenue, and higher energy costs.  

The United States civilian nuclear power plants represent close to 20% of the nation's 
energy supply. The average age of US commercial nuclear plants is between 20 and 25 
years. Currently, the operating license of thirteen plants representing 11,700 MW(e) will 
expire in 2014. It is unlikely that many of these plants will operate much beyond 30 
years, since the ability to recover investments in the plant and to remain competitive in a 
deregulated market diminishes rapidly in the last 10 years of the license. A trend has 
already been established, where early closure of nuclear facilities facing regulatory and 
economic uncertainties has resulted in the loss of approximately 6,000 MW(e) of 
emission free generating capacity over the past eight years. Making the decision to renew 
the operating license early in the life of the plant improves the economics of the 
remaining capital cost recovery and lengthens the time available to accumulate 
decommissioning funds. [Joint DOE-EPRI Strategic Research and Development Plan to 
Optimize US. Nuclear Power Plants, Reference 25].  

The Joint DOE-Electric Power Research Institute Strategic Research and Development 
Plan to Optimize US Nuclear Power Plants stated "... nuclear energy was one of the 
prominent energy technologies that could contribute to alleviate global climate change 
and also help in other energy challenges including reducing dependence on imported oil, 
diversifying the US domestic electricity supply system, expanding US exports of energy 
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technologies, and reducing air and water pollution." The Department of Energy agreed 
with this perspective and stated "...it is important to maintain the operation of the current 
fleet of nuclear power plants throughout their safe and economic lifetimes." [Reference 
25] The renewal of the Oconee operating licenses is consistent with these goals.  

6.4 Summary 

The proposed action is the renewal of the Oconee operating licenses. The proposed 
action would provide 2500 megawatts of base load power generation through 2034. The 
results of the review of alternatives to the proposed action are summarized in Table 6.4-1.  

The environmental impacts of the continued operation of Oconee, providing 2500 
megawatts of base load power generation through 2034, are superior to impacts 
associated with the best case assessed among reasonable alternatives. This is primarily 
due to the air emissions associated with the alternatives that do not exist with Oconee. As 
discussed in this chapter and as shown in Table 6.4-1, the continued operation of Oconee 
would create significantly less environmental impact than the construction and operation 
of new base load generation capacity.  

Finally, the continued operation of Oconee will have a significant positive economic 
impact on the communities surrounding the station.  
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Table 6.4-1 Comparison of Environmental Impacts 
Expected Renewal of Oconee Conventional Coal Fired Combined Cycle Fuel Oil Combined Cycle Natural Gas 2500 Advanced Light Water Reactor 
Environmental Operating License 2500 2500 MW(e) 2500 MW(c) MW(e) 2500 MW(c) 
Impact' MW() 
Land-use No additional impacts 500 to 2000 acres' needed 70 to 100 acres needed 70 to 100 acres needed Approximately 400 acres needed 

Ecology No additional impact H-labitat loss; impingement, Habitat loss; impingement, Habitat loss; impingement, Habitat loss; impingement, 
(impingement entrainment; entrainment; waste heat to receiving entrainment; waste heat to receiving entrainment; waste heat to receiving entrainment; waste heat to 
waste heat to receiving water water body; cooling tower drift, water body; cooling tower drift, water body; cooling tower drift, receiving water body; cooling 
body have been evaluated and fogging; bird collisions fogging; bird collisions fogging; bird collisions tower drift, fogging; bird 
are minimal) collisions 

Aesthetics No Change Visual impacts from plant structures Visual impacts from plant structures Visual impacts from plant structures Visual impacts from plant 
and emissions and emissions and emissions structures 

Water Quality 

Impacts from site None Sediment from land clearing Sediment from land clearing Sediment from land clearing Sediment from land clearing 
construction 

Consumption 16,000 gpm >16,000 gpmb > 16,000 gpm (includes demin water >16,000 gpmb 27,000 gpinC 
(1994 to 1997) injection) (1994 to 1997) 

Pollutants 40 CFR 423 - Steam Electric 40 CFR 423 - Steam Electric 40 CFR 423 - Steam Electric 40 CFR 423 - Steam Electric 40 CFR 423 - Steam Electric 
Guidelines + low-level Guidelines Guidelines Guidelines Guidelines + low-level radwaste 
radwaste discharge discharge 

Air Quality 

NO, None 13,000 tons/year 13,000 tons/year 4,700 tons/year Very small emissions from non 
SO, None 13,000 tons/year 4,000 tons/year NA -facility equipment( diesel 

Particulate Matter None 1,800 tons/year 2,500 tons/year 310 tons/year generators) 
CO2 None 18 million tons/year 12.6 million tons/year 9.2 million tons/year 

Waste - spent fuel, low level waste, Large amounts of flyash and negligible negligible spent fuel, slightly more mixed 
mixed waste scrubber sludge waste and low-level waste than 

license renewal 
Human Health Substantial public health Public risks (cancer, emphysema) Public risks (cancer, emphysema) Public risks (cancer, emphysema) <1% natural radiation source; 

improvement compared with from inhalation of toxins and from inhalation of toxins and from inhalation of toxins and safety risks to workers 
conventional fossil plant; particulate; safety risks to workers particulate; safety risks to workers particulate; safety risks to workers 
safety risks to workers 

Socioeconomic' Moderate employment and tax 500 workers - moderate long term 400 workers - moderate long term 300 workers - moderate long term 1400 workers - substantial long 
revenue benefits economic community benefits economic community benefits economic community benefits term economic community 

benefits 

Cultural No Change relatively small unless important relatively small unless important site- relatively small unless important site- relatively small unless important 
site-specific resources affected by specific resources affected by plant or specific resources affected by plant or site-specific resources affected by 
plant or transmission lines transmission lines transmission lines plant or transmission lines 
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Table 6.4-1 Comparison of Environmental Impacts (Continued) 

Notes: 
a = varies based on possible site redevelopment. Major area involved in creation of cooling water source impoundment and ash landfill.  
b = Closed loop cooling systems 
c = based on evaporation rates at Catawba Nuclear Station's once through cooling tower system.  
d = based in part on NUREG 1437, Vol. 1, Table 8.2 
c = per the GEIS, the number of workers has been doubled from that required for a 1000 MW(e) facility.  
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7. STATUS OF COMPLIANCE 

7.1 Requirement [§51.45(d)] 
"The environmental report shall list all Federal permits, licenses, approvals and 
other entitlements which must be obtained in connection with the proposed action 
and shall describe the status of compliance with these requirements. The 
environmental report shall also include a discussion of the status of compliance 
with applicable environmental quality standards and requirements including, but 
not limited to, applicable zoning and land-use regulations, and thermal and other 
water pollution limitations or requirements which have been imposed by Federal, 
State, regional, and local agencies having responsibility for environmental 
protection." 

7.2 Environmental Permits 

Table 7.2-1 lists the environmental permits held by Oconee and the compliance status of 
these permits. No Federal environmental permits have been identified as being required 
for re-issuance to support the renewal of the Oconee operating licenses. None of the state 
and local permits listed in Table 7.2-1 are required to be renewed to support the renewal 
of the Oconee operating licenses.  
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Table 7.2-1 Oconee Environmental Permits and Compliance Status 

Date Permit 
Oconee Environmental Federal Act State or Local Permitting Issued/ 

Permits Agency Compliance 
Status 

National Pollutant Discharge Federal Water 
Elimination System Pollution Control South Carolina Department 5/1/1995/ 
(NPDES) Permit # Act (FWPCA) of Health and In compliance 
SC0000515 Section 402 Environmental Control 
Part A Hazardous Waste Resource 
Permit # SCD043979822 Conservation and South Carolina Department 3/9/1988/ 
Interim Storage Facility for Recovery Act of Health and In compliance 
Mixed Wastes (RCRA) Section Environmental Control 

3005 

Operating Permit # 1820- Clean Air Act- South Carolina Department 4/22/1997/ 
0041 Air Quality Section 112 of Health and In compliance 

Environmental Control 
Landfill Permit # 373303- RCRA Subtitle D South Carolina Department 1/11/1995/ 
1601 of Health and In compliance 

Environmental Control 
Drinking Water Wells Safe Drinking South Carolina Department 
Permit # 202098AI and Water Act 42 of Health and In compliance 
Permit # 204558 U.S.C.1412 Environmental Control 
General Stormwater Permit FWPCA Section South Carolina Department 10/1/1992/ 
SCROOOOOO 402 of Health and In compliance 

Environmental Control 
Infectious Waste Permit N/A South Carolina Department 5/6/1992/ 
#SC37-005IG of Health and In compliance 

Environmental Control 

Environmental Laboratory N/A South Carolina Department 1/30/1997/ 
Certification #37756001 of Health and In compliance 

- Environmental Control 
Underground Storage Tank RCRA Subtitle I South Carolina Department 1/1/1982/ 
Permit #06673 of Health and In compliance 

Environmental Control 
Underground Storage Tank RCRA Subtitle I South Carolina Department 11/3/1988/ 
Permit #11174 of Health and In compliance 

Environmental Control 
Underground Storage Tank RCRA Subtitle I South Carolina Department 11/3/1989/ 
Permit #11843 of Health and In compliance 

Environmental Control 
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There are no zoning or land-use restrictions in Oconee County other than in 
municipalities. Oconee Nuclear Station is not located in a municipality.  

7.3 Environmental Permits - Discussion of Compliance 
Station personnel are primarily responsible for monitoring and ensuring that Oconee 
Nuclear Station is in compliance with all of its environmental permits and applicable 
regulations. Sampling results are submitted to the appropriate agency. Oconee has an 
excellent record of compliance with its environmental permits, including monitoring, 
reporting and operating within specified limits.  

Oconee has four treatment ponds for treating station wastewater. Three of the ponds treat 
conventional wastewater from the plant. The other treatment pond is for domestic 
sewage wastewater. The wastewater treatment systems are permitted by the South 
Carolina Department of Health and Environmental Control (SCDHEC). These ponds 
have a total of 12 groundwater monitoring wells to monitor for impacts to groundwater.  
These wells are sampled semi-annually. Monitoring results for all monitoring wells are 
in compliance with the maximum groundwater standards as set forth in South Carolina 
State Primary Drinking Water Regulations, R.61-58.5, except for pH, iron and 
manganese. The values for these parameters are in line with historical data and are 
believed to be due to natural background conditions.20 

7.4 Other Permits and Licenses 
The following additional permits and licenses are listed: 

Facility Operating License No. DPR-38 for Unit 1, Docket #50-269 
Facility Operating License No. DPR-47 for Unit 2, Docket #50-270 
Facility Operating License No. DPR-55 for Unit 3, Docket #50-287 

Independent Spent Fuel Storage Installation License No. SNM-2503, Docket #72-04 

Federal Energy Regulatory Commission, Project 2503, Keowee-Toxaway Project, license 
issued September 1, 1966.  

Duke Energy is in compliance with the terms of these permits and licenses.  

20 It is not uncommon for Piedmont soils to exceed groundwater standards for these parameters.  
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PREFACE 
In 1993, the South Carolina Department of Health and Environmental Control (SCDHEC) 

published the first in a series of five watershed management documents. Watershed Water Quality 
Management Strategy: Savannah-Saehatchie Basin communicated SCDHEC's innovative watershed 
approach, summarizing water programs and water quality in the basins. The approach continues to 
evolve and improve.  

The watershed documents facilitate broader participation in the water quality management 
process. Through these publications, SCDHEC shares water quality information with internal and 
external partners, providing a common foundation for water quality improvement efforts at the local 
watershed or large-scale, often interstate, river basin level.  

Water quality data from the Savannah and Salkehatchie River basins were collected and 
assessed at the start of this second five-year watershed management cycle. The assessment 
incorporates data from many more sites than were included in the first round. This updated atlas 
provides summary information on a watershed basis. A waterbody index allows the reader to locate 
information on specific waters of interest.  

A brief summary of the water quality assessments included in the body of this document is ) provided following the Table of Contents. This summary lists all waters within the Savannah and 
Salkehatchie River basins that fully support recreational and aquatic life uses, followed by those 
waters not supporting uses. More comprehensive information can be found in the individual 
management unit and watershed sections.  

As SCDHEC continues basinwide and statewide water quality protection and improvement 
efforts, we are counting on the support and assistance of all stakeholders in the Savannah and 
Salkehatchie River basins to participate in bringing about water quality improvements. We look 
forward to working with you.  

Questions, comments, and suggestions regarding this document, and water quality in the Savannah 
and Salkehatchie River basins, may be directed to: 

Watershed Manager 
Savannah and Salkehatchie River Basins 

SCDHEC Bureau of Water 
2600 Bull St.  

Columbia SC 29201 
(803)734-5300 
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Savannah and Salkehatchie River Basins: Waters fully supporting uses 

WATERSHED STATION 
UNIT NUMBER WATERBODY NAME IMPROVING TRENDS UNDESIRABLE TRENDS 03060101020 SV-337 LAKE JOCASSEE decreasing turbidity, bacteria increasing pH 

[ SV-334 LAKE JOCASSEE increasing DO, decreasing nitrogen and bacteria 03060101030 SV-741 EASTATOE CK 
SV-676 ROCKY BOTTOM CK 

03060101040 SV-249 SENECA RVR decreasing BOD, nitrogen, phosphorus SV-360. LAKE ISSAQtJEENA_______ 
___________ SV-1 06 LAEHRWLL decreasing HOD, phosphorus, bacteria decreasing DO and pH, increasing turbidity SV-236 LAKE HARTWELL decreasing BOD, phosphorus, bacteria decreasin DO and pH 

03060101050 SV-743 eriaTSHOALSRIVER 
SV-742 OCONEE CK .  

SV-203 LITRE RVR decreasing BOD, phosphorus 
SV-312 LAKE KEOWEE decreasing BOD, nitrogen, phosphorus, turbidity, bacteria 03060101060 SV-282 TWELVE MILE OK decreasing BOD, nitrogen, phosphorus _SV4SV-40 RICES CK______ 

03060101070 SV-739 TWELVE MILE CK 
SV-107 TWELVE MILE CK decreasing BOD, phosphorus decreasing DO 03060102030 SV-308 E FORK CHATTOOGA RVR decreasing BOD, phosphorus increasing pH 

_ _ , SV-227 CHATTOOGA RVR increasing pH and turbidity 
03060102060 SV-199 CHA'rOOGARVR increasing pH and phosphorus 

SV-359 TUGALOO LAKE 
SV-358 LAKE YONAH 
SV-673 BRASSTOWNCK 

_ _ SV-200 LAKE HARTWELL decreasing BOD, phosphorus 03060102120 SV-676 CHAUGARVR 
SV-344 ICHAUGA RVR_ 

UNDESIE25 

TOXAWAYCK 030601 03030 SV-1 00 LAKE RUSSELL decreasing OD, nitrogen, phosphorus, bacteria decreasing DO, increasing pH 
SV-1 09 ILiTLE GENEROSTEE CK _____ _____________ 

SV-357 LAKE RUSSELL SV-098 LAKE RUSSELL decreasing HOD, nitrogen, phosphorus, turbidity, bacteria- i 

Waterbody names In Italics evaluated for aquatic life use support only 
DO=dissolved oxygen, BOD=blochemical oxygen demand



Savannah and Salkehatchie River Basins: Waters fully supporting uses 

WATERSHED STATION 
UNIT NUMBER WATERBODY NAME IMPROVING TRENDS UNDESIRABLE TRENDS 

03060103070 SV-319 BROADWAY LAKE 

SV-258 BROADWAY LAKE 
SV-321 BROADWAY LAKE 
SV-346 ROCKY RVR 
SV-044 HEN COOP CK 
SV-332 LAKE SECESSION increasing nitrogen 

03060103100 SV-291 THURMOND RESERVOIR decreasing BOD, nitrogen, phosphorus decreasing pH, increasing turbidity 
SV-294 THURMOND RESERVOIR decreasing BOD, nitrogen, phosphorus decreasing pH, increasing turbidity 

03060103140 SV-733 HOGSKINCK 
SV-644 GILL CK 
SV-171 CALHOUN CK _ 

SV-192 LITILERVR 

03060103150 SV-732 BIG CURLY TAIL CK 

03060107010 SV-731 HARDLABOR CK 

03060107020 SV-729 TURKEY CK 

SV-728 LOG CK 

SV-727 ROCKYCK 

SV-352 TURKEY CK 

03060107030 SV-068 BEAVERDAM CK increasing DO, decreasing BOD and phosphorus decreasing pH 
03060107040 SV-063 STEVENS CK 

SV-354 STEVENS CK 
SV-726 HORNCK 
SV-725 CHEVES CK 

03060106030 SV-251 SAVANNAH RVR decreasing BOD, nitrogen, phosphorus, bacteria decreasing pH 
03060106050 SV-071 HORSE CK decreasing BOD, nitrogen, phosphorus decreasing pH, increasing turbidity 

SV-724* LfLE HORSE CK 

SV-073 LITIE HORSE CK decreasing phosphorus decreasing pH1, increasing turbidity and bacteria 
SV-250 HORSE CK increasing DO, decreasing BOD and phosphorus decreasing pH, increasing turbidity 

03060106060 SV-323 SAVANNAH RVR decreasing BOD, nitrogen, phosphorus, suspended solids, bact decreasing pH 
SV-350 HOLLOW CK 

03060106100 SV-680 UPPER THREE RUNS CK 
SV-723 CEDAR CK 

Waterbody names In italics evaluated for aquatic life use support only 
DO=dissolved oxygen, BOD=blochemical oxygen demand



Savannah and Salkehatchie River Basins: Waters fully supporting uses 

WATERSHED STATION 
UNIT NUMBER WATERBODY NAME IMPROVING TRENDS UNDESIRABLE TRENDS 

03060106110 SV-326 FOUR MILE CK decreasing BOD, nitrogen increasing turbidity 
SV-327 STEEL CK decreasing BOD, nitrogen, phosphorus, turbidity, bacteria decreasing pH 

03060106130 SV-1 75 LOWER THREE RUNS CK decreasing BOD decreasing pH, increasing turbidity and bacteria 
03060106140 SV-745 BRIER CK 

03060109020 SV-355 SAVANNAH RVR 

03060109050 SV-744 CYPRESS BRANCH 

03050207010 CSTL-578 BUCKCK 

03050207020 CSTL-056 TURKEYCK 
CL-064 L4KEEDGAR BROWN increasing pH 

03050207030 CSTL-577 TOBY CK 

_ CSTL-579 BIRDS BRANCH 

03050207040 CSTL-053 SAVANNAHCK 

03050207060 CSTL-566 LITTLE SALKEHATCHIE RIVER 
03050207070 CSTL-S76 LEMONCK 

03050208010 CSTL-585 SANDYRUNCK 
CSTL-583 BLACK CK 
CSTL-098 COMIBAHEE RVR decreasing BOD, nitrogen, phosphorus, suspended solids, bact decreasing pH 

03050208040 CSTL-069 ASHEPOO RVR 

MD-251 ASHEPOO RVR 

03050208050 CSTL-540 COOSAWHATCHIE RIVER 

CSTL-051 JACKSONCK 

03050208080 CSTL-582 CYPRESS CKATSC 3 
03050208090 CSTL-1 07 COOSAWHATCHIE RVR decreasing BOD, nitrogen, phosphorus decreasing pH increasing turbidity 

MD-1 16 BROAD RVR decreasing phosphorus, turbidity decreasing pK increasing nitrogen and bacteria 
MD-1 72 BROAD RVR decreasing DO, pH 
MD-1 17 CHECHESSEE RVR decreasing phosphorus decreasing DO, pH 
MD-1 76 COLLETON RVR decreasing bacteria decreasin pH 
MD-245 COLLETON RVR decreasing BOD increasing phosphorus and nitrogen 
MD-006 PORT ROYAL SOUND decreasing phosphorus increasing bacteria 

03050208100 MD-194 WHALE BRANCH decreasing DO and pH, increasing BOD, turbidity, and bact 
MD-005 BEAUFORT RVR decreasing phosphorus decreasing DO and pH, increasing nitrogen and bacteria 

03050208110 MD-016 MAY RVR ecreasing pH 
MD-I 75 CALIBOGUE SOUND decreasing phosphorus decreasing pH, increasing nitrogen 

Waterbody names In italics evaluated for aquatic life use support only 
dcsdlssolved oxygen, BODblochemncal oxygen demand



Savannah and Salkehatchie River Basins: Waters not fully supporting evaluated uses 

WATERSHED STATION AQUATIC LIFE USES RECREATIONAL USES 
UNIT NUMBER WATERBODY NAME Status Causes Possible Source Status Possible Source COMMENTS 

03060101020 SV-335 LAKE JOCASSEE N . copper, zinc Point source 
SV-336 LAKE JOCASSEE N copper Point source 

03060101030 SV-230 BIG EASTATOE CK N zinc Unknown 
SV-341 LITE EASTATOE CK P NPS-agriculture 
SV-338 LAKE KEOWEE N copper Point source increasing pH 

03060101040 SV-205 SIX MILE CK P NPS-agriculture 
SV-288 LAKE HARTWELL N copper Unknown decreasing DO 
SV-181 SIX & TWENTY CK P Point source 
SV-339 LAKE HARTWELL N copper Unknown 

03060101050 SV-343 LITILE CANE CK N Point source collection system 
SV-342 CANE CK N Point source collection system 
SV-311 LAKE KEOWEE P zinc Unknown decreasing DO 

decreasing pH, increasing 
03060101060 SV-206 N FORK TWELVE MILE CK P Unknown turbidity & bacteria 

I decreasing pH, increasing 
03060101070 SV-239 GOLDEN CK N Point source turbidity 

SV-738 GOLDENCK P macroinvertebrates Point source 

increasing turbidity & 
SV-015 TWELVE MILE CK N Point source bacteria 
SV-1 37 TWELVE MILE CK N NPS-agriculture 

decreasing DO, increasing 
SV-136 UNNAMED P NPS-agriculture bacteria 

03060101080 SV-333 CONEROSS CK P Point source decreasing pH 
SV-004 CONEROSS CK P Point source increasing bacteria 
SV-322 CONEROSS CK P Point source increasing bacteria 

03060101090 SV-017 EIGHTEEN MILE CK N Point source under enforcement 
SV-241 WOODSIDE BRANCH N Point source under enforcement 
SV-245 EIGHTEEN MILE CK N Point source under enforcement 
SV-1 35 EIGHTEEN MILE CK N Point source under enforcement 
SV-268 EIGHTEEN MILE CK N Point source under enforcement 

03060101100 SV-735 THREE AND TWENTYCK P macroinvertebrates NPS-sedimentation 
decreasing pH, increasing 

ISV-111 THREE & TWENTY CK N Point source bacteria 

Recreational use assessment based on fecal coliform bacteria densities.  
Waterbody names in Italics evaluated for aquatic life use support only.  
N=not supporting, P=partialiy supporting, *=eutrophication assessment
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Savannah and Salkehatchle River Basins: Waters not fully supporting evaluated uses 

WATERSHED STATION AQUATIC LIFE USES L USES UNIT NUMBER WATERBODY NAME Status Causes Possible Source Statu 03060102130 SV-301 NORRIS CK Nint Source C rai I-I SV-1 08 CHOESTOEA CK N Point source 03060102150 SV-345 BEAVERDAM CK P macroinvertebrats NPS-sedi n N NPS-a culture 03060103020 SV-340 LAKE HARTWELL N coper Unknown 03060103030 SV-316 BIG GENEROSTEECK 
N Point source lant ugrade undewa SV-101 BIG GENEROSTEE CK P ma----vetebrtes Point source lantup deunderw 03060103070 SV-031 ROCKY RVR N co per NPS-urban runoff N Point source incr 

SV-041 ROCK Y RVR 
source b tria N Pincreasingbatridiy SV-139 CUPBOARD CK N dissolved oxygen Point source N Point source pint sources removed SV-140 CUPBOARD CK N so oxygn Point source N Point source point sources removed SV-141 BROAD WAY CK P macroinvertebrates NPS-sedientation N Point source point sources removed SV-037 BETSY CK SV-650 RBESY N copper Point sourceRVR S-5 O YRP macroinvertebrates Point source SV-043 CHEROKEE CK 

SV-331 LAKE SECESION 
dce~n ~ -esn 

S V -3 3 L A K S E C E SI O Nn u trien ts U k o nPP o in t so u rce tu rb id ity & b acteria 03060103080 SV-185 WlZSONCK P macroinvertebrates Unknown 
SV-347 WILSONC 

P UnknoCK_ 03060103140 SV-164 LITTLE RVR 
NPS-a SV-348 LITTLE RVR 

P NPSagriculture 

SV-052 SAWNEY CKdce 
gp, ncesn 

10SV-349 LON SANE CKI 
N Point sore turbidity & bacteria 3060103150 SV-349 LONG CANE CKNPS-agrcutue 

SV-734 JOHNS CK P macroinvertebrates NPS-g Iculture SV-053B BLUE HILL 
N Point source collecti sstem SV-054 DOUBLE P macroinverBRrafes NPS-and development 

SV-318 LONG CANE UK SES Point sturbidity 

Recreational use assessment based on fecal coliform bacteria densities.  Waterbody names In itaics evaluated for aquatic life use support only.  Nnot supporting, P=partiaey supporting, =eutrophication assessment
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Southeast. Geographic regions included in the Savannah River Watershed range from the Blue Ridge 

(mountain) through the Piedmont, and the Upper and Lower Coastal Plains to the Coastal Zone.  

The Tallulah River and Chattooga River, originating in Georgia and North Carolina, respectively, 

join to form the Tugaloo River on the South Carolina/Georgia State border. The Horsepasture River flows 

into the Toxaway River which flows over the North Carolina State boundary into South Carolina, where it 

merges with the Whitewater River and Thompson River to form Lake Jocassee, the Keowee River and 

eventually Lake Keowee. The Seneca River flows out of Lake Keowee to converge with the Tugaloo River 

and form the headwaters of the Savannah River, which serves as the physical boundary between the States 

of South Carolina and Georgia. The Savannah River then flows through Lake Hartwell, Lake Richard B.  

Russell, and Lake Thurmond and empties into the Atlantic Ocean at the port city of Savannah, Georgia.  

The Salkehatchie River basin is contained within South Carolina and is described in Watershed 

Management Unit 0104. The Salkehatchie River basin originates in the Sandhills region and flows through 

the Lower Coastal Plain and Coastal Zone regions. The Salkehatchie River joins with the Little Salkehatchie 

River to form the Combahee River, which empties into St. Helena Sound and the Atlantic Ocean. Also 

included in this basin grouping are drainages from the Ashepoo River, the Coosawhatchie River, Broad 

River, and the New River.  

Watershed Assessments 

Ambient surface water monitoring data from 64 primary stations, 44 secondary stations, 52 

watershed stations, and I inactive station in the Savannah and Salkehatchie River basins were reviewed for 

this assessment, along with 72 biological sites to assess macroinvertebrate communities. The time period 

used to assess standards compliance was 1992 through 1996. Water quality data are summarized in 

Appendix B. All current NPDES permits in the Savannah and Salkehatchie River basins are to be drafted 

and issued by September 30, 1998, and will all be reissued together in 2003.  

Management Unit WMU-0101 

Management Unit WMU-0 101 is located in the northwest corner of South Carolina and extends from 

a common border with North Carolina and Georgia southeast into Anderson County. It contains Oconee 

County and a portion of Pickens County as well.  

Population. The 1990 populations and projections for the year 2010 for counties within WMU-0 101 
are listed in the table below. Oconee County is expected to experience the greatest population change during 

this time period, with an increase of 26%.  

County 1990 Population 2010 Population Change (%) 

Anderson 145,196 176,000 21 

Oconee 57,494 72,300 26 

Pickens 93,894 109,500 17 
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Climate. Normal yearly rainfall in the WMU-0101 area was 60.97 inches, according to the S.C.  
historic climatological record. Data compiled from National Weather Service stations in Longcreek, Salem, 
Walhalla, Clemson University and Pickens were used to determine the general climate information for the 
northwestern corner of the state. Within the four Savannah-Salkehatchie watershed management units, the 
highest level of rainfall occurred in WMU-0101, which is characteristic of the mountains and upper Piedmont 
region. The highest seasonal rainfall occurred in the spring with 17.29 inches; 14.88, 12.72 and 16.08 inches 
of rain fell in the summer, fall and spring, respectively. The average annual daily temperature was 59.7F, 
the coolest in the state. Winter temperatures averaged 42.90 F, spring temperatures averaged 59.4'F and 
summer and fall mean temperatures were 75.6 and 60.8 0F, respectively.  

Fish Consumption Advisory. A fish consumption advisory has been issued by SCDHEC for LAKE 
HARTWELL advising people to limit the amount of fish consumed from these waters and their tributaries due 
to PCB and mercury contamination. In 1976, analysis of fish tissue by the SCDHEC and the USEPA 
revealed contamination by polychlorinated biphenyls (PCBs) above the USFDA recommended limits in 
certain areas of Lake Hartwell. As a result of these findings, a fish consumption advisory was issued for 
portions of Lake Hartwell to reduce human exposure. The SCDHEC and US Army Corps of Engineers have 
continued to conduct surveys of Lake Hartwell to evaluate PCB levels in fish tissue.  

Portions of Lake Hartwell became eligible for Superfund support in 1990. The contamination 
originated from the historical industrial use of PCBs at the Cornell-Dubilier Marketing site, formerly owned 
by Sangamo, located on Town Creek. Contaminated sediments from this site have migrated downstream via 
Twelve Mile Creek to the Twelve Mile Creek Arm of Lake Hartwell which continues to have the highest 
level of PCBs. The manufacture and use of PCBs was banned in 1979, but PCBs are very resistant to 
degradation and therefore are very persistent in the environment.  

A gradient of decreasing PCB concentration in fish tissue extends from the Twelve Mile Creek 
region down to the dam. The forage fish in the Twelve Mile Creek arm are highly contaminated with PCBs 
and play a major role in the accumulation of PCBs in the game fish population through the food chain.  

Mercury has also been measured in fish tissue at levels that would warrant an advisory; however, the advisory issued due to PCBs is more restrictive and the original fish consumption advisory remains in effect. All fish taken from the Seneca River arm upstream of Highway 24 should be released and not eaten.  All fish greater than three pounds taken from the remainder of Lake Hartwell should be released and not eaten. SCDHEC continues to issue fish consumption advisories for PCBs based on the USFDA action level of 2.0 parts per million. SCDHEC is, however, in the process of developing a risk based method for issuing future advisories.  

03060101-20. Watershed 03060101-020 (map page 29) is located in Oconee and Pickens Counties 
and consists of LAKE JOCASSEE and its tributaries. The watershed includes the Toxaway River, Whitewater River and Thompson River, all which flow across the North Carolina border to form Lake Jocassee; the entire lake to the dam is included in the watershed.  
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The watershed occupies 39,724 acres of the Blue Ridge region of South Carolina. The predominant 

soil types consist of an association of the Ashe-Saluda series. The erodibility of the soil (K) averages 0.23; 

the slope of the terrain averages 45.2%, with a range of 10-65%. Land use/land cover in the watershed 

includes: 73% forested land, 22% water, 2% urban land, 2% scrub/shrub land, 1% agricultural land, and 

<1% barren land. The entire watershed is contained within Sumter National Forest.  

Permitted Discharges 

Receiving Flow 
Permit # Facility Water Type* (MGD) 
SC0037800 DUKE POWER/BAD CREEK JOCASSEE LK IN 0.18 

SC0037800 DUKE POWER/BAD CREEK JOCASSEE LK IN 0.013 

SC0037800 DUKE POWER/BAD CREEK JOCASSEE LK IN 2.9 

SC0037800 DUKE POWER/BAD CREEK JOCASSEE LK IN ---

SC0037800 DUKE POWER/BAD CREEK JOCASSEE LK IN 4.3 

*IN=industrial tMGD=million gallons per day 

Monitoring Locations 

Station . Number Type* Classt Station Description 

SV-335 P TPGT Lake Jocassee at confluence of Toxaway, Horsepasture & Laurel Fork Creeks 

SV-337 P TPGT Lake Jocassee outside of coffer dam at Bad Creek Project 

SV-336 P TPGT Lake Jocassee at confluence of Thompson and Whitewater Rivers 

SV-334 P TPGT Lake Jocassee, main body of lake 

* Pprimary, S=secondary, SSwatershed 

t TP)GT~tout put, grow and take; ORW-outstanding resource waters; FW~freshwaters 

LAKE JOCASSEE is a 7565-acre impoundment on the Toxaway, Whitewater, and Thompson Rivers, 

with a maximum depth of approximately 324 feet (99 meters) and an average depth of approximately 157 

feet (48 meters). A portion of the lake's watershed is in North Carolina. There are four monitoring sites on 

Lake Jocassee.  

At the most uplake site (SV-335) aquatic life uses are not supported due to occurrences of copper 

and zinc in excess of the aquatic life acute standards, in addition to a high concentration of zinc and a very 

high concentration of lead measured in 1996. A significant increasing trend in dissolved oxygen 

concentration and a significant decreasing trend in total nitrogen concentration suggests improving conditions 

for these parameters. Recreational uses are fully supported at this site and a significant decreasing trend in 

Ofecal coliform bacteria concentration suggests improving conditions for this parameter.  
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Further down the lake (SV-337), aquatic life uses are fully supported, but may be threatened by a 
very high concentration of zinc measured in 1993 and a very high concentration of lead measured in 1995, 
compounded by a significant increasing trend in pH. A significant decreasing trend in turbidity suggest 
improving conditions for this parameter. Recreational uses are fully supported at this site and a significant 
decreasing trend in fecal coliform bacteria concentration suggests improving conditions for this parameter.  

At the next site down lake (SV-336), aquatic life uses are not supported due to occurrences of copper 
in excess of the aquatic life acute standards. Recreational uses are fully supported at this site.  

At the most down lake site (SV-334), aquatic life uses are fully supported. A significant -increasing 
trend in dissolved oxygen concentration and a significant decreasing trend in total nitrogen concentration 
suggests improving conditions for these parameters. Recreational uses are fully supported at this site and 
a significant decreasing trend in fecal coliform bacteria concentration suggests improving conditions for this 
parameter.  

Eutrophication assessments indicate that Lake Jocassee is one of the least eutrophic large lakes in 
South Carolina, characterized by very low nutrient concentrations and very clear water. Preservation of this 
lake's desirable trophic condition is recommended.  

Duke Energy operates a hydroelectric facility on Lake Jocassee.  

03060101-030. Watershed 03060101-030 (map page 29) is located in Oconee and Pickens Counties 
and consists of the upper region of LAKE KEOWEE and its tributaries. This watershed contains a total of 
34.18 stream miles. EASTATOE CREEK receives drainage from ROCKY BOTTOM CREEK and LrrrLE 

* EASTATOE CREEK, and joins with the Keowee River just below the Lake Jocassee dam to form the upper 
region of Lake Keowee. The watershed includes the headwaters of Lake Keowee extending down to the 
Keowee dam, one of two dams on this reservoir.  

The watershed occupies 75,177 acres of the Blue Ridge region of South Carolina. The predominant 
soil types consist of an association of the Pacolet-Ashe-Hayesville series. The erodibility of the soil (K) 
averages 0.23; the slope of the terrain averages 27.8%, with a range of 2-80%. Land use/land cover in the 
watershed includes: 78.98% forested land, 10.96% water, 6.38% agricultural land, 3.29% scrub/shrub land, 
0.30% urban land, and 0.10% barren land. Keowee Toxaway State Park is located in the upper reaches of 
the watershed.  

