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APPLICANT'S EXH. I

ENERCON SERVICES, INC.

Julien D. Abramovici, P.E.

Experience Summary

" Degreed Mechanical Engineer with over 33 years of experience

* Significant experience with ASME and ANSI codes with an emphasis on ASME Sections III,
VIII, and XI, and ANSI B31.1 and 31.7

* Registered Professional Engineer, New Jersey

" Multi-discipline Root Cause Evaluator

" License Renewal

" Third party reviews

* Former member of the EPRI-MRP who has dealt with the Alloy 600 Head Penetrations

" Reactor vessel internals (BWR and PWR)

* Steam Generator support

" Performed Alloy 600 Assessments for Three Mile Island and Fort Calhoun

* New plant operating license support

Experience Description

Since joining Enercon Services in 2000, Mr. Abramovici has been assigned to the Mt. Arlington,
New Jersey office where he has worked on a multitude of diversified tasks, which included: ISI
relief requests for Grand Gulf, Oyster Creek Reactor Vessel Internals and Reactor Vessel weld
inspections outage support, Oyster Creek CRD leakage evaluation and repair, Fort Calhoun CRDM
venting investigation, Cooper ISI and IST Programs audits, Fort Calhoun Inconel 600 assessment,
Pickering Travelling Screens problems investigations, Indian Point 2 projects assessment, Three
Mile Island (TMI) Steam Generator evaluation and repairs, TMI CRD head penetration repairs,
GSI 191 resolutions including support to French and Spanish utilities, Oyster Creek License
Renewal and many others.

Over the year, Mr. Abramovici has been involved in developing operational programs(ISI, IST,
RVMS, CLRT, etc.) for new plant applications, for NuStart utility consortium. Additionally, Mr.
Abramovici has provided technical input for heavy loads, steam generator, leak before break, MOV
reactor head inspections and many other programs as well as subject matter expertise.

Mr. Abramovici was employed as a Senior Engineer/Consulting Engineer at GPU Nuclear's
Corporate Headquarters for four years and was responsible for major plant equipment such as the
reactor vessel and internals (BWR) and steam generators (PWR). He provided technical !expertise
on various component and system issues as well as ASME and ANSI codes, with emnphasis on
ASME Section mII, VIII and XI, and ANSI B3 1.1 and 31.7. He acted as responsible or independent
reviewer for 50.59 type evaluations and performed third party design verifications on multi-
discipline modifications. He additionally evaluated "as found" conditions for acceptability for
continued operation "as is" with minimal schedule or financial impact.

Prior to this, Mr. Abramovici held the position of Mechanical Components Manager at GPU
Nuclear for two years. He was responsible for analytical support of the GPU Nuclear plant
mechanical components. This activity included evaluation of component degradation mechanisms
such as fatigue, corrosion, and cracking, ASME code pressure boundary calculations and heat
exchanger, and rotating equipment performance. He was responsible for preparation of inspection
plans and specifications for major components such as reactor internals. He reviewed inspection
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data and dispositioned associated material nonconformance reports. He evaluated component
failure events and performed associated root cause evaluations. He provided management and
guidance to the staff in the identification of problems 1vith the design or operation of the plant
systems and components by technical expertise and knowledge of regulatory requirements. He
provided management and guidance to the staff for the evaluation of engineering alternatives as
well as life assurance and life extension. This included cost/benefit analysis, development of design
criteria, and the establishment of work scope and schedules. He provided management and
guidance for the design and/or procurement of mechanical components and review of plant
operations, maintenance, surveillance practices and standards relative to these components. Large
programs included underground piping, reactor vessel internals, steam generator related issues, and
motor operated valves. He additionally chaired numerous design and constructability reviews.

'Mr. Abramovici was part of a Plant Optimization and License Renewal (POLR) group that
evaluated the adequacy of the GPUN plants for continued operation as well as license renewal.
While part of this group, he participated in and reviewed the products of various industry-related
groups, such as EPRI, and GE and B&W Owners Groups. His group was responsible for the plants
thermal cycle monitoring and calculations revisions that may be necessary to assure continued
licensing requirements compliance. After GPUN set up a License Renewal group, Mr. Abramovici
and his group continued to provide support in this arena.