PermittedDischarges 

Receiving Flow 
Permit # Facility Water Type* (MGD) t 

SC0000515 DUKE POWER/OCONEE NU IN 2324.7 
SC0000515 DUKE POWER/OCONEE NU IN 3.7 
SC0000515 DUKE POWER/OCONEE NU IN 0.035 
SC0000515 DUKE POWER/OCONEE NU IN 0.007 
SC0000515 DUKE POWER/OCONEENU IN 0.18 
SC0026557 MCCALL ROYAL REEDY CV CK CO 0.012 
*IN-industrial, CO=community *MGD-rnillion gallons per day 
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Station 

Number Type* Classt Station Description 

SV-741 BIO ORW Eastatoe Creek at S-39-237 

SV-676 BIO ORW Rocky Bottom Creek at US 178 

SV-230 P ORW Eastatoe Creek at S-39-143 

SV-34 1 SS/BIO FW Little Eastatoe Creek at S-39-49 

SV-338 P FW Lake Keowee above SC Route 130 and dam 

* P=primary, S=secondary, SS=watershed, BIO-macroinvertebrate 

t TPGT-trout put, grow and take; ORW=outstanding resource waters; FW'freshwaters 

Aquatic life uses are fully supported in ROCKY BOTTOM CREEK (SV-676) based on 
macroinvertebrate community data. Recreational use support was not assessed.  

Aquatic life uses are fully supported in upper EASTATOE CREEK (SV-741) based on 

macroinvertebrate community data. Recreational use support was not assessed.  

Aquatic life uses are not supported at the lower Eastatoe Creek site (SV-230) due to occurrences of 
zinc in excess of the aquatic life acute standards, including two very high concentrations. A significant 

increasing trend in dissolved oxygen concentration suggests improving conditions for this parameter.  
Recreational uses are fully supported at this site.  

Aquatic life uses are fully supported in LIT'LE EASTATOE CREEK (SV-34 1). Recreational uses are 

only partially supported at this site due to fecal coliform bacteria excursions.  

LAKE KEOWEE is a 18,372-acre impoundment on the Keowee River, with a maximum depth of 
approximately 155 feet (47 meters) and an average depth of approximately 54 feet (17 meters). The lake's 
watershed comprises 273 square miles (707 knm?) in North and South Carolina. Eutrophication assessments 
indicate that Lake Keowee is the least eutrophic large lake in South Carolina, characterized by very low 
nutrient concentrations. Preservation of this lake's desirable trophic condition is recommended. Aquatic 
life uses are not supported in Lake Keowee (SV-338) due to occurrences of copper in excess of the aquatic 
life acute standards, including a high concentration of copper measured in 1995, compounded by a significant 
increasing trend in pH. A significant increasing trend in dissolved oxygen concentration and a significant 
decreasing trend in five-day biochemical oxygen demand suggest improving conditions for these parameters.  
Recreational uses are fully supported at this site.  

Duke Energy operates a hydroelectric facility on Lake Keowee within this watershed.  

A nonpoint source (NPS) monitoring project has been implemented in this watershed by the Friends 
of Lake Keowee Society through SCDHEC. The goal of the project is NPS education in the community.  
The project involves volunteer monitoring using a periphyton biomass technique to infer possible nutrient 
increases due to NPS pollution. Sampling stations will be placed near potentialNPS input locations such 
as marinas and golf courses as well as at control stations. Area high school students will become involved 

* in sampling and analysis in the final stages of the project. Project grant period: 2/01/97-1/31/98.  
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03060101-040. Watershed 03060101-040 (map page 33) is located in Pickens, Oconee and 
Anderson Counties and consists of the SENECA RIVER, which together with its tributaries form the upper 
region of LAKE HARTWELL. The Seneca River flows out of the Keowee dam to form the headwaters of the 
Seneca River region of Lake Hartwell, which extends down to its confluence with the Tugaloo River region 
of the lake. This watershed accepts the drainage of SIX MILE CREEK, which flows into the Seneca River 
just below the Little River dam, and from Six AND TWENTY CREEK, which enters the watershed just above 
the confluence with the Tugaloo River. Town Creek flows into Six and Twenty Creek. There are a total of 
29.93 stream miles in this watershed. Watershed 03060101-040 also accepts the drainage from Twelve Mile 
Creek (03060101-060,-070), Eighteen Mile Creek (03060101-090), Coneross Creek (03060101-080) and 
Lake Keowee (03060101-050) watersheds.  

The watershed occupies 137,014 acres of the Piedmont region of South Carolina. The predominant 
soil types consist of an association of the Cecil-Hiwassee series. The erodibility of the soil (K-factor) 
averages 0.26; the slope of the terrain averages 10.7%, with a range of 2-25%. Land use/cover in the 
watershed includes: 44% forested, 19% agricultural, 15% water, 13% scrub/shrub, 8% urban land, and 1% 
barren land.  

Permitted Discharges 

Receiving Flow 
Permit # Facility Water TyPe* (MGDP 
SCO000132 AMERICAN HOUSE PIKE CREEK IN 0.033 
SC0000272 COURTENAY UTIL INC/W LITILE RV CO 0.0495 
SC0000591 J P STEVENS/CLEMSON IN 2.16 
SC0020010 CLEMSON/MAIN PLANT HARTWELL LK MU I 
SC0021849 HARBOR GATE CONDOMIN HARTWELL LK CO 0.0375 
SC0021873 SHOALS SEWER COMPANY HARTWELL LK CO 0.019 
SC0022004 CLEMSON UNIVER/CENTR HARTWELL LK IN 14.11 
SC0023141 ISSAQUEENA MOBILE HOM HARTWELL LK CO 0.024 
SCO023311 DAYS INN/I-85 & SC H HARTWELLLK CO 0.025 
SC0023353 MILLIKEN & CO/DEFORE HARTWELL LK IN 0.014 
SC0023353 MILLIKEN & CO/DEFORE HARTWELL LK IN MR 
SC0034843 CLEMSON UNIVER/PHYSI HARTWELL LK CO 1.8 
SC0036200 CLEMSON UNIVER/COOPE HARTWELL LK IN 0.003 
SC0038652 DANIEL HIGH SCH/PICK HARTWELL LK CO 0.02 
SC0040193 ANDERSON CO SWR AUTH SIX & TWENTY MU 0.5 
*I=industrial, CO=community, MU=municipal 
tMGD=million gallons per day, MR==monitor and report 
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Watershed 03060101-040 
Savannah and Salkehatchie River Basins 

Six Mile 
SCO 515 

Seneca 0233 0s Clemson 

a Surface Water Intakes 
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A Discharges 

[II Watershed Unit 

City 3 0 3 6 9 12 Miles 
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Station 
Number Type* Classt Station Description 

SV-249 P FW Seneca River at SC 183, 3.8 miles WSW of Six Mile 

SV-205 SS/BIO 'FW Six Mile Creek at S-39-160 

SV-360 SS FW Lake Issaqueena forebay equidistant from dam and shorelines 

SV-106 S FW Martin Creek arm of Lake Hartwell at S-37-65, N of Clemson 

SV-236 P FW Lake Hartwell at S-37-184, 6.5 miles SSE of Seneca 

SV-288 P FW L. Hartwell, Seneca R. Arm at USACE buoy betw. markers S-28A & S-29 

SV-181 S FW 6 & 20 Creek at S-04-29, 8.2 miles SE of Pendleton 

SV-339 P FW L. Hartwell, Seneca R. Arm at USACE buoy betw. markers S-14 and S-15 

* P-primary, S=secondary, SS=watershed, BIO=macroinvertebrate 
TPGT=-trout put, grow and take; ORW=outstanding resource waters; FW-freshwaters 

A fish consumption advisory has been issued by the Department for PCBs and includes portions of 

this watershed (see Fish Consumption Advisory, Management Unit WMU-0 101).  

Aquatic life uses are fully supported in the SENECA RIVER (SV-249), but may be threatened by a 

significant decreasing trend in dissolved oxygen concentration. Significant decreasing trends in five-day 

biochemical oxygen demand, total phosphorus and total nitrogen concentrations suggest improving 

conditions for these parameters. Recreational uses are fully supported at this site.  

Aquatic life uses are fully supported in SIX MILE CREEK (SV-205) based on macroinvertebrate 

community,,physical and chemical data. Recreitional uses are only partially supported at this site due to 

fecal coliform bacteria excursions. This creek was Class B until April, 1992 and due to the implementation 

schedule the full effect of the more stringent fecal coliform bacteria limits may not be reflected in this 

assessment.  

LAKE ISSAQUEENA (SV-360) is an 85-acre impoundment on Six Mile Creek, with a maximum depth 

of approximately 26 feet (8.0 meters) and an average depth of approximately nine feet (2.7 meters).  

Eutrophication assessments indicate that Lake Issaqueena is one of the least eutrophic small lakes in South 

Carolina, characterized by low nutrient concentrations and clear water. Preservation of this lake's desirable 

trophic condition is recommended. Aquatic life uses are fully supported in Lake Issaqueena (SV-360), but 

may be threatened by a very high concentration of zinc measured in 1996. Recreational uses are fully 

supported at this site.  
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Aquatic life uses are fully supported in SIX AND TWENTY CREEK (SV-181). A significant 

decreasing trend in total phosphorus concentration suggests improving conditions for this parameter.  

Recreational uses are only partially supported at this site due to fecal coliform bacteria excursions.  

LAKE HARTWELL is a 56,000-acre impoundment on the Savannah River, with a maximum depth 

of approximately 175 feet (53 meters) and an average depth of approximately 46 feet (14 meters). The lake's 

watershed comprises 2090 square miles (5400 kin2) in Georgia and South Carolina. There are four 

monitoring sites on Lake Hartwell in this watershed unit.  

At the most uplake site (SV- 106), aquatic life uses are fully supported, but may be threatened by 
significant decreasing trends in dissolved oxygen concentration and pH, and a significant increasing trend 

in turbidity. Significant decreasing trends in five-day biochemical oxygen demand and total phosphorus 

concentrations suggest improving conditions for these parameters. Recreational uses are fully supported at 

this site and a significant decreasing trend in fecal coliform bacteria concentration suggests improving 
conditions for this parameter.  

At the next site down the lake (SV-236), aquatic life uses are fully supported, but may be threatened 

by significant decreasing trends in dissolved oxygen concentration and pH. Significant decreasing trends 
in five-day biochemical oxygen demand and total phosphorus concentrations suggest improving conditions 
for these parameters. Recreational uses are fully supported at this site and a significant decreasing trend in 
fecal coliform bacteria concentration suggests improving conditions for this parameter.  

Further down the lake (SV-288) aquatic life uses are not supported due to occurrences of copper in 
excess of the aquatic life acute standards, including a high concentration of copper in water measured in 
1995. This is compounded by a significant decreasing trend in dissolved oxygen concentration and the 
measurement in sediment of four very high concentrations of chromium, one very high concentration of lead, 
one high and one very high concentration of nickel, and two high and two very high concentrations of zinc.  
Also in sediment P,P' DDE, a metabolite of DDT, was measured once, toxaphene was measured once, PCB
1242 was measured once, PCB-1248 was measured twice, and PCB-1254 was measured three times.  
Although the use of DDT was banned in 1973, and the manufacture and use of PCBs was banned in 1979, 
both are very resistant to degradation and therefore are very persistent in the environment. Significant 
decreasing trends in five-day biochemical oxygen demand and total phosphorus concentrations suggest 
improving conditions for these parameters. Recreational uses are fully supported at this site and a significant 
decreasing trend in fecal coliform bacteria concentration suggests improving conditions for this parameter.  

At the most down lake site (SV-339), aquatic life uses are not supported due to occurrences of 
copper in excess of the aquatic life acute standards, compounded by a very high concentration of lead 
measured in 1994. A significant decreasing trend in five-day biochemical oxygen demand suggests 
improving conditions for this parameter. Recreational uses are fully supported at this site.  

Eutrophication assessments indicate that Lake Hartwell is one of the least eutrophic large lakes in 
South Carolina, characterized by low nutrient concentrations. Preservation of this lake's desirable trophic 
condition is recommended.  
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A nonpoint source demonstration project has been implemented in this watershed by Clemson 

University through SCDHEC. The goal of the project is to demonstrate best management practices (BMPs) 

for logging site preparation for re-planting trees. Before and after runoff samples are collected to show 

effectiveness of the BMPs. A program to educate loggers about these BMPs is part of the project. The 

project period is May 1995 through April 1998.  

03060101-050. Watershed 03060101-050 (map page 37) is located in Oconee County and consists 

primarily of the LITTLE RIVER and its tributaries, which form an arm of LAKE KEOWEE. In this watershed, 
Oconee Creek and North Fork Creek join to form the Little River. A large portion of Lake Keowee, from 

the Keowee dam to the Little River dam, is contained in this watershed. Cane Creek and Little Cane Creek, 
together with Crooked Creek, form arms of Lake Keowee. The tributaries of Lake Keowee extend for a total 

of 59.59 stream miles.  
The watershed occupies 104,698 acres of the Blue Ridge and Piedmont regions of South Carolina.  

The predominant soil types consist of an association of the Pacolet-Cecil-Hiwassee series. The erodibility 

of the soil (K-factor) averages 0.24; the slope of the terrain averages 19.3%, with a range of 2-80%. Land 
uselland cover in the watershed includes: 68% forested land, 12% agricultural land, 12% water, 4% urban 

land, 3% scrub/shrub land, and <1% barren land.  

Permitted Discharges 

Receiving Flow 
Permit # Facility Water Type* (MGD)t 
SC0022322 LAKE KEOWEE DEVELOPM KEOWEE LK CO 0.9 
SC0026603 SALEM H&ELEM SCH N FORK CO 0.011 

SC0026727 TAMASSEE DAR SCHOOL DAVEY BR CO 0.031 
*IN=industrial, CO=community tMGD-million gallons per day 

Mornitoring Locations 

Station 
Number Type* Classt Station Description 

SV-743 BIO FW Flat Shoals River at S-37-129 

SV-742 BIO FW Oconee Creek at S-37-129 

SV-203 S FW Little River at S-37-24, 7.1 miles NE of Walhalla 

SV-312 P FW Lake Keowee at SC 188, Crooked Creek ann, 4.5 miles N of Seneca 

SV-343 SS/BIO FW Little Cane Creek at S-37-133 

SV-342 SS/BIO FW Cane Creek at S-37-133 

SV-31 1 P FW Lake Keowee at SC 188, Cane Creek arm, 3.5 miles NW of Seneca 

* Pprimary, S-secondary, SS'-watershed, BIO-macroinvertebrate 
t lTGT=trut put, grow and take; ORW-outstanding resource waters; FWfeshwaters 
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Aquatic life uses are fully supported in FLAT SHOALS RIVER (SV-743) based on macroinvertebrate 

community data. Recreational use support was not assessed.  

Aquatic life uses are fully supported in OCONEE CREEK (SV-742) based on macroinvertebrate 

community data. Recreational use support was not assessed.  

Aquatic life and recreational uses are fully supported in LITTLE RIVER (SV-203). Significant 

decreasing trends in five-day biochemical oxygen demand and total phosphorus concentrations suggest 

improving conditions for these parameters.  

Aquatic life uses are fully supported in LITLE CANE CREEK (SV-343) based on macroinvertebrate 

community, physical and chemical data. Recreational uses are not supported at this site due to fecal coliform 

bacteria excursions.  

Aquatic life uses are fully supported in CANE CREEK (SV-342) based on macroinvertebrate 

community, physical and chemical data. Recreational uses are not supported at this site due to fecal coliform 

bacteria excursions.  

LAKE KEOWEE is a 18,372-acre impoundment on the Keowee River, with a maximum depth of 

approximately 155 feet (47 meters) and an average depth of approximately 54 feet (17 meters). The lake's 

watershed comprises 273 square miles (707 kin) in North and South Carolina. There are two monitoring 

sites on Lake Keowee in this watershed unit.  

At the uplake site (SV-3 12), aquatic life uses are fully supported. Significant decreasing trends in 

five-day biochemical oxygen demand, total phosphorus and total nitrogen concentrations, and turbidity 

suggest improving conditions for these parameters. Recreational uses are fully supported at this site and a 

significant decreasing trend in fecal coliform bacteria concentration suggests improving conditions for this 

parameter.  

At the down lake site (SV-3 11), aquatic life uses are only partially supported due to occurrences of 

zinc in excess of the aquatic life acute standards, including two very high concentrations, compounded by 
a very high concentration of copper measured in 1996 and a significant decreasing trend in dissolved oxygen 
concentration. Significant decreasing trends in five-day biochemical oxygen demand, total phosphorus and 
total nitrogen concentrations suggest improving conditions for these parameters. Recreational uses are fully 
supported at this site and a significant decreasing trend in fecal coliform bacteria concentration suggests 
improving conditions for this parameter.  

Eutrophication assessments indicate that Lake Keowee is the least eutrophic large lake in South 
Carolina, characterized by very low nutrient concentrations. Preservation of this lake's desirable trophic 
condition is recommended.  

Duke Energy operates a hydroelectric facility on Lake Keowee within this watershed.  
A nonpoint source (NPS) monitoring project has been implemented in this watershed by the Friends 

of Lake Keowee Society through SCDHEC. The goal of the project is NPS education in the community.  
The project involves volunteer monitoring using a periphyton biomass technique to infer possible nutrient 
increases due to NPS pollution. Sampling stations will be placed near potential NPS input locations such 
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as marinas and golf courses as well as at control stations. Area high school students will become involved 
in sampling and analysis in the final stages of the project. Project grant period: 2/01/97-1/31/98.  

03060101-060. Watershed 03060101-060 (map page 40) is located in Pickens County and consists 
of the upper reach of TWELVE MILE CREEK and its tributaries. Middle Fork Twelve Mile Creek and 
NORTH FoRK TWELVE MILE CREEK join to form Twelve Mile Creek, which flows through the watershed 
and is joined, along the way, by Town Creek, Wolf Creek and Rices Creek; the drainage from all these streams flows into the lower reaches of Twelve Mile Creek (03060101-070), and into Lake Hartwell. There 
are a total of 51.64 stream miles in this watershed.  

The watershed occupies 74,972 acres of the Piedmont region of South Carolina. The predominant 
soil types consist of an association of the Cecil-Hiwassee-Pacolet series. The erodibility of the soil (K
factor) averages 0.25, the slope of the terrain averages 13.7%, with a range of 2-80%. Land use/land cover 
in the watershed includes: 64% forested land, 24% agricultural land, 6% urban land, 5% scrub/shrub land, <1% barren land, and <1% water.  

Permitted Discharges 

Permit # Facility Reep*ing 
SCW000370 ALICE FG/ELLJEANN 
SC0000370 ALICE MFG/ELLJEAN RICES CK IN 0.04 SC0000370 ALICE MFG/ELLJEAN RIE CKN 002 SC0000370 ALICE MFGJELLJEAN RICES CK IN 0.032 
SC0000434 SPANGLERS GROCERY PRATERSCK IN 0.009 
SC0021661 PICKENS/TOWN CREEK TOWN CK MU 0.6 
SC0021679 PICKENS/WOLF CREEK WOLF CK MU 0.5 
SC0026492 RYOBI MOTOR PRODUCTS TOWN CK IN MR 
SCM047716 PICKENS/12MIECK % 2MILECK MU I 
*I~nutil CO=conimunity, MU=municipal 
-tlDmilo gallons per day, MR=mo-nitor and report 

.. R. .. .c in g 

Station 
Number TClasst Station Description 
SV-206 S/130 FW NortR Fork Twelve Mile Creek at US 178,2.9 miles N of Pickens 
SV-282 S FW Twelve Mile Creek at S-39-273, 2.8 miles SSW of Pickens 
SV-740 BIO FW Rices Creek at S-39-158 

SV-739 BIO FW Twelve Mile Creek at S-39-137 
P=primary, Ssecondary, SSwatershc BIOm=racroinvertebrate 

TPT=rout Put, grow and take; ORW=outstanding resaurce waters; FW--freshwaters 
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Appendix B 

Water Quality Data 

Monitoring Station Descriptions 
Dissolved Oxygen, pH, and Bacteria Data 
Phosphorus, Nitrogen, and Turbidity Data 

Metals Data 
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ABBREV1ATIONS 

Station Infomation, 

STATION NUMBER Staion ID 

TYPE SCDHEC station type code 

p = Primary station, sampled monthly all year round 

S = Secondary station, sampled monthly May - October 

P* = Secondary station upgraded to primary station parameter coverage and sampling 

frequency for basin study 

SS = Special station added for the Savannah-Salkehatchie basin study 

1* = Currently inactive station which had some data within the period reviewed 

BIO= Indicates macroinvertebrate community data assessed 

WATERBODY NAME Stream or Lake Name 

CLASS Stream classification at the point where monitoring station is located 

Parameter Abrvain adarmtrMasurement Units: 

DO Dissolved Oxygen (mg/1) NH3 Ammonia (mg/1) 

BOD Five-Day Biochemical Oxygen Demand (mg/1) CD Cadmium (ug1) 

pH pH(SU) CR Chromium (ug/1) 

TP Total Phosphorus (mg/1) CU Copper (ugfl) 

TN Total Nitrogen (mg/1) PB Lead (ug/1) 

TURB Turbidity (NTU) HG Mercury (ugl) 

TSS Total Suspended Solids (mgfiJ NI Nickel (ugl) 

BACT Fecal Coliform Bacteria (#/100 ml) ZN Zinc (ug/1) 
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ABBREVIATIONS 

Statistical Abbreviations: 

N For standards compliance, number of surface samples collected between January, 1992 and 
December, 1996 
For trends, number of surface samples collected between January, 1982 and December, 1996 

EXC. Number of samples contravening the appropriate standard 

% Percentage of samples contravening the appropriate standard 

MEAN EXC. Mean of samples which contravened the applied standard 

MED For heavy metals with a human health criterion, this is the median of all surface samples between 
January, 1992 and December, 1996. DL indicates that the median was the detection limit.  

MAG Magnitude of any statistically significant trend, average change per year, expressed in parameter 
measurement units 

Key to Trends: 

D Statistically significant decreasing trend in parameter concentration 

I Statistically significant increasing trend in parameter concentration 

* No statistically significant trend 

(Blank) Insufficient data to test for long tendi trends 
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MONITORING STATION DESCRIPTIONS, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION 
NUMBER TYPE WATERBODY NAME CLASS STATION DESCRIPTION COUNTY 

03060101020 

SV-335 P LAKE JOCASSEE TPGT LK JOCASSEE AT TOXAWAY, HORSE PASTURE, & LAUREL FORK OCONEE 

SV-337 P LAKEJOCASSEE TPGT LK JOCASSEE OUTSIDE COFFER DAM AT BAD CK PROJECT OCONEE 

SV-336 P LAKEJOCASSEE TPGT LK JOCASSEE AT CONFLUENCE OF THOMPSON.AND WHITEWATER RVRS OCONEE 
SV-334 P LAKE JOCASSEE TPGT LK JOCASSEE, MAIN BODY OCONEE 

03060101030 1 

SV-741 BIO EASTATOE CK ORW EASTATOE CREEK AT S-39-237 PICKENS 

SV-676 BIO ROCKY BOTTOM CK ORW ROCKY BOTTOM CK AT US 178 PICKENS 
SV-230 P BIG EASTATOE CK TPGT BIG EASTATOE CREEK AT S-39-143 PICKENS 
SV-341 SS/BIO LITTLE EASTATOE CK TPGT LITTLE EASTATOE CREEK AT S-39-49 PICKENS 
SV-338 P LAKE KEOWEE FW LK KEOWEE ABOVE SC ROUTE 130 AND DAM OCONEE 

03060101040 _ 

SV-249 P SENECA RVR FW SENECA RVR AT SC 183 3.8 MI WSW SIX MILE OCONEE 

SV-205 SS/BIO SIX MILE CK FW SIX MILE CREEK AT S-39-160 PICKENS 
SV-360 SS LAKE ISSAQUEENA FW LAKE ISSAQUEENA, FOREBAY EQUIDISTANT FROM DAM AND SHORELINE PICKENS 
SV-106 S LAKE HARTWELL FW MARTIN CK ARM OF LAKE HARTWELL AT S-37-65 N OF CLEMSON OCONEE 

SV-236 P LAKE HARTWELL FW LAKE HARTWELL AT S-37-184 6.5 MI SSE OF SENECA OCONEE 

SV-288 P LAKE HARTWELL FW L HARTWELL, SENECA R ARM AT USACE BUOY BTWN S-28A & S-29 ANDERSON 
SV-181 S SIX & TWENTY CK FW 6 & 20 CK AT S-04-29 8.2 MI SE OF PENDLETON ANDERSON 
SV-339 P LAKE HARTWELL FW LK HARTWELL, SENECA RVR ARM AT USACE BUOY BTWN S-14 AND S-15 ANDERSON 

03060101050 1 

SV-743 BIO FLAT SHOALS RIVER FW FLAT SHOALS RIVER AT S-37-129 OCONEE 

SV-742 BIO OCONEE CK FW OCONEE CREEK AT S-37-129 OCONEE 

SV-203 S LITTLE RVR FW LITTLE RVR AT S-37-24 7.1 MI NE OF WALHALLA OCONEE 

SV-312 P LAKE KEOWEE FW LK KEOWEE AT SC 188 - CROOKED CK ARM 4.5 MI N SENECA OCONEE 

SV-343 SS/BIO LITTLE CANE CK FW LITTLE CANE CREEK AT S-37-133 OCONEE 
SV-342 SS/BIO CANE CK FW CANE CREEK AT S-37-133 OCONEE 

SV-311 P LAKE KEOWEE FW LK KEOWEE AT SC 188 - CANE CK ARM 3.5 MI NW SENECA OCONEE 
03060101060 

SV-206 S/BIO N FORK TWELVE MILE CK FW N FORK 12 MI CK AT US 178 2.9 MI N OF PICKENS PICKENS 

SV-282 S TWELVE MILE CK FW 12 MI CK AT 8-39-273 2.8 MI SSW OF PICKENS PICKENS 
SV-740 BIO RICES CK FW RICES CREEK AT S-39-158 PICKENS 
SV-739 BIO TWELVE MILE CK FW TWELVE MILE CREEK AT S-39-137 PICKENS



MONITORING STATION DESCRIPTIONS, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION 

NUMBER J.TYPE jWATERBODY NAME CLASS STATION DESCRIPTION COUNTY 
03060101070 

SV-239 S GOLDEN CK FW GOLDEN CK AT 8-39-222 1.2 MI NW OF LIBERTY PICKENS 

SV-738 810 GOLDEN CK FW GOLDEN CREEK AT GOLDEN CK RD. PICKENS 

SV-016 S TWELVE MILE CK FW TWELVE MI CK AT S-39-51 N OF NORRIS PICKENS 

SV-137 S TWELVE MILE CK FW 12 MI CK AT S-39-337 PICKENS 

SV-136 S UNNAMED FW FIRST CK AFTER LEAVING CENTRAL AT CLVT ON MAW BRDG RD PICKENS 

SV-107 S TWELVE MILE CK FW TWELVE MI CK AT SC 133 PICKENS 

03060101080 

SV-333 P CONEROSSCK FW CONEROSS CK AT S-37-13 OCONEE 

SV-004 P CONEROSS CK FW CONEROSS CK AT SC 69 OCONEE 

SV-322 I* CONEROSS CK FW CONEROSS CK AT S-37-54 (LAKE HARTWELL) OCONEE 

03060101090 

SV-017 S EIGHTEEN MILE CK FW 18 MI CK AT UNNUMBERED CO RD 2.25 MI SSW OF EASLEY PICKENS 

SV-241 S WOODSIDE BRANCH FW -WOODSIDE BR AT US 123 1.5 MI E OF LIBERTY. PICKENS 

SV-245 S EIGHTEEN MILE CK FW 118 MI CK AT S-39-27 3.3 MI S OF LIBERTY PICKENS 

SV-135 P/B10 EIGHTEEN MILE CK FW 118 MI CK AT S-39-93 SW OF CENTRAL ANDERSON 

SV-268 P EIGHTEEN MILE CK FW EIGHTEEN MILE CK AT 2-04-1098 ANDERSON 
03060101100 

SV-735 BIO THREE AND TWENTY CK FW THREE AND TWENTY CREEK AT S-04-29 ANDERSON 

SV-111 S THREE & TWENTY CK FW THREE & TWENTY CREEK AT S-04-280 ANDERSON 

03060102030 ________________________ATSC_107_2_M____OFSTLINEJ 

SV-308 S/BI E FORK CHATTOOGA RVR ORW E FK OF CHATTOOGA RVR AT SC 1072 MI S OF ST LINE OCONEE 
SV-227 P/BIO CHATTOOGARVR ORW CHATTOOGA RVR AT SC 28 3.5 MI NW MT REST OCONEE 

03060102060 

SV-199 P CHATTOOGA RVR ORW CHATTOOGA RVR AT US ROUTE 76 OCONEE 

SV-359 SS TUGALOO LAKE FW TUGALOO LAKE, FOREBAY EQUIDISTANT FROM SPILLWAY & SHORELINE OCONEE 

SV-358 SS LAKE YONAH FW LAKE YONAH, 50% BTWN CENTER OF SPILLWAY AND OPPOSITE SHORE OCONEE 
SV-673 BIO BRASSTOWN CK FW BRASSTOWN CK AT S-37-48 OCONEE 
SV-200 S LAKE HARTWELL FW TUGALOO RVR ARM OF LAKE HARTWELL AT US 123 OCONEE 

03060102120 

SV-675 BIO CHAUGA RVR ORW CHAUGA RVR AT S-37-193 OCONEE 

SV-344 SS CHAUGA RVR FW CHAUGA RIVER AT S-37-34 OCONEE 

SV-226 BIO TOXAWAY CK FW TOXAWAY CK AT S-37-34 OCONEE 

03060102130 _ 

SV-301 IS NORRISCK FW INORRIS CK AT 8-37-435 1 MI S OF WESTMINSTER OCONEE 

SV-108 I manCATOEACK FW CHOESTOEA CREEK AT S-37-49 OCONEE



MONITORING STATION DESCRIPTIONS, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION I I 
NUMBER TYPE WATERBODY NAME CLASS STATION DESCRIPTION COUNTY 

03060103140 .  

SV-164 SS/BIO LITTLE RVR FW LITTLE RIVER AT S-01-24 ABBEVILLE 
SV-733 BIO HOGSKIN CK FW HOGSKIN CREEK AT SC 184 ABBEVILLE 
SV-348 SS/BIO LITTLE RVR FW LITTLE RIVER AT S-01-32 ABBEVILLE 
SV-644 BIO GILL CK FW GILL CK AT S-01-32 ABBEVILLE 
SV-052 P SAWNEY CK FW SAWNEY CK AT CO RD 1.5 MI SE OF CALHOUN FALLS ABBEVILLE 
SV-171 BIO CALHOUN CK FW CALHOUN CK AT S-01-40 ABBEVILLE 
SV-192 SS LITTLE RVR FW LITTLE RIVER AT S-33-19 MCCORMICK 

03060103160 

SV-349 SS/BIO LONG CANE CK FW -LONG CANE CREEK AT S-01-159 ABBEVILLE 
SV-734 BIO JOHNS CK FW -JOHNS CREEK AT 8-01-159 ABBEVILLE 
SV-053B S BLUE HILL CK FW BLUE HILL CK ON S MAIN ST ABBEVILLE ABBEVILLE 
SV-054 BIO DOUBLE BR FW DOUBLE BR AT 8-01-33 ABBEVILLE 
SV-732 BIO BIG CURLY TAIL CK FW BIG CURLY TAIL CREEK AT US FOREST RD 509 ABBEVILLE 
SV-318 P/I81 LONG CANE CK FW LONG CANE CK AT S-33-117 7.0 MI NW MCCORMICK MCCORMICK 

03060107010 

SV-151 P/BIO HARD LABOR CK FW HARD LABOR CREEK AT S-24-164 BRIDGE GREENWOO 
SV-731 BIO HARD LABOR CK FW HARD LABOR CREEK AT S-33-23 MCCORMICK 
SV-351 SS/BIO CUFFYTOWN CK FW CUFFYTOWN CREEK AT S-33-138 MCCORMICK 
SV-730 BIO ROCKY CK FW ROCKY CK AT S-33-87 MCCORMICK 
SV-330 P STEVENS CK FW STEVENS CREEK AT S-33-21 MCCORMICK 

03060107020 .  
SV-729 BIO TURKEY CK FW TURKEY CREEK AT S-1 9-100 EDGEFIELD 
SV-728 BIO LOG CK FW LOG CREEK AT S-19-315 EDGEFIELD 
SV-727 BIO ROCKY CK FW ROCKY CK AT S-19-61 EDGEFIELD 
SV-352 SS TURKEY CK FW TURKEY CREEK AT S-33-227/S-1 9-68 EDGEFIELD 

03060107030 
SV-068 S I BEAVERDAM CK FW BEAVERDAM CK AT S-19-36 3.8 MI NW OF EDGEFIELD EDGEFIELD 
SV-353 SS/BIO BEAVERDAM CK FW BEAVERDAM CREEK AT FOREST SERVICE ROAD 621 OFF S-19-68 EDGEFIELD 

03060107040 

SV-063 BIO STEVENS CK FW STEVENS CK AT SC 23 MCCORMICK 
SV-354 SS STEVENS CK FW STEVENS CREEK AT S-33-88/S-19-143 EDGEFIELD 
SV-726 BIO HORN CK FW HORN CREEK AT S-19-143 EDGEFIELD.  
SV-72S BIO CHEVES CK FW CHEVES CREEK AT S-19-34 EDGEFIELD 

03060106030 
SV-251 I P |SAVANNAH RVR FW SAVANNAH RVR AT US 1 1.5 MI SW N. AUGUSTA AIKEN



DISSOLVED OXYGEN, pH, AND BACTERIA DATA, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION DO DO DO M -TRENDS p pHI pHIMEAN TRENDS BACTERIA MEAN BACT TRENDS 
NUMBER jWATERBODY NAME N EXC. % EXC. DO N MAG BOD N MAG N EXC. % EXC. PH N MAG N EXC. % EXC. N MAG 
3060101020 
SV-335 LAKE JOCASSEE 61 0 0 I 75 0.06 * 69 58 0 0 73 58 0 0 D 70 0.0 
SV-337 LAKE JOCASSEE 62 0 0 * 76 * 69 558 0 0 I 74 0.03 57 0 0 D 70 0.0 
SV-336 LAKE JOCASSEE 60 0 0 * 73 * 68 56 0 0 * 71 57 0 0 * 70 
SV-334 LAKE JOCASSEE 62 0 0 I 75 0.05 * 69 15 0 0 * 72 56 0 0 D 69 0.0 
3060101030 1 
SV-230 BIG EASTATOE CK 56 0 0 I 78 0.08 78 56 0 0 * 78 SS 2, 4 500 * 78 
SV-341 LITTLE EASTATOE CK 12 0 0 1 12 0 0 12 3 25 1567 
SV-338 LAKE KEOWEE 62 0 0 I 75 0.17 D 70 -0.05 58 0 0 I 75 0.05 57 0 0 * 71 
3060101040 -