As Heat Exchanger and Pressure Vessel Manager with GPU Nuclear for nine years, Mr
Abramovici's responsibilities were the same as above, but limited to heat exchangers, feedwater
heaters, pressure vessels, steam generators, pressurizers, reheaters, moisture separator pump,
turbines, and material handling equipment.
Mr. Abramovici held similar responsibilities as Piping Engineering Manager with GPU Nuclear for

one year, but these were limited to valves, piping,piping support, and material handling equipment.

While with GPU Nuclear, Mr. Abramovici additionally held various staff positions for six years.
He was responsible for the nuclear steam supply system design and modifications. As System
Engineer, he was responsible for the reactor coolant (primary) systems such as reactor coolant,
make-up and purification, and building spray and decay heat system problem identification and
resolution. He was responsible for programs related to sulfur removal from the primary loop,
especially the pressurizer. He implemented the intergranular stress, corrosion, and cracking
(IGSCC) at Three Mile Island Unit I Nuclear Generating Station. He additionally generated piping,
heat exchangers, and piping supports procurement specifications.

Prior to this, Mr. Abramovici worked as Mechanical Engineer at General Dynamics Corporation's
Electric Boat Division. In this position, he was responsible for design and evaluation of submarine
components and systems.

Education and Trainin!

B.S., Mechanical Engineering, City College of New York, 1973

M.S., Systems Management, University of Southern California, 1975

GPU Professional and Management Development Training Courses:

Principle Centered Leadership

Seven Habits of Highly Effective People

Time Management

Deming Management Methods

Teamwork and Leadership

Kepner-Tregoe Problem Solving and Decision Making
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ASME Section XI Training

Professional Affiliations and Licenses

Electric Power Research Institute (EPRI):

Steam Generator Reliability Project - Technical Advisory Group

Reactor Vessel Internal Project - Repair Committee

PWR Materials Reliability Project

Registered Professional Engineer, State of New Jersey, License 24GE2674500



Born:

Education:

Professional
Activities:

Work
Experience

JON R. CAVALLO, PE, PCS

Washington, D.C. - 1946

Pomona College
U.S. Naval Nuclear Power School
Northeastern University, Bachelor of Science in Engineering Technology, Cum Laude
University of Washington, Cold Regions Engineering
University of Colorado, Engineering Project Management
NACE, Corrosion Prevention in Oil and Gas Production
University of New Hampshire, Finance for the Non-Financial Manager
Fairleigh Dickinson University, Inspection, Evaluation and Rehabilitation of Highway Bridges
The Hartford Graduate Center, Value Engineering

Registered Professional Engineer:
Alaska, ME-5161 Connecticut, 14797
Maine, 5549 Massachusetts, 30114
New Hampshire, 8993 New Jersey, GE32609

Certifications:
SSPC Protective Coatings Specialist No. 130-35-0235
NBR Certified Nuclear Coatings Engineer No. 137

Organizational Affiliations:
Member, American Society of Mechanical Engineers
Member, American Society for Testing and Materials

Chairman Committee D-33 (2004-2008)
Member, National Association of Corrosion Engineers
Director and President (2006-2007), Maine Society of Professional Engineers
Member, Order of the Engineer
Member, Steel Structures Painting Council

Chairman, Northern New England Chapter (199 1-1998)
Chairman, New England Chapter (2000 - Present)
Member, National Strategic Planning Committee (1995-1996)

Member, Northeastern University Sigma Epsilon Rho Honor Society

Corrosion Control Consultants & Labs, Inc. 1998 - Present (Consulting Engineering Firm)
Vice-President

Independent Professional Engineer 1991 - 1998
Corrosion Engineering Consulting Services

Sponge-Jet, Inc. 1991 - Present (Surface Cleaning Systems)
Vice-Chairman

S.G. Pinney & Associates, Inc. 1986-1991 (Consulting Engineering Firm)
Northern U.S. Regional Manager (1986-1991)

Metalweld, Inc, 1983-1986 (Industrial Coating and Lining Contractor)
Manager, New England Division
Project Manager, Seabrook Nuclear Power Station

Stone & Webster Engineering Corporation, 1971-1983
Materials Engineering Division Coordinator