SV-249 SENECA RVR 58 1 2 2.7 D 147 -0.03 D 170 -0.06 56 1 2 5.95 * 164 57 1 2 730 * 171 
SV-205 SIX MILE CK 12 0 0 12 0 0 12 2 17 8000 
SV-360 LAKE ISSAQUEENA 6 0 0 6 0 0 6 0 0 
SV-106 LAKE HARTWELL 24 0 0 D 67 -0.05 D 68 -0.08 24 0 0 D 69 -0.06 24 0 0 D 70 0.0 
SV-26 LAKE HARTWELL 31 0 0 D 73 -0.08 D 72 -0.10 31 0 0 D 75 -0.09 31 0 0 D 73 0.0 
SV-288 LAKE HARTWELL 57 0 0 D 152 -0.03 D 170 -0.07 56 1 2 9.75 * 174 55 1 2 2000 D 168 0.0 
SV-181 SIX & TWENTY CK 24 0 0 * 69 1* 724 0 0 * 71 - 24 4 17 2012 * 70 
SV-339 LAKE HARTWELL 57 0 0 * 68 D 69 -0.06 SS 0 0 * 67 - 55 0 0 68 
3060101050 
SV-203 LITTLE RVR 29 0 0 * 72 D 74 -0.06 29 0 0 * 73 29 2 7 1225 * 74 
SV-312 LAKE KEOWEE 62 0 0 * 146 D 168 -0.07 S8 0 0 * 164 56 0 0 D 170 0.0 
SV-343 LITTLE CANE CK 12 0 0 12 0 0 12 6 50 960 
SV-342 CANE CK 12 0 0 12 0 0 12 6 50 1517 
SV-311 LAKE KEOWEE 65 0 0 D 158 -0.03 D 168 -0.06 60 0 0 * 177 58 0 0 D 171 0.0 
3060101060 -1 
SV-206 N FORK 12 MILE CK 23 0 0* 68 D 68 -0.06 23 0 0 D 69 -0.02 23 4 17 4408 I 68 8.33 
SV-282 13WELVE MILE CK 1 0 0 * 58 D 49 -0.15 1 0 0 * 60 1 0 0 * 49 
3060101070 
SV-239 IGOLDEN CK 23 0 0* 67 * 67 123 0 0 D 69 -0.02 23 14 61 2317 * 68 
SV-015 TWELVE MILE CK 13 0 0 * D 60 -0.07 13 0 0 * 57 13 7 54 1913 1 58 22.0 
SV-137 TWELVE MILE CK 13 0 0* 58 D 60 -0.06 13 0 0 * 13 5 38 1030 * 59 
SV-136 UNNAMED 22 0 0 D 67 -0.03 D 68 -0.05 22 0 0 * 67 22 4 18 560 I 67 16.0 
SV-107 TWELVE MILE CK 13 0 0 - D 65 -0.04 D 58 -0.10 12 0 0 * 63 12 0 0 * 7



DISSOLVED OXYGEN, pH, AND BACTERIA DATA, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION DO DO DO MEAN TRENDS pH pH pH MEAN TRENDS BACTERIA MEAN BACT TRENDS 
NUMBER -WATERBODY NAME N EXC. % EXC. DO N MAG BOD N MAG N EXC. % EXC. PH N MAG N EXC. % EXC. N MAG 
3060101080 
SV-333 CONEROSS CK 58 0 0 69 0.05 * 69 58 0 0 D 70 -0.03 57 11 19 866 * 69 
SV-004 CONEROSS CK 53 0 0 * 98 D 96 -0.09 53 1 2 8.7 * 101 53 9 17 858 I 96 14.55 
SV-322 CONEROSS CK 45 0 0 * 146 D 160 -0.05 45 2 4 8.65 * 167 45 5 11 894 I 162 2.25 
3060101090 
SV-017 EIGHTEEN MILE CK 24 0 0 I 73 0.10 D 70 -0.40 24 .0 0 * 75 24 15 63 876 D 69 -270.0 
SV-241 WOODSIDE BRANCH 24 0 0 I 69 0.15 D 70 -0.43 24 0 0 * 71 24 10. 42 3339 D 69 -427.14 
SV-246 EIGHTEEN MILE CK 24 0 0 * 73 D 71 -0.09 24 0 0 * 73 24 11 46 1702 D 69 -25.98 
SV-135 EIGHTEEN MILE CK 53 0 0 * 101 D 99 -0.04 53 1 2 10.8 D 101 -0.02 53 28 53 1852 I 98 20.0 
SV-268 EIGHTEEN MILE CK 58 0 0 1 70 0.26 *70 57 0 0 * 69 58 17 29 2099 * 70 
3060101100 
SV-111 ITHREE & TWENTY CK 30 0 0 I 68 0.05 D 68 -0.08 30 0 0 D 68 -0.03 30 16 53 1105 1 67 33.88 
3060102030 
SV-308 E FORK CHATTOOGA R 23 0 0 * 67 D 69 -0.03 23 0 0 I 68 0.05 23 1 4 1300 * 68 
SV-227 ICHATTOOGA RVR 58 0 0 * 144 D 168 -0.05 58 0 0 I 164 0.03 57 1 2 2800 * 168 
3060102060 1 ___ 

SV-199 CHATTOOGA RVR 58 0 0 * 69 * 68 58 0 0 I 69 0.03 57 3 5 7653 68 
SV-359 TUGALOO LAKE 6 0 0 6 0 0 6 0 0 
SV-358 LAKE YONAH 6 0 0 6 0 0 6 0 0 
SV-200 LAKE HARTWELL 28 0 0 * 71 D 72 -0.04 28 1 4 5.65 * 74 28 1 4 1100 * 73 
3060102120 
SV-344 CHAUGA RVR 12 0 0 12 0 0 12 1 8 1600 
3060102130 
SV-301 NORRIS CK 22 0 0 * 65 D 68 -0.05 22 0 0 D 69 -0.03 22 17 77 868 * 68 
SV-108 CHOESTOEA CK 11 0 0 - 0 0 11 6 55 4253 
3060102150 
SV-345 | BEAVERDAM CK 13 0 0 1 13 0 0 13 5 38 3820 
3060103020 
SV-340 LAKE HARTWELL 57 0 0 69 * 69 15 00 * 68 55 0 0 * 69 
3060103030 
SV-316 BIG GENEROSTEE CK 24 0 0 1 63 0.20 D 63 -0.46 24 0 0 D 61 -0.02 24 15 63 4315 I 62 87.75 
SV-100 LAKE RUSSELL 58 6 10 4.567 D 146 -0.03 D 172 -0.05 57 1 2 5.8 I 166 0.01 58 0 0 D 171 -0.2 
SV-367 LAKE RUSSELL 6 0 0 6 0 0 6 0 0 0 
SV-098 LAKE RUSSELL 61 0 0 * 151 D 172 -0.07 56 0 0 *168 56 1 2 800 D 171 -0.17



DISSOLVED OXYGEN, pH, AND BACTERIA DATA, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION DO DO DO MEAN TRENDS pH pHI pH MEAN TRENDS BACTERIA MEAN BACT TRENDS NUMBER WATERBODY NAME N EXC. % EXC. D N MAGBOD N MAG N EXC. % EXC. PH N MAG I N EXC. % EXC. N MAG 
3060103070 1 

SV-031 ROCKY RVR 58 0 0 * 150 D 172 -0.05 57 0 0 * 171 58 17 29 2022 * 171 
SV-041 ROCKY RVR 29 1 3 4.5 I 76 0.15 D 75 -0.26 29 0 0 * 77 29 8 28 4215 I 74 16.4 
SV-139 CUPBOARD CK 23 11 48 4.159 D 73 -0.16 D 70 -0.20 23 5 22 9.49 D 74 -0.07 23 19 83 125599 I 75 90.0 
SV-140 CUPBOARD CK 24 12 50 4.079 *75 * 71 24 0 0 D 75 -0.01 24 18 75 2487 I 75 46.33 
SV-141 BROADWAY CK 41 0 0 * 85* 71 40 0 0 D 87 -0.02 24 12 50 1712 1 70 24.0 
SV-319 BROADWAY LAKE 6 0 0 6 0 0 6 0 0 
SV-258 BROADWAY LAKE 6 0 0 6 0 0 6 0 0 
SV-321 BROADWAY LAKE 8 0 0 8 0 0 8 0 0 
SV-346 ROCKY RVR 120 0 - - 12 0 0 12 1 8 9000 
SV-037 BETSY CK 11 1 9 1.3 * 56 D 53 -0.15 11 0 0 * 58 4 1 25 640 I 52 25.86 
SV-043 CHEROKEE CK 23 0 0 I 68 0.05 D 70 -0.071 23 0 0 * 68 23 5 22 528 * 67 
SV-331 LAKE SECESSION 61 0 0 * 69 D 62 -0.10 57 5 9 8.72 D 68 -0.06 55 6 11 1158 I 62 4.6 
SV-332 LAKE SECESSION 57 1 2 4.35 * 65 * 62 3 2 4 7.1 * 67 53 1 2 630 62 
3060103080 
SV-347 WILSON CK 12 0 0 112 0 0_ 12 3 25 523 
3060103100 
SV-291 THURMOND RESERVOIR 56 0 0 * 154 1 D 171 -0.05 56 0 0 D 182 -0.08 57 0 0 * 171 
SV-294 ITHURMOND RESERVOIR 56 0 0 * 146 D 171 -0.06 56 1 2 5.95 D 172 -0.05 57 1 2 600 * 170 
3060103140 
SV-164 LITTLE RVR 12 0 0 12 0 0 12 *2 17 540 
SV-348 LITTLE RVR 12 0 0 12 0 0 12 3 25 787 
SV-052 SAWNEY CK 52 4 8 3.975 I 96 0.08 D 99 -0.26 52 0 0 D 96 -0.04 53 14 26 1636 I 98 19.8 
SV-192 LITTLE RVR 12 0 0 12 1 8 5.9 12 1 8 600 
3060103150 
SV-349 LONG CANE CK 12 0 10 12 0 0 12 10 83 673 
SV-053B BLUE HILL CK 23 0 0 I 68 0.03 D 69 -0.25 23 0 0 D 68 -0.03 23 20 87 12226 1 69 126.67 SV-318 LONG CANE CK 56 0 0 * 147 D 171 -0.06 56 1 2 11.2 D 173 -0.041 57 10 18 939 D 171 -11.43 3060107010 
SV-161 HARD LABOR CK 54 0 0 1 87 0.29 D 87 -0.45 5 1 2 5.95 D 88 -0.03 55 21 38 1087 D 88 -180.0 
SV-351 CUFFYTOWN CK 12 0 0 12 1 8 5.95 12 2 17 575 
SV-330 STEVENS CK 56 0 0 * 97 D 96 -0.05 56 0 0 D 97 -0.07 57.9 16 713 I 100 4.25 3060107020 
SV-352 ITURKEY CK 12 0 0 12 0 0



PHOSPHORUS, NITROGEN, AND TURBIDITY DATA, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STA T IO N T R E N D S _ _ _ _ _ ___ NUMBER 3B NAME-- P N MAG TN N MAG TURB N MAG TSS N MAG N EXC.  03060101020 
__ 

SV-335 LAKE JOCASSEE * 71 D 39 -0.01 * 71 67 0 SV-337 LAKE JOCASSEE * 70 * 33 D 71 -0.08 52 0 SV-336 LAKE JOCASSEE - 70 - * 34 71 52 0 SV-334 LAKE JOCASSEE * 71 D 37 -0.01 * 71 57 0 3060101030 

SV-230 BIG EASTATOE CK * 81 *58 7 58 530 
SV-341 LITTLE EASTATOE CK 

10 0 SV-338 LAKE KEOWEE 69 *. 41 * 71 52 0 3060101040 

SV-249 SENECA RVR D 172 0.0 D 122 -0.02* 170 53 0 SV-205 SIX MILE CK T -- 12 0 
SV-360 LAKE ISSAQUEENA 10 
SV-106 LAKE HARTWELL D' 73 0.0 1 68 0.07 2 0 SV-238 LAKE HARTWELL D 77 0.0 71 1 0 
SV-288 LAKE HARTWELL D 169 0.0 * 12 0 
SV-181 SIX & TWENTY CK D 72 0.0 - 1 
SV-339 LAKE HARTWELL * 73 53 * 69 55 0 
3060101050 - - SS 0 

SV-203 LITTLE RVR D 73 0.0 *73 10 SV-312 I LAKE KEOWEE D 173 0.0 D 121 -0.02 D 167 -0.03 52 0 sv-343 ILITTLECANE CK 
-I 1 

-1 0 
SV-342 CANE CK 11 0 
SV-311 LAKE KEOWEE D 170 0.0 D 118 -0.02 * 169 - 0 
3060101060 

0 
SV-206 N FORK 12 MILE CK D 70 0.0 - I 69 0.7 
SV-282 TWELVE MILE CK D 51 -0.01 D 125 -0.01 * 50 3060101070 
SV-239 GOLDEN CK * 70 I 68 1.08 
SV-015 TWELVE MILE CK D 61 0.0 I 59 1.03 12 0 SV-137 TWELVE MILE CK D 61 0.0 - 58 12 0 
SV-136 UNNAMED D 70 -0.02 * 68 12 0 SV-107 TWELVE MILE CK D 61 0.0 -57 -10 0



PHOSPHORUS, NITROGEN, AND TURBIDITY DATA, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

TRENDS NH3 NH3 

NUMBER WATERBODY NAME TP N MAG TN N MAG TURB N MAG TSS N MAG N EXC.  

3060101080 55 
SV-333 CONEROSSCK 074 62 70 4 0 

SV-004 CONEROSS CK D 106-01 *__ 44 * 95 49 0 

SV-322 CONEROSS CK D159 -0.01 * 128 * 40 0 

3060101090 -- 

SV-017 EIGHTEEN MILE CK D 75 -0.01 * 71 

SV-241 WOODSIDE BRANCH D 73 -0.07 D 71 -0.5 

SV-245_EIGHTEEN MILE CK D 76 -0.01 * 70 

SV-135 EIGHTEEN MILE CK D 105 0.0 * 1 99 1.13 56 0 

SV-268 *EIGHTEEN MILE CK *72 I 67 0.05 I 70 1.83 -

3060101100 1200 

SV-111 ITHREE&TWENTYCK * 67 1 68 12 0 

3060102030 
SV-308 E FORK CHATTOOGA R D 71 0.0 * 68 

HTOOGA RVR D1731 0.0 D 113 -0.01 I 167 0.03 55  

3060102060 54 0 

SV-199 CHATTOOGA RVR I 72 0.0 * 36 * 69 54 0 

SV-359 TUGALOO LAKE __ 6 0 

SV-358 LAKE YONAH -_*_11 0 

SV-200 LAKE HARTWELL D 75 0.0 72 11 0 

3060102120 

SV-344 CHAUGA RVR 
3060102130 I 

01 NORRIS... D 69 0.0 * 67 

3060102150 

SV-345 BEAVERDAM CK 
3060103020 

SV-340 LAKE HARTWELL * 73 - 57 1 - - 0 

3060103030 . 6 
SV-316 BIG GENEROSTEE CK D 65 -0.05 D 2 D 

SV-100 LAKE RUSSELL D 173 0.0 D 129 -0.02 * 171 -

SV-35-7 LA KE RUSSELL0 

- ;V--69 52 0 D 11 

8_-R S6 

2 -0 .43-0 
2 

LAKEon wR SSELL D 170 0.0 D 135 02 D 171 -0.08 5



METALS DATA, SAVANNAH AND SALKEHATCHIE RIVER BASINS 

STATION CD CD CD CR CR CR CU CU PB PB PB HG HG HG NI NI ZN ZN 
NUMBER WATERBODY NAME N EXC. MED. N EXC. MED. N EXC. N EXC. MED. N EXC. MED. N EXC. N EXC.  
3060101020 
SV-335 LAKE JOCASSEE 18 0 DL 18 0 DL 18 2 18 1 DL 18 0 DL 18 0 18 2 
SV-337 LAKE JOCASSEE 16 0 DL 17 0 DL 17 0 17 1 DL 17 0 DL 17 0 17 1 
SV-336 LAKE JOCASSEE 16 0 DL 16 0 DL 16 2 16 0 DL 16 0 DL 16 0 16 0 
SV-334 LAKE JOCASSEE 18 0 DL 18 0 DL 18 1 18 0 DL 1 18 0 DL 18 0 18 0 
3060101030 
SV-230 BIG EASTATOE CK 18 0 DL 18 0 DL 18 0 18 0 DL 18 0 DL 18 0 18 2 

SV-341 LITTLE EASTATOECK 3 0 DL 3 0 DL 3 1 3 0 DL 3 0 DL 3 0 3 0 
SV-338 LAKE KEOWEE 19 0 DL 19 0 DL 19 2 19 0 DL 19 0 DL 19 0 19 0 
3060101040 
SV-249 SENECA RVR 20 0 DL 20 0 DL 20 1 20 0 DL 20 0 DL 20 0 20 0 
SV-206 SIX MILE CK 4 0 DL 4 0 DL 4 0 4 0 DL 4 0 DL 4 0 4 1 
SV-360 LAKE ISSAQUEENA 2 0 DL 2 0 DL 2 0 2 0 DL 2 0 DL 2 0 2 1 
SV-106 LAKE HARTWELL 1 0 DL 1 0 DL 1 0 1 0 DL 1 0 DL 1 0 1 0 

SV-236 LAKE HARTWELL 2 0 .SL 2 0 DL 2 0 2 0 DL 2 0 DL 2 0 2 0 
SV-288 LAKE HARTWELL 18 0 DL 18 0 DL 18 3 18 0 DL 18 0 DL 17 0 18 0 
SV-339 LAKE HARTWELL 19 0 DL 19 0 DL 19 3 19 1 DL 19 0 DL 19 0 19 0 
3060101050 

SV-203 LITTLE RVR 3 0 DL 3 0 DL 3 0 3 0 DL 3 0 DL 3 0 3 0 
SV-312 LAKE KEOWEE 19 0 0 DL 19 0 19 0 DL 19 0 DL 19 0 19 0 
SV-343 LITTLE CANE CK 3 0 DL 3 0 DL 3 0 3 0 DL 3 0 DL 3 0 3 0 
SV-342 CANECK 3 0 DL 3 0 DL 3 0 3 0 DL 3 0 DL 3 0 3 0 
SV-311 LAKE KEOWEE 20 0 DL 20 0 DL 201 20 0 DL 19 0 DL 20 0 20 2 
3060101070 
SV-016 TWELVE MILE CK 4 0 DL 4 0 DL 4 0 4 0 DL 4 0 DL 4 0 4 0 
SV-137 TWELVE MILE CK 4 0 DL 4 0 DL 4 0 4 0 DL 4 0 DL 4 0 4 0 
SV-107 TWELVE MILE CK 3 0 DL 3 0 DL 3 0 3 0 DL 3 0 DL 3 0 3 0 
3060101080 

SV-333 CONEROSSCK 19 0 DL 19 0 DL 19 0 19 0 DL 19 0 DL 19 0 19 0 
SV-004 CONEROSSCK 16 0 DL 16 0 DL 16 0 16 0 DL 16 0 DL 16 0 16 0 
SV-322 CONEROSSCK 16 0 DL 15 0 DL 15 0 16 0 DL 15 0 DL 16 0 15 1 
3060101090 1 1 

SV-135 EIGHTEEN MILE CK 17 0 DL 17 1 DL 17 0 17 0 DL 17 0 DL 17 0 17 2 
SV-268 IEIGHTEEN MILE CK 19 0 DL 19 0 DL 19 1 19 0 DL 19 0 DL 19 0 19 0 
3060101100 
SV-111 THREE & TWENTY CK 4 0 DL 4 0 DL 4 0 4 0 DL 4 0 DL 4 0 4 0 
3060102030 
SV-227 ICHATTOOGA RVR 19 0 DL 19 1 DL 19 2 19 0 DL 19 0 DL 19 0 19 2
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Dui POWER COMPANY 
STEAM PRODUCTION DEPT.  

GENERAL OFFICES TOLEPHONE; AREA 704 
P0. Box 2178 .422 SOUTH CHURCH STREET 373-4011 

CHARLOTTE, N. C. 28242 

Environmental Laboratories 
Rt. 3, Box 90 

Huntersville, N. C. 28078 

March 24, 1976 

Mr. Howard Zeller 
Environmental Protection Agency 
1421 Peachtree Street, N.E.  
Suite 300 
Atlanta, Georgia 30309 

SUBJECT: Oconee Nuclear Station 
Fish Impingement and Entrainment Studies 

Dear Mr. Zeller: 

According to arrangements made during a telephone conversation on March 
3, 1976 with Dr. Paul Frye, please find enclosed a-summary of extensive 
fish impingement studies performed at Oconee Nuclear Station from May 
1974 through May 1975. As Dr. Frye requested, a copy of this summary 
data has also been sent to him in addition to Oconee Semi-Annual Reports 
(or excerpts from reports) which provide further information regarding 
both impingement and entrainment of fishes at Oconee.  

Entrainment data, summarized in Section 1.4 of the Oconee Semi-Annual 
Report, indicate that there have been no fish eggs or larvae collected 
after extensive sampling which began May, 1973.  

As can be seen from the impingement data, impingement of game and sport 
fish has been low. Small bluegill and yellow perch were the fishes most 
commonly impinged prior to the introduction of threadfin shad into Lake 
Keowee. Since threadfin have become established, we have a situation 
which is typical of cooling reservoirs in the southeastern U. S.  
Threadfin compromise the majority of those fishes impinged (over 90% on 
most occasions) and contribute most to seasonal trends - i.e. high im
pingement rates in winter and low in summer. In view of the species 
and number of fishes affected it is doubtful that impingement at Oconee 
exerts any significant impact on resident fish populations of Lake Keowee.
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Mr. Zeller 2 March 24, 1976 

If you have any questions regarding this material, please feel free to 
contact me.  

Yours very truly, 

William D. Adair 
System Environmentalist 

WDA/sm 

cc: L. Tebo C. A. Dewey/ 
P. Benton C. S. Carter 
P. Frye W. 0. Parker 
W. S. Lee W. A. Haller 

XW. L. Porter C. Jeter 
L. C. Dail J. Smith 
J. J. Sevic
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A Summary of 

Fish impingement Studies -Oconee Nuclear Station 

Oconee is a three generating unit Nuclear Station with a total capacity of 

approximately 2625 MWe. The intake structure :includes 24 stationary intake 

screens and 12 intake pumps with a total pumpingcapacity of 128 m3 /sec.  
The intake cove at Oconee is approximately 25 -ha and is separated from the 

main body of Lake Keowee by a skimmer wall. ntake velocities at Oconee 

are as follows: 

Units 12 3 (cm/sec) 

2 pumps -3 pumps 4 pumps 

Velocities at full pond 36.27 31.70 26.82 

Velocities at maximum drawdown 51.51 45.11 38.05 

Because of the difficulty and time involved, two screens from each unit (25% 

of the total screen area) were removedand inspected at two week intervals.  

* After each inspection, screens were cleaned thoroughly and replaced; each 

inspection represented the total impingement per screen occurring over a 

two week period. Impinged fish were identified, measured, counted, and 

degree of decomposition noted. When exceptionally large numbers of fishes 

were collected, total numbers were estimated from.a subsample.  

The fish impingement monitoring program, as.described above, was initiated 

at Oconee May 16, 1974 and continued through May 9, 1975. Data are summarized 

In the attached tables taken from three Oconee Nuclear Station Semi-Annual 

Reports which cover the entire study period (Tables 1.4-6 through .4-9, .May

June 1974; Table 1.4-2, July-December 1974; Table 1.4-2, January-May 1975).  

Initially the position of the fish on the screen was reported (Tables 1.4-6 

through 1.4-9). This effort yielded little valuable.information, and it was 

deleted from subsequent reports. Temperature and dissolved oxygen data at 

the intakes are also reported in the tables.  

Also attached is Table 1.4-4 from the Oconee Semi-Annual Report for the period 

ending December 31, 1974. This table summarizes data collected September 

16-19, 1974, when all 24 intake screens at Oconee were inspected by SCUBA divers.
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This inspection was carried out to insure that impingement rates were similar 

among all screens and that monitoring impingement at representative screens 

from each unit is a realistic method for estimating total impingement. The 

number of impinged fishes at all screens was low (ranging from 0 to 38) and 

significant differences among screens were not apparent.  

As can be seen from these data, very few game and sport fish have been im

pinged. The following species and genera were identified from the impinge

ment studies: 

Threadf in shad, Dorosoma petenense 
Gizzard shad, Dorosoma cepedianum 
Trout, Salmo spp.  
Carp, Cyprinus carpio 

. Catfish, Ictalurus spp.  
Warmouth, Lepomis gulosus 
Bluegill, Lepomis macrochirus 
Pumpkinseed, Lepomis gibbosus 
*Largemouth bass, Micropterus salmoides 
White crappie, Pomoxis annularis 
Crappie, Pomoxis spp.  
Yellow perch, Perca flavescens 

Threadfin shad, stocked in February 1974,.were not represented in.the samples 

to any extent until November 1974. Prior to this, yellow perch and bluegill 

comprised the majority of those fishes that were identifiable (22.2% and 

72.6%, respectively). By December, threadfin shad had become the dominant 

species collected and remained so through winter 1975. Throughout the year 

threadfin shad accounted for 49.3% of the total identifiable fish collected.  

After threadfin became established in Lake Keowee they accounted for a much 

greater proportion of the total impingement. Those fish indicated as un

identified in the summary tables are thought to be virtually all threadfin 

shad. Threadfin are more likely to be unidentifiable because they are 

delicate and are more rapidly decomposed than other fishes. Assuming this, 

the threadfin account for approximately 98% of all fishes impinged from 

January through May 1975.  

In general, impingement rates were lower in spring and summer than in fall O and winter. -The estimated number of fish impinged/screen/day ranged from
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15 in summer 1974 to 393 in winter 1975. This represents an estimated total 
daily impingement rate of 372 during summer 1974 and 9425. during winter 1975.  
An estimated total of 1,064,262 fishes were impinged at Oconee throughout 

the study period.



Table 1 4-2 

Species, number, and lengths of impinged fishes observed on intake screens 1Al, 

1A2, 2A1, 2A2, 3Al, and 3A2 after screens were pulled on May 16, 1974 

Screen No. 1Al Temperature Profile: Surface 14.3C, 5 Ft. 14.2C, 

10 Ft. 14.1C, 20 Ft. 14.OC, Bottom _ ..  

5-16-74 Dissolved Oxygen - 7.2 mg/1 

Panel No. No./Species Length Decomposition Position 

1 1 Bluegill 4-6 cm 3 M 

1 Bluegill 4-6 cm 2 Ht 

1 1 Yellow Perch 6-8 cm 2 LM 

1 1 Bluegill 4-6 cm 2 LMI 

1 1 Yellow Perch 6-8 cm 2 UR 

2 1 Bluegill 4-6 cm 3 UR 

2 1 Yellow Perch 6-8 cm 1 UR 

2 1 Bluegill 4-6 cm 3 LR 

2 1 Bluegill 4-6 cm 3 UR 

2 2 Bluegill 6-8 'em 3 M, 

2 2 Yellow Perch 4-6 cm 3 M 

2 1 Yellow Perch 4-6 cm 3 M 

3 1 Bluegill 2-4 cm 3 R. Lip 

3 1 Yellow Perch 4-6 cm 2 M. Lip 

3 1 Bluegill 2-4 cm 3 M 

3 2 Bluegill 2-4 cm 3 UL 

3 1 Yellow Perch 4-6 cm 1 UL 

- 3 1 Bluegill 4-6 cm 3 LM 

3 1 Bluegill 4-6 cm 3 L. Lip 

4 1 Largemouth Bass 6-8 cm 2 R. Lip 

4 1 Yellow Perch 4-6 cm 2 R. Lip 

4 1 Yellow Perch 4-6 cm 3 LR 

4 1 Yellow Perch 6-8 cm 3 LR 

Degrees of Decomposition Position on Screen 

1. No sign. of decomposition UL-upper left LM-lower middle 
2. Slightly decomposed UM-upper middle LR-lower right 
3. Badly decomposed-identifiable UR-upper right L. Lip-left lip 
4. Badly decomposed-unidentifiable M-middle N. Lip-middle lip 

LL-lower left R. Lip-right lip



Table 1.4-6 (Continued) 

Screen No. .  

5-16-74 

Panel No. No./Species Length Decomposition Position 

4 1 Yellow Perch 8-10 cm 3 M 

4 1 Yellow Perch 6-8 cm 3 M 

4 1 Bluegill 6-8 cm 3 M 

4 1 Yellow Perch 2-4 cm 3 I 

4 4 Yellow Perch 4-6 cm 3 M 

4 3 Bluegill 4-6 cm 3 M 

4 1 Bluegill 2-4 cm 3 M 

4 1 Yellow Perch 6-8 cm 3 IA 

4 1 Yellow Perch 4-6 cm 2 I 

4 1 Bluegill 2-4 cm 3 M 

4 1 Yellow Perch 2-4 cm 2 M 

4 1 Yellow Perch 6-8 cm 2 UM 

4 1 Yellow Perch 4-6 cm 3 UM 

5 2 Bluegill 2-4 cm 3 UL 

5 5 Bluegill 4-6 cm 3 UL 

5 1 Yellow Perch 6-8 cm 2 LM 

5 1 Yellow Perch 4-6 cm 3 LM 

5 1 Yellow Perch 6-8 cm 2 UM 

5 1 Yellow Perch 4-6 cm 3 UM 

5 3 Bluegill 2-4 cm 3 UM 

5 1 Bluegill 2-4 cm 3 UR 

5 1 Yellow Perch 6-8 cm 2 UR 

5 7 Bluegill 2-4 cm 3 UR 

5 1 Bluegill 4-6 cm 3 LR 

5 1 Bluegill 2-4 cm 3 LR 

5_- 1 Largemouth Bass 4-6 cm 3 M. Lip 

5 1 Yellow Perch 4-6 cm 3 M. Lip



Table 1.4-6 (Continued) 

Screen No. 1Al 

5-16-74 

Panel No. No./Species Length Decomposition Position 

6 1 Bluegill 2-4 cm 3 R. Lip 

6 1 Yellow Perch 4-6 cm 3 Um 

6 1 -Yellow Perch 4-6 cm 3 UL 

Screen 1A1, 
Total Fish = 74
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Table 1.4-6 (Continued) 

Screen No. 1A2 

5-16-74 

Panel No. No./Species Length Decompositi6n Position 

1 1 Yellow Perch 6-8 cm 2 UR 

1. 1 Yellow Perch 6-8 cm 3 LL 

2 1 Yellow Perch 6-8 cm 3 M 
2 1 Yellow Perch 4-.6 cm .. 2 LM 

2 1 Yellow Perch 4-6 cm 2 LL 
2 1 Bluegill 6-8 cm 3 UL 

3 1 Bluegill 4-6 cm 3 LR 

3 1 Bluegill 4-6 cm .3 LL 

4 1 Yellow Perch 10-12 cm 3 . UL 

4 1 Bluegill 10-12 cm 1 L. Lip 

5 1 Yellow Perch 8-10 cm 1 R. Lip 

6 1 Yellow Perch 4-6 cm 1 UL 

Screen 1A2, 
Total Fish = 12
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Table 1.4-6 (Continued) 

Screen No. 2A1 

5-16-74 

Panel No. No./Species - Length Decomposition Position 

1 0 

2 0 

3 0 

4 0 

S50 

6 1 Yellow Perch 6-8 cm 3 LM 

Screen 2A1, 
Total Fish = 1



Table 1.4-6 (Continued) 

Screen No. 2A2 

5-16-74 

Panel No. No./Species Length Decomposition Position 

1 0 

3 0 

4 0 

5 0 

6 0 

Screen 2A2, 
Total Fish 0
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Table 1.4-6 (Continued) 

Screen No. 3Al 

5-16-74 

Panel No. No./Species Length Decomposition Position 

1 0 

2 0 

3 1 -Yellow Perch 6-8 cm 2 UR 

4 1 Yellow Perch 6-8 cm 2 UM 

4 1 Yellow Perch 3 Um 

4 1 Yellow Perch 3 L. Lip 

4 0 

5 0 

6 0.  

Screen 3A1, 
Total Fish 4 

1.4-20 ONS 6/74
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Table 1.4-6 (Continued) 

Screen No. 3A2 

5-16-74 

Panel No. No./Species Length Decomposition Position 

1 0 

2 1 Yellow Perch 6-8 cm 2 M 

2 1 Yellow Perch 8-10 cm 2 M 
2 1 Yellow Perch 6-8 cm 2 UL 

3 1 Yellow Perch 6-8 cm 2 UM 

4 0 

5 0 

6 0 

Screen 3A2, 
Total Fish = 4 

5-16-74, Screens 1Al 
thru 3A2 
Total Fish 95
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Species, number, and lengths of impinged fishes observed on intake screens 
*A1, 1A2, 2A1, 2A2, 3Al, and 3A2 after screens were pulled on May 30, 1974 

Screen No. JAl Temperature Profile: Surface 15.8C 5 Ft. 15.8 C 

10 Ft. 15.9C, 20 Ft. 15.8C, Bottom 15.8C.  
5-30-74 Dissolved Oxygen - 7.2 mg/i 

Panel No. No./Species Length Decomposition Position 

1 3 Bluegill 2-4 cm 3 LM 
1 1 Bluegill 4-6 cm 3 L. Lip 

1 3 -Bluegill 4-6 cm 3 M 

1 2. Yellow Perch 4-6 cm 3 M 

1 2 Bluegill 4-6 cm 3 LM 
1 1 Yellow Perch 6-8 cm 3 L. Lip 
1 2 Yellow Perch 4-6 cm 3 LM 

1 1 Bluegill 4-6 cm 3 M 
1 1 Bluegill 10-12 cm 3 UR 
.1 1 Bluegill 4-6 cm 3 LR 
1 1 Yellow Perch 4-6 cm 3 LR 

1 4 Bluegill 4-6 cm 3 UR 

1 2 Bluegill 4-6 cm 3 RM 
1 2 Bluegill 4-6 cm 3 RM 

1 1 Bluegill 8-10 cm 3 UR 

1 1 Bluegill 2-4 cm 3 RM 

1 1 Yellow Perch 2-4 cm 3 LR 

1 1 Bluegill 4-6 cm. 3 LR 
1 6 Bluegill 4-6 cm 3 RM 
1 2 Bluegill 4:-6 cm 2 RM 
1 1 Bluegill 6-8 cm 2 RM 
1 1 Yellow Perch 2-4 cm 2 UR 
1 1 Yellow Perch 4-6 cm 2 UR 

Degrees of Decomposition Position on Screen 

1. No sign of decomposition UL-upper left LM-lower middle 
2. Slightly decomposed UM-upper middle LR-lower right 
3. Badly decomposed-identifiable UR-upper right L. Lip-left lip 
4. Badly decomposed-unidentifiable M-middle M. Lip-middle lip 

LL-lower left R. Lip-right lip 

1.4-22 ON< 1774



Table 1.4-7 (Continued) 

Screen No. IAl 

5-30-74 

Panel No. No./Species Length Decomposition Position 

2 3 Bluegill 4-6 cm 3 UR 

2- 4' Yellow Perch 4-6 cm .2 

2 2 Bluegill 4-6 cm 3 LR 

2 1 Bluegill 4-6 cm . 3 LR 

2 1 Yellow Perch 4-6 cm 2 . LR 

2 2 Yellow Perch 4-6 cm 2 -LM 

2 4 Bluegill 4-6 cm 3 UM 

2 3 Bluegill .2-4 cm 3 UN 

2 2 Bluegill 4-6 cm -3 LM 

2 1 Bluegill 6-8 cm 3 M 

2 5 Yellow Perch 4-6 cm 3 M 

2 2 Bluegill 4-6 cm 3 1 

2 2 Bluegill 4-6 cm 3 M 

2, 2 Bluegill 2-4 cm 3 M. Lip 
2 1 Yellow Perch 6-8 cm 2 M. Lip 
2 1 Yellow Perch 2-4 cm 3 LM 

2 1 Yellow Perch 4-6 cm 1 UM 
.2 2 Yellow Perch 2-4 cm 3 UN 

2 5 Yellow Perch 2-4 cm 2 LL 

3 1 Bluegill 4-6 cm 3 LL 
.3 1 Bluegill 6-8 cm 3 LL 
3 16 Bluegill 4-6 cm 3 LM 

3 12 Yellow Perch 4-6 cm 3 LM 

3 1 Largemouth Bass 6-8 cm 1 UL 

3 6 Yellow Perch 4-6 cm 2 LM 

3 11 Bluegill 4-6 cm 3 UL 
3 5 Bluegill 4-6 cm 3 LiM 

3 4 Bluegill 4-6 cm 3 LM



Table 1.4-7 (Continued) 

Screen No. lA1 

5-30-74 

Panel No. No./Species Length Decomposition Position 

3 16 Bluegill 4-6 cm 3 Um 

3 1 Bluegill 4-6 cm 2 Um 

3, 9 Yellow Perch 4-6 cm 3 M 

3 5 Yellow Perch 4-6 cm 2 N 

3 1 Largemouth Bass 8-10 cm 2 R. Lip 

3 18 Bluegill 4-6 cm 3 UR 

3 2 Yellow Perch 2-4 cm 1 UR 

3 13 Yellow Perch 4-6 cm 3 UR 

3 11 Bluegill 4-6 cm 3 UR 

3 1 Bluegill 6-8 cm 3 UR 

--- 4 11 Yellow Perch 4-6 cm 3 N 

4 3 Yellow Perch 4-6 cm 2 L. Lip 

4 4 Yellow Perch 4-6 cm 2 LM 

4 11 Bluegill 4-6 cm 3 LM 

4 1 Bluegill 6-8 cm 2 LN 

4 5 Yellow Perch 4-6 cm 2 LM 

4 14 Yellow Perch 4-6 cm 3 LM 

4 2 Bluegill 4-6 cm 2 M. Lip 

4 2 Yellow Perch 4-6 cm 2 M. Lip 

4 49 Bluegill 4-6 cm 3 M 

4 2 Bluegill 8-10 cm 3 M 

4 14 Yellow Perch 4-6 cm 2 UM 

4 20 Yellow Perch 4-6 cm 3 UM 

4 2 Yellow Perch 8-10 co 2 UR 

4 13 Bluegill 4-6 cm 3 UR 

4 9 Yellow Perch 4-6 cm 3 UR 

4 8 Yellow Perch 4-6 cm 2 UR 

4 6 Bluegill 4-6 cm- 3 UR 

1.4-24 ONS 6/74
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Table 1.4-7 (Continued) 

Screen No. 1Al 

5-30-74 

Panel No. No./Species -*Length Decomposition Position 

4 4 Yellow Perch 4-6 cm 2 UR 

4- 1 Yellow Perch 6-8 cm 3 R. Lip 

4 1 Bluegill 4-6 cm 3 R. Lip 

5 7 Bluegill 4-6 cm 3 UR 

5 9 Yellow Perch 4-6 cm 3 UR 

5 1 Yellow Perch 8-10 cm 2 UR 

5 13 Yellow Perch 4-6 cm 2 UL 

5 16 Bluegill 4-6 cm 3 UL 

5 12 Bluegill 4-6 cm 3 UM 

5 39 Yellow Perch 4-6 cm 3 m 

5 6 -Yellow Perch 4-6 cm 2 UM 

5 3 Bluegill 4-6 cm 3 M. Lip 

5 5 Yellow Perch 4-6 cm 3 M. Lip 

5 2 Yellow Perch 2-4 cm 3 M. Lip 

5 5 Yellow Perch 4-6 cm 2 UR 

5 15 Yellow Perch 4-6 cm 3 UR 

5 1 Bluegill 8-10 cm 2 UR 

5 24 Bluegill 4-6 cm 3 UM 

5 7 Yellow Perch 4-6 cm 3 LR 

5 6 Yellow Perch 4-6 cm 2 R. Lip 

5 4 Yellow Perch 4-6 cm 2 LR 

5 15 Yellow Perch 4-6 cm 3 LR 

5 3 Bluegill 4-6 cm 3 LR 

5 1 Largemouth Bass 6-8 cm 3 M 

6 2 Yellow Perch 4-6 cm 3 UM 

6 6 Yellow Perch 4-6 cm 3 M 

6 3 Bluegill 4-6 em 3 M. Lip 
6 3 Yellow Perch 2-4 cm 3 M. Lip
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Table 1.4-7 (Continued) 

Screen No. lAl 

5-30-74 

Panel No. No./Species - Length Decomposition Position 

6 1 Yellow Perch 4-6 cm 3 UR 

6 9 Yellow Perch 4-6 cm 2 R. Lip 

6 , 1 Largemouth Bass 6-8 cm 2 R. Lip 

6 1 Yellow Perch 6-8 cm 2- LR 

6 1 Yellow Perch 2-4 cm 2 LR 

6 1 Largemouth Bass 4-6 cm 3 M 

6 1 Bluegill 4-6 cm 2 LR 

6 2 Yellow Perch 4-6 cm 3 M 

Screen lAl, 
. - Total Fish =626 

1.4-26 ONS 6/74
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Table 1.4-7 (Continued) 

Screen No. 1A2 

5-30-74 

Panel No. No./Species Length Decomposition Position 

1 1 Yellow Perch 2-4 cm 3 LM 

3 Bluegill 2-4 cm 3 UL 

1 1 Bluegill 2-4 cm 3 M. Lip 

1 1 Bluegill 6-8 cm 3 

1 1 Bluegill 2-4 cm 3 M 

1 4 Bluegill 4-6 cm 3 M 

1 1 Yellow Perch 4-6 cm 3 M 

1 1 Yellow Perch 2-4 cm 1 LM 

1 1 Bluegill 4-6 cm 1 UR 

2 2 Bluegill 2-4 cm 2 UR 

2 1 Bluegill 2-4 cm 2 N 

2 2 Bluegill 4-6 cm 3 MR 

2 1 Bluegill 4-6 cm 2 MR 

2 1 Bluegill 2-4 cm 3 MR 

2 4 Bluegill 2-4 cm 3 UR 

2 1 Yellow Perch 2-4 cm 3 M 

2 2 Yellow Perch - 4-6 cm 3 M 

2 1 Yellow Perch 4-6 cm 1 UM 

2 2 Bluegill 2-4 cm 3 UM 

2 3 Yellow Perch *2-4 cm 3 N 

2 4 Bluegill 2-4 cm 3 N 

2 1 Yellow Perch 4-6 cm 2 M 

2 3 Bluegill 2-4 cm 3 UM 

2 1 Bluegill 2-4 cm 3 L. Lip 

2 2 Yellow Perch 2-4 cm 2 UL 

2 3 Yellow Perch 4-6 cm 2 UL 

2 1 Yellow Perch 2-4 cm 2 LL 

2 1 Yellow Perch 4-6 cm 2 LL
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Table 1.4-7 (Continued) 

Screen No. 1A2 

5-30-74 

Panel No. No./Species Length Decomposition Io'ti ion 

2 1 Yellow Perch 4-6 cm 3 M 

2 2 Yellow Perch 4-6 cm 3 I.M 

2 1 Bluegill 4-6 cm 3 1.0 

3 1 Yellow Perch 6-8 cm 2 LL 

3 1 Bluegill 4-6 cm 2 L. Lip 

3 1 Yellow Perch 4-6 cm 2 UL 

3 1 Yellow Perch 6-8 cm 2 UL 

3 1 Yellow Perch 8-10 cm 2 UL, 

3 2 Bluegill 4-6 cm 2 UL 

3 2 Bluegill 4-6 cm 3 UL 

. -- 3 3 Yellow Perch 4-6 cm 2 LM 

3 1 Yellow Perch 4-6 cm 3 UM 

3 2 Bluegill 4-6 cm 2 UL 

3 8 Yellow Perch 4-6 cm 2 UL 

3 2 Yellow Perch 2-4 cm 3 UL 

3 1 Bluegill 4-6 cm 1 M 

3 4 Yellow Perch 4-6 cm, .3 M 

3 3 Yellow Perch 4-6 cm 3 M 

3 1 Yellow Perch 2-4 cm 2 M 

3 2 Yellow Perch 4-6 cm 3 UM 

3 14 Bluegill 4-6 cm 3 M 

3 1 Yellow Perch 4-6 cm 2 UR 

3 5 Yellow Perch 4-6 cm 2 UR 

3 1 Yellow Perch 4-6 cm 2 UN 

3 3 Bluegill 4-6 cm 3 LR 

3 1 Yellow Perch 4-6 cm 3 1R 

3 2 Bluegill 4-6 cm 3 UR 

3 2 Yellow Perch 4-6 cm. 3 

1.4-28 ONS 6/74
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Table 1.4-7 (Continued) 

Screen No. 1A2 

5-30-74 

Panel No. No./Species -Length Decomposition Position 

4 2 Yellow Perch 2-4 cm 2 L. Lip 

4. 2 Yellow Perch 4-6 cm 2 UM 

4 3 Yellow Perch 4-6 cm 2 M. Lip 

4 3 Bluegill 2-4 cm 2 M 

4 1 Bluegill 2-4 cm 2 LM 

4 1 Bluegill 2-4 cm 3 UM 

4 1 Yellow Perch 4-6 cm 2 LR 

4 1 Bluegill 2-4 cm 2 UR 

4 2 Bluegill 2-4 cm 3 Um 

5 2 Yellow Perch 2-4- cm 2 R. Lip 

5 2 Bluegill 2-4 cm 2 R. Lip 

5 2 Bluegill 2-4 cm 3 L. Lip 

5 2 Bluegill 2-4 cm 1 L. Lip 

6 1 Yellow Perch 2-4 cm 2 L. Lip 

6 1 Bluegill 2-4 cm 2 L. Lip 

6 1 Yellow Perch 2-4 cm 1 M. Lip 

6 2 Yellow Perch 2-4 cm 2 .M. Lip 

- Screen 1A2, 
Total Fish = 148
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Table 1.4-7 (Continued) 

Screen No. 2A2 

5-30-74 

Panel No. No./Species Length Decomposition Position 

No fisi on screen 2Al or 2A2 for two weel period.  

1.4-30 ONS 6/74



. I 105 0 9 1 9 

Table 1.4-7 (Continued) 

Screen No. 3A1 

5-30-74 

Panel No. No./Species Length Decomposition Position 

1 1 Bluegill 2-4 cm 3 UL 
1. 1 Yellow Perch 6-8 cm 3 N 

1 2 Yellow Perch 8-10 cm 3 UM 
1 1 Yellow Perch 6-8 cm 3 LL 
2 3 Bluegill 2-4 cm 3 UR 
2 3 Bluegill 2-4 cm 3 M 
2 1 Bluegill 2-4 cm 3 LM 
2 1 Bluegill 2 -4 cm 3 UL 
2 1 Bluegill 4-6 cm 3 UL 
2 1 Bluegill 4-6 cm 3 LM 
2 2 Yellow Perch 6-8 cm 3 UM 
2 1 Yellow Perch 4-6 cm 3 M. Lip 
3 1 Yellow Perch 6-8 cm 2 UL 
3 1 Yellow Perch 4-6 cm 3 UM 
3 3 Bluegill 4-6 cm 3 UM 
3 1 Bluegill 2-4 cm 3 LM 
3 1 Yellow Perch 2-4 cm 3. LM 
3 1 Bluegill 2-4 cm 3 M 
3 1 Bluegill 2-4 cm 3 LM 
3 1 Unidentified 2-4 cm 4 LM 
3 1 Yellow Perch 4-6 cm 3 UR 
3 1 Bluegill 6-8 cm 3 UR 
3 1 Bluegill 2-4 cm 3 UR 
3 2 Bluegill 4-6 cm 3 UR 
3 1 Yellow Perch 4-6 cm 3 UR 
3 1 Bluegill 4-6 cm 3 M. Lip 
3 1 Yellow Perch 4-6 cuij 3 M. Lip 
3 1 Bluegill 4-6 cmI 3 UR
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Table 1.4-7 (Continued) 

Screen No. 3Al 

5-30-74 

Panel No. No./Species Length Decomposition Position 

3 1 Bluegill 2-4 cm 3 R. Lip 

3 1 Bluegill 2-4 cm 3 LR 

4 1 Yellow Perch 4-6 cm 2 LR 

4 1 .Yellow Perch 6-8 cm 3 R. Lip 

4 1 Bluegill 4-6 cm 2 LR 

4 2 Yellow Perch 4-6 cm 3 LR 

4 5 Bluegill 4-6 cm 3 UR 

4 2 Yellow Perch .4-6 cm 3 R. Lip 

4 1 Bluegill 2-4 cm 3 H. Lip 

4 1 Bluegill 4-6 cm 3 M. Lip 

4.. 1 Bluegill 4-6 cm 3 LM 

4 1 Bluegill 4-6 cm 3 UL 

4 1 Bluegill 4-6 cm Live M. Lip 

5 1 Bluegill 4-6 cm 3 UR 

5 3 Bluegill 4-6 cm 3 M 

5 3 Bluegill 4-6 cm 3 UM 

Screen 3A1, 
Total Fish 63 

1.4-32 ONS 6/74
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Table 1.4-7 (Continued) 

Screen No. 3A2 

5-30-74 

S.. - -4 ... . - * * . . . .  

Panel No. No./Species Length . Decomposition Position 

1 2 Yellow Perch 2-4 cm 3 M 

1 1 Yellow Perch 4-6 cm 3 M 

1 1 Bluegill 4-6 cm 3 LM 

1 1 Yellow Perch 4-6 cm 1LM 

1 3 Yellow Perch 4-6 cm 3 LM.  

2 1 Yellow Perch 4-6 cm 3 

2 1 Bluegill 2-4 cm 3 M 

2 3 Bluegill 2-4 cm 3 UM 

2 1 Yellow Perch 2-4 cm 3 LM 

---- 2 1 Yellow Perch 2-4 cm 3 M 

2 1 Yellow Perch 4-6 cm 3L 

2 1 Yellow Perch 4-6 cm 3 M 

3 1 Bluegill 6-8 cm 3 UR 

3 1 Warmouth 6-8 cm 3 M. Lip 

3 2 Bluegill 2-4 cm .3 M 

3 1 Yellow Perch 2-4 cm M .  

3 1 Yellow Perch 2-4 cm 3 

3 3 Yellow Perch 2-4 cm 3 LM 

3 1 Yellow Perch 2-4 cm 3 . UL 

4 1 Bluegill -2-4 cm 3 UR 

4 1 Bluegill 2-4 cm 3 M 

4 2 Yellow Perch 2-4 cm 3 M 

4 2 Yellow Perch 2-4 cm 3 LM 

4 1 Bluegill 2-4 cm 3 LM 

4 1 Yellow Perch 6-8 cm 3 LM 

4 1 Largemouth Bass 2-4 cm 3 LM 

4 1 Largemouth Bass 2-4  cm 3 R. Lip 

5 1 Bluegill 4-6 cmi 3 UR
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Table 1.4-7 (Continued) 

Screen No. 3A2 

5-30-74 

Panel No. No./Species Length Decomposition Position 

5 3 Bluegill 4-6 cm 3 M 

5 -1 Bluegill 4-6 cm 3 M. Lip 

5. 1 Largemouth Bass 4-6 cm 3 M 

5- 1 Yellow Perch 4-6 cm 3 14 

5 1 Yellow Perch 6-8 cm 3 UL 

5 1 Yellow Perch 4-6 cm 3 UL 

5 1 Yellow Perch 4-6 cm 3 11M 

5 1 Yellow Perch 4-6 cm 3 M. Lip 

5 2 Bluegill 4-6 cm 3 UL 

6 1 Unidentified 4-6 cm 4 M. Lip 

--- 6 2 Bluegill 4-6 cm 3 L. Lip 

6 1 Yellow Perch 4-6 cm 3 L. Lip 

Screen 3A2, 
Total Fish = 54 

1-30-74, Screens 1Al 
thru 3A2 
Total Fish 891 

1.4-34 ONS 6/74
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STable 1.4-8 

Species, number, and lengths of impinged fishes observed on intake screens 
LA1, 1A2, 2A1, 2A2, 3A1, and.3A2 after screens were pulled on June 13, 1974.  

Screen No. 1Al Temperature Profile: Surface 18.5C, 5 Ft. 18.SC 

10 Ft. 18.0C, 20 Ft. 17.OC, Bottom 16.5C.  

Dissolved Oxygen - 6.7 mg/i 

6-13-74 . *- ''-

Panel No. No./Species Length - Decbmposition Position 

No Fism on screen lAl 

Degrees of Decomposition Position on Screen 

1. No sign of decomposition UL-upper left LM-lower middle 
2. Slightly decomposed UM-upper middle LR-lower right 
3. Badly decomposed-identifiablc UR-upper right L. Lip-left lip 
4. Badly decomposed-unidentifiable M-middle M. Lip-middle lip 

LL-lower left R. Lip-right lip
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Table 1.4-8 (Continued) 

Screen No. 1A2 

6-13-74 

Panel No. No./Species Length Decomposition Position 

No Fish on screen 1A2 

1.4-36 ONS 6/71
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Table 1.4-8 (Continued) 

Screen No. 2A1 

6-13-74 

Panel No. No./Species Length Decomposition Position 

No fikh on screen 2A1
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Table 1.4-8 (Continued) 

Screen No. 2A2 

6-13-74 

Panel No. No./Species Length Decomposition Position 

No fih on screen 2A2 

1.4-38 ONS 6/74
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Table 1.4-8 (Continued) 

Screen No. 3A1 

6-13-74 

Panel No. No./Species Length Decomposition Position 

1 1 Yellow Perch 6-8 cm 3 

2. 2 Bluegill 4-6 cm 3 .  

2 1 Yellow Perch 4-6 cm 3 M 

2 1 .Bluegill 4-6 cm 3 M 

3 5 Bluegill 4-8 cm 3 m 
3 3 Bluegill -4-6 cm 3 M 

3 2 Yellow Perch 4-6 cm 3 m 

4 1 Bluegill 2-4 cm 3 M 

4 1 Bluegill 2-4 cm 3 UL 

4 1 Bluegill 4-6 cm 3 UR 

5 1 Yellow Perch 6-8 cm 3 UL 

5 1 Bluegill 4-6 cm 3 LR 

5 2 Bluegill 2-4 cm 3 UR.  

5 1 Bluegill 4-6 cm 3 UR 

5 2 Bluegill 4-6 cm 3 M 
5 3 Bluegill 4-6 cm 3 M. Lip 
5 2 Bluegill 4-6 cm 3- M 
5 1 Bluegill 4-6 cm 2 M. Lip 
6 1 Bluegill 4-6 cm 3 M 

Screen 3A1, 
Total Fish 32
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Table 1.4-8 (Continued) 

Screen No. 3A2 

6-13-74 

Panel .No. No./Species Length Decomposition Position 

1 1 Yellow Perch 6-8 cm 3 UR 

2 1 Bluegill 4-6 cm 3 UR 

2 1 Bluegill 4-6 cm 3 m 

2 1 Yellow.Perch 4-6 cm 1 M 

2 1 Bluegill 4-6 cm 3 LM 

2 1 Bluegill 6-8 cm 3 LM 

2 3 Bluegill 2-4 cm 3 LM 

3 1 Bluegill 4-6 cm 2 L. Lip 

3 1 Bluegill 6-8 cm 3 LM 

3 1 Bluegill 4-6 cm 3 M 

4 1 Yellow Perch 6-8 cm 3 LM 

4 2 Bluegill 4-6 cm 3 M 

4 1 Yellow Perch 6-8 cm 3 m 

4 2 Bluegill 4-6 cm 3 1 

4 1 Bluegill 4-6 cm 3 1 

4 1 Yellow Perch 4-6 cm 3 M 

4 2 Bluegill 2-4 cm 3 LM 

5 1 Yellow Perch 6-8 cm 3 L. Lip 

5 1 Bluegill 6-8 cm 3 M. Lip 

5 1 Yellow Perch 4-6 cm 3 LR 

5 1 Yellow Perch 4-6 cmI 3 m 

5 1 Bluegill 4-6 cm' 3 M 

5 1 Yellow Perch 4-6 cm 3 R. Lip 

6 1 Bluegill 2-4 cm 3 M 

Screen 3A2, 
Total Fish = 29 

6-13-74, Screens 1AI 
thru 3A2 
Total Fish = 61 
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<110 UNITED STATES 
I NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

MAR g j: 
4 March 2, 1979 

DUKE POWER Co.  
PROJECT COORDINATION 

& LCENSING 

Dockets Nos. 50-269 
50-270 

and 50-287 

Mr. William 0. Parker, Jr.  
Vice President - Steam Production 
Duke Power Company 
422 South Church Street 
P. 0. Box 2178 
Charlotte, North Carolina 28242 

Dear Mr. Parker: 

The Commission has issued the enclosed Amendments Nos. 69  69, and 66 for Licenses Nos. DPR-38, DPR-47 and DPR-55 for the Oconee Nuclear Station, Units Nos. 1, 2 and 3. These amendments consist of changes to the Station's common Appendix B Environmental Technical Specifications in partial response to your request dated December 2, 1977, as supplemented September 11, 1978.  

These amendments revise the Environmental Technical Specifications by deleting the Aquatic Surveillance Program and special study programs.  
These amendments do not involve significant new safety information of a type not considered by a previous Commission safety review of the facility. They do not involve a significant increase in the probability or consequences of an accident, do not involve a significant decrease in a safety margin, and therefore do not involve a significant hazards consideration. We have also concluded that there is reasonable assurance that the health and safety of the public will not be endangered by this action.  

DPR A 38/69/1



Mr. William 0. Parker, Jr. -2

Copies of the Environmental Impact Appraisal and the Notice of 
Issuance/Negative Declaration are also enclosed.  

Sincerely, 

Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 

Enclosures: 
1. Amendment No. 69 to DPR-38 
2. Amendment No. 69 to DPR-47 
3. Amendment No. 66 to DPR-55 
4. Environmental Impact Appraisal 
5. Notice/Negative Declaration 

cc w/enclosures: See next page 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20555 

DUKE POWER COMPANY 

DOCKET NO. 50-269 

OCONEE NUCLEAR STATION, UNIT NO. 1 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No, 69 
License No. DPR-38 

1. The Nuclear Regulatory Commission (the Commission) has found that: 

A. The application for amendment by Duke Power Company (the 
licensee) dated December 2, 1977, as supplemented September 11, 
1978, complies with the standards and requirements of the Atomic 
Energy Act of 1954, as amended (the Act), and the Commission's rules 
and.regulations set forth in 10 CFR Chapter I; 

8. The facility will operate In conformity with the application, 
the provisions of the Act, and the rules and regulations of 
the Commission; 

C. There is reasonable assurance (j) that the activities authorized 
by this amendment can be conducted without endangering the -health 
and safety of the public, and (ii) that such activities will be 

.conducted in compliance with the Commission's regulations; 

D. The issuance of this amendment will not be inimical to the common 
defense and security or to the health and safety of the public; 
and 

E. The issuance of this amendment is in accordance with 10 CPR Part 
51 of the Commission's regulations and all applicable requirements 
have been satisfied.  

DPR A 38/69/3
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2. Accordingly, the license is amended by changes to the Technical Specifications as indicated in the attachment to .this license amendment and paragraph 3.B of Facility Operating License No.  DPR-38 is hereby amended to read as follows: 

3.B Technical Specifications 

The Technical Specifications contained in Appendices A and 8, as revised through Amendment No.69 are hereby 
incorporated in the license. The licensee shall operate the facility in accordance with the Technical Specifications.  

3. This license amendment is effective as of the date of its issuance.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Robert .W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 

Attachment: 
Changes to the Technical 
Specifications 

Date of Issuance: March 2,.1979 

DPR A 38/69/4



UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, 0. C. 205SS 

ENVIRONMENTAL IMPACT APPRAISAL BY THE OFFICE OF-NUCLEAR REACTOR REGULATION 

SUPPORTING AMENDMENT NO. 69 TO FACILITY OPERATING LICENSE NO. DPR-38 

AMENDMENT NO. 69_TO FACILITY OPERATING LICENSE NO, DPR-47 

AMENDMENT NO. 66 TO FACILITY OPERATING LICENSE NO. DPR-55 

DUKE POWER COMPANY 

OCONEE NUCLEAR STATION, UNITS NOS. 1, 2 AND 3 

DOCKETS NOS. 50-269, 50-270 AND 50-287 

Introduction 

By letter dated December 2, 1977, as supplemented September 11, 1978, 
Duke Power Company (the licensee) requested changes to their Environ
mental Technical Specifications (ETS) for Oconee Nuclear Station.  
He have discussed these proposals with the licensee and are deferring 
action on their request to delete limiting conditions for operation 
from the ETS, to which the licensee has agreed.  

This amendment.deletes the specifications for the General Aquatic 
Surveillance Program and special studies. Water temperature, 
chemistry, and fisheries studies were begun on Lake Keowee prior 
to 1971, when Lake Keowee reached full-pond elevation. Phytoplankton, 
zoopla nkton, and benthos studies were begun around mid-1973. The 

purpose of these studies is to detect and quantify the effects of 
the operation of Oconee Nuclear Station (ONS) on th.e aquatic environ
ment and to verify the findings of the Final Environmental Statement 
(FES).  

Appraisal 

Dissolved Oxygen: 

The FES stated that reduction of oxygen concentration in the surface 
waters near the plant discharge could occur during periods when the 
plant was drawing oxygen deficient water from the hypolimnion and 

.discharging it to the surface. The lowest value observed during the 
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1974 through 1976 period was 3.4 mg/liter. The FES indicated that 
the dissolved oxygen concentration could fall below 1.0 mg/liter 
in the discharge area. The study indicated that oxygen concen
trations were considerably higher than those estimated in the FES.  

Thermal: 

Appendix III-1 of the FES predicted the thermal plume for various 
season and lake conditions. The study resulted in general con
firmation of the thermal plume as well as other thermal predictions 
of the FES. The thermal study resulted in the following conclusions: 

a) a distinct thermal "plume" from the Station discharge was 
evident from September through March of each year, resulting 
in localized vertical thermal gradients or stratificatioh; 

b) a thermal plume was not apparent from April through August of 
each year; 

c) maximum summer temperatures in the lake's surface waters were 
only slightly different from preoperational values; 

d) winter minimum temperatures, except in the immediate vicinity of 
the ONS discharge, were mainly a function of meteorological con
ditions each year; there.was no significant "carryover" in the 
lake's heat content from one year to the next; 

e) ONS's use of bottom waters resulted in a less distinct summer 
thermocline in the lake, and complete destratification of the 

-top 20 or 25 m of the water column earlier (mid-September) than.  
observed in preoperational years; and 

f) maximum temperatures of the deep (20 to 30 m) waters of the lake 
in September of 1975 and 1976 were about ten degrees Celsius (18 
deg. F) warmer*-than in the preoperational period.  

Aquatic Chemistry: 

The FES stated that the plant would discharge small quantities of 
chemicals into Hartwell Reservoir and that these discharges were 
not expected to have discernible effects in the reservoir. The 
results of the monitoring program generally confirm this prediction.  
The results of the monitoring program can be summarized as follows: 

DPR A 38/69/6
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a) Lake Keowee has low dissolved and suspended solids and nutrient 
concentrations, low hardness, and is mildly acidic; 

b) the mineral composition of the lake during the ONS operational 
period was very similar to that of the Keowee River prior to 
its impoundment; 

c) based on the nitrogen/phosphorus ratios observed, phosphorus 
appeared to be the limiting nutrient for primary production in 
Lake Keowee; total phosphorus, ammonia and nitrate-nitrite 
concentrations have steadily decreased since the reservoir was 
impounded, probably due to natural "aging;" and 

d) seasonal fluctuations in the concentrations of ammonia, nitrate
nitrite, manganese and iron, among others, were less pronounced 
during the ONS operational period than they were previously, 
attributed to the induced mixing and resultant higher dissolved 
oxygen content of the lake caused by ONS's use of bottom waters.  

Fisheries Studies: 

The FES predicted that some fishes would be impinged on the intake 
screens, and that shad could possibly die in large numbers during 
the winter months. The FES also discussed in detail the potential 
thermal effects on fishes due to the heated discharge.  

The studies indicate that the overall effect of the Station on the 
fish populations was small and they generally confirm the findings 
of the FES. No gas bubble disease was observed in any of.the fish 
sampled in the program. Very little impingement and entrainment 
was observed. Fishes tended to reproduce in the shallower areas of 
the lake and not in the long, deep intake canal; therefore, entrain
ment of young fish forms into the plant was small.  

The studies of species composition .and.general distribution of fish 
in the lake indicate no adverse effects resulting from the operation 
of the Station. While abundance of many species has changed during 
the study period, these changes could not be distinguished from 
those predicted to occur naturally.  

Phytoplankton and Zooplankton: 

The FES stated that the plant may cause shifts in the dominance of 
green algae to the undesirable blue-green types in small areas of 
the lake. The FES also suggested that some suppression of photo
synthesis could occur for organisms passing through the condensers.  
The study showed that there was neither a shift to obnoxious blue
green algae types, nor was there any appreciable decrease in photo
synthesis rates as a result of eitrainment.  

DER. A 38/69/7



-4

The FES stated that during the months of August and September, 
the lengthy exposure to temperatures approaching or exceeding 
the thermal tolerance limits could cause'a reduction in zoo
plankton organisms in the thermal plume. The zooplankton 
abundahce in the surface water near the Station discharge was 
similar to the abundance in the intake cove, but substantially 
lower than in most other areas of the lake. This is because 
the skimer wall allows only deep water, which has lower concen
trations of organisms, into the intake canal. The design minimizes 
the impact on these organisms. The actual entrainment had little 
effect on the viability of these organisms.. Overall, the effect 
of the plant on these populations was less than that predicted in 
the FES.  

Benthos and Periphyton: 

The FES stated that the discharge flow could cause some scouring 
and would probably-eliminate all benthic organisms in the 
immediate discharge area. The study showed that there was little, 
if any, effect on the benthic population. Bottom type and depth 
appeared to be the important factors determining the type-of 
benthos population. Further, no substantial changes in taxonomic 
composition of benthos were observed over the operational period.  

Periphyton was studied because of its value as an indicator of 
major spatial or temporal changes in water quality. The results 
of the program indicate that, although year-to-year and spatial 
differences were observed, the operation at the Station did not 
significantly change the trophic status or water quality of Lake 
Keowee with respect to the periphyton community.  

Conclusion and Basis for Negative Declaration 

We conclude that the impact of the Oconee Nuclear Station on the 
aquatic environment is within the bounds of the FES, as indicated 
above, and that the environmental impact of the Station has 
stabilized. As a consequence, the General Aquatic Surveillance 
Program and Special Study Programs of the.ETS are no longer needed 
and may be terminated immediately.  

On the-basis of the foregoing analysis, we conclude that there will 
be no environmental impact attributable to the proposed action.  
The changes assessed herein are to the environmental monitoring 
programs and do not involve any change in plant design or operation 
or involve an increase in effluent types or quantities. The impact 
of the overall plant has already been predicted and described in 
the Commission's FES for ONS. On this basis and in accordance with 
10 CFR §51.5, the Commission concludes that no environmental irmpact 
statement for the proposed action need be prepared and a negative 

.declaration to this effect is appropriate.  

Dated: March 2, 1979 
DPR A 38/69/8
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D H E C R MaMVM eol ne 

MAY 2 8 1998 
PROMOTE PROTECT PROSP 
2600 Bull Stret D L 1:7([)ATE 
Columbia, SC 29201-1708 

May 21, 1998 .5 C&PY 

Mr. Robert Wylie 
Duke Power Company 
Group Environmental, Health & Safety 
13339 Hagers Ferry Rd.  
Huntersville, NC 28078-7929 

Re:Draft NPDES Permit #SCO0005 15 
Duke Power/Oconee Station 
Oconee County 

Dear Mr. Wylie: 

The South Carolina Department of Health and Environmental Control intends to issue a National 
Pollutant Discharge Elimination System (NPDES) permit to the above referenced facility in the 
near future.  

The enclosed proposed draft permit shows the proposed conditions to be incorporated as part of 
the NPDES permit In order that you understand your responsibilities included in the provisions 
of this permit, particular attention should be given to the following sections: 

1. Part LA.: This section(s) contains listings of effluent characteristics, discharge limitations, and 
monitoring requirements. The effective dates for various requirements are listed.  

2. Part I.B.: This section(s) contains listings of groundwater monitoring requirements.  

3. Part I.C.: This section contains the schedule of compliance applicable to your facility. If your 
facility is presently in compliance, no schedule is included. If you have a schedule of 
compliance, please note Part I.C.2. which contains your responsibilities for reporting compliance 
requirements.  

Whether you have specific objections to the proposed draft permit or are satisfied with its 
conditions, your comments are needed in writing to this office before June 8, 1998. If you
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have any questions concerning the enclosed conditions or the procedures associated with the 
permit program, please contactme at (803/734-5248).  

Sincerely, 

William C. Botts 
Environmental Engineer Associate 
Industrial, Agricultural, & Storm 
Water Permitting Division 

cc: George Tomlin, Appalachia I EQC 
NPDES Administration 
Facilities Compliance 
Darryl Williams, Region IV EPA
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8. Detection Limit: NIA 
9. Conclusion: Based on a comparison between the reported 2C results and applicable criteria and applii 

reasonable potential procedures, no limit for BETA is proposed.  

Temperature 
1. Fori 2C value: 34oC maximum 30 day summer temperature.  
2. Previous Permit: 37.8*C maximum temperature (under certain conditions a 39.4*C maximu 

temperature was allowed), 12.2*C temperature rise maximum when the intake temperature is great< 
than 20 0C.  

3. Effluent guidelines: Not applicable.  
4. Water Quality Criteria: The receiving water temperature may not be increased by more than 2.8*C < 

exceed a maximum of 32.2*C, unless a Section 316(a) determination has been completed.  
5. Human Health Consideration: Not applicable.  
6. Detection Limit: Not applicable.  
7. Conclusion: The facility submitted the results of a 316(a) demonstration in January 1995. Based o 

the study, the Department granted the 316(a) variance. In the reapplication received April 7, 1998, th 
permittee requested a continuation of the variance. Information supporting the continuation wa 
provided May 12, 1998. The Department proposes to allow the variance for the life of this permit. A 
in the previous permit, the discharge maximum shall not exceed 103 degrees Fahr. and the rise ove 
intake must not exceed 22 degrees Fahr.  

Outfall 002 

Description of Discharge: Outfall 002 consists of wastewater from several sources including low volume wastes fron 
the conventional wastewater treatment system discharge, yard drains, air handling units, oil and chemical products areas 
turbine building sumps, and condenser unwatering; sanitary sewage treated and discharged wastewaters via intema 
Outfall 003); metal cleaning wastes (MGD treated and discharged wastewaters via internal Outfall 005); intake dan 
underdrain (0.09 MGD); indigenous springs (0.007 MGD) and landfill leachate (0.0023 MGD of treated and discharge( 
wastewaters via Outfall 006).  

Applicable effluent guidelines standards of performance for this facility are the Steam Electric Point Source Categore 
for existing sources, which provides the following limitations: 

1. The pH of all discharges, except once through cooling water shall be within the range of 6.0 standard unit, 
to 9.0 standard units.  

2. There shall be no discharge of PCBs.  

3. Low volume wastes 

Parameter Maximum for any Average of daily values 
I day (mg/1) for 30 consecutive days' 

shall not exceed (mg/l)
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INTRODUCTION 

This report presents the results of an inventory of endan

gered, threatened, and otherwise noteworthy plant and animal 

species of Duke Energy's Oconee Nuclear Station. The study area 

for this investigation was a one mile-radius circle centered on 

the Number Two Reactor inside the Oconee Nuclear Station. The 

study area included all lands at Oconee Nuclear Station and 

additional lands along the Keowee River and along Lake Keowee 

(see Map 1).  

Field work was conducted in May and June of 1998. A habitat 

analysis of the study area was conducted using false color infra

red photography, black and white photography, and topographic 

maps of the site. Habitats that appeared to be potential areas 

of occurrences for the species listed in Table 1 were completely 

surveyed on foot in the field. More cursory inventories were 

done of successional forests and highly-disturbed areas.  