United States Navy, 1965-1971
Viet Nam Veteran, 1965-1966
Naval Nuclear Power Program, 1967-1971



Scott R. Erickson
PMB 223

9702 Gayton Rld.
Richmond, VA 23238

(804) 556-6522

Education:

Training:

Experience:

1983 Graduate of Hutchinson Vo-Tech Institute NDE Program

EPRI Courses, Charlotte, NC: 9/91 Level II VT1-4; 6/92: Manual
Weld Overlay UT Inspection; 8/92: Manual UT Thru-Wall Sizing;
7/94 Manual UT Inspection Testing Qualification (Performance
Demonstration Initiative; 12/04 Manual UT Reactor Pressure Vessel
Detection Qualification;

General Electric (GE) Course: 1/07 Level III VT-1

3/2004 to Present - Sonic Systems International. Certified Level III
in Magnetic Particle Testing (MT), Liquid Penetrant Testing (PT),
Ultrasonic Testing (UT), Visual Testing (VT1-3). Job duties include
Project Level HI, Inservice Inspection (ISI) Coordinator, Manual PDI
Piping/RPV examinations, BOP examinations (MT, PT, VT1
inspections of surfaces, VT-3 inspections of Supports, Hangers, and
Snubbers (Hydraulic and Mechanical))

5/2002 to 2/2004 - Alstom Power. Certified Level II in MT, PT, UT.
Job duties included performing NDE exams on refurbished/modified
turbine components.

10/1997 to 4/2002 - SSI. Certified Level H in MT, PT, UT, VT1-3.
Job duties included performing Inservice Inspections (IS1) / Balance of
Plant (BOP) / Flow Accelerated Corrosion (FAC) examinations.

9/1992 to 10/1997 - LMT. Certified Level HI in MT, PT, UT, VT1-3.
Job duties included supervising and performing ISI and System
Pressure Tests.

2/1992 to 2/1994 - Virginia Corporation of Richmond (VCR)
(Contract Employee). Certified Level III in MT, PT, UT, Level HI in
VT1-3. Job duties included supervising and Performing ISI,:BOP,
FAC, and NSS examinations.

10/1985 to 2/1992 - VCR. Certified Level HI in MT, PT, UT, Level II
in VT1-3. Job duties included supervising outage work, writing and
reviewing procedures, training and testing of employees, and
performing ISI, BOP, FAC, and NSS examinations.



4/1985 - BESTCO (for LMT). Certified Level II in MT, PT, Level I
in UT. Performed ISI examinations.

10/1984 to 4/1985 - Branch Radiographic Labs. Certified Level II
in MT, PT, Level I in UT. Job duties included performing construction
NDE examinations at Hope Creek.

7/1984 to 10/1984 - LeHigh Testing Labs. Certified Level II in
Radiographic testing (RT), MT, PT, UT. Job duties included
performing manufacturing NDE Examinations.

I I



200 Exeldh Way
KSA 2-N
Kennett Square, PA 19340

Work: 610-765-5958
Cell: 610-e59-"211
Email: michaelp.gallagher@

exeloncorp.com

Michael P. Gallagher

1981 -present Exelon
Professional
History VP License Renewal Projects

Nuclear Review Board- PSEG
VP Engineering & Technical Support- PSEG
Director Licensing & Regulatory Affairs- Mid Atlantic
BWROG Prime Representative
Nuclear Safety Review Board Member-Exelon
Director Operations Support- Mid Atlantic Region
Plant Manager- Limerick
Director of Work Management- Peach Bottom
Director of Engineering - Limerick
Plant Engineering Manager- Limerick
Operations Support Manager- Limerick
Mechanical Design Manager- Nuclear Group
Reactor Engineering Manager- Limerick
Startup Test Engineer- Limerick
Engineer- Peach Bottom

2006 to present
2004 to 2007
2004 to 2005
2001 to 2004
2001 to 2004
2000 to 2004
2000 to 2001
1998 to 2000
1996 to 1998
1995 to 1996
1993 to 1995
1992 to 1993
1989 to 1992
1986 to 1989
1982 to 1986
1981 to 1982

Education
1997
1988
1981

INPO Senior Nuclear Plant Managers Course
Masters in Business Administration, Saint Joseph's University
Bachelor of Chemical Engineering, Georgia Tech

1984-1989 Senior Licensed Operator Limerick Units 1 &2
1987 Registered Professional Engineer- Pennsylvania

Ucenses
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Michael P. Gallagher, PE
Position
Vice President License Renewal Projects

Profile
Gallagher, 48, is responsible for the overall implementation of the license renewal projects for Exelon Nuclear.