RESULTS 

Three state-listed plants species and one species not previ

ously known in South Carolina were found in the course of the 

inventory (Table 1). Additionally, four significant natural 

areas which harbored state-listed plants, old-growth trees, or 

other noteworthy natural features were located (Map 1).  
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Table 1. Endangered, threatened, and otherwise noteworthy plant 

and animal species occurring or historically-occurring in the 

vicinity of the Oconee Nuclear Station.  

1 2 
SCIENTIFIC NAME COMMON NAME STATUS OCCURRENCE 

PLANTS 

Carex laxiflora loose-flowered sedge SR PRESENT 
Carex prasina drooping sedge SL PRESENT 
Echinacea laevigata smooth coneflower FE HISTORICAL 
Nestronia umbellula Indian olive SL PRESENT 
Orobanche uniflora one-flowered broomrape SL HISTORICAL 
Pachysandra procumbens Allegheny spurge SL HISTORICAL 
Viola tripartita three-parted violet SL PRESENT 

ANIMALS 

SiKmora robusta a millipede SL HISTORICAL 

1 
SR-new state record for species found during this invento

ry; SL-listed as "rare, threatened, or endangered" by the State 
of South Carolina (see Appendix); FE-federally-listed as endan
gered by the Fish and Wildlife Service.  

2 
PRESENT indicates that species was found on Oconee Nuclear 

Station property or within a one-mile radius of Oconee Nuclear 
Station during the course of this inventory or has recently been 
reported from the area by biologists; HISTORICAL indicates that 
species has been reported from the general area in the past but 
was not located within a one-mile radius of Oconee Nuclear Sta
tion during this inventory.



Populations of the state-listed three-parted violet (Viola 

tripartita) were found in three different areas in rich deciduous 

woods. This yellow violet is uncommon in the Blue Ridge and 

upper Piedmont of South Carolina. The populations located within 

the study area ranged from five to 25 plants (Map 1).  

A population of Indian olive (Nestronia umbellula), also 

state-listed in South Carolina, was found along the nature trail 

in Natural Area 1 (see Map 1 and discussion of Natural Area 1 

below). About 50 plants of Indian olive were found in a blueber

ry (Vaccinium spp.) thicket at this site. (Robert Siler, a Duke 

Engineering & Services biologist, brought this population to my 

attention).  

Drooping sedge (Carex prasina), uncommon in the Blue Ridge 

and Piedmont of South Carolina, is also listed and monitored by 

the South Carolina Department of Natural Resources. One popula

tion of about 10 plants was found in small seepage bogs east of 

SC 183 in Natural Area 3 (see Map 1 and discussion of natural 

areas below).  

Finally, the first substantiated South Carolina record for 

loose-flowered sedge (Carex laxiflora) was found in the southern 

portion of the study area in Natural Area 4 (see Map 1 and dis

cussion of natural areas below). About 25 plants of Carex laxi

flora were located during this inventory on a rich, north-facing 

slope. Carex laxiflora is reported from South Carolina in Rad

ford et al., 1968, the authoritative guide to the flora of Caro

linas; however, over the last decade, field research has re

vealed that several other species of sedges were probably incor
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rectly identified as this species, which heretofore was unknown 

from South Carolina (see Gaddy, 1995). Only two records of the 

sedge were known from the southern Blue Ridge, both in North 

Carolina (the closest record to South Carolina for the species 

was Windy Falls on the Horsepasture River--a site also within the 

Keowee-Toxaway River drainage). Because this is the first record 

for the species in South Carolina, a specimen was collected for 

deposit in the Clemson University Herbarium.  

Four significant natural areas were also encountered during 

the survey of the study area. They have been included on Map 1 

to facilitate their location. Natural Area 1 is the nature trail 

area north of the World of Energy. Here, relatively undisturbed 

deciduous woods dominated by white oak (Quercus alba), red oak 

(Quercus rubra), southern red oak (Quercus falcata), and hicko

ries (Carya spp.). Dogwood (Cornus florida), mountain laurel 

(Kalmia latifolia), and the uncommon buckthorn (Rhamnus carolini

ana) are found in the understory. This site harbors a rich 

herbaceous flora which includes good populations of uncommon 

wildflower species such as Indian pink (Spigelia martlandica), 

American liverleaf (Hepatica americana), Indian olive (Nestronia 

umbellula) (see above), and three-parted violet (Viola triparti

La). Smaller populations of many other showy spring herbs are 

also found here.  

Natural Area 2 is an area of old-growth Piedmont mixed 

hardwoods on a north-facing slope and ridge east of SC 183 (Map 

1). Here, .a forest of mixed oak and tulip poplar appears not to 
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have been disturbed in recent history. Black oak (Quercus velu

tina) up to 40 inches in diameter at breast height (4.5 feet) 

(dbh), southern red oak (Quercus falcata) to 36 inches in dbh, 

white oak (Quercus alba) up to 30 inches in dbh, and tulip poplar 

(Liriodendron tulipifera) over 24 inches in dbh all were seen 

here. The area of old-growth is not extensive but is significant 

considering the fact that old-growth Piedmont forests are rare.  

Buckthorn (Rhamnus carolinana) and three-parted violet (Viola 

tripartita) were also found in the natural area.  

Natural Area 3 is a small, north-facing ravine in the south

western portion of the study area. A stand of 100-year old white 

oak (Quercus alba), some of which have recently been cut, is 

found here on slopes overlooking several interesting bogs. Good 

populations of cinnamon fern (Osmunda cinnamomea), southern lady 

fern (Athyrium asplenoides), and New York fern (Thelypteris 

noveboracensis) surround several small bogs which harbor a small 

population of the rare drooping sedge (Carex prasina). The 

northern end of this ravine harbors a small beaver pond/marsh 

complex with bur-reed (Sparganium americanum), sedges (Carex 

spp.), tag alders (Alnus serrulata), and black willows (Salix 

nigra) (see Map 1).  

Finally, Natural Area 4 is an extensive north-facing bluff 

with mature white oak (Quercus alba), red oak (Quercus rubra), 

beech (Fazus grandifolia), and tulip poplar (Liriodendron tuli

pifera) (largest trees over 30 inches in dbh). Found in the 

southern portion of the study area south of SC 183, this site 

also harbors mountain laurel (Kalmia latifolia), dogwood (Cornus 
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florida), redbud (Cercis candadensis) (one tree eight inches in 

dbh), and chalk maple (Acer leucoderme) in the understory. The 

herbaceous flora is rich with three-parted violet (Viola tripar

tita), loose-flowered sedge (Carex laxiflora) (discussed above), 

black cohosh (Cimicifuga racemosa), maidenhair fern (Adiantum 

pedat um), and American liverleaf (Hepatica americana).
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
o 2P.O. Box 12559 

217 Fort Johnson Road 
Charleston, South Carolina 29422-2559 o Ps ~k 

April 17, 1998 

DKAPR2: 19 o MR2 vt998 GROUP Et'i:CJNVENT, 

DUKE POWER COMPANY 
GROUP EM',"rCNVENT, 

Ms. Jennifer Huff 
Duke Power 
Mail Code EC 124 
P.O. Box 1006 
Charlotte, North Carolina 28201-1006 

Re: Oconee Nuclear Station - FERC Relicense 
FWS Log No. 4-6-98-227 

Dear Ms. Huff: 

As per your request, we are providing a list of the federally endangered (E) and threatened (T) 
species which potentially occur in Oconee County, South Carolina to aid you in determining the 
impacts your project may have on protected species. In-house surveys should be conducted by 
comparing the habitat requirements for the attached listed species with available habitat types at 
the project site. Field surveys for the species should be performed if habitat requirements overlap 
with that available at the project site. Surveys for protected plant species must be conducted by a 
qualified biologist during the flowering or fruiting period(s) of the species. Please notify this 
office with the results of any surveys for the below list of species and an analysis of the "effects 
of the action," as defined by 50 CFR 402.02 on any listed species including consideration of 
direct, indirect, and cumulative effects.  

We also recommend you contact the S.C. Department of Natural Resources (SCDNR), Data 
Manager, Wildlife Diversity Section, Columbia, SC 29202, concerning known populations of 
federal and/or state endangered or threatened species, and other sensitive species in the project 
area.  

These lists should be used only as a guideline, not as the final authority. The lists include known 
occurrences and areas where the species has a high possibility of occurring. Records are updated 
continually and may be different from the following.



SOUTH CAROLINA COUNTY DISTRIBUTION RECORDS OF 
ENDANGERED and THREATENED SPECIES 

E - Endangered 
T - Threatened 

Certainty of 
Status occurrence 

Oconce County 

Indiana bat (Myotis sodalis) E Known 
American peregrine falcon (Falco peregrinus anatum) E Possible 
Bald eagle (Haliaeetus leucocephalus) T Known 
Smooth coneflower (Echinacea laevigata) E Known 
Small whorled pogonia (Isotria medeoloides) T Known 
Persistent trillium (Trillium persistens) E Known 

Your interest in ensuring the protection of endangered and threatened species is appreciated. If 
you have any questions please contact Ms. Lori Duncan of my staff at (803) 727-4707 ext. 21. In 
future correspondence concerning the project, please reference FWS Log No. 4-6-98-227.  

Sincerely yours, 

Roger L. Banks 
Field Supervisor 

RILB/LWD 

cc: Federal Energy Regulatory Commission, Washington, DC 

Pickens County 

American peregrine falcon (Falco peregrinus aaturn) 
Bald eagle (Haliaeetus leucocephalus) T Possible 
Bog turtle CCjemmys guheabeg) PT(S/A) Known 
Smooth coneflower (Echinacea laeyigata) E Known 
Dwarf-flowered heartleaf (Hexastylis naniflora) T Possible 
Black-spored quillwort (soetes melanospora) E Known 
Mountain sweet pitcher-plant 

(~.arenia rubra ssp). ignesii) E Known



KEY 

ELCODE - element code, indicating taxonomic class in cols 1 and 2: 

AA - Animals, Amphibians 
AB - Animals, Birds 
AF - Animals, Fish 
AM - Animals, Mammals 
AR - Animals, Reptiles 
I - Invertebrate Animals 

PD - Plants, Dicots 
PG - Plants, Gymnosperms 
PM - Plants, Monocots 
PP - Plants, Pteridophytes (ferns) 
N - Non-vascular Plants 

GRANK/SRANK - the Nature Conservancy rating of degree of endangerment: 

G1 - Critically imperiled globally because of extreme rarity or because of 
some factor(s) making it especially vulnerable to extinction 

G2 - Imperiled globally because of rarity or factor(s) making it vulnerable 
G3 - Either very rare throughout its range or found locally in a restricted 

range, or having factors making it vulnerable 
G4 - Apparently secure globally, though it may be rare in parts of its range 
G5 - Demonstrably secure globally, though it may be rare in parts of its 

range 
GH - Of historical occurrence throughout its range, with possibility of 

rediscovery 
GX - Extinct throughout its range 
G? - Status unknown 

S1 - Critically imperiled state-wide because of extreme rarity or because of 
some factor(s) making it especially vulnerable to extirpation 

S2 - Imperiled state-wide because of rarity or factor(s) making it vulnerable 
S3 - Rare or uncommon in state 
S4 - Apparently secure in state 
S5 - Demonstrably secure in state 
SA - Accidental in state (usually birds or butterflies that are far outside 

normal range) 
SE - Exotic established in state 
SH - Of historical occurrence in state, with possibility of rediscovery 
SN - Regularly occurring in state, but in a migratory, non-breeding form 
SR - Reported in state, but without good documentation 
SX - Extirpated from state 
S? - Status unknown 

STATUS - legal status: 

FE - Federal Endangered 
FT - Federal Threatened 
NC - Of Concern, National (unofficial - plants only) 
RC - Of Concern, Regional (unofficial - plants only) 
SE - State Endangerd (official state list - animals only) 
ST - State Threatened (official state list - animals only) 
SC - Of Concern, State 
SX - State Extirpated 
PE/PT/C - Proposed or candidate for federal listing 

All information is based on the existing S.C. Heritage Trust database, and we do 
not assume that it is complete. Areas not yet inventoried by our biologists may 
contain significant species or communities. Also, our data are always in need 
of updating because as natural populations change over time, species must be 
added, dropped, or reclassified.



ANIMALS: STATUS.....GRANK......SRANK.......SCIENTIFIC NAME........................COMMON NAME.......................  

SC G5 S? ACCIPITER COOPERII COOPER'S HAWK 
SC 03 S? ALASMIDONTA VARICOSA BROOK FLOATER 
SC G3G4 Si ANEIDES AENEUS GREEN SALAMANDER 
Sc GS S2S3 CLETHRIONOMYS GAPPERI SOUTHERN RED-BACKED VOLE 
SC GST4 S2S3 CLETHRIONOMYS GAPPERI CAROLINENSIS CAROLINA RED-BACKED VOLE 
SE 04 S27 CORYNORHINUS RAFINESQUII RAFINESQUE'S BIG-EARED BAT 
SC G4 S? CRYPTOBRANCHUS ALLEGANIENSIS HELLBENDER 
SC 0304 S? DESMOGNATHUS AENEUS SEEPAGE SALAMANDER 
SC G2G3 S? ELLIPTIO LANCEOLATA YELLOW LANCE 
Sc _G5 Si? ETHEOSTOMA ZONALE BANDED DARTER 
ST G3 S1 MYOTIS LEIBII EASTERN SMALL-FOOTED MYOTIS 
SC G5 S3 MYOTIS LUCIFUGUS LITTLE BROWN MYOTIS 
SC G4 S3S4 MYOTIS SEPTENTRIONALIS NORTHERN MYOTIS 
FE/SE 02 S1 MYOTIS SODALIS INDIANA MYOTIS 
SC 05 S3S4 NEOTOMA FLORIDANA EASTERN WOODRAT 
SC GST4 S3S4 NEOTOMA FLORIDANA HAEMATOREIA SOUTHERN APPALACHIAN WOODRAT 
SC G5 S? PARASCALOPS BREWERI HAIRY-TAILED MOLE 
SC 05 S? RANA PALUSTRIS PICKEREL FROG 
SC G5 S3 RANA SYLVATICA WOOD FROG 
SC G5 51 RHINICHTHYS ATRATULUS BLACKNOSE DACE 
SC G? S? SIGMORIA ARCUATA A MILLIPEDE 
SC 0? S? SIGMORIA ROBUSTA A MILLIPEDE 
Sc 05 S3S4 SOREX HOYI PYGMY SHREW 
SC G5 S4 SPILOGALE PUTORIUS EASTERN SPOTTED SKUNK 
SC G5 S3 SYLVILAGUS AQUATICUS SWAMP RABBIT 
Sc G4 S2? SYLVILAGUS OBSCURUS APPALACHIAN COTTONTAIL 
Sc G5 S3 TAMIASCIURUS HUDSONICUS RED SQUIRREL 
SC G5 S4 TYTO ALBA BARN-OWL 
SC G5 5? ZAPUS HUDSONIUS MEADOW JUMPING MOUSE 

PLANTS: 

SC 05 S1S2 ACER PENSYLVANICUM STRIPED MAPLE 
SC G4 S2 ACONITUM UNCINATUM BLUE MONKSHOOD 
SC G5 S? ALLIUM CERNUUM NODDING ONION 
SC 04? S? AMORPHA GLABRA SMOOTH INDIGOGUSH 
SC 05 S2 ARISTOLOCHIA MACROPHYLLA PIPEVINE 
RC G4 S1 ASPLENIUM MONANTHES SINGLE-SORUS SPLEENWORT 
SC G5 S1S2 ASPLENIUM RESILIENS BLACK-STEM SPLEENWORT 
SC G5 S2 ASPLENIUM RHIZOPHYLLUM WALKING-FERN SPLEENWORT 
SC 05 S? ASPLENIUM TRICHOMANES MAIDENHAIR SPLEENWORT 
SC G2G3 S? ASTER GEORGIANUS GEORGIA ASTER 
SC G5 S? ASTER NOVAE-ANGLIAE NEW ENGLAND ASTER 
SC GS S1 BETULA ALLEGHANIENSIS YELLOW BIRCH 
SC G4 S BOYKINIA ACONITIFOLIA BROOK SAXIFRAGE 
SC G2 S? CARDAMINE CLEMATITIS MOUNTAIN BITTER CRESS 
SC 047 S? CARDAMINE DISSECTA DIVIDED TOOTHWORT 
SC G3 S? CARDAMINE FLAGELLIFERA BITTER CRESS 
SC 05 S? CAREX AMPHIBOLA NARROWLEAF SEDGE 
SC G3 S? CAREX AMPLISQUAMA FORT MOUNTAIN SEDGE 
SC G4 5? CAREX APPALACHICA APPALACHIAN SEDGE 
SC G4 S? CAREX AUSTROCAROLINIANA A SEDGE 
NC G3 Si CAREX BILTMOREANA BILTMORE SEDGE 
SC C5 S? CAREX GRACILLIMA GRACEFUL SEDGE 
Sc G3 S? CAREX MANHARTI! MANHART SEDGE 
SC G4 5? CAREX OLIGOCARPA EASTERN FEW-FRUIT SEDGE 
SC G5 S1 CAREX PEDUNCULATA LONGSTALK SEDGE 
SC 05 S? CAREX PLANTAGINEA PLANTAIN-LEAVED SEDGE 
SC 04 S? CAREX PRASINA DROOPING SEDGE



Sc 65 S? CAREX SCABRATA ROUGH SEDGE 
SC G5 S? CAREX STRICTA TUSSOCK SEDGE 
SC G40 S? CAREX WOOD PRETTY SEDGE 
RC G5 S2 CASTILLEJA COCCINEA SCARLET INDIAN-PAINTBRUSH 
SC 65 52 CAULOPHYLLUM THALICTROIDES BLUE COHOSH 
SC 64 S? CHELONE LYONII PINK TURTLEHEAD 
SC G5 S? CIRCAEA LUTETIANA SOUTHERN BROADLEAF ENCHANTER'S NIGHTSHAD 
SC G5T5 S1 CIRCAEA LUTETIANA SSP CANADENSIS ENCHANTER'S NIGHTSHADE 
SC G3 S? COLLINSONIA VERTICILLATA WHORLED HORSE-BALM 
SC GS S? COMPTONIA PEREGRINA SWEET FERN 
Sc 65 S? CYPRIPEDIUM PUBESCENS LARGE YELLOW LADY'S-SLIPPER 
Sc 65 5? CYSTOPTERIS BULBIFERA BULBLET FERN 
Sc G5 S? CYSTOPTERIS PROTRUSA LOWLAND BRITTLE FERN 
Sc G4 S? DICENTRA EXIMIA WILD BLEEDING-HEART 
RC G4 Si DIPHYLLEIA CYMOSA UMBRELLA-LEAF 
SC 65 S1 DIPLAZIUM PYCNOCARPON GLADE FERN 
Sc G4 Si DRYOPTERIS GOLDIANA GOLDIE'S WOOOFERN 
SC G5 S? DRYOPTERIS INTERMEDIA EVERGREEN WOODFERN 
FE G2 Si ECHINACEA LAEVIGATA SMOOTH CONEFLOWER 
Sc G5 Si EUONYMUS ATROPURPUREUS WAHOO 
Sc G5? S? EUPATORIUM FISTULOSUM HOLLOW JOE-PYE WEED 
RC G3 Si FOTHERGILLA MAJOR MOUNTAIN WITCH-ALDER 
SC G5 5? GALEARIS SPECTABILIS SHOWY ORCHIS 
SC 65 S GAULTHERIA PROCUMBENS TEABERRY 
Sc G5 S? GAYLUSSACIA BACCATA BLACK HUCKLEBERRY 
Sc G5 S? HACKELIA VIRGINIANA VIRGINIA STICKSEED 
Sc G5 S? HEPATICA ACUTILOBA LIVERLEAF 
Sc 64 S? HEUCHERA PARVIFLORA LITTLE-LEAVED ALUMROOT 
SC G5 S? HYDROCOTYLE AMERICANA AMERICAN WATER-PENNYWORT 
FT G2G3 Si ISOTRIA MEDEOLOIDES SMALL WHORLED POGONIA 
Sc G4 S? JUGLANS CINEREA BUTTERNUT 
Sc G4 S? JUNCUS GYMNOCARPUS NAKED-FRUITED RUSH 
Sc 65 S? JUNCUS SUBCAUDATUS WOODS-RUSH 
Sc 65 S? JUNIPERUS COMMUNIS GROUND JUNIPER 
Sc G3 S? KRIGIA MONTANA FALSE DANDELION 
Sc G5 S? LIPARIS LILIIFOLIA LARGE TWAYBLADE 
SC 64 S? LISTERA SMALLII KIDNEY-LEAF TWAYBLADE 
Sc G5? S2 LONICERA FLAVA YELLOW HONEYSUCKLE 
Sc G4 S1S2 LYGODIUM PALMATUM CLIMBING FERN 
RC G2 51 LYSIMACHIA FRASERI FRASER LOOSESTRIFE 
Sc G5 S? MENISPERMUM CANADENSE CANADA MOONSEED 
Sc G5 S? MITELLA DIPHYLLA TWO-LEAF BISHOP'S-CAP 
Sc G5 S? MONARDA DIDYMA OSWEGO TEA 
RC G3 S MONOTROPSIS 00ORATA SWEET PINESAP 
SC 64 S2 NESTRONIA UMBELLULA NESTRONIA 
Sc 65 S? OROBANCHE UNIFLORA ONE-FLOWERED BROONRAPE 
SC G5 5? OSMORHIZA CLAYTONII HAIRY SWEET-CICELY 
RC G4G5 Si PACHYSANDRA PROCUMBENS ALLEGHENY-SPURGE 
RC 64 S2S3 PANAX QUINQUEFOLIUS AMERICAN GINSENG 
RC G4 S PARNASSIA ASARIFOLIA KIDNEYLEAF GRASS-OF-PARNASSUS 
Sc G5 S PELLAEA ATROPURPUREA PURPLE-STEM CLIFF-BRAKE 
Sc 65 St PHACELIA BIPINNATIFIDA FERNLEAF PHACELIA 
SC 65 Si PHILADELPHUS HIRSUTUS STREAMBANK MOCK-ORANGE 
Sc G2 S? PLAGIOCHILA CADUCILOBA GORGE LEAFY LIVERWORT 
SC G2G3 S? PLAGIOMNIUIM CAROLINIANUM MOUNTAIN WAVY-LEAF MOSS 
SC 65 S POLYGALA PAUCIFOLIA GAY-WING MILKWORT 
RC 6365 S1 PYCNANTHEMUIM MONTANUM SINGLE-HAIRED MOUNTAIN-MINT 
Sc G5 S? RHIZOMNIUM APPALACHIANUM LARGE-LEAVED MNIUM 
Sc 65 5? RHODODENDRON CATAWBIENSE CATAWBA RHODODENDRON 
NC G2 S1 RUDBECKIA HELIOPSIDIS SUN-FACING CONEFLOWER 
SC 64 Si SANICULA TRIFOLIATA LARGE-FRUITED SANICLE 
Sc G5 S? SAXIFRAGA MICRANTHIDIFOLIA LETTUCE-LEAF SAXIFRAGE 
NC 62 S2 SHORTIA GALACIFOLIA OCONEE-BELLS 
SC GS Si SOLIDAGO ICOLOR WHITE GOLDENROO
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ANIMALS: STATUS..... GANK...... SRANK.......SCIENTIFIC NAME........................COMMON NAME.......................  

SC GSTS S5 ACRIS CREPITANS CREPITANS NORTHERN CRICKET FROG 
Sc 0304 Si ANEIDES AENEUS GREEN SALAMANDER 
FT G3 Si CLERMYS MUMLENBERGII BOG TURTLE 
SE G4 S27 CORYNORHINUS RAFINESQUII RAFINESQUE'S BIG-EARED BAT 
SC G5 5? CROTALUS HORRIDUS TIMBER RATTLESNAKE 
SC G5 Si ETHEOSTOMA FLABELLARE FANTAIL DARTER 
ST GSTS 5? EUMECES ANTHRACINUS PLUVIALIS SOUTHERN COAL SKINK 
SC G5 SH FELIS CONCOLOR MOUNTAIN LION 
FE G5TH Si FELIS CONCOLOR COUGUAR EASTERN COUGAR 
SC 05 S2 LAMPROPELTIS TRIANGULUM MILK SNAKE 
SC G5 S? LASIURUS CINEREUS HOARY BAT 
SC 0203 S? MACROMIA MARGARITA MARGARET'S RIVER CRUISER 
SC G5 S4 MICROTUS PENNSYLVANICUS MEADOW VOLE 
ST G3 Si MYOTIS LEIBII EASTERN SMALL-FOOTED MYOTIS 
SC G5 S3 MYOTIS LUCIFUGUS LITTLE BROWN MYOTIS 
SC 04 S3S4 MYOTIS SEPTENTRIONALIS NORTHERN MYOTIS 
SC 05 S3S4 NEOTOMA FLORIDANA EASTERN WOOORAT 
SC G5T4 S3S4 NEOTOMA FLORIDANA HAEMATOREIA SOUTHERN APPALACHIAN WOODRAT 
SC 0103 S1S3 POLYCENTROPUS CARLSONI CARLSON'S POLYCENTROPUS CADDISFLY 
SC 05 S? RANA PALUSTRIS PICKEREL FROG 
SC G5 S3 RANA SYLVATICA WOOD FROG 
SC G7 S? SIGMORIA ARCUATA A MILLIPEDE 
SC G5 S3S4 SOREX HOYI PYGMY SHREW 
SC 05 S4 SPILOGALE PUTORIUS EASTERN SPOTTED SKUNK 
SC GS S3 SYLVILAGUS AQUATICUS SWAMP RABBIT 
SC G4 S2? SYLVILAGUS OSCURUS APPALACHIAN COTTONTAIL 
SC G5 S37 TAMIASCIURUS HUDSONICUS RED SQUIRREL 
SC G5 S4 TYTO ALBA BARN-OWL 
SC 05 S3 URSUS AMERICANUS BLACK BEAR 
SC 05 5? ZAPUS HUDSONIUS MEADOW JUMPING MOUSE 

PLANTS: 

SC 04 S2 ACONITUM UNCINATUM BLUE MONKSHOOD 
SC G5 S1 AGRIMONIA PUBESCENS SOFT GROOVEBUR 
SC G5 S? ALLIUM CERNUUM NODDING ONION 
SC 04? S? AMORPHA GLABRA SMOOTH INDIGOBUSH 
SC 0? S? ANEURA MAXIMA 
SC G5 S2 ARISTOLOCHIA MACROPHYLLA PIPEVINE 
RC G4 Si ASPLENIUM MONANTHES SINGLE-SORUS SPLEENWORT 
SC 04 Si ASPLENIUM PINNATIFIDUM LOBED SPLEENWORT 
SC G5 S2 ASPLENIUM RHIZOPHYLLUM WALKING-FERN SPLEENWORT 
SC G5 S? ASPLENIUM TRICHOMANES MAIDENHAIR SPLEENWORT 
NC G3 Si ASTER AVITUS ALEXANDER'S ROCK ASTER 
SC G2G3 S? ASTER GEORGIANUS GEORGIA ASTER 
SC G5 S? ASTER LAEVIS SMOOTH BLUE ASTER 
Sc G5 S? ASTER NOVAE-ANGLIAE NEW ENGLAND ASTER 
SC G5 S? ASTER SPECTABILIS SHOWY ASTER 
SC G5 51 BETULA ALLEGHANIENSIS YELLOW BIRCH 
SC 04 S? CAREX APPALACHICA APPALACHIAN SEDGE 
SC 04 S? CAREX AUSTROCAROLINIANA A SEDGE 
SC G5 S? CAREX EBURNEA EBONY SEDGE 
SC GS Si CAREX PEDUNCULATA LONGSTALK SEDGE 
SC G5 S? CAREX PLANTAGINEA PLANTAIN-LEAVED SEDGE 
SC 04 S? CAREX PRASINA DROOPING SEDGE 
SC G5 S? CAREX SCABRATA ROUGH SEDGE 
RC G5 S2 CASTILLEJA COCCINEA SCARLET INDIAN-PAINTBRUSH 
SC GS S2 CAULOPHYLLUM THALICTROIDES BLUE COHOSH 
r 1 S? CHET I.01fFrlFtuA rVAutt1



Sc 04 S? CHELONE LYONII PINK TURTLEHEAD Sc 05 S? CIMICIFUGA AMERICANA MOUNTAIN BUGBANE SC G5TS Si CIRCAEA LUTETIANA SSP CANADENSIS ENCHANTER'S NIGHTSHADE RC 04 Si CLADRASTIS KENTUKEA YELLOWWOOD 
Sc G3 S? COLLINSONIA VERTICILLATA WHORLED HORSE-BALM 
NC G3 Si COREOPSIS LATIFOLIA BROAD-LEAVED TICKSEED Sc 05 5? CYPRIPEDIUM PUBESCENS LARGE YELLOW LADY'S-SLIPPER Sc G5 $? CYSTOPTERIS PROTRUSA LOWLAND BRITTLE FERN SC G3? S? DANTHONIA EPILIS BOG OAT-GRASS 
SC 05 S? DESCHAMPSIA FLEXUOSA CRINKLED HAIRGRASS 
NC G3 ST DRABA APRICA OPEN-GROUND WHITLOW-GRASS 
SC 05 S? DRYOPTERIS INTERMEDIA EVERGREEN WOOFERN 
FE G2 Si ECHINACEA LAEVIGATA SMOOTH CONEFLOWER 
SC 05 S1 EUONYMUS ATROPURPUREUS WAHOO 
SC 057 S? EUPATORIUM FISTULOSUM HOLLOW JOE-PYE WEED RC G3 S1 FOTHERGILLA MAJOR MOUNTAIN WITCH-ALDER 
SC G5 S? GALEARIS SPECTABILIS SHOWY ORCHIS 
SC GS Sl GAULTHERIA PROCUMBENS TEABERRY 
SC G5 S? GAYLUSSACIA BACCATA BLACK HUCKLEBERRY 
SC 04 Si HELIANTHUS PORTERI PORTER'S GOLDENEYE 
SC GS 5? HEPATICA ACUTILOBA LIVERLEAF 
SC G4 S? HEUCHERA PARVIFLORA LITTLE-LEAVED ALUMROOT 
SC G5 S? HYDROCOTYLE AMERICANA AMERICAN WATER-PENNYWORT 
SC 0102 S? HYMENOPHYLLUM TAYLORIAE TUNBRIDGE FERN 
NC G4GS Si HYMENOPHYLLUM TUNBRIGENSE TUNBRIDGE FERN 
SC 04G5 5? IPOMOPSIS RUBRA RED STANDING-CYPRESS 
SC 047 S? ISOETES CAROLINIANA ENGELMANN'S QUILLWORT 
FE 01 Si ISOETES MELANOSPORA BLACK-SPORED QUILLWORT 
SC 03 S2 ISOETES PIEDMONTANA PIEDMONT QUILLWORT SC 04 S? JUGLANS CINEREA BUTTERNUT 
SC 04 S? JUNCUS GEORGIANUS GEORGIA RUSH 
SC 04 S? JUNCUS GYMNOCARPUS NAKED-FRUITED RUSH 
SC 04 S? JUNGERMANNIA FOSSOMBRONIOIDES 
SC 03 S? KRIGIA MONTANA FALSE DANDELION 
SC 05 S1? LILIUM CANADENSE CANADA LILY 
SC G5? S2 LONICERA FLAVA YELLOW HONEYSUCKLE 
SC G1 S? LOPHOCOLEA APPALACHIANA 
SC 04 S1S2 LYGODIUM PALMATUM CLIMBING FERN 
RC G2 S1 LYSIMACHIA FRASERI FRASER LOOSESTRIFE 
SC G5 S? MENISPERMUM CANADENSE CANADA MOONSEED 
SC G4 S? MINUARTIA UNIFLORA ONE-FLOWER STITCHWORT 
SC G5 S? MONARDA DIDYMA OSWEGO TEA 
RC G3 Sl MONOTROPSIS OORATA SWEET PINESAP 
SC 04 S2 NESTRONIA UMBELLULA NESTRONIA 
SC 05 5? OENOTHERA PERENNIS SMALL SUNDROPS 
SC 05 S? OROBANCHE UNIFLORA ONE-FLOWERED BROOMRAPE 
RC G4GS 51 PACHYSANDRA PROCUMBENS ALLEGHENY-SPURGE 
RC 04 S2S3 PANAX QUINQUEFOLIUS AMERICAN GINSENG 
RC 0304 S2 PARNASSIA GRANDIFOLIA LARGE-LEAVED GRASS-OF-PARNASSUS 
SC G5 51 PELLAEA ATROPURPUREA PURPLE-STEM CLIFF-BRAKE 
SC G5 S? PELLAEA WRIGHTIANA CLIFF-BRAKE FERN 
SC GlQ S? PELLIA APPALACHIANA 
SC 05 51 PHILADELPHUS HIRSUTUS STREAMBANK MOCK-ORANGE 
SC G2 S? PLAGIOCHILA CADUCILOBA GORGE LEAFY LIVERWORT 
SC GS Si PLATANTHERA LACERA GREEN-FRINGE ORCHIS 
SC 05 Si POLYGALA PAUCIFOLIA GAY-WING MILKWORT 
SC G10 S? PORELLA JAPONICA SSP APPALACHIANA 
RC G3G5 S PYCNANTHEMUM MONTANUM SINGLE-HAIRED MOUNTAIN-MINT 
SC 05 S? RHODODENDRON CATAWBIENSE CATAWBA RHODODENDRON 
SC GST? S? RUELLIA CAROLINIENSIS SSP CILIOSA A PETUNIA 
SC 05 S? SANGUISORBA CANADENSIS CANADA BURNET 
FE G3T1 S? SARRACENIA RUBRA SSP JONESII MOUNTAIN SWEET PITCHER-PLANT 
SC 03 S1 SAXIFRAGA CAREYANA CAREY SAXIFRAGE 
SC G5 S? SAXIFRAGA MICRANTHIDIFOLIA LETTUCE-LEAF SAXIFRAGE
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P Duke Duke Power 
L Po wer Energy Center 

A Duke Eny Company PO. Box 1006 
June 23, 1998 CCharlotte, NC 28201-1006 June 23, 1998 Mail Code ECl2Y 

Mr. Roger L. Banks 
US Fish and Wildlife Seryice 
PO Box 12559 
Charleston, SC 29422-2559 

Subject: Oconee Nuclear Station - NRC License Renewal 
FWS Log No. 4-6-98-227 

Dear Mr. Banks: 

Duke Power Company is in the process of preparing a license renewal package for Oconee 
Nuclear Station. As part of the license renewal process, the Nuclear Regulatory Commission 
(NRC) requires that applicants identify adverse impacts to rare and endangered species resulting 
from continued operation of the facility or refurbishment activities.  

Duke Power Company hired Dr. L.L. Gaddy to survey a one-mile radius around the facility to 
identify any rare or endangered species. Enclosed please find the results of this survey titled 
"Endangered, Threatened and Otherwise Noteworthy Plant and Animal Species of the Oconee 
Nuclear Station." 

Dr. Gaddy located four state-listed plant species within the one-mile radius. The locations of 
these plants are shown on Map 1 of the attached report. These areas are remote from the actual 
operation of the plant and there are no plans for future refurbishment activities in these locations.  
Therefore, Duke Power does not believe that continued operation of the facility will adversely 
impact these species. We ask that you provide your comments regarding both the survey report 
and our determination of no adverse impact.  

Please do not hesitate to contact me at 704/373-4392 if you have any questions.  

Sincerely: 

ennifer R. Huff 
Scientist 

Enclosure 

cc: Mr. Ed Duncan, SCDNR 

cc: Dr. L.L. Gaddy
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Duke Duke Power 
L POWet" Energy Center 

A DuknC ery P.O. Box 1006 
June 2 Charlotte, NC 28201-1006 

June 3, 8M 
ail Code EC12Y 

Mr. Ed Duncan 
South Carolina Department of Natural Resources 
PO Box 12559 
Charleston, SC 29422-2559 

Subject: Oconee Nuclear Station - NRC License Renewal 
Rare and Endangered Species Survey 

Dear Mr. Duncan: 

Duke Power Company is in the process of preparing a license renewal application for Oconee 
Nuclear Station. As part of the license renewal process, the Nuclear Regulatory Commission 
(NRC) requires that applicants identify adverse impacts to rare and endangered species resulting 
from continued operation of the facility or refurbishment activities.  

Duke Power Company hired Dr. L.L. Gaddy to survey a one-mile radius around the facility to 
identify any rare or endangered species. Enclosed please find the results of this survey titled 
"Endangered, Threatened and Otherwise Noteworthy Plant and Animal Species ofthe Oconee 
Nuclear Station." 

Dr. Gaddy located four state-listed plant species within the one-mile radius. The locations of 
these plants are shown on Map 1 of the attached report. These areas are remote from the actual 
operation of the plant and there are no plans for future refurbishment activities in these locations.  
Therefore, Duke Power does not believe that continued operation of the facility will adversely 
impact these species. We ask that you provide your comments regarding both the survey report 
and our determination of no adverse impact.  

Please do not hesitate to contact me at 704/373-4392 if you have any questions.  

Sincerely: 

Jennifer R. Huff 
Scientist 

Enclosure 

cc: Mr. Roger Banks, USFWS 

cc: Dr. L.L. Gaddy
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South Carolina 

DHEC MWL 
O tetOf Healh ea Enamenta Cont 

October 25, 1996 

Mr. Thomas W. Yocum 
Environmental Engineering, 
Duke Power/MGO3Cl M 
1339 Hagers Ferry Rd.  
Huntersville, NC 28078-7829 

Dear Mr. Yocum: 

Thank you for the telephone discussions and for technical documents you sent relative to public health considerations of thermophilic microorganisms. I have reviewed this material and related technical information in my own library.  

While some microorganisms associated with thermal water discharges, especially related to air conditioning cooling towers, have been demonstrated to have deleterious human health effects, these events have occurred rarely and none have been identified with heated water sources associated with nuclear power plants, to my knowledge.  

Pathogenic species of Legionela bacteria and Naegleria amoeba have been identified in heated cooling waters associated with nuclear plants. In most cases, the heated waters showed a very small increase (approximately 10-fold) over unheated source waters, but were higher in source waters in a few cases.  

The most likely exposure to Legionella aerosol would be to workers within the plant. This would not impact the general public beyond the plant boundaries. A similar exposure possibility exists for Naegleria amoeba, with a slightly greater exposure potential for swimmers.  

The potential public health hazard from pathogenic microorganisms whose abundance might be promoted by artificial warming of recreational waters is largely theoretical and not 
substantiated by available data. There is some justification for providing appropriate respiratory protection and dermal protection for workers regularly exposed to known contaminated water, but there seems no significant threat to off-site persons near such heated recreational waters. Routine monitoring for pathogenic microorganisms could be established if suspicious illnesses arose or if there were significant community concerns.  

Please contact me at 803/737-4170 if you desire additional discussion of this matter.  

Sincerely, 

John F. Brown, DVM, PhD 
State Toxicologist
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Duke rDuke Power 
LE Power Group Envirnment, Heald; & Safety 

A13339 Har Ferry Road 

ENVIRONMENTAL ENGINEERING Huntcersville, NC 28078-7929 

AND IANNING SECTI0.9 

OCT 2 4 1997 
September 30, 1997 FILE 

Ol TICKLER DATE p p 
Ms. Nancy Brock 
South Carolina Department of tfOT 31997 

and History 
PO Box ll669 S D 38 
Columbia, SC 292111 0 ROUTE_ ACHVES & HISTMOR 

Subject: Oconee Nuclear Station 
Historic and Archaeological Properties 

Dear Ms. Brock: 

Duke Power is currently preparing an application for renewal of Oconee Nuclear Station's 
operating license. One of the Nuclear Regulatory Commission's (NRC) requirements is that 
Duke must identify impacts to cultural resources resulting from the renewal of the license. Duke 
does not believe that there will be any impacts to cultural resources due to the fact that 
refurbishment is not anticipated to require any land-disturbing activities.  

I have enclosed information about the relicensing process from Oconee's Environmental Report 
and the NRC's generic environmental report.  

After you review the enclosed information, please send me a letter stating that impacts to cultural 
resources will be minimal and that there is no need for mitigation. Please do not hesitate to 
contact me at (704) 875-5966 if you have any questions or would like to discuss further.  

Thank you for your assistance in this matter.  

Sincerely: 

Jennifer A. Rudisill ofWory y 
Resource Management Vo refgile for 

Enclosures (2)
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1.0 Introduction and Background 

This report presents the "consideration of alternatives to mitigate severe accidents" for 
Oconee Nuclear Station, in compliance with environmental review requirements in 
10CFR51.53(c)(3)(ii)(L). For this analysis, SAMAs (severe accident mitigation 
alternatives) will include a review of potential design alternatives (SAMDAs - severe 
accident mitigation design alternatives) along with any procedural, non-hardware, 
alternatives. The objective of the SAMAs review is to facilitate the consideration of cost
beneficial plant modifications that could reduce the risk of severe accidents for plant 
operation during the license renewal period. This is achieved by identifying potential 
plant enhancements that could provide substantial severe accident benefit and then 
assessing the need and viability of those enhancements from a cost-benefit standpoint.  
The severe accident benefit is assessed in terms of the person-rem averted by the 
proposed alternative. The cost-benefit analysis is performed using 1998 dollars for the 
cost of alternatives and the present worth of averted costs.  

As background, Duke has been actively involved since before 1980 in the development of 
plant-specific probabilistic risk assessments (PRA), individual plant examinations 
(IPE/IPEEE), and component/system reliability studies to evaluate severe accidents at 
Oconee (see Section 2.0). These studies have led to changes in the plant configuration 
and enhancements in plant procedures to reduce vulnerability of the plant to certain 
accident sequences.  

This report presents an assessment of additional alternatives that could be implemented 
based on the current Oconee risk profile. Section 3.0 discusses the methodology used by 
Duke to perform this assessment. The methodology selected for this analysis involves 
reviewing the current risk profile using the Oconee PRA Revision 2 results and 
identifying: (a) the severe accident sequences dominating the core damage frequency 
(CDF), and (b) the severe accident sequences dominating the person-rem risk. In 
Sections 4.0 and 5.0, the list of potential alternatives are screened using a high-level cost
benefit comparison. A more detailed cost-benefit analysis is performed on those 
candidates that survive the initial screening analysis.  

In addition, Duke has implemented two ongoing programs-the Maintenance Rule 
Program and the Severe Accident Management Guideline Program to manage severe 
accident risk. These are described in Section 2.2.



2.0 Risk Reduction Measures Previously Considered 

The following paragraphs provide brief descriptions of previous studies that have been 
performed by Duke to identify potential plant enhancements at Oconee. The Oconee 
PRA study, that was published in 1980, was performed prior to the existence of 
regulatory guidance. The IPE and IPEEE studies were performed in response to Generic 
Letter 88-20, as supplemented. The Keowee PRA and High Pressure Injection reliability 
study were performed at Duke's initiative to assess the reliability of these systems and 
any potential plant enhancements that needed to be implemented to further reduce the risk 
associated with the failure of these systems.  

2.1 Past Studies 

Oconee PRA 

In 1980, Duke and Oconee Nuclear Station were selected to undertake an industry PRA 
project, managed by the Nuclear Safety Analysis Center (NSAC) of the Electric Power 
Research Institute (EPRI). The NSAC study was published in June 1984 as NSAC-60 
[Reference 2.1]. This analysis was one of the first plant-specific PRA projects 
undertaken in the industry. A very detailed review of NSAC-60 was performed which 

* included meetings and site visits by the NRC and Brookhaven National Laboratory with 
Duke. The results of this review were completed and published in March 1986. The staff 
concluded that the Oconee PRA study "is an excellent piece of work. The same tools 
were used as for the Reactor Safety Study (event trees/fault trees), but the Oconee PRA 
also added to the state of the art. The Oconee PRA study successfully identified the 
major failure combinations that can lead to core damage", and Duke is taking initiative in 
making plant enhancements as a result of the study [Reference 2.2, pages xv, xvi, xvii].  
Duke issued several letters to the NRC providing information on the plant enhancements 
identified and the status of implementation as a result of NSAC-60. Table 2-1 identifies 
the plant enhancements implemented as part of the NSAC-60 study.  

Oconee IPE 

In January 1987, Duke initiated a large-scale review and update of the initial study. The 
major objectives of the review and update were to incorporate plant changes made since 
the time of the original study, improve on assumptions made in the original study, make 
use of plant experience/data from the 1980s, and utilize improvements in PRA 
methodology and up-to-date techniques.  

On November 23, 1988, the NRC issued Generic Letter 88-20 [Reference 2.3], which 
requested that licensees conduct an Individual Plant Examination (IPE) in order to 
identify potential severe accident vulnerabilities at their plant. The Oconee response to 
GL 88-20 was provided by letter dated November 30, 1990 [Reference 2.4]. Oconee's 
response included the updated Oconee PRA (Revision 1) study. The Oconee PRA 
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Revision 1 study and the IPE process resulted in a comprehensive, systematic 
examination of Oconee with regard to potential severe accidents. The Oconee study was 
a full-scope, Level 3 PRA with analysis of both the internal and external events. This 
examination identified the most likely severe accident sequences, both internally and 
externally induced, with quantitative perspectives on their likelihood and fission product 
release potential. The results of the study have prompted changes in equipment, plant 
configuration and enhancements in plant procedures to reduce vulnerability of the plant to 
some accident sequences of concern which are identified in Table 2-1.  

By letter dated April 1, 1993 [Reference 2.5], the NRC provided an evaluation of the 
internal events portion of the above Oconee IPE submittal. The conclusion of the NRC 
letter [page 14] states: 

The staff finds the licensee's IPE submittal for internal events including internal 
flooding essentially complete, with the level of detail consistent with the 
information requested in NUREG-1335. Based on the review of the submittal and 
the associated supporting information, the staff finds reasonable the licensee's 
IPE conclusion that no fundamental weakness or severe accident vulnerabilities 
exist at Oconee. The staff notes: 

(1) DPC personnel were considerably involved in the development and application of 
PSA techniques to the Oconee facility, and that the associated walkdowns and 
documentation reviews constituted a viable process for confirming that the IPE 
represents the as-built, as-operated plant.  

(2) The front-end IPE analysis appears complete, with the level of detail consistent 
with the information requested in NUREG-1335. In addition, the employed 
analytical techniques reflect commonly accepted practices and are capable of 
identifying potential core damage vulnerabilities.  

(3) The back-end analysis addressed the most important severe accident phenomena 
normally associated with large dry containments, for instance, DCH, ISGTR, and 
hydrogen combustion. No obvious or significant problems or errors were 
identified.  

(4) The HRA allowed the licensee to develop a quantitative understanding of the 
contribution of human errors to CDF and containment failure probabilities.  

(5) Based on the licensee's IPE process used to search for DHR vulnerabilities, and 
review of Oconee plant-specific features, the staff finds the DHR evaluation 
consistent with the intent of the USI A-45 (Decay Heat Removal Reliability) 

(6) The licensee's response to CPI Program recommendations, which include 
searching for vulnerabilities associated with containment performance during 
severe accidents, is reasonable and consistent with the intent of 
Generic Letter 88-20 Supplement 3.  

In addition, and consistent with the intent of Generic Letter 88-20, the staff 
believes the licensee's peer review process provided assurance that the IPE 
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analytical techniques had been correctly applied and that documentation is 
accurate.  

Based on the above findings, the staff concludes that the licensee demonstrated an 
overall appreciation of severe accidents, has an understanding of the most likely 
severe accident sequences that could occur at the Oconee facility, has gained a 
quantitative understanding of core damage and fission product release, responded 
to safety improvement opportunities. The staff, therefore, finds the Oconee IPE 
process acceptable in meeting the intent of Generic Letter 88-20. The staff also 
notes that the licensee's intent to continue use of the IPE as a "living" document, 
will enhance plant safety and provides additional assurance that any potential 
unrecognized vulnerabilities would be identified and evaluated during the lifetime 
of the plant.  

Oconee IPEEE 

In response to Generic Letter 88-20, Supplement 4, Duke completed an Individual Plant 
Examination of External Events (IPEEE) for severe accidents. This IPEEE was 
submitted to the NRC by letter dated December 28, 1995 [Reference 2.6]. The report, 
which is currently undergoing NRC review, contains a summary of the methods, results 
and conclusions of the Oconee IPEEE program. The IPEEE process and supporting 
Oconee PRA include a comprehensive, systematic examination of severe accident 
potential resulting from external initiating events. The Oconee IPEEE has identified the 
severe accident sequences of significance resulting from the external initiating events 
with quantitative perspectives on their likelihood. Significantly, no fundamental plant 
weaknesses or vulnerabilities with regard to external events were identified during the 
IPEEE examination. However, enhancements to plant hardware and procedural 
guidelines have been recommended. These potential enhancements are currently being 
reviewed and some have been implemented.  

In December 1995, when Duke issued the Oconee IPEEE Report, a full scope relay 
chatter review was still in progress and the results of the relay review were to be 
submitted as an addendum. In December 1997, the Oconee Supplemental IPEEE Report 
was issued to present the results of the relay review as it affects the previously submitted 
seismic analysis as well as other enhancements to the seismic analysis [Reference 2.7].  
Several enhancements to plant hardware and procedural guidelines were recommended as 
a result of the IPEEE submittals (see Table 2-1). All enhancements are currently being 
reviewed and some have been implemented.  
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Keowee PRA (Oconee AC Power Reliability Study) 

In July 1995, Duke issued a detailed analytical reliability study of the Keowee 
hydroelectric generating facility [Reference 2.8], which serves as the primary source of 
emergency AC power for Oconee. This analysis supports the conclusion that Keowee is 
a reliable source of emergency power for Oconee for conditions involving the loss of on
site power and off-site power. The Duke recommended plant action resulting from this 
study is continued operational/maintenance practices promoting high reliability, 
recognizing the vulnerability of the system during conditions of severe weather, 
optimizing maintenance unavailability of the underground power, and satisfactory cause
and-effect analysis of equipment failures.  

Oconee High Pressure Injection (HPI) Reliability Study 

In December 1997, Duke issued a detailed reliability study of the Oconee High Pressure 
Injection (HPI) system [Reference 2.9], which is used during the normal operation of the 
plant and as an accident mitigation system for certain accidents. This study concluded 
that the reliability of the HPI system for the various design basis accident mitigation 
functions is estimated to be very high, particularly in the injection mode. Based on the 
findings of this study, several recommendations were made to further improve the HPI 
system reliability.  
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2.2 Ongoing Initiatives 

The following two programs are ongoing initiatives at Duke to further reduce the risk 
associated with the plant operation of Oconee. The first program discussed is the Oconee 
ORAM-Sentinel which has been implemented at Duke's own initiative. The second 
program, the Severe Accident Management Guidelines Program, is in response to a 
regulatory requirement for closure of the severe accident regulatory issue (SECY 88-147, 
Generic Letter 88-20).  

Oconee Maintenance Rule (ORAM-SENTINEL) Program 

As part of this program, risk significant structures, systems, and components (SSCs) in 
the plant are identified, performance goals on the SSCs are set, actual performance is 
monitored, and corrective actions are taken where actual performance fails to meet 
performance goals.  

This program is expected to ensure that the reliability of risk significant structures, 
systems, and equipment in the plant is maintained at their desired high values and that the 
severe accident risk is small.  

Oconee Severe Accident Management Guideline (SAMG) Program 

Another severe accident initiative that has been undertaken by Duke is the development 
and implementation of Severe Accident Management Guidelines (SAMG). In December 
1997, Duke completed all the training and procedures for the SAMG program. This 
formal program makes use of available plant resources to manage severe accidents, 
should they occur. It includes diagnostic tools and severe accident management 
guidelines documents for developing strategies during an event to arrest core damage 
progression and mitigate fission product releases in the event of a severe accident.  
SAMG training is given to Emergency Response Organization personnel to provide an 
understanding of severe accident phenomenon and the use of the tools and guideline 
documents.  

This SAMG program achieves an incremental risk reduction capability without reliance 
on additional hardware and resources.  
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TABLE 2-1 Risk Reduction Measures Implemented At Oconee 

Past Studies Alternatives Implemented As A Result Of Findings From Study 
From NSAC-60 study there Alternatives implemented as a result of the Turbine Building Flood analysis included: 
existed plant vulnerabilities * Penetrations in the Turbine Building/Auxiliary Building wall, up to a height of 
related to Turbine Building 20 feet above the basement floor, were provided with watertight seals.  
Flood scenarios * Three doors between the Turbine Building basement and Auxiliary Building 

Basement were strengthened and secured and three were replaced with watertight 
flood doors.  

* Two water level alarms have been installed in the Turbine Building basement to 
alert of flooding.  

* Automatic high pressure service water (HPSW) backup to the LPSW cooling has 
been provided for the HPI motors.  

* The trash screen in front of the turbine building drain has been redesigned to 
mitigate clogging.  

* Override switches have been installed to allow all CCW pump discharge valves 
to be closed from the Control Rooms, and procedure changes have been made to 
direct this action following a "flood alert" alarm.  

* To limit the backflow from the CCW system during flood, valve alignments on 
the CCW side of the condensate coolers for all three units were changed.  

* Valves have been closed to prevent draining the upper surge tanks to the 
hotwells following a complete loss of instrument air, and procedure changes 
have been made to quarterly check that these valves are closed.  

* Valves with a common power supply have been given diverse power supplies.  
* Procedure changes have been made to include a warning that the LPI pumps 

must not run for more than 30 minutes at shut-off head following a small break 
LOCA.  

* A five foot high hydrostatic barrier walls have been installed around the grade 
level doors of the SSF to prevent flooding from Jocassee Dam failure.  

* A Loss of LPSW abnormal procedure has been created to help cope with this 
type of scenario.  

The Oconee IPE study Alternatives implemented as a result of the Oconee IPE results included 
modifications to procedures to: 
* isolate HPSW to the CCW pumps during a turbine flooding event in order to 

double the amount of time the elevated storage tank inventory will last.  
* allow using backup AC power from the 4.16 KV main feeder bus of Unit 2 to the 

SSF components such as the ASW system following a Turbine Building flooding 
event which could result in a failure of the total loss of the EFW system.  

* enhance the reliability of long term HPI cooling following a postulated large 
Turbine Building flooding event..  

* provide guidance on alternative HPI suction alignment upon common cause 
failure of HP-24 and HP-25.  

The Oconee IPEEE Alternatives implemented or still under consideration as a result of the Oconee 
supplemental study IPEEE supplemental results include numerous modifications to plant based on fire, 

tornado and seismic analysis which are contained in the Oconee IPEEE Supplemental 
Report [Reference 2.7]. Some of those plant enhancements already completed 
include such items as installing missing bolts to anchorage legs of cabinets, 
enhancing supports on certain vital cabinets and panels, adding mounting screws to 
panels/equipment, etc.  
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3.0 Methodology For Identifying Additional SAMAs 

The methodology selected for this analysis involves identifying those severe accident 
mitigation alternatives which would have the most significant impact on reducing core 
damage frequency and person-rem risk. The approach used in this analysis consists of: 

* developing the information on the current risk profile from the Oconee PRAIPE 
Revision 2 results showing the distribution of the core damage frequency and person
rem risk (see Sections 4.1 and 5.1), 

* identifying potential severe accident candidates for consideration of additional severe 
accident mitigation alternatives, and screening out those potential severe accident 
mitigation alternatives with low or marginal benefit (see Sections 4.2 and 5.2), 

* further eliminating those alternatives whose implementation would not be expected to 
be cost-beneficial (see Sections 4.3 and 5.3), 

* performing a cost-benefit analysis on the final set of potential alternatives to 
determine whether or not the implementation of the alternatives would be cost
beneficial (see Sections 4.4 and 5.4), 

* finally, integrating the overall results and current initiative, and determining whether 
any further severe accident mitigation alternatives should be applied for license 
renewal (see Sections 6.0 and 7.0).  

The current severe accident risk results are available from the 1996 update of the Oconee 
PRA Revision 2 [Reference 3.1]. As before, this update constitutes a full-scope Level 3 
PRA with the analysis of both internal and external events. This Oconee PRA Revision 2 
update provides a relatively current profile of the severe accident risk for Oconee 
characterized by (i) core damage frequency - the risk of core damage severe accidents 
which could release substantial fission products and (ii) person-rem risk - the risk of 
release of significant fission products offsite given a core damage accident.  
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4.0 SAMAs Considered For Core Damage Frequency Reduction 

The following sections explain how the current Oconee PRA results are evaluated for 
potential SAMAs to reduce core damage frequency. Section 4.1 describes the current 
Oconee core damage frequency profile. Section 4.2 defines the process of selecting the 
top cut sets for consideration of SAMAs based on contribution to core damage frequency.  
Section 4.3 provides the analysis of potential SAMAs where the seismic and non-seismic 
initiators are examined separately since there is a distinct difference in the amount of 
plant damage in the event of such accident initiators. After examining the cut sets, an 
additional approach to identifying potential SAMAs beyond those selected from 
evaluating the cut set listings is applied by reviewing the basic event importance ranking.  
This basic event importance ranking provides a means of determining if some individual 
basic events contribute significantly to the core damage frequency that may not have been 
identified in the cut set review. Finally, section 4.4 provides the cost-benefit analysis for 
selected SAMAs.  

The contributions from the averted onsite exposure cost and the averted offsite property 
damage cost are considered small for this SAMDA benefit analysis. Using the data from 
NUREG/BR-0184 and considering that the range of core damage frequency reduction 
expected from the candidate SAMDAs is in the range of 0-3% (0 to 2.69E-06 per year) it 
is seen that the averted risk contribution for the onsite exposure is approximately $1000 
and that the offsite property damage is approximately $10,000 for the 20 year license 
renewal period. Even if these additional averted risk values are included in the final 
results of the analysis, the conclusions are the same, the cost to implement any of the 
SAMDAs would far exceed the benefit.  

4.1 Current Oconee Core Damage Frequency Profile 

The current calculated total (internal and external initiating events) core damage 
frequency for Oconee is 8.9E-05-per year (Oconee PRA/IPE Revision 2). The following 
shows how this total core damage frequency is distributed among the identified internal 
and external events.  

NOTE: Since the issuance of the Oconee PRA Revision 2 report, the total core damage 
frequency has been recalculated: (i) the IPEEE supplemental report updated the seismic 
core damage frequency to be 3.5E-05 per year, and (ii) the HPI reliability study updated 
the total core damage frequency (excluding seismic) to be 4.3E-05 per year. However, 
for this analysis the results of the Oconee PRA Revision 2 are used since these interim 
studies do not include the Level 2 and 3 calculations.  
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The internal events represent about 29% of the total core damage frequency as follows: 

Initiating Events Frequency 
Transients (Reactor Trips, Loss of Main Feedwater, 8.2E-06 /ry 

Loss of Operating 4 kV ac Bus, Loss of LPSW, etc.) 
LOCAs (Small, Medium, and Large) 6.8E-06 /ry 
Internal Flood 9.5E-06 /ry 
Anticipated Transient Without Scram 1.7E-07 /ry 
Steam Generator Tube Rupture 4.1E-07 /ry 
Reactor Pressure Vessel Rupture 1.0E-06 /ry 
Interfacing-Systems LOCA 6.9E-09 /ry 
Total Internal 2.6E-05 /ry 

The external events represent about 71% of the total core damage frequency as follows: 

Initiating Events Frequency 
Seismic 3.9E-05 /ry 
Tornado 1.4E-05 /ry 
External Flood 5.9E-06 /ry 
Fire 4.5E-06 /ra 
Total External 6.3E-05 /ry 

As can be seen from the distribution, the leading contributor to the total core damage 
frequency is the seismic initiator.  

4.2 Identification Of Potential SAMAs 

The process of identifying a preliminary list of potential severe accident sequences for 
consideration of additional alternatives makes use of the most recent update of the 
Oconee PRA Level I results. The Oconee PRA Revision 2 report lists the top 100 cut 
sets (severe accident sequences) based on internal initiators and a top 100 list of cut sets 
for external initiators ranked by contribution to total core damage frequency. This list of 
200 severe accident sequences includes all potential core damage accident sequences with 
at least a 0.06% contribution to the total core damage frequency. Therefore, this list will 
be the starting point for identifying which severe accident sequences contribute the most 
to the core damage frequency for Oconee which may need to be considered for additional 
severe accident mitigation alternatives (SAMAs).  

As previously stated, the preliminary list of 200 internal and external cut sets contain 
severe accident sequences contributing at least 0.06%. Additionally, some cut sets 
contributing as little as 0.05% to the total core damage frequency are also included. This 
is a comprehensive list of potential severe accident sequences identified for the Oconee 
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plant. Furthermore, most of the accident sequences contained in this listing are very 
small contributors to the total core damage frequency (< 1%), indicating that little benefit 
can be gained in reducing the core damage frequency for these sequences. For this 
analysis, a core damage frequency cutoff value of 4.5E-07 (for internal initiators) and 
8.5E-07 (for external initiators) is applied as a method of screening out those severe 
accident sequences for consideration of SAMAs. It is assumed that the implementation 
of alternatives for sequences with core damage frequency contributions below these 
cutoff values will provide low or marginal benefit. This assumption is conservative 
because there are no SAMAs identified as cost-beneficial to implement for the cut sets 
above the cutoff values, and it is expected this will be the case for the cut sets below the 
cutoff values.  

4.3 Analysis Of Potential SAMAs 

The approach selected for this portion of the analysis (potential SAMAs to reduce core 
damage frequency) is to calculate the value of the averted risk to the public for each 
alternative. It relies on the NRC's Regulatory Analysis Guide [Reference 4.1] to convert 
public health risk (person-rem) into dollars to estimate the cost of the public health 
consequences. The requirement established in this guide is to use $2000 per person-rem 
to convert public heath consequences to dollars (not indexed to inflation). Therefore, the 
value (or safety improvement) of implementing an alternative is expressed in terms of 
averted cost to the public (public benefit).  

This analysis divides the potential severe accident sequences for consideration of SAMAs 
into two sections: (1) seismic initiator plant damage states (PDS), and (2) non-seismic 
initiator cut sets.  

Seismic Initiators 

In the Oconee IPEEE study, the seismic analysis was conducted by considering a 
distribution of equipment failure probabilities over various earthquake levels. The IPEEE 
analysis generates many cut sets that are grouped into particular plant damage states 
(PDSs). Therefore, the seismic initiator cut sets given in Table 6.1.3-2 of Reference 3.1 
are the total probability of the cut sets in each PDS category rather than the individual cut 
set probabilities as in the case of the non-seismic events.  

The following paragraphs explain how the Oconee-specific parameters are derived in 
order to calculate the averted cost to the public for the seismic initiator severe accident 
sequences.  

The Oconee PRA Level 2-3 analysis maps each seismic initiator PDS into the various 
containment failure modes and release categories, and then presents the public health risk 
(person-rem) on a frequency weighted basis. The estimated maximum amount of annual 
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person-rem risk associated with a particular seismic initiator cut set is calculated from the 
person-rem risk and core damage frequency for the PDS attributable to the seismic 
initiator. For example, the "seismic initiator causes PDS 7PI" severe accident sequence 
core damage frequency is estimated to be 1.96E-05 per year. The public health risk 
results from the Level 3 analysis estimates the total annual person-rem risk for PDS 7PI 
to be 0.93 person-rem, with a core damage frequency contribution of 3.55E-05 per year.  
Therefore, the total person-rem risk attributable to the "seismic initiator causes PDS 7PI" 
is determined by dividing the severe accident sequence core damage frequency by the 
total core damage frequency for PDS 7PI and then multiplying by the total person-rem for 
PDS 7PI. This is demonstrated below: 

Total Person-rem Risk = (1.96E-05 - 3.55E-05) x 0.93 person-rem = 0.51 person-rem 

Some risk will always exist, even when increasing the seismic ruggedness of many plant 
components/systems, because there is no way to completely eliminate the risk associated 
with seismic events. However, for this analysis an assumption is made that the 
implementation of plant enhancements for seismic events will completely eliminate the 
risk. The following equation is used to determine the value of the averted risk to the 
public: 

Value Of Averted Risk = (Total Person-rem Risk) x ($2000/person-rem) (Eq. 4-1) 

The above equation calculates the value of averted risk on an annual basis. Therefore, a 
method of "discounting" is used to calculate the "present value" or "present worth of 
averted risk" based on a specified period of time. For this analysis, a discount factor of 
7% as described in the NRC Regulatory Analysis Technical Evaluation Handbook 
[Reference 4.2] is used to determine the present worth of averted risk over the 20 year 
license renewal period for Oconee. This results in a multiplication factor of 
approximately 11: 

Present Worth Of Averted Risk= (11) x (Value Of Averted Risk) (Eq. 4-2) 

The above methodology is repeated for each of the remaining seismic initiator severe 
accident plant damage listed in the top 100 external cut sets [Table 6.1.3-2 of Reference 
3.1]. The results are presented in Table 4-1.  

The seismic analysis contained in the Oconee supplemental IPEEE report has identified 
what plant enhancements can be made to reduce core damage frequency. The sensitivity 
studies performed in the IPEEE analysis show that most of the seismic upgrades to plant 
components will result in a small core damage frequency reduction (1E-06 - 4E-06) for 
each major enhancement. Considering that the averted risk value is approximately 
$5 1,100 (see Table 4-1), the risk reduction achievable is indeed small and that the cost of 
substantial upgrades in the plant systems seismic ruggedness is very large. Therefore, 
seismic related SAMAs are eliminated from further consideration.  
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Non-Seismic Initiators 

The following paragraphs explain how the Oconee-specific parameters are derived, in 
order to calculate the averted cost to the public for the non-seismic initiators.  

The non-seismic initiator severe accident sequences (cut sets) are assigned a PDS based 
on the type of plant damage and potential containment release characteristics. Since most 
of the alternatives under consideration in this analysis have the potential to impact more 
than one PDS, it is necessary to review the most risk significant PDSs affected by each 
SAMA. For example, the severe accident sequences "LOCA cut sets with failure of 
operators to initiate high pressure recirculation" are mapped into several PDSs. Since 
several PDSs (10AI, 5AI, 1601, 1101, 501, etc.) have the potential to be impacted by the 
implementation of the alternative (automatic swap over to high pressure recirculation), an 
assumption is made to use the PDS with the highest conditional person-rem risk selected 
from among the top cut sets. In this case, the PDS 501 has the highest estimated 
conditional person-rem risk of 7.41 E+04 person-rem [Reference 3.1]. Since this is the 
conditional person-rem risk for a particular PDS, the Fussell-Vesely (F-V) value for a 
basic event [Table 6.1.3-3 of Reference 3.1] provides a means of determining the fraction 
of the total risk that is attributable to the severe accident sequences "LOCA cut sets with 
failure of operators to initiate high pressure recirculation." Therefore, the following 
equation is used to conservatively estimate the total person-rem risk attributable to each 
of the non-seismic initiator severe accident sequences under consideration for SAMAs in 
this portion of the analysis: 

Total Person-rem Risk = (F-V) x (Total CDF) x (PDS Person-rem) (Eq. 4
3) 

Using the above example yields, 

Total Person-rem Risk = (4.62E-02) x (8.92E-05 per year) x (7.41E+04 person-rem) 
= 0.31 person-rem 

Some risk will always exist, even when implementing an alternative, because the system 
is not expected to be 100% reliable. However, for this analysis an assumption is made 
that the implementation of an alternative for a severe accident sequence will completely 
eliminate the risk. The equations presented above (Eq. 4-1 and Eq. 4-2) are used here to 
determine the "Value Of Averted Risk" and the "Present Worth Of Averted Risk" to 
the public. These values represent the upper limit of "averted risk". Table 4-2 provides a 
list of the nine SAMAs considered to reduce core damage frequency along with the F-V 
value, total person-rem risk, and present worth of averted risk calculated for each 
candidate applying the method discussed above.  

As seen from Table 4-2, the nine potential SAMA candidates have a present worth of 
averted risk in the range of $100 to $15,800. For example, the tornado initiator sequence 
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listed in Table 4-2 [an F4 intensity tornado strikes Oconee, damaging the east and west 
penetration room and the Borated Water Storage Tank (BWST)] has a calculated present 
worth of averted risk of $15,800. For the type of extensive plant damage associated with 
F4 intensity tornadoes striking the plant, major plant enhancements will need to be made 
in order to mitigate the consequences of such an event. The expected cost for such 
improvements will far exceed the calculated $15,800 present worth of averted risk.  

The cost to implement most of the alternatives listed in Table 4-2 for Oconee will be 
greater than $1 million, based on the review of other industry cost estimate studies 
[Reference 4.3] applicable to Oconee. Comparing these cost estimates to the present 
worth of averted risk presented in Table 4-2, shows that the cost to implement most of 
these alternatives will far exceed the present worth averted risk. However, for three 
potential SAMAs listed in Table 4-2: 

1. building a higher flood barrier for the standby shutdown facility (SSF), 
2. manning the SSF 24 hours a day with a trained operator, and 
3. building a protective barrier for upper surge tanks or 4160 volt switchgear to 

withstand tornado damage 

cost estimates have been performed for Oconee to determine whether or not the 
alternative is cost-beneficial. There are two reasons why these alternatives are selected 
for Oconee specific cost estimates. First, there is no readily available information on 
estimated cost to implement similar types of alternatives; and second, the basic events 
associated with these alternatives are seen to have a Fussell-Vesely (F-V) importance 
measure of several percent, as seen from Table 6.1.3-3 of Reference 3.1.  
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Basic Event Importance Ranking 

This portion of the analysis presents another approach to identifying potential SAMAs 
beyond those selected from evaluating the cut set listings. This involves (1) reviewing 
the basic event importance ranking list [Table 6.1.3-3 of Reference 3.1] for events of 
significant F-V values, which are not captured in Table 4-2, and (2) identifying any 
additional SAMAs that could be implemented to reduce the core damage frequency 
contribution from these events. This will provide a more complete review of potential 
SAMAs which should be considered for implementation.  

A review of the importance ranking of the basic events reveals that two external initiating 
events (seismic and tornadoes) contribute significantly to the core damage frequency.  
Since seismic and tornado initiators are acts of nature, their frequency of occurrence 
cannot be reduced.  

A possible way of reducing the frequency of the initiating event "random failure of 
Jocassee Dam" is to redesign and strengthen the dam. The cost to perform this 
modification will far exceed the benefit of core damage frequency reduction.  

Another initiating event that has a high F-V value is reactor/turbine trip. When Oconee 
went on line in 1974, the number of reactor trips that occurred were in the range of 10-30 
reactor trips per year. Duke has aggressively investigated the causes of these reactor trip 
initiating events, made any necessary equipment enhancements, and improved operator 
training to reduce the occurrence of these events. This strategy has reduced the current 
number of reactor trip initiating events to 1-2 events per year. Duke continues to 
investigate reactor trip initiating events to identify the cause of such events and make any 
necessary improvements to equipment and/or operator training, to further reduce the 
likelihood of such an event being repeated.  