Professional History
Gallagher has 26 years experience in the nuclear industry and has held key leadership positions within Exelon
Nuclear. Prior to his current position, Gallagher was Vice President Engineering and Technical Support at the PSEG
Salem and Hope Creek stations responsible for performance improvements under the Exelon/PSEG Operating
Services Agreement. From 2001 to 2004 Gallagher was the Director of Licensing and Regulatory Affairs responsible
for compliance with Nuclear Regulatory Commission requirements. From 1998 to 2000 Gallagher was Plant Manager
of the Limerick Generating Station. Gallagher also attained a USNRC Senior Reactor Operator license while at
Limerick.

Civic Involvement
Gallagher is a member of Good Works, a Christian nonprofit organization that exists to improve the living conditions
for low-income families in Chester County, PA. Since 2000, Gallagher has also participated in Habitat for Humanity
blitz builds internationally and in the United States.

Education
Gallagher received his Bachelor in Chemical Engineering from Georgia Tech and Master in Business Administration
from Saint Joseph's University. Gallagher is a registered professional engineer in Pennsylvania.

Family
Gallagher and his wife, Gina, have five children, Erin, Claire, Kevin, Brian and Molly.



Barry M. Gordon, P. E.
Associate

Education

MS, Metallurgy and Material Science, Carnegie Mellon University
BS, Metallurgy and Material Science, Carnegie Mellon University (First in Department)
Additional courses from MIT, University of Pittsburgh and NACE in Corrosion Science

Professional Associations and Awards

Registered Professional Engineer, State of California - Corrosion Engineering
Registered Corrosion Specialist - National Association of Corrosion Engineers (NACE), International
Member - International Cooperative Group on Environmentally Assisted Cracking (ICG-EAC)
Adjunct Professor, Colorado School of Mines
Instructor Credential, California Community Colleges
Instructor, International Atomic Energy Agency (IAEA)
Patent No. 4,950,449.- Inhibition of Radioactive Cobalt Deposition in Water-Cooled Nuclear Reactors
Patent No. 5,577,083 - Method and Apparatus for Electro-Protection of Piping Systems and Reactor
Internals from Stress Corrosion Cracking
Patent No. 5,590,162 - Beta Battery
R&D Magazine's 100 award (most significant new technical products of the year) for zinc injection

Professional Experience

1998 to Present Structural Integrity Associates, Inc., San Jos6, CA
Associate

1975 to 1998 GE Nuclear Energy, San Jos6, CA
Technical Expert - Corrosion Engineering
Project Manager - Corrosion Technology
Program Manager- Stress Corrosion Cracking

1969 to 1975 Westinghouse Electric - Bettis Atomic Power Laboratory, West Mifflin, PA
Materials Engineer

Summary

Mr. Gordon has consulted on various LWR corrosion and material issues for over three decades with
special emphasis on stress corrosion cracking (SCC). He has addressed numerous materials and
corrosion problems in the LWR industry over a wide range of subjects including reactor internals,
piping, fuel hardware, water chemistry transient and core flow issues, weld overlays and repairs,
crack growth rate modeling, alloy selection, failure analysis, license renewal, NRC inspection relief,
dry fuel storage, welding of irradiated materials, decontamination, etc.