Furthermore, the importance ranking shows that internal floods contribute significantly to 
the core damage frequency. As a result of the original Oconee PRA to address the 
internal flood initiators. Many enhancements to the plant have been implemented to 
reduce the likelihood and consequences of internal floods. Duke continues, through the 
PRA update process, to investigate other improvements that can be made to further 
-reduce the risk significance of these events.  

Another initiating event showing up as important in the importance ranking is turbine 
building fire. The IPEEE fire analysis looked at ways to reduce the plant's vulnerability 
to fire initiating events. Numerous recommendations from the fire analysis have been 
made to improve fire protection and reduce the chance of a fire occurring. Duke 
continues to place emphasis on the control of combustible materials, workers awareness 
ofjobs that may present a fire hazard, and adequate fire protection.  

Duke has and continues to investigate ways of reducing the frequency of initiating events 
and mitigating the potential damages associated with such events. Based on the findings 
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of these investigations, plant enhancements that could reduce the impact of such events 
have been implemented where reasonably possible. (See Table 2.1) 

The remaining basic events listed in the importance table [Reference 3.1], were reviewed 
for potential SAMAs. Duke determined that the cost to implement any alternatives to 
mitigate or eliminate the consequences of the events would far exceed the averted risk 
benefit. Therefore, no additional SAMAs are considered for implementation.  

4.4 Cost-Benefit Analysis For Selected SAMAs 

In Section 4.3, three alternatives were identified for cost estimate analyses due to the 
lack of industry generic information on the cost of implementation and the basic event 
importance measure associated with these alternatives. Cost estimates provided are 
budgetary grade 1998 dollars. Design assumptions were made based on normal nuclear 
construction practices and historical durations for projects as these. The cost of 
alternatives in 1998 dollars is compared with the present worth of the averted risk 
previously determined.  

Increasing The Height Of The SSF Flood Barrier 

The current five foot high flood barrier surrounding the Oconee SSF is considered to be 
effective 80% of the time (60% for seismically caused Jocassee Dam failure). If the flood 
barrier is increased to 10 feet in height, then a more severe flood could be mitigated. The 
estimated cost to increase the height of the SSF flood barrier in 1998 dollars is 
approximately $500,000. The cost of implementing this alternative is greater than the 
present worth of averted risk ($1800 from Table 4-2). Thus, this alternative is not 
justified from a public risk perspective.  

Manning SSF 24 Hours A Day With Trained Operator 

The assumption in the Oconee PRA is that if the SSF is not aligned for Reactor Coolant 
Makeup (RCM) pump system operation within 10-15 minutes following a loss of reactor 
coolant pump seal cooling, then a seal LOCA will occur. Since the SSF is not manned 
continuously, it is assumed the SSF activation may not occur about 10% of the time.  
This failure probability could be reduced if the SSF is continuously manned. The 
estimated net present value to implement this alternative at Oconee is greater than $5 
million. This value is based on a nonlicensed operator in place in the SSF, 24 hours a day 
(five shifts). The cost of implementing this alternative is greater than the present worth of 
averted risk ($10,800 from Table 4-2). Thus, this alternative is not justified from a public 
risk perspective.  
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Installing Protective Barrier For Upper Surge Tanks Or 4160 Volt Switchgear To 
Withstand Tornado Winds 

The upper surge tanks at Oconee are located on top of the Turbine Building and the 
4160 volt switchgear is located within the Turbine Building with no engineered 
protection from tornadoes. Tornadoes with wind speeds up to 260 mph (F4 intensity) 
could damage these tanks or the 4160 volt switchgear. The failure probability of the 
upper surge tanks and the 4160 volt switchgear could be reduced if a protective barrier 
were installed around these components to withstand tornado damage from an F4 
intensity tornado. Only one of these structures would need to be installed to accomplish 
the same goal of enhancing the plant to handle a tornado event with such postulated 
damages. An assumption is made that the cost to implement the alternative to build a 
protective barrier for the 4160 volt switchgear will be comparable to the cost of building 
a protective barrier for the upper surge tanks. Therefore, the cost to install a protective 
barrier for the upper surge tanks is estimated; this same cost estimate will also be 
applicable to building a protective structure for the 4160 volt switchgear. The estimated 
cost to implement either of these alternatives is approximately $1 million per unit. The 
cost of implementing this alternative is greater than the present worth of averted risk 
($15,800 from Table 4-2). Thus, neither of these alternatives is justified from a public 
risk perspective.  
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TABLE 4-1 Top 15 Seismic Initiator Severe Accident Sequences 

Seismic Initiator Severe Accident Sequences Total Present Worth 
Person-rem Risk Of Averted 

Risk 
Seismic initiator causes PDS 27PI 1.01 $ 22,200 

Seismic initiator causes PDS 7PI 0.51 $ 11,200 

Seismic initiator causes PDS 8PI 0.19 $4200 

Seismic initiator causes PDS 8PL 0.18 $4000 

Seismic initiator causes PDS 14PI 0.13 $2900 

Seismic initiator causes PDS 501 0.07 $ 1500 

Seismic initiator causes PDS 1601 0.06 $ 1300 

Seismic initiator causes PDS 201 0.06 $ 1300 

Seismic initiator causes PDS 7PS 0.04 $ 900 

Seismic initiator causes PDS 4PI 0.03 $ 700 

Seismic initiator causes PDS IPI 0.02 $400 

Seismic initiator causes PDS lAI <0.01 < $ 100 

Seismic initiator causes PDS 701 0.01 $200 

Seismic initiator causes PDS 1401 <0.01 $ 100 

Seismic initiator causes PDS ICI <0.01 < $ 100 

TOTAL 2.34 person-rem $ 51,100



TABLE 4-2 Top 9 SAMAs Considered To Reduce CDF 

Annual Present Cost of 
Severe Accident Sequence Potential Alternative Total' Worth Of Alternative 

(F-V, Basic Event) Person-rem Averted Risk (1998 dollars) 
Risk 

A tornado strikes Oconee damaging east and Strengthen East and West 0.72 15,800 >$1 M 
west penetration room, and damages the Penetration Rooms, and 
BWST BWST to withstand tornado 
(2.14E-02, BEFPIPEDEX) winds 

Turbine Building fire or random failure of Man SSF 24 hours a day with .49 $10,800 >$5 M 
Jocassee Dam initiating event and failure of a trained operator) 
operators to align SSF Reactor Coolant 
Makeup system for operation 
(1.42E-01, BSFFAILDEX + 
NSFORCMDHE) 

Large, non-isolable turbine building flood, Install an automatic backup 0.43 $ 9500 >$1 M 
operators fail to refill elevated water storage system to refill elevated water 
tank, train 2 refrigerant compressor fails to storage tank for HPI cooling 
start 
(6.53E-02, WHSEWSTDHE) 

rnado initiator causes a LOCA with Install protective barrier 0.40 $ 8800 >$1 M 
failure of all power and upper surge tanks around upper surge tanks for 

tornadoes 
(6.02E-02, BEFUSTWDEX) OR 

Upgrade 4160 volt switchgear 
OR in Turbine Building to 

withstand F4 Intensity 
(5.14E-02, BAC4160DEX) tornadoes 

LOCA cut sets with failure of operators to Install automatic swap over to 0.31 $ 6800 >$1 M 
initiate high pressure recirculation high pressure recirculation 
(4.62E-02, HHPHPRODHE) 

Large, non-isolable turbine building flood, Install automatic swap of 0.21 $ 4600 >$1 M 
failure to swap HPI to SFP during a flood, High Pressure Injection to 
train 2 refrigerant compressor fails to start Spent Fuel Pool 
(3.25E-02, IBSBWSTDHE) 

Random failure of Jocassee Dam exceeds 5 Increase the height of the SSF 0.08 $ 1800 $500 K 
ft. SSF flood barrier flood barrier 
(2.94E-02, XEFLOODDEX) 

Failure of reactor pressure vessel with failure Replace reactor vessel with <0.01 $ 100 >$ M 
to prevent core damage following an reactor stronger vessel 
pressure vessel failure 

12E-02, RPV) 

'Total Person - risk includes internal and external events 
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5.0 SAMAs Considered For Person-rem Risk Reduction 

5.1 Current Oconee Person-rem Risk Profile 

In the event of a severe accident, a certain amount of person-rem risk would be associated 
with various types of containment failure. The containment failure modes of concern are 
those that have the potential for early release of fission products to the public such as 
early containment failures, isolation failures, and containment bypass (SGTR and 
ISLOCA).  

The results of the updated Oconee PRA show that the two most likely containment failure 
modes are benign failures by basemat melt through and late containment failures. These 
two containment failure modes occur many hours and even days after core melt has 
occurred, allowing time for mitigative actions to be taken such as recovering vital pieces 
of equipment for core debris cooling and containment heat removal, and implementing 
evacuation strategies. For the Oconee containment, the conditional probability of having 
an early release of fission products to the public from early containment failures, isolation 
failures, and containment bypass following a severe accident is estimated to be less than 
4%.  

The current Oconee annual person-rem risk result for the 50 mile population is 5 whole 
body person-rem. The internal events account for approximately 1 whole body person
rem per year at 50 miles. The external events account for approximately 4 whole body 
person-rem per year at 50 miles. For external events, the major source of risk is seismic.  
This risk is dominated by postulated earthquakes with accelerations (0.3g - 0.5g) much 
greater than the Oconee design basis earthquake. In general, the risk measures calculated 
show very low risk for the health and safety of the public.  

5.2 Identification Of Potential Containment-Related SAMAs 

For this portion of the analysis, other industry studies were used to obtain a preliminary 
list of containment improvement alternatives to be considered for Oconee. The Watts Bar 
SAMDA analysis [Reference 4.3] identified several potential alternatives that would 
enhance the ability of the containment to withstand challenges associated with late 
hydrogen burn, late overpressurization, basemat melt through, and containment bypass.  
The following nine design changes were identified for the Watts Bar analysis: 

* Install deliberate ignition system - provide an AC- and DC-independent system to 
burn combustible gases generated in containment during a severe accident to 
eliminate containment failures due to hydrogen combustion.  

* Install reactor cavity flooding system - provide the capability to flood the reactor 
cavity of the containment to reduce the possibility of direct core debris contact with 
containment.  
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* Install filtered containment vent system - provide the capability to vent the 
containment to an external filter to reduce the frequency of and consequences of late 
containment failures.  

* Install core retention device - to prevent direct impingement of core debris onto the 
containment during a high pressure melt ejection.  

* Install containment inerting system - to inert the containment atmosphere to prevent 
combustion of hydrogen and carbon monoxide during severe accidents.  

* Install additional containment bypass instrumentation - install additional pressure
monitoring instrumentation between the first two isolation valves on low-pressure 
injection lines, residual heat removal suction lines, and high-pressure injection lines.  
This would improve the ability to detect leakage or open valves which decrease the 
frequency of interfacing systems LOCA (ISLOCAs).  

* Install reactor depressurization system - provides capability to rapidly depressurize 
the reactor coolant system to reduce the threat of high pressure melt ejection and 
allow injection from low pressure systems.  

* Install independent containment spray system - provides a redundant containment 
spray system.  

* Install AC-independent air return fan power supplies - provides a redundant power 
supply to air return fans.  

The following five additional alternatives considered for containment performance 
improvement were obtained from NUREG-1560 [Reference 5.1]: 

I. Add procedures for direct reactor coolant system depressurization to prevent early 
containment failure associated with reactor vessel breach at high reactor coolant 
system pressure.  

2. Add emphasis on isolation procedures in operator training.  
3. Add procedures to cope with and reduce induced steam generator tube rupture 

(SGTR).  
4. Add alternative, independent source of feedwater to reduce induced SGTR.  
5. Add emphasis on increasing the likelihood of maintaining a coolable debris bed to 

prevent late containment failure due to overpressurization.  

Combining the information gathered from the two studies mentioned above provides a 
preliminary list of 14 containment performance improvement alternatives to be 
considered for Oconee.  

The following is the process used to refine the list of 14 containment performance 
improvement alternatives identified for consideration at Oconee: 

* identify any alternatives that have already been implemented at Oconee, and 
0 identify any alternatives that are not applicable to Oconee's containment.  
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The current Oconee procedures satisfy the intent of Alternatives 1 and 2. Following the 
IPE study, the plant procedure was modified to address the induced SGTR 
(Alternative 3). A significant part of the Severe Accident Management Guidance 
Program (SAMG) at Oconee emphasizes the importance of and provides guidance to the 
operators on depressurizing the reactor coolant system to prevent high pressure melt 
ejection. Also, the SAMG program provides guidance on putting water into the 
containment using plant resources to increase the likelihood of maintaining a coolable 
debris bed in the event of a severe accident. Alternative 5 has been addressed through the 
SAMG program.  

Several of the remaining alternatives listed above on improving containment performance 
concerning hydrogen burns can be eliminated for this Oconee analysis. The results of the 
Oconee PRA Level 2 analysis shows that the Oconee containment will more than likely 
survive a hydrogen combustion in the event of a severe accident due to the strength of the 
containment. The mean failure pressure for the Oconee containment is calculated to be 
144 psig [Reference 2.4]. In the event of a severe accident at Oconee, the containment 
pressure at which the containment atmosphere becomes steam inerted is approximately 
25 psig based on 75% zirc-water reaction. For a base pressure of 25 psig, the maximum 
containment pressure expected due to a hydrogen burn is 110-120 psig, well below the 
144 psig mean value. Therefore, the alternatives presented above that are related to 
addressing containment failure due to hydrogen burns need not be considered for the 
Oconee containment (such as install deliberate ignition system and install containment 
inerting system).  

The alternative to "install AC-independent air return fans" is intended for an ice 
condenser type containment, where the containment is very compartmentalized and an 
effective way of ensuring that the containment atmosphere is well mixed for hydrogen 
concerns is by use of air return fans. By contrast, the Oconee containment is a very large 
and open containment where it is expected that mixing will occur during an accident.  
Therefore, this alternative is eliminated from further consideration in this analysis since 
very little benefit will be gained from the implementation of this alternative.  

Thus, the preliminary list of 14 containment performance improvement alternatives 
considered for Oconee is reduced to seven potential candidates for cost-benefit analysis.  
The following section discusses the method used to determine if any of these seven 
alternatives are cost-beneficial to implement for the Oconee containment.  
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5.3 Analysis Of Potential Containment-Related SAMAs 

The method used in this portion of the analysis is similar to the one presented in Section 
4.3.  

The following explains how the Oconee-specific parameters are derived in order to 
calculate the averted cost to the public based on implementation of containment 
performance improvements. The Oconee PRA Level 3 analysis calculates the estimated 
person-rem risk associated with each type of containment failure mode following a severe 
accident. As can be seen in Table 5-1, the results of the Oconee PRA analysis show that 
there are three containment failure modes contributing more to the annual person-rem risk 
than any of the other potential failure modes (ISLOCA - 1.24 person-rem, Isolation 
failures - 1.11 person-rem, and Late containment failures - 1.59 person-rem). These are 
evaluated in detail below.  

The PRA Level 3 analysis reveals that over 70% of the large early release frequency 
(LERF) is attributable to seismic initiators, with the dominant sequence being a seismic 
initiator causing the auxiliary building to fall resulting in an ISLOCA and power failure.  
This event contributes an estimated 1.0 person-rem to the total 1.24 person-rem for 
ISLOCAs. Because of the catastrophic nature of this accident sequence, ISLOCA 
mitigation measures such as installation of additional containment bypass instrumentation 
to detect ISLOCAs would not be effective. Furthermore, the estimated cost to implement 
additional containment bypass instrumentation is on the order of several million dollars 
[Reference 4.3]. For this analysis, if the assumption is made that the implementation of a 
containment performance improvement alternative will completely eliminate the 
ISLOCA risk, the averted risk value is $27,300. Therefore, the estimated cost to 
implement additional containment bypass instrumentation to detect ISLOCAs far exceeds 
the theoretical maximum present worth of averted risk. This makes the alternative very 
cost prohibitive even if Oconee's actual cost is significantly less than the referenced 
estimate.  

The Oconee PRA results show that the isolation containment failure mode is dominated 
by external events (seismic and tornado). These sequences involve the failure of piping 
penetrations into the containment. The only feasible containment performance 
improvement alternative considered for this type of containment failure mode is adding 
emphasis on isolation procedures in operator training. This has already been 
implemented at Oconee per the Oconee IPE study.  

The late containment failure mode for the Oconee plant is associated with sequences 
where reactor building cooling units are lost at the start and no recovery is possible. This 
leads to a buildup of pressure from steam and non-condensible gases over many hours 
until the containment fails. A containment performance improvement alternative that 
could reduce the person-rem risk associated with such failures is the installation of an 
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independent containment spray system. From Reference 4.3 the estimated cost to 
implement such an alternative will be at least several million dollars. The present worth 
of averted risk for implementation of this alternative is estimated by assuming all 1.59 
person-rem risk is eliminated for late containment failures. Multiplying the 1.59 person
rem risk by $2000/person-rem yields an estimated averted risk value of $3180, and 
multiplying this value by the discount multiplication factor of 11 gives an estimated 
present worth of $35,000. Therefore, the cost to implement this alternative containment 
performance improvement will far exceed the value of the averted risk. Some benefit in 
reducing the early containment failure may be seen from this alternative but this would be 
expected to be small compared to the late containment failure benefit 

Furthermore, when considering the implementation of alternatives, it is important to 
evaluate the potential negative impacts of implementing alternatives as well as the 
positive benefits. For example, the containment performance improvement alternative 
considered in Table 5-1 (installing a reactor cavity flooding system) is intended to reduce 
the likelihood of basemat melt through by flooding the core material after reactor vessel 
failure. Even though the implementation of this alternative may reduce the likelihood of 
basemat melt through, it also has the potential to increase the probability of containment 
failure due to overpressurization from steam generation.  

Table 5-1provides a list of the seven selected containment performance improvement 
alternatives considered for implementation at Oconee, along with the percentage of the 
time a containment failure mode may occur given a severe accident, the total person-rem, 
and present worth of averted risk estimates associated with each containment failure 
mode.  

As seen from Table 5-1, the seven potential containment-related SAMAs have an averted 
risk worth in the range of $3100 to $35,000.  

The cost to implement any of the containment performance improvement alternatives 
listed in Table 5-1 for Oconee will range anywhere from a few million dollars to tens of 
millions of dollars based on the review of other industry cost estimate studies 
[Reference 4.3]. Comparing these cost estimates to the averted risk worth presented in 
Table 5-1 reveals that the cost to implement these alternatives will far exceed the averted 
risk worth. This conclusion applies even for those alternatives providing benefit to more 
than one type of containment failure mode.  

For example, the three alternatives (install independent containment spray system, reactor 
depressurization system, and filtered containment vent) provide some benefit to more 
than one type of containment failure mode. As stated earlier, the installation of an 
independent containment spray system provides more late containment failure benefit 
than early containment failure benefit. But if this alternative is assumed to completely 
eliminate late and early containment failures, the cost of implementation would far 
exceed the averted risk value of ($27,300 + $11,200). This same conclusion is applied to 
the filtered containment vent alternative based on the cost of implementation versus the 
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total averted risk value for early and late containment failures ($27,300 + $11,200). For 
the installation of a reactor coolant system depressurization system this alternative may 
contribute to reducing early containment failures along with the benefit of reducing 
SGTRs. However, if the total person-rem for these two containment failure modes is 
assumed to be completely eliminated by implementing the alternative, the cost of 
installing such a device still far exceeds the total worth of averted risk ($11,200 + $3100).  
Therefore, all the containment performance improvement alternatives involving hardware 
changes are considered to be cost prohibitive based on the benefit of averted risk worth.  

5.4 Cost-Benefit Analysis For Containment-Related SAMAs 

In Section 5.3 none of the containment performance improvement alternatives are 
considered to be cost effective to implement for Oconee. Therefore, detailed cost 
estimate analyses are not necessary for any of the containment performance improvement 
alternatives considered for this analysis.  
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TABLE 5-1 Potential Containment SAMAs Considered To Reduce Person-rem Risk 

Percentage Of Total Present Cost of 
Containment Potential Containment Time Severe Person- Worth Alternative 
Failure Mode Performance Alternatives To Accidents Will rem Risk Of (1998 

(CFM) Mitigate CFM End In Particular Averted dollars) 
CFM Risk 

Late Install independent containment 
Containment spray system 25% 1.59 $35,000 >$1 M 

Failures Install filtered containment vent 
system 

Containment Install additional containment bypass 1.24 - $ 27,300 
Bypass instrumentation (ISLOCA) ISLOCA (ISLOCA 

ISLOCA 
Add independent source of feedwater < I % >$1 M 
to reduce induced SGTR (ISLOCA and 

SGTR Install reactor depressurization SGTR combined) 
system 0.14- $3100 

SGTR (SGTR) 

Install filtered containment vent 
system 

Early Install reactor depressurization < 1 % 0.51 $ 11,200 >$I M 
Containment system 

Failures Install independent containment 
spray system 

Install reactor cavity flooding system 
Basemat Melt Install core retention device 46 % 0.33 $ 7300 >$1 M 

Through 
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6.0 Overall Results 

Duke has evaluated potential plant enhancements that would further reduce the 
probability of severe accidents and the associated person-rem risk. The incremental 
safety benefit of implementing these plant enhancements has been analyzed by 
performing a public risk analysis. The results of the public risk analysis show that none 
of the hardware changes for severe accident mitigation alternatives considered for core 
damage frequency and person-rem reduction would be cost-beneficial to implement.  
Most of the alternatives considered are associated with severe accident sequences of 
either low contribution to core damage frequency (< 5% of the total) or low risk (< 1 
person-rem). From the results obtained, it is apparent that the dominant severe accident 
sequences are seismic initiators based on their total contribution to core damage 
frequency and person-rem risk. However, even the alternatives considered for these type 
initiators are found to be cost prohibitive based on the cost to implement the alternatives 
far exceeding the value of the public health risk averted.  

In addition, Duke recently implemented two programs to manage the risk associated with 
severe accidents. The Maintenance Rule Program is currently aiding in identifying risk 
significant structures, systems and components to minimize failures that are maintenance 
preventable. Most recently, Duke's implementation of the Severe Accident Management 
Guidance (SAMG) Program provides guidance on arresting core damage and mitigating 
fission product releases to the public in the event of a severe accident. Some of the 
severe accident management guidance provided by the SAMG program include: 

* depressurizing the reactor coolant system prior to reactor vessel failure, thus 
preventing a high pressure melt ejection and SGTRs, 

* venting containment prior to containment failure due to overpressurization (controlled 
release versus an uncontrolled release of fission products), 

* inject water into reactor building (containment) to cool core debris, etc.  

The following table summarizes the severe accident mitigation alternatives and 
containment performance improvements considered for Oconee and the status of 
implementation: 
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TABLE 6-1 Summary Of Potential Alternatives Considered For 
Oconee To Reduce Core Damage Frequency & Person-rem Risk 

Potential Alternative Implemented or Reason Not Implemented 
Not Implemented 

Increase seismic ruggedness of many plant Not Implemented Not Cost Beneficial. The risk reduction 
components/systems achievable is small and that the cost of 

substantial upgrades in the plant systems 
________________seismic ruggedness is very large 

Install automatic swap over to high.  Insallautmatc sap vertozig Not Implemented Not cost beneficial. Very expensive with 
pressure recirculation extremely small impact on public health risk 
Increase SSF flood barrier to 10 ft. Not Implemented Not cost beneficial. Very expensive with 

extremely small impact on public health risk 
Man SSF 24 hours a day with a trained Not Implemented Not cost beneficial. Very expensive with 
operator extremely small impact on public health risk 
Strengthen East and West Penetration Not Implemented Not cost beneficial. Very expensive with 
Rooms, and BWST to withstand tornado . extremely small impact on public health risk 
winds 
Build protective barrier around upper Not Implemented Not cost beneficial. Very expensive with 
surge tanks or 4160 switchgear for extremely small impact on public health risk 
tornadoes 
Replace reactor vessel with stronger vessel Not Implemented Not cost beneficial. Very expensive with 

extremely small impact on public health risk 
Install automatic swap of High Pressure Not Implemented Not cost beneficial. Very expensive with 
Injection to Spent Fuel Pool extremely small impact on public health risk 
Install an automatic backup system to refill Not Implemented Not cost beneficial. Very expensive with 
elevated water storage tank earfextremely small impact on public health risk 
Install additional containment bypass Not Implemented Not cost beneficial. Very expensive with 
instrumentation (ISLOCA) extremely small impact on public health risk.  

SAM Program addresses this issue.  
Add independent source of feedwater to Not Implemented Not cost beneficial. Very expensive with 
reduce induced SGTR extremely small impact on public health risk 
Add procedures for direct RCS Existing procedures 
depressurization adequate 
Add emphasis on isolation procedures in Existing procedures 
operator training adequate 
Add procedures to cope with and reduce Existing procedures 
induced SGTR adequate 
Add emphasis on increasing the likelihood Implemented 
of maintaining a coolable debris bed through SAMG 
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TABLE 6-1 Summary Of Potential Alternatives Considered For 
Oconee To Reduce Core Damage Frequency & Person-rem Risk 

(continued) 

Potential Alternative Implemented or Reason Not Implemented 
Not Implemented 

Install reactor depressurization system Not Implemented Not cost beneficial. Very expensive with 
extremely small impact on public health risk.  
SAMG Program emphasize depressurizing 
RCS.  

Install filtered containment vent system Not Implemented Not cost beneficial. Very expensive with 
extremely small impact on public health risk.  
SAMG Program provides guidance on venting 
strategy to minimize releases to public.  

Install independent containment spray Not Implemented Not cost beneficial. Very expensive with 
system extremely small impact on public health risk.  

In addition, the alternative primarily reduces 
late containment failure. These occur many 
hours after core damage begins allowing plenty 
of time for recovery of containment heat 
removal equipment and implementation of 
SAMG strategies.  

Install reactor cavity flooding system Not Implemented Not cost beneficial. Very expensive with 
extremely small impact on public health risk.  
SAMG Program provides guidance on putting 
water into containment for cooling the core 
debris. In addition, this alternative has the 
potential to increase the likelihood of 
containment failures at Oconee due to 
overpressurization from steam generation.  

Install core retention device Not Implemented Not cost beneficial. Very expensive with 
extremely small impact on public health risk.  
SAMG Program provides guidance on putting 
water into containment for cooling the core 
debris.  
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7.0 Conclusions 

Duke has performed a number of severe accident studies on Oconee and has implemented 
several plant enhancements to reduce the risk of severe accidents since the early 1980's.  
The results of the Oconee-specific analyses for severe accidents show that the total core 
damage frequency is estimated at 8.9E-05 per year, and the risk is estimated at 5 person
rem per year.  

For the current residual severe accident risk, a SAMA analysis has been performed using 
PRA techniques and making use of industry studies and NRC reports providing guidance 
on performing cost-benefit analysis. This Oconee specific analysis demonstrates that 
plant enhancements (severe accident mitigation and containment performance 
improvement) in excess of $100 to $35,000 are not cost justified based on averted public 
health risk.  

The contributions from the averted onsite exposure cost and the averted offsite property 
damage cost are considered small for this SAMDA benefit analysis. Using the data from 
NUREG/BR-0184 and considering that the range of core damage frequency reduction 
expected from the candidate SAMDAs is in the range of 0-3% (0 to 2.69E-06 per year) it 
is seen that the averted risk contribution for the onsite exposure is approximately $1000 
and that the offsite property damage is approximately $10,000 for the 20 year license 
renewal period. Even if these additional averted risk values are included in the final 
results of the analysis, the conclusions are the same, the cost to implement any of the 
SAMDAs would far exceed the benefit.  

Because the environmental impacts of potential severe accidents are of small significance 
and because additional measures to reduce such impacts would not be justified from a 
public risk perspective, Duke concludes that no additional severe accident mitigation 
alternative measures beyond those already implemented during the current term license 
would be warranted for Oconee.  

It is recognized that risk assessment studies are subject to varying degrees of uncertainty 
in the estimated core damage frequency, person-rem risk, and cost to implement 
alternatives. The results of this analysis show that the cost of implementing any of the 
alternatives is as much as several orders of magnitude higher than the estimated averted 
risk values. Therefore, no additional severe accident mitigation alternatives are cost
beneficial even when the uncertainties in the risk assessment process are considered.  

30



8.0 References 

Section 2.0 

2.1 , NSAC/60, A Probabilistic Risk Assessment of Oconee Unit 3, Duke Power and 
the Nuclear Safety Analysis Center, Palo Alto, CA, June 1984.  

2.2 A Review of the Oconee-3 Probabilistic Risk Assessment Performed By 
Brookhaven National Laboratory, NUREG/CR-4374, U. S. Nuclear Regulatory 
Commission, Washington, D. C., March 1986.  

2.3 Generic Letter 88-20, Individual Plant Examination for Severe Accident 
Vulnerabilities, USNRC, November 1988.  

2.4 Tuckman (Duke) letter dated November 30, 1990 to Document Control Desk 
(NRC), Oconee Units 1, 2, and 3 Individual Plant Examination (IPE) Submittal, 
Oconee Nuclear Station, Docket Nos., 50-269, -270, -287.  

2.5 Wiens (NRC) letter dated April 1, 1993 to J. W. Hampton (Duke), Evaluation of 
the Oconee, Units 1, 2, and 3 Individual Plant Examination (IPE) - Internal 
Events, Oconee Nuclear Station, Docket Nos., 50-269, -270, -287.  

2.6 Hampton (Duke) letter dated December 28, 1995 to Document Control Desk 
(NRC), Individual Plant Examination of External Events (IPEEE) Submittal, 
Oconee Nuclear Station, Docket Nos., 50-269, -270, -287.  

2.7 McCollum, Jr. (Duke) letter dated December 18,1997 to Document Control Desk 
(NRC), Individual Plant Examination of External Events (Generic Letter 88-20, 
Supplement 4), Oconee Nuclear Station, Docket Nos., 50-269, -270, -287.  

2.8 Hampton (Duke) letter dated July 6, 1995 to Document Control Desk (NRC), 
Keowee PRA, Oconee Nuclear Station, Docket Nos., 50-269, -270, -287.  

2.9 McCollum, Jr. (Duke) letter dated December 18, 1997 to Document Control Desk 
(NRC), High Pressure Injection (HPI) Reliability Study, Oconee Nuclear Station, 
Docket Nos. 50-269, -270, -287.  

Section 3.0 

3.1 W. Hampton (Duke) letter dated February 13, 1997 to Document Control Desk 
(NRC), Probabilistic Risk Assessment, Individual Plant Examination, Oconee 
Nuclear Station, Docket Nos. 50-269, -270, -287.  

31



Section 4.0 

4.1 Regulatory Analysis Guidelines of the U. S. Nuclear Regulatory Commission, 
NUREG/BR-0058, Revision 2, Final Report, U. S. Nuclear Regulatory 
Commission, Washington, D. C., November 1995.  

4.2 Regulatory Analysis Technical Evaluation Handbook, NUREG/BR-0 184, 
Revision 2, Final Report, U. S. Nuclear Regulatory Commission, Washington, 
D. C., January 1997.  

4.3 Final Environmental Statement: Related To The Watts Bar Nuclear Plant Units 1 
and 2, NUREG-0498 Supplement 1, U. S. Nuclear Regulatory Commission, 
Washington, D. C., April 1995, Docket Nos. 50-390 and 50-391.  

Section 5.0 

5.1 Individual Plant Examination Program: Perspectives on Reactor Safety and Plant 
Performance, NUREG-1560, Summary Report, U. S. Nuclear Regulatory 
Commission, Washington, D. C., October 1996.  

32



Oconee Nuclear Station 
Applicant's Environmental Report 
Operating License Renewal Stage 

Attachments 

Attachment L 

January 13, 1998 NRC Staff Requirements Memorandum ( SRM M970612) titled 
"Generic and Cumulative Environmental Impacts of Transportation of High-Level Waste 

in the Vicinity of an HLW Repository.".  

Revision 0 
attachment-sheet.doc 

June 1998



o UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

January 13, 1998 . ... .  

OFFICE OF THE COMMISSION VOTING RECORD 
SECRETARY 

DECISION ITEM: SECY-97-279 

TITLE: GENERIC AND CUMULATIVE 
ENVIRONMENTAL IMPACTS OF 
TRANSPORTATION OF HIGH-LEVEL WASTE 
(HLW) IN THE VICINITY OF AN HLW 
REPOSITORY (SRM M970612) 

The Commission (with Commissioners Dicus, Diaz, and McGaffigan agreeing) 
approved the subject paper as recorded in the Staff Requirements Memorandum (SRM) 
of January 13, 1997. Chairman Jackson also approved immediate implementation of 
Option 3, but did not approve implementation of Option 2.  

This Record contains a summary of voting on this matter together with the individual 
vote sheets, views and comments of the Commissioners, and the SRM of January 13, 
1997.  

/John C. loyle 
ecretary of the Commission 

Attachments: 
1. Voting Summary 
2. Commissioner Vote Sheets -0 
3. Final SRM 

cc: Chairman Jackson 
Commissioner Dicus C: 
Commissioner Diaz .  
Commissioner McGaffigan -I 
OGC 
EDO £2 
PDR 
DCS



VOTING SUMMARY - SECY-97-279 

RECORDED VOTES 

NOt 
APRVD DISAPRVD ABSTAIN PARTICIP COMMENTS DATE 

CHRM. JACKSON X X X 12/18/97 

COMR. DICUS X X 12/22/97 

COMR. DIAZ X X 12/19/97 

COMR. McGAFFIGAN X X 12/16/97 

COMMENT RESOLUTION 

in their vote sheets, Commissioners Dicus, Diaz, and McGaffigan approved the staffs 
recommendation to implement Option 3 immediately and to implement Option 2 if 
necessary should a license renewal application be received before the rulemaking is 
completed. Chairman Jackson approved the immediate implementation of Option 3, 
but disapproved using Option 2 because she believed the rulemaking could be 
completed in a timely manner. Subsequently, the comments of the Commission were 
incorporated into the guidance to staff as reflected in the SRM issued on January 13, 
1997.



NOTATION VOTE 

RESPONSE SHEET 

TO: John C. Hoyle, Secretary 

FROM: COMMISSIONER DICUS 

SUBJECT: SECY-97-279 - GENERIC AND CUMULATIVE 
ENVIRONMENTAL IMPACTS OF TRANSPORTATION OF 
HIGH-LEVEL WASTE (HLW) IN THE VICINITY OF AN HLW 
REPOSITORY (SRM M970612) 

Approved x Disapproved Abstain 

Not Participating Request Discussion 

COMMENTS: Please see attached comments.  

NAT 

Release Vote / x / SAe 9F 
DATE 

Withhold Vote / / 

Entered on "AS" Yes X No



Commissioner Dicus' Comments on SECY-97-279 

I approve staffs recommendation to implement Option 3 immediately as a long-term 
solution and to implement Option 2 if a license renewal application is received before 
the rulemaking activity is completed. The staff should immediately notify the 
Commission if their ongoing supplemental analysis no longer supports a reasonable 
technical and legal determination that transportation of HLW is a Category 1 issue 
and may be generically adopted in a license renewal application.



NOTATION VOTE 

RESPONSE SHEET 

TO: John C. Hoyle, Secretary 

FROM: COMMISSIONER DIAZ 

SUBJECT: SECY-97-279 - GENERIC AND CUMULATIVE 
ENVIRONMENTAL IMPACTS OF TRANSPORTATION OF 
HIGH-LEVEL WASTE (HLW) IN THE VICINITY OF AN HLW 
REPOSITORY (SRM M970612).  

Approved x Disapproved Abstain 

Not Participating Request Discussion 

COMMENTS: 

I approve the staff's immediate implementation of Option 3, rulemaking for 
Section 51.53(c)(3)(ii)(M), as a long term solution to this issue. The staff 
should implement Option 2 if a license renewal application is received before 
the rulemaking activity is completed.  

SIGNAT(A 

Release Vote /'/.1c,91 
DATE 

O Withhold Vote I 

Entered on "AS" Yes No



NOTATION VOTE 

RESPONSE SHEET 

TO: John C. Hoyle, Secretary 

FROM: COMMISSIONER MCGAFFIGAN 

SUBJECT: SECY-97-279 - GENERIC AND CUMULATIVE 
ENVIRONMENTAL IMPACTS OF TRANSPORTATION OF 
HIGH-LEVEL WASTE (HLW) IN THE VICINITY OF AN HLW 
REPOSITORY (SRM M970612) 

Approved Disapproved Abstain 

Not Participating Request Discussion 

COMMENTS: 
I approve the staff's proposed Option 3 - to immediately proceed with expedited 
rulemaking to modify 10 CFR 51.53(c)(3)(ii)(M) - and the staff proposed Option 2 
which would allow near-term license renewal applicants to rely strictly on the 
staff's .supplemental. analysis reflected in NUREG-1437 to fulfill their obligations 
under the-existing section 10 CFR 51.53(c)(3)(ii)(M).  

SIGNATURE 

Release Vote / < / 

DATE 

Withhold Vote / / 

Entered on "AS" Yes X No
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Federal Register / Vol. 61. No. 244 / Wednesda, December 18, 1996 / Rules and Regulations 66537 

S 868.92 Explanation of serice fees and SUPPLEENARY INFORMATO: concerning chronic effects of 
ondditia(fees.  

(a) * * * 1. Introduction 
(2) The cost of per diem, subsistence, The Commission has amended its I1. Analysis of Public Comments 

mileage, or commercial transportation to environmental protection regulations in 
perform the service for rice inspection 10 CFR Part 51 to improve the efficiency 
only in § 868.91, Table 1. See § 868.90. of the process of environmental review In response to the Federal Register 
Table 1. footnote 1, for fees for for applicants seeking to renew a notice for the final rule published on 
inspection of commodities other than nuclear power plant operating license June 5. 1996 (61 FR 28467), If 
rice. for up to an additional 20 years. The organizations and 1 private citizen 
* * * *final rule containing these amendments submitted written comments. The 

Dated: December 13, 1996. was published in the Federal Register 
Michael V. Dunn, States of Maryland. Massachusetts. and Assstat Screary Ma-keing~ndamendments are based on the analyses Vermont; the Nuclear Energy institute.  Assistant Secretary, Marketing and rpre nNRG13."eei reportedrarazs i UE-43.GerI ) and 6 licensees. Commenters expressed RegulatoryEnvironmental Impact Statement (GE concerns about specific aspects of the 
(FR Doc. 96-32080 Filed 12-17-96: 8:45 ani for License Renewal of Nuclear Plants" rule and several commenters referred to 
S(LUNG COOE 3410-EN--P (May 1996). At several stages in the material in NUREG- 1437 which they 

___________________________development of the rule the believe to be inaccurate or ambiguous.  
Commission sought public comment by Other than one State. the commenters 

NUCLEAR REGULATORY means of notices in the Federal Register expressed that the rule should be COMISSONand public workshops. The history of revised to address their concerns. The COMMISSIONthis rulemaking is summarized in the seven commenters from the nuclear 

10 CFR Part 51 June 5. 1996 notice (61 F 28469). Prior to the final rule becoming effective, the powerindstryl staesd hthi Commission believed it appropriate Ito concleerna hul eaddressed byul R(N 3150-ADG3 seek comments on the treatment of low- supplal uemking and should 
EnvrometalReie fr Rnealof level waste storage and disposal as published in 61 FR 28467. The Environmental Review for Renewal of 

Nuclear Power Plant Operating impacts, the cumulative radiological Commission assumes that EPA, two 
Licenseseffects from the uranium fuel cycle, and States, and the private individual intend Licesesthe effects from the disposal of high- for their concerns to be addressed by 
AGENCY: Nuclear Regulatory level waste and spent fuel. In a 
Commission. supplemental notice published on July rewsngthe thn ruled nal 
ACTION: Final rule. 18, 1996 (61 FR 37351) the Commission now ather Thanb spe m en extended the comment period for these anhoadwentysoudb 
SUMMARY: The Nuclear Regulatory resolved are addressed below.  
Commission is amending its regulations that the final rule would become 
on the environmental review of effective on September 5, 1996. absent B. Radioactive Waste Storage and 
applications to renew the operating notice from the Commission to the Disposal, and Cumulative Radiological 
licenses of nuclear power plants to contrary. The Commission has reviewed Effeca ofthe Uranium Fuel Cycle 
make minor clarifying and conforming the comments submitted and finds no 
changes and add language inadvertently need to amend the substantive 'CommenLThe two commenting 
omitted from Table B-I of the provisions of the rule. States expressed concern over the 
rulemaking published June 5. 1996 (61 This final rule amends the June 5, prospect of long-term storage of high
FR 28467). This final rule also presents 1996 rule with minor nonsubstantive level waste (I at reactor sites. One 
an analysis of the comments received changes. The changes are: addition of State also expressed concern over the 
and the staff responses to the comments five Ground-water Use and Quality prospect of long-term storage of low
requested in the final rule published issues inadvertently left out of Table B- level waste (LLW) at reactor sites. This 
June 5, 1996. After reviewing the I in the June 5, 1996 notice (see, 61 FR State believes that "the Commission 
comments received, the NRC has 29278, July 29. 1996); minor conforming should establish a policy which would 
determined that no substantive changes changes to reflect recent amendments to condition license renewal to a 
to the final rule are warranted. §§ 51.53 and 5 1S9 effected by a separate resolution of radioactive waste disposal 
EFFECTIVErulemaking 'ecommissioning of issues." One State believes that 
effective o This fia rl sa b Nuclear Power Reactors. July 29, 1996 provisions in NRC's regulations for effctie o Jauar 17 197.(61 FR 39278)); substitution of one addressing significant new information 
ADORESSES: Copies of comments sentence under Findings for the issue and the 10-year cycle for reviewing the 
received and all documents cited in the "Offsite radiological impacts (spent fuel continued appropriateness of the 
supplementary information section of and high-level waste disposal)" in Table conclusions codified by the rule are not 
61 FR 28467 may be examined at the B-I in order to more accurately adequate with respect to the issues of 
NRC Public Document Room, 2120 L represent a U.S. Environmental on-site storage and disposal of HLW: 
Street NW, (Lower Level) Washington. Protection Agency (EPA) regulatory and, therefore, site-specific 
DC. between the hours of 7:45 am and position; a word substitution in 10 CFR environmental review should be 
4:15 pm on Federal workdays. 51.53(c)(3)(i)M. in order to clarify the required for these issues, i.e., these 

*FOR FURTHER INFO WATION CONTACT: information on the environmental effect issues should be designated Category 2.  
Donald P. Cleary, Office of Nuclear of transportation of fuel and waste to A third State believes that a Category I 
Regulatory Research, US. Nuclear and from a nuclear power plant that is designation is appropriate for these 
Regulatory Commission. Washington, to be submitted with a license renewal issues, Le, findings for the issue DC 20555-O01, telephone: 301-415- application: and minor clarifying codified in the rule may be adopted in 6263; e-mail DPC@nrc.gov. changes to the text in Table B-I site-specific license renewal reviews
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and supports the provision in the rule reassessment of the status of LLW and a result of this rulemaking. 10 CFR 
.0r periodic evaluation of these issues53(c)(3)(ii)M reires applicants to 

Response. As stated Commission recognizes that the review the environmental effects of 
the Commission acknowledges that possibility of significant unexpected transportation in accordance with 
there is uncertainty in the schedule of events remains open. Consequently, the § 51.52 ([able S-4) and to discuss the 
availability of disposal facilities for Commission will review its conclusions generic and cumulative impacts 
LLW and HLW. The Commission on these waste findings should associated with transportation 
understands the continuing concern of significant and pertinent unexpected infrastructure in the vicinity of a high
the States and of the public over the events occur (see also, 49 FR 34658 level waste repository site. The 
prospects for timely development of (August 31. 1984)). In view of the candidate site at Yucca Mountain 
waste disposal facilities. The Commission's favorable conclusions should be used for the purpose of 
uncertainty in the schedule of regarding prospects for safe and impact analysis as long as that site is 
availability of disposal facilities is environmentallyAcceptable waste under consideration for licensing. The 
especially of concern because of the disposal, it sees no need for amendments to 10 CFR Part 51 in this 
waste currently being generated during conditioning licenses as recommended, rulemaking do not alter the existing 
the initial licensing term of power The Category 1 designations for these provisions of§51.52. [fan applicant's 
reactors. The Commission, however, three issues [1ow-level waste storage and reactor meets all the conditions in 
continues to believe that there is disposal offsite radiological impacts 51.52(a) the applicant may use the 
sufficient understanding of and (spent fuel and high-level waste environmental impacts of transportation 
experience with the storage of LLW and disposal), and on-site spent fuel] in the of fuel and waste to and from the reactor 
HLW to conclude that the waste final rule has not been changed in set forth in Summary Table S-4 to 
generated at any plant as a result of es pose to these comments, characterize the transportation impacts 
license renewal can be stored safely and mment Six industry organizations from the renewal of its license.  
without significant environmental specifically commented on the However, because Table S-4 does not 
impacts prior to permanent disposal. treatment of the LLW and HLW issues take into account the generic and 
The Commission believes that in 61 FR 28467 and in the GElS. Except cumulative (including synergistic) 
conditioning individual license renewal for the treatment of the environmental impacts of transportation infrastructure 
decisions on resolution of radioactive impacts of transportation of radiological construction and operation in the 
waste disposal issues is not warranted material to and from the plant, the vicinity of the Yucca Mountain 
because the Commission has already industry commenters agree with the repository site, such information would 
made a generic determination, codified Commissions findings on waste issues, have to be provided by these applicants.  
in 10 CFR 51.23, that spent fuel Transportation (radiological and For reactors not meeting the O generated at any reactor can be stored nonradiological environmental impacts) conditions of § 51.52(a). the applicant 
safely and without significant is designated Category 2 in the final must provide a full description and 
environmental impacts for at least 30 rule. This designation requires some detailed analysis of such environmental 
years beyond a license renewal term and additional review of the environmental effects associated with transportation in 
that there will be a repository available impacts of transportation. accordance with § 51.52(b). Industry 
within the first quarter of the twenty- The industry commenters argue that commenters pointed out that the 
first century. The waste confidence the requirements for the review of conditions in paragraph (a) are not 
decision is discussed in Chapter 6 of transportation impacts for license likely to be satisfied by many plants 
NUREG- 1437, "Generic Environmental renewal described in the final rule are now using higher bum-up fuel. In such 
Impact Statement for License Renewal unclear, and that there are good reasons cases, applicants may incorporate in 
for Nuclear Plants," May 1996. The to change the transportation issue from their analysis the discussion presented 
Commission similarly believes that a Category 2 to a Category 1 designation. in the GEIS in Section 6.2.3 "Sensitivity 
enough is known regarding the effects of The requirements for the review of to Recent Changes in the Fuel Cycle." 
permanent disposal to reach the generic transportation issues in the final rule and Section 6.3 "Transportation.- This 
conclusion in the rule. The rule is not were found by the commenters to be category of applicants also would have 
based on the assumption that Yucca unclear with respect to (1) the use and to consider the generic and cumulative 
Mountain will be licensed. Also from a legal status of 10 CFR 51.52, Table S- impacts of transportation operation in 
regulatory policy perspective, the 4. in the plant-specific license renewal the vicinity of the Yucca Mountain 
Commission disagrees with the view of review- (2) the conditions that must be repository site. These impacts may be 
one state that each renewal applicant met before an applicant may adopt attributed to an individual plant on a 
should come forward with an analysis Table S-4, and (3) the extent to which reactor-year basis.  
of the HLW storage and disposal the "generic" effects of transporting As part of its efforts to develop 
environmental effects. This is a national spent fuel to a high-evel waste regulatory guidance for this rule, the 
problem of essentially the same degree repository should be considered in a Commission will consider whether 
of complexity and uncertainty for every plant-specific license renewal review. In further changes to the rule are desirable 
renewal application and it would not be addition. several commenters suggested to generically address: (1) The issue of 
useful to have a repetitive that DOE should have the responsibility cumulative transportation impacts and 
reconsideration of the matter. of considering the cumulative (2) the implications that the use of 

The Commission further believes that environmental impacts from higher burn-up fuel have for the 
the provisions in the present rule and transportation. conclusions in Table S-4. After 
elsewhere in the Commission's Response- The Commission does not consideration of these issues, the 

* regulations adequately provide for the believe that changes to the rule in Commission will determine whether the 
W introduction and consideration of new response to industry comments are issue of transportation impacts should significant information in license warranted at this time. However, in be changed to Category 1.  

renewal reviews, and that the 10 year order to clarify the rule's requirements, As to the NRC's duty to consider the 
review cycle for the rule and the GEIS the following guidance is provided on cumulative transportation impacts of adequately provides for Commission the issue of transportation impacts- As license renewal, the Commission
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o UNITED STATES 
SNUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 20555-0001 -- - __ 

0 

January 13, 1998 

OFFICE OF THE 

SECRETARY 

MEMORANDUM TO: . L. Joseph Callan 
Exetive irectpr for Operations 

FROM: Jo C.Hoyle, ecretary 

SUBJECT: ~TAFF REQUIREMENTS - SECY-97-279 - GENERIC AND 
CUMULATIVE ENVIRONMENTAL IMPACTS OF 
TRANSPORTATION OF HIGH-LEVEL WASTE (HLW) IN THE 
VICINITY OF AN HLW REPOSITORY (SRM M970612) 

The Commission has approved the staffs proposal to implement Option 3 to amend 10 CFR 
51.53(c)(3)(ii)(M) as a long-term solution to categorize the impacts of transportation of HLW as 
a- Category I issue. The staffs proposal to require licensees to provide a discussion in the 
plant-specific environmental report (Option 2) should be implemented only if a license renewal 
application is received before the rulemaking activity is completed and a delay due to the 
generic rulemaking might affect the licensing process for a license renewal. The staff should 
notify the Commission if implementation of Option 2 is later deemed necessary for this reason.  

cc: Chairman Jackson .  
Commissioner Dicus a .  

Commissioner Diaz 
Commissioner McGaffigan , 

OGC 
CIO 
CFO 
OCA 
OIG 
Office Directors, Regions, ACRS, ACNW, ASLBP (via E-Mail) 
PDR 
OCS 

SECY NOTE: THIS SRM, SECY-97-279, AND THE COMMISSION VOTING RECORD 
CONTAINING THE VOTE SHEETS OF ALL COMMISSIONERS WILL BE MADE 
PUBLICLY AVAILABLE 5 WORKING DAYS FROM THE DATE OF THIS SRM.



December 3, 1997 SECY-97-279 

FOR: The Commissioners 

FROM: L. Joseph Callan /s/ 
Executive Director for Opetations 

SUBJECT: GENERIC AND CUMULATIVE ENVIRONMENTAL IMPACTS OF 
TRANSPORTATION OF HIGH-LEVEL WASTE (HLW) IN THE VICINITY 
OF AN HLW REPOSITORY (SRM M970612) 

PURPOSE: 

To provide the Commission regulatory options for license renewal applicants to address the 
cumulative and generic environmental impacts of transportation of HLW activities in the vicinity 
of an HLW repository. This paper is provided in response to a staff requirements memorandum 
(SRM) dated June 26, 1997, and WITS item 9700218.  

BACKGROUND: 

The Commission revised its environmental protection regulations (10 CFR Part 51) for license 
renewal on December 18, 1996 (61 FR 66537). Since the final rule was published, the staff 
met with two potential license renewal applicants and the Nuclear Energy Institute (NEI) to 
discuss the format and content of the environmental report (ER) to be included in a license 
renewal application. The staff discussed a number of issues during these meetings and 
provided guidance in all but one area, the generic and cumulative impacts of transportation of 
HLW. Section 51.53 (c)(3)(ii)(M) states, in part, 

The review of impacts shall also discuss the generic and cumulative impacts 
associated with transportation operation in the vicinity of a high-level waste 
repository site. The candidate site at Yucca Mountain should be used for the 
purpose of impact analysis as long as that site is under consideration for 
licensing.  

Contact: Claudia M. Craig, NRR 
301-415-1053



During the meetings, industry representatives stated that individual license renewal applicants 
should not be responsible for the analysis of generic and cumulative environmental effects 
resulting from transportation of HLW in the vicinity of an HLW repository. The industry 
representatives stated that the Department of Energy (DOE) has the responsibility for 
considering the cumulative environmental impacts of transportation of HLW. The industry 
representatives believe that the issue should be reexamined and categorized as a Category 1 
issue, which will not require a plant-specific evaluation in a license renewal applicant's ER. The 
two licensees requested guidance from the staff to determine the level of effort needed to 
address this issue in the ER. As a result, the staff began a review of available information to 
determine whether the impacts of transportation of HLW could be recategorized as a generic 
Category 1 issue for 10 CFR Part 51.  

In the Statements of Consideration for the final 10 CFR Part 51 rulemaking in 1996, the 
Commission stated that it believed there was insufficient information and that unresolved issues 
could exist regarding the magnitude of cumulative impacts from the transportation of HLW in 
the vicinity of an HLW repository; it therefore declined to reach a Category 1 conclusion at that 
time (61 FR 28480). However, the Commission recognized the generic nature of the issue and 
stated that as part of its efforts to develop regulatory guidance for the rule, it would consider 
whether further changes to the rule were desirable to generically address the issue of 
cumulative impacts of transportation of HLW and the impacts that the use of higher burn-up fuel 
would have on the conditions listed in Table S-4 of 10 CFR Part 51. The Commission stated 
that although DOE will have title to the spent fuel and HLW and must consider the 
environmental impacts of transportation of HLW in the National Environmental Policy Act 
(NEPA) review for an HLW repository, the Commission still has an obligation under NEPA to 
consider the impacts of transportation of HLW in its environmental review for renewal of an 
operating license (61 FR 66538).  

At the Commission briefing of June 12, 1997, the staff provided a status of license renewal 
activities. In the SRM dated June 26, 1997, from that meeting, the staff was directed to provide 
a schedule for completing the analysis of DOE information on HLW transportation impacts and 
to provide the Commission options for addressing the generic and cumulative HLW 
environmental impacts within the framework of a license renewal application. In a 
memorandum dated July 17, 1997, the staff replied to the Commission that completion of the 
analysis was scheduled for October 1997, while the Commission paper outlining the regulatory 
options was scheduled for completion in November 1997, barring complications in obtaining 
further data from DOE. By memorandum dated November 21, 1997, the staff informed the 
Commission of the results of the supplemental analysis. The analysis provided additional 
information regarding the generic and cumulative impacts of the transportation of HLW and 
addressed the implications of higher fuel enrichment and bum-up for the environmental effects 
resulting from transportation of fuel and waste, Table S-4. While the evaluation of the 
supplemental analysis is ongoing, the staffs preliminary view is that the supplemental analysis 
and the analysis provided in NUREG-1437, 'Generic Environmental Impact Statement (GEIS] 
for License Renewal of Nuclear Plants," May 1996, support a reasonable technical and legal 
determination that transportation of HLW is a Category 1 issue and may be generically adopted 
in a license renewal application.



DISCUSSION: 

The following options are available to address the generic and cumulative impacts of 
transportation of HLW in the vicinity of an HLW repository for license renewal applicants. One 
or more options may be implemented, depending on when a license renewal application is 
submitted.  

Option 1 - Grant an Exemption (near-term applicants) 
The Commission may exempt a license renewal applicant from addressing the HLW 
transportation requirements of 10 CFR 51.53(c)(3)(ii)(M) in the ER. Exemptions are allowed 
under 10 CFR 51.6 if the Commission determines it is authorized by law and is otherwise in the 
public interest. As discussed at the Commission meeting of June 12, 1997, the obligation to 
examine environmental issues under NEPA fundamentally belongs to the NRC. NRC's 
regulations in 10 CFR Part 51 require that licensees submit information to the NRC that 
supports and shortens the NRC's NEPA review process. An exemption from this requirement is 
slightly different than the traditional exemption from other requirements in NRC's regulations.  
The Commission's basis for granting an exemption in this case would be that the issue is 
clearly generic and will be addressed as such by the NRC. Therefore, granting an exemption 
will not alleviate the obligations of the NRC to address the impacts of transportation of HLW in 
the vicinity of Yucca Mountain as part of its NEPA review; however, it will exempt a license 
renewal applicant from providing information in a plant-specific application. An exemption 
would be an additional action with regard to the review of the ER and the license renewal 
application. An evaluation and an environmental assessment would be developed to support 
the exemption.  

This option was initially raised by the industry and discussed because at the time there was no 
analysis of the generic and cumulative impacts of transportation of HLW and it was unclear 
what information to support such an analysis was available from DOE. With the completion of 
the staffs supplemental analysis, which will be placed in the Public Document Room, and the 
information contained in NUREG-1437, information is available upon which a more complete 
analysis may be based. Licensees may reference and adopt the staffs analyses if the 
assumptions and analyses are applicable to the particular plant. Therefore, the staff does not 
believe that an exemption will be needed.  

Option 2 - Provide a Discussion in the Plant-Specific ER (near-term applicants) 
The Commission would require applicants to address the issue of generic and cumulative 
impacts associated with transportation of HLW in the vicinity of an HLW repository site as 
required by the rule. The applicant would provide the best available information on the basis of 
its evaluation of the applicability of the supplemental analysis, NUREG-1437, and DOE 
documentation to its site and would address any changes or site-specific information the staff 
may need in support of its evaluation. The impacts of the transportation of HLW would be 
discussed in a broad sense by the licensee, recognizing the generic nature of the issue and the 
role of DOE in the HLW transportation process. The NRC staff, in its evaluation, would 
supplement the applicant's analysis with additional information and include information as it 
becomes available from DOE.
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Referencing and adopting the staffs analyses would be one acceptable way that an applicant 
could meet the requirements of the rule. The applicant would also be free to develop its own 
analysis on the basis of available DOE information. This option would allow licensees to meet 
the requirements of the rule in the near term by providing the Commission with information to 
support its evaluation. The staff is in favor of this option for license renewal applications that 
are submitted before final resolution through rulemaking is completed.  

Option 3 - Rulemaking (long-term solution) 
The Commission may amend 10 CFR 51.53(c)(3)(ii)(M) to categorize the impacts of 
transportation of HLW as a Category 1 issue. Category 1 issues allow an applicant to adopt the 
staffs generic analysis and do not require a plant-specific review in the ER. The basis for the 
rulemaking would be the staffs supplemental analysis and NUREG-1437-and would address 
both the generic and cumulative impacts of the transportation of HLW and the Table S-4 issues.  
Because this rulemaking would not be considered a candidate for a direct final rule, rulemaking 
would take approximately 1 year. The schedule is highly dependent on the extent of the public 
comments and any technical or legal challenges that may arise. The rulemaking could be 
initiated immediately, or could be initiated at the prescribed 10-year GEIS update interval (next 
update due in 2006) and could be concurrent with other options if a license renewal application 
is submitted before the rulemaking is completed. The staff is in favor of initiating rulemaking 
immediately to resolve the issue. This step would conserve both licensee and NRC resources 
in developing and reviewing the issue in plant-specific ERs.  

RESOURCES: 

The resources associated with Option 1 would be consistent with the resources needed to 
process other exemption requests, approximately .5 staff months. The resources associated 
with Option 2 would be included in the overall review of the license renewal application. The 
resources associated with rulemaking in Option 3, recognizing the uncertainties associated with 
the extent of the public comments and any legal or technical challenges, are estimated at 3 
staff months.  

COORDINATION: 

The Office of the General Counsel has reviewed this paper and has no legal objection to its 
contents.  

The Office of the Chief Financial Officer has reviewed this paper for resource implications and 
has no objections to its contents.
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RECOMMENDATION: 

The staff recommends implementing Option 3 immediately as a long-term solution and 
implementing Option 2 if a license renewal application is received before the rulemaking activity 
is completed.  

L. Joseph Callan 
Executive Director 

for Operations
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Nuclear Policy Manual - Volume 2 NSD 11L. Nuclear Environmental Management 

111. NUCLEAR ENVIRONMENTAL MANAGEMENT 

REVISION NO. PAGES or SECTIONS REVISED AND DESCRIPTION 

0 Initial Issue 

1 111.2 - Added Environmental Leadership Principles.  

111.2 - In section 2, added Safety as an owner of environmental processes.  
111.3.1 - Deleted detail list of SMT composition since this may be slightly 
different at each site.  

111.4.2 - Added 'and the Duke Intranet' since this service is now available.
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111.1 INTRODUCTION 

The purpose of this NSD is to outline the philosophy, responsibilities, and methods Oconee, McGuire 
and Catawba Nuclear Stations will use to support the Environmental Leadership Principles of Duke 
Power Company.  

The environmental commitment of the Nuclear Generation Department embodies Duke Power's 
philosophy that all employees are accountable for environmental compliance and protection of the 
environment.  

This environmental commitment applies to all personnel working at the nuclear sites, regardless if the 
personnel are permanently assigned or temporarily assigned to work on site or are vendor personnel 
working on site.  

0ZIK 0V



Nuclear Policy Manual - Volume 2 NSD 111.2 Philosophy 

111.2 PHILOSOPHY 

The philosophy of the Nuclear Generation Department is to comply with all environmental laws, regulations and the Corporate Environmental Manual in order to protect the environment. This 
commitment is embodied in the Environmental Leadership Principles.  

These Principles guide Duke Power Company employees as we strive to improve our performance in corporate environmental leadership.  

1. CORE VALUE - I care for the environment and realize that its protection is an important part of my job.  

2. WASTE REDUCTION - I plan my work to avoid or reduce waste, recycle as much as possible, and safely dispose of that which cannot be re-used.  

3. ENERGY EFFICIENCY - 1 look for ways to produce and use energy more efficiently.  
4. QUALITY OF LIFE - I perform my work in a way that seeks to protect the environment and 

improve the quality of life now and in the future.  

5. ENVIRONWMENTAL COMPLIANCE - I comply with all applicable en ironmental laws, regulations, and company environmental policy.  

6. EFFECTIVE COMMUNICATIONS - I maintain open, two-way communications on environmental Imatters.  
7. CONTINUOUS IMPROVEMENT - I continually look for ways to improve performance and better protect the environment.  

NGD's environmental commitment encompasses environmental processes which are regulated by federal, state, or local laws and regulations as well as non-regulated processes, such as recycling, which can have an impact on the environment. These environmental processes are evaluated and revised by Environmental Management as needed to attain maximum efficiency and consistency among the sites.  Guidance and direction for environmental processes shall be provided as follows: .  
1. The Corporate Environmental .Manual (CEM) provides regulato guidance and corporate interpretations to site Environmental Management.  

2. The Nuclear Environmental Process Manual (NEPM) provides consistent responsibilities and guidance to owners of NGD environmental processes. Typically this is Environmental Management, but may include Safety for programs when responsibilities involve both groups.  
3. The Environmental Work Practice Manual (EWPM) provides specific guidance to all site workers describing how each environmental process will be executed at the site leveL 

The responsibility for executing environmental processes outlined in the Environmental Work Practices lies with each person on site. Only with an educated and empowered work force executing each work 
practice can we hope to achieve 100% environmental compliance and programmatic excellence. The Environmental Management group at each site shall work with each group/individual to assist them in executing environmental processes at the site.  

The Site Management Team is the foundation of support which enables Envionmental Management and the site groups to develop and execute environmental processes through Environmental Work Practices.  Management provides support through commitment, education and resources.
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111.3 RESPONSIBILITIES 

111.3.1 SITE MANAGEMENT TEAM 

Each nuclear site has a management team which provides overall support for environmental processes.  
The responsibilities of the Site Management Team include: 

* Understanding the major environmental impacts to the site.  
* Providing broad environmental policy direction for the site.  

* Authorizing initiatives to minimize plant impact on the environment.  
* Demonstrating environmental commitment by supporting Environmental Work Practices.  
* Educating their teammates on environmental issues.  
* Ensuring compliance of their teammates with the legal and regulatory aspects of all environmental 

processes.  

* Supporting the site Environmental Support Team.  

* Environmental Management shall update the site management team on issues affecting the site through meetings, briefings or written summary as necessary.  

111.3.2 SITE ENVIRONMENTAL SUPPORT TEAM 

Each site has an Environmental Support Team consisting of representatives fro I the site groups. The Site Environmental Support Team member responsibilities include: 

* Serving as the point contact for the Chemical Control Program within their group.  
* Maintaining the Superfimnd Amendment Reauthorization Act (SARA) chemical inventory for their 

group.  
* Supporting existing environmental work practices.  

* Assisting in the development of new work practices as appropriate to ensure the site's compliance 
with regulatory issues and to support the site's commitment to the environmeit.  

* Serving as the point contact for the dissemination of environmental information within their group.  
* Educating their teammates on environmental issues.  

* Gathering information from the group(s) they represent for resolving questions and concerns on 
environmental compliance issues.  

* Assisting with periodic environmental audits and assessments for chemical control compliance, waste 
accumulation, pollution risk, and other environmental areas for their group.  

* Reviewing environmental incidents for the site.  
0 Supporting development and implementation of Stormwater Pollution Prevention, SPCC and Best Management Practices Plans.
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The Site Environmental Support Team is generally composed of members from the following groups: 
Safety Assurance/Business ESS 
Transportation Engineering 
Operations Work Control 
Safety/OE Training/Community Relations 
QA/Diversified Technology Chemistry 
Radiation Protection Commodities and Facilities 
Maintenance Security 
Business Management Janitorial/Utility Vendors 

Representation from these groups is desired because their day-to-day work is frequently effected by federal and state environmental regulations.  

Site Environmental Support Team members are selected based on their technical background or 
experience within their group and may be technicians, staff, or supervisory personnel.  

Environmental Management will determine which site sections should provide support through team 
membership. Each section needed should select at least one member to serve as a primary contact and a secondary contact to act as an alternate.  

The Site Environmental Support Team is chaired by an Environmental Management member and meets 
as necessary as determined by Environmental Management.  

111.3.3 SITE ENVIRONMENTAL MANAGEMENT 

The site Environmental Management group is responsible for.  
* Providing technical environmental support and direction to site groups/individuals for implementing 

and maintaining environmental compliance/enhancements within their areas.  
* .Providing regulatory interpretations to site groups and individuals to enable them to effectively carry 

out environmental processes.  

* Determining if an incident is reportable to local, state, and/or federal agencies.  
* Providing technical assistance, if needed, regarding proper containerizing. of spill cleanup material, 

proper labeling of cleanup containers, and storage of containers after cleanup.
* Assessing and managing environmental risks and issues as to their impact on public health and the environment as well as to the health of the corporation.  

* Chairing the Site Environmental Support Team.  

Retaining permits, applications, reports, and other documents sent to or received from government 
environmental agencies, third party assessors, or non-Duke Power interfices.  

* Interfacing with government environmental personnel at the national, state, and local levels as 
appropriate.  

* Developing and maintaining Environmental Work Practices.  

* Coordinating site environmental assessments.  
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111.3.4 SITE MANAGERS AND SUPERVISORS 

Each group manager/supervisor is responsible for.  

* Assigning environmental contacts for their section to serve on the Site Environmental Support Team.  

* Supporting Site Environmental Support Team members reporting through their line organization, 
including providing adequate time, resources, and accountabilities.  

* Ensuring their teammates are in compliance with Environmental Work Practices.  

* Ensuring that teammates in their group who are involved in environmental processes receive the 
neessary training.  

Ensuring that teammates in their group who perform environmental tasks that require a specific 
license have the appropriate license for the job.  

* Ensuring coordination of waste minimization and pollution prevention efforts for their organization in 
accordance with the Environmental Work Practices.  

* Ensuring coordination of cleanup of spills/releases of hazardous materials that were caused by their 
group from systems or components for which they have responsibility.  

* Ensuring hazardous wastes generated by their group are identified and satellite accumulation areas are 
established and maintained for their hazardous wastes.  

* *Ensuring Environmental Management is aware of permanent and temporary modifications to the site 
or equipment that may impact environment regulations, and policies.  

* Ensuring coordination with Environmental Management to provide data for spill reporting, hazardous 
waste quarterly reports, asbestos reports, waste minimization reports, goals tracking, and other 
environmental information needs.  

* Ensuring adequate procedures, tasks, guidelines, etc. exist for implementation of environmental 
processes within their group when Environmental Work Practices are not the most effective means of 
communication.  

* Ensuring vendors adhere to the Environmental Work Practices.  

* Ensuring problems and potential problems related to environmental organization are identified and 
corrected using the Problem Investigation Process (PIP).  
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111.3.5 ALL PERSONNEL ON SITE 

All personnel on site, regardless if they are permanently or temporarily assigned to the site, or vendor 
personnel are responsible for, 

* Complying with the guidance provided in the site Environmental Work Practices and group 
procedures.  

* Ensuring they have received the necessary environmental training for the tasks they perform.  
* Ensuring they have the appropriate environmental license for work requiring one.  
* Notifying their management or Environmental Management of any environmental concerns they have.  
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111.4 ENVIRONMENTAL GUIDANCE 

111.4.1 NUCLEAR ENVIRONMENTAL PROCESS MANUAL 

The Nuclear Environmental Process Manual (NEPM) contains environmental processes that have been 
evaluated by Environmental Management and other groups having ownership of an environmental 
process at all 3 nuclear sites. This evaluation process or mapping ensures the process meets or exceeds 
federal, state, and local laws and regulations and Duke Power Company policies. The evaluation also 
includes determining the most efficient and consistent method to implement the process as well as 
justifications for any site differences.  

Since the target audience for the NEPM is the environmental professional, the distribution of this manual 
is limited to owners of environmental processes.  

111.4.2 ENVIRONMENTAL WORK PRACTICES 

Environmental Management develops site specific Environmental Work Practices (EWPs) which provide 
guidance to the site on how environmental processes will be implemented. There may be several 
Environmental Work Practices for each environmental process.  

*Environmental Work Practices provide the guidance and direction which should enable the site to comply 
with federal, state, and local regulations. These work practices are/shall be developed with input from 
groups which are responsible for the implementation of the work practice. The Environmental Work 
Practice Manual is maintained current by the site Environmental Management section and is distributed 
to all groups on site through Document Control and the Duke Intranet. As the technology becomes 
available, an electronic version of the Environmental Work Practices shall be developed and made 
available to each site.  

111.4.3 GROUP PROCEDURES 

Site groups may chose to develop their own procedures when work execution requires more detailed 
information or procedures are more effective than Environmental Work Practices. In this case, 
Environmental Management shall be included in the procedure review process to provide technical 
support and to ensure the procedure guidance meets environmental regulatory requirements.
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111.5 ENVIRONMENTAL ASSESSMENTS 

Environmental Assessments will be conducted periodically at each site. These assessments include: 

111.5.1 GROUP SELF ASSESSMENTS 

Each site group performs periodic self-assessments in accordance with NSD 607. It is recommended that 
environmental processes be included in these assessments to ensure compliance with Environmental Work 
Practice requirements.  

111.5.2 SITE ENVIRONMENTAL ASSESSMENTS 

An environmental assessment of the site shall be performed by Environmental Management with the 
assistance from the Site Environmental Support Team per NSD 607, on a frequency determined by 
Environmental Management. A report of the results and plans for improvement shall be provided to site 
management.  

111.5.3 CORPORATE ENVIRONMENTAL ASSESSMENTS 

Periodically, ESS Environmental Protection will perform site environmental assessments. These 
assessments will focus on compliance as well as process management. A report will be written and 
corrective actions taken as described in the Corporate Environmental Manual 
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