Mr. Gordon has been the SI program manager and/or co-author of over 18 EPRI sponsored programs
and reports including the landmark documents:

07/2007
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1. "Effects of Marine Environments on Stress Corrosion Cracking of Austenitic Stainless Steels
- An Evaluation of the NISA and CRIEPI Spent Fuel Storage Canister Project"

2. "Effect of PWR Water Chemistry on PWSCC"
3. "BWR Water Chemistry Guideline - 2004 Revision"
4. "Technical Basis for Guidelines for Performing Weld Repairs to Irradiated BWR Internals.
5. "Guidelines for Performing Weld Repairs to Irradiated BWR Internals
6. "Interim Welding Guidelines for BWR Internals
7. "BWR Water Chemistry Guideline - 2000 Revision
8. "Technical Justification for the Extension of the Interval between Inspections for Weld

Overlay Repairs"
9. "Technical Basis for Inspection Relief for BWR Internal Components with Hydrogen

Injection"
10. "Full-System Decontamination of a BWR Using the LOMI Process,"

Mr. Gordon is also the SI project manager for the Yucca Mountain Project for both Bechtel SAIC
and EPRI. He has conducted evaluations on the qualification of the waste package (WP) relative to
long-term materials corrosion performance, weld residual stresses and long-term corrosion
monitoring.

While at GE Nuclear Energy (GENE), Mr. Gordon was responsible for consultation, problem
analysis and management of programs on BWR materials/environmental interactions. He developed
and qualified the environmental BWR IGSCC mitigation technique, hydrogen water chemistry,
prepared the EPRI decontamination guidelines for BWRs and qualified a process for BWR fuill-
system decontamination. Mr. Gordon also co-patented a revolutionary method (GEZIP) of inhibiting
radioactivity and mitigating IGSCC in nuclear reactors, a process that won R&D Magazine's 100
award as one of the most significant new technical products of the year.

Mr. Gordon managed multi-million dollar development programs on corrosion testing, field
surveillance, failure analysis and design qualifications at GENE. He has lectured throughout the
U.S., Mexico, Canada, Japan and Europe on corrosion phenomena to technical societies, regulatory
agencies, utilities and vendors. He authored the highly acclaimed college accredited course (SUNY),
"Corrosion and Corrosion Control in BWRs" and teaches an updated and greatly expanded
"Corrosion and Corrosion Control in LWRs." Thirty US NRC personnel attended this class 2004.

Mr. Gordon has supervised senior level materials engineers and has consulted on a broad range of
materials problems for other GE businesses. He also managed the materials technical exchange
programs among GE, ABB, Hitachi and Toshiba. He has provided extensive litigation support to GE.

Mr. Gordon directed corrosion programs on steam generator materials and nuclear fuel cladding
while at Westinghouse. He performed fieldwork on the nuclear aircraft carriers Enterprise and
Nimitz and devised and qualified a new surface treatment for zirconium and hafnium alloys for
corrosion and hydriding mitigation.

07/2007



Resume: DAVID GARY HARLOW

Personal: Date of birth: July 18, 1951
Place of birth: Bowling Green, Kentucky

Home address: Business address:
149 W. Langhorne Ave. Mechanical Engineering and Mechanics
Bethlehem, PA 18017 Lehigh University
(610) 861-7471 19 Memorial Drive West

Bethlehem, PA 18015
(610) 758-4127 (office)
(610) 758-6224 (fax)
dghO@lehigh.edu

Education: B.A.: 1973 - Western Kentucky University; Mathematics and Physics
M.S.: 1976 - Cornell University; Applied Mathematics
Ph.D.: 1977 - Cornell University-, Applied Probability and Stochastic Processes

Research Interests: Probability and statistical modeling of failure processes in materials, aluminum alloys, steels, and
composites; Stochastic fracture mechanics; Stochastic differential equations and their numerical solutions;
Mechanical and system reliability; Applications of stochastic processes; Applied probability modeling

Awards: 1973 Sigma Xi - First place; for original research at Western Kentucky University
1973 Highest honors in Mathematics
1973 Pi Mu Epsilon - National Mathematics Honorary Fraternity
1973 Sigma Pi Sigma - National'Physics Honor Society
1973 Summa Cum Laude
1985 Lehigh University Award for teaching
1985 ASEE Summer Faculty Research Fellow - Naval Research Laboratory
1988 NRC Research Fellowship - Naval Postgraduate School
1992 Tau Beta Pi Teacher of the Year - Lehigh University
2006 Pi Tau Sigma Professor of the Year - Lehigh University

Professional Experience:
1992- Professor; Mechanical Engineering and Mechanics; Lehigh University
1985-1992 Associate Professor; Mechanical Engineering and Mechanics; Lehigh University
1982-1985 Assistant Professor-, Mechanical Engineering and Mechanics; Lehigh University
1979-1982 Assistant Professor; Mechanical Engineering and Mechanics; Drexel University, Philadelphia, PA
1977-1979 Research Associate; Sibley School of Mechanical and Aerospace Engineering; Cornell University,

Ithaca, NY
1974-1979 Adjunct Professor, Mathematical Sciences; Tompkins-Cortland Community College, Dryden, NY
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Publications:

Refereed Articles:

1. D.G. Harlow and S.L. Phoenix, The Chain-of-Bundles Probability Model for the Strength of Fibrous Materials
I: Analysis and Conjectures, Journal of Composite Materials 12 (1978) 195-214.

2. D.G. Harlow and S.L. Phoenix, The Chain-of-Bundles Probability Model for the Strength of Fibrous Materials
II: A Numerical Study of Convergence, Journal of Composite Materials 12 (1978) 314-334.

3. D.G. Harlow and S.L. Phoenix, Bounds on the Probability of Failure of Composite Materials, International
Journal of Fracture 15 (1979) 321-336.

4. D.G. Harlow, Properties of the Strength Distribution for Composite Materials, Composite Materials: Testing
and Design (Fifth Conference), ASTM STP 674, S.W. Tsai, Ed., American Society for Testing and Materials
(1979) 484-501.

5. D.G. Harlow and S.L. Phoenix, Probability Distributions for the Strength of Composite Materials I: Two-Level
Bounds, International Journal of Fracture 17 (1981) 347-372.

6. D.G. Harlow and S.L. Phoenix, Probability Distributions for the Strength of Composite Materials II: A
Convergent Sequence of Tight Bounds, International Journal of Fracture 17 (1981) 601-630.

7. D.G. Harlow and S.L. Phoenix, Probability Distributions for the Strength of Fibrous Materials Under Local
Load Sharing I: Two-Level Failure and Edge Effects, Advances in Applied Probability 14 (1982) 68-94.

8. D.G. Harlow, R.L. Smith, and H.M. Taylor, Lower Tail Analysis of the Distribution of the Strength of Load-
Sharing Systems, Journal of Applied Probability 20 (1983) 358-367.

9. D.G. Harlow, Statistical Properties of Hybrid Composites I: Recursion Analysis, Proceedings of the Royal
Society of London A 389 (1983) 67-100.

10. S.J. Fariborz, D.G. Harlow, and T.J. Delph, The Effects of Nonperiodic Void Spacing upon Intergranular Creep
Cavitation, Acta Metallurgica 33 (1985) 1-9.

11. D.G. Harlow, The Pure Flaw Model for Chopped Fibre Composites, Proceedings of the Royal Society of
London A397 (1985) 211-232.

12. S.J. Fariborz, C.-L Yang, and D.G. Harlow, The Tensile Behavior of Intraply Hybrid Composites 1: Model and
Simulation, Journal of Composite Materials 19 (1985) 334-354.

13. T.-S. Liu, R.J. Fields, D.G. Harlow, and T.J. Delph, Statistical Observations of Creep Cavitation in AISI Type
304 Stainless Steel, Scripta Metallurgica 19 (1985) 299-304.

14. S.L Fariborz, D.G. Harlow, and T.J. Delph, Intergranular Creep Cavitation with Time-Discrete Stochastic
Nucleation, Acta Metallurgica 34 (1986).1433-1441.

15. S.H. Johnson, DG. Harlow, and J.S. Yoon, Time Optimal Multistage Controllers for Nonlinear Continuous
Processes, Journal of Dynamic Systems and Measurement Control Transactions ASME 108 (1986) 240-247.

16. S.J. Fariborz and D.G. Harlow, The Tensile Behavior of Intraply Hybrid Composites II: Micromechanical
Model, Journal of Composite Materials.21 (1987) 856-875.
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17. T.-S. Liu, D.G. Harlow, and T.J. Delph, Stereological Analysis of Creep Cavities on Polished Surfaces,
Metallography 21 (1988) 55-76.

18. T.-S. Liu, R.J. Fields, S.J. Fariborz, D.G. Harlow, and T.J. Delph, Experimental Observations and Analysis of
Creep Cavitation in AISI 304 Stainless Steel, Acta Metallurgica 36 (1988) 2481-2491.

19. D.G. Harlow, The Effect of Proof-Testing on the Weibull Distribution, Journal of Materials Science 24 (1989)
1467-1473.

20. R.C. Dobbyn, J. Farris, D.G. Harlow, T.J. Delph, and R.J. Fields, lnsitu Imaging of Creep Cavities by
Synchrotron Microradiography, Scripta Metallurgica 23 (1989) 623-625.

21. J.P. Farris, J.D. Lee, D.G. Harlow, and T.J. Delph, On the Scatter in Creep Rupture Times, Metallurgical
Transactions A 21A (1990) 345-352.

22. D.G. Harlow and S.L. Phoenix, Approximations for the Strength Distribution and Size Effect in an Idealized
Lattice Model of Material Breakdown, Journal of the Mechanics and Physics of Solids 39 (1991) 173-200.

23. D. Xiao, D.G. Harlow, and T.J. Delph, Numerical Solutions of the Random Paris-Erdogan Equation,
Engineering Fracture Mechanics 40 (1991) 227-231.

24. D.G. Harlow and T.J. Delph, The Numerical Solution of Random Initial-Value Problems, Mathematics and
Computers in Simulation 33 (1991) 243-258.

25. D. Xiao, J.E. Yukich, D.G. Harlow, and T.J..Delph, A Simplified Probabilistic Model of the Growth of Creep
Cavitation, Philosophical Magazine A 65 (1992) 71-84.

26. D.G. Harlow and T.J. Delph, Solutions of Random Initial Value Problems, Proceedings of the International
Union of Theoretical and Applied Mechanics: Symposium on Nonlinear Stochastic Mechanics (July 1-5, 1991)
Eds. Bellorno, N. and Cascatti, F., Springer-Verlag, (1992)273-283.

27. D.G. Harlow and J.E. Yukich, Empirical Process Methods for Classical Fiber Bundles, Stochastic Processes
and Their Applications 44 (1993) 141-158.

28. R.P. Wei and D.G. Harlow, Materials Considerations in Service Life Prediction, Applied Mechanics Reviews 46
(1993) 190-193; Part of Aging of Energy Production and Distribution Systems, edited by M.M. Carroll and P.D.
Spanos, ASME Book AMR128, 1992.

29. D.G. Harlow and R.P. Wei, A Mechanistically Based Approach to Probability Modeling for Corrosion Fatigue
Crack Growth, Engineering Fracture Mechanics 45(1993) 79-88.

30. D.G. Harlow and R.P. Wei, Probability Approach for Prediction of Corrosion and Corrosion Fatigue Life, AIAA
Journal 32 (1994) 2073-2079.

31. R.P. Wei, D. Masser, H. Liu, and D.G. Harlow, Probabilistic Considerations of Creep Crack Growth, Materials
Science and Engineering A189 (1994) 69-76.

32. J.R. Cockman, R.L Fields, T.J. Delph, and D.G. Harlow, Spatial Statistics of Creep Cavities, Modelling and
Simulation in Materials Science and Engineering 3 (1995) 187-200.

33. D.G. Harlow and T.J. Delph, A Computational Probabilistic Model for Creep-Damaging Solids, Computers and
Structures 54 (1995) 161-166.
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34. P.J. Laumakis and D.G. Harlow, Probability Failure Modeling of Woven Fiber Networks, Textile Research
Journal 65 (1995) 254-264.

35. H. Liu, M. Gao, D.G. Harlow, and R.P. Wei, Grain Botindary Character, and Carbide Size and Spatial
Distribution in a Ternary Nickel Alloy, Scripta Metallurgica et Materialia 32 (1995) 1807-1812.

36. D.G. Harlow and R.P. Wei, Probability Modeling for the Growth of Corrosion Pits, Structural Integrity in
Aging Aircraft AD-47 ASME (1995) 185-194.

37. P.J. Laumakis and D.G. Harlow, Asymptotic Approximations Used in Probabilistic Failure Modeling of Woven
Fiber Networks, Textile Research Journal 65 (1995) 731-738.

38. D.G. Harlow, Reliability Modeling Based on Fatigue Crack Growth, International Journal of Mathematical
Education in Science and Technology 27 (1996) 447-454.

39. D.G. Harlow, H.-M. Lu, J.A. Hittinger, T.J. Delph, and R.P. Wei, A Three Dimensional Model for the
Probabilistic Intergranular Failure of Polycrystalline Arrays, Modelling and Simulation in Materials Science
and Engineering 4 (1996) 261-279.

40. N.R. Cawley and D.G. Harlow, Spatial Statistics of Particles and Corrosion Pits in 2024-T3 Aluminum Alloy,
Journal of Materials Science 31 (1996) 5127-5134.

41. M. Gao, S. Chen, D.G. Harlow, and R.P. Wei, Preferential Coarsening of y" Precipitates in Inconel 718 During
Creep, Metallurgical and Materials Transactions 27A (1996) 3391-3398.

42. P.J. Laumakis and DiG. Harlow, Designing a Model of a Platform Crane, The Journal of Undergraduate
Mathematics and Its Applications 17 (1996) 397-414.

43. D.G. Harlow and T.J. Delph, A Probabilistic Model for Creep-Fatigue Failure, Journal of Pressure Vessel
Technology 119 (1997) 45-51.

44. D.G. Harlow, Statistical Properties of Hybrid Composites: Asymptotic Distributions for Strain, Reliability
Engineering and System Safety 56 (1997) 197-208.

45. J.T. Gliniak, D.G. Harlow, and T.J. Delph, A Probabilistic Model for the Growth of Creep Cracks, Engineering
Fracture Mechanics 57 (1997) 25-40.

46. D.G. Harlow and R.P. Wei, A Probability Model for the Growth of Corrosion Pits in Aluminum Alloys Induced
by Constituent Particles, Engineering Fracture Mechanics 59 (1998) 305-325.

47. J. Park and D.G. Harlow, Statistical Modeling of Interfacial Damage of Polymer Encapsulated Microelectronic
Devices, International Journal of Microcircuits and Electronic Packaging 21 (1998) 17 1-176.

48. J. Rawers and D.G. Harlow, Understanding the Tensile Failure of Hot-Pressed Nanostructured Powder
Compacts, Journal of Materials Engineering and Performance 8 (1999) 35-45.

49. D.G. Harlow and R.P. Wei, Probabilities of Occurrence and Detection of Damage in Airframe Materials,
Fatigue and Fracture of Engineering Materials and Structures 22 (1999) 427-436.

50. J. Park, D.G. Harlow, and H.F. Nied, Characterization of Interfacial Adhesion Damage Induced by Accelerated
Life Testing, IEEE CPMT Transactions on Advanced Packaging 23 (2000) 100-107.

51. D.G. Harlow and TJ. Delph, Creep Deformation and Failure: Effects of Randomness and Scatter, Journal of
Engineering Materials and Technology 122 (2000) 342-347.
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52. D.G. Harlow and R.P. Wei, Materials Aging and Structural Reliability, International Journal of Materials and
Product Technology 16 (2001) 304-316.

53. J. Park, D.G. Harlow, and H.F. Nied, Growth Kinetics of Interfacial Damage: Epoxy Coating on a Generic Dual
In-Line Package, IEEE Transactions on Components and Packaging Technology 24 (2001) 482-492.

54. D.G. Harlow and R.P. Wei, Probability Modeling and Statistical Analysis of Damage in the Lower Wing Skins
of Two Retired B-707 Aircraft, Fatigue and Fracture of Engineering Materials and Structures 24 (2001) 523-
535.

55. D.G. Harlow and R.P. Wei, A Critical Comparison between Mechanistically Based Probability and Statistically
Based Modeling for Materials Aging, Materials Science and Engineering A323 (2002) 278-284.

56. D.G. Harlow, Applications of the Frtchet Distribution Function, International Journal of Materials and Product
Technology 17 (2002) 482-495.

57. J. Park and D.G. Harlow, Interfacial Degradation of Epoxy Coated Silicon Nitride, IEEE Transactions on
Components and Packaging Technologies 25 (2002) 470-477.

58. P.J. Laumakis and D.G. Harlow, Structural Reliability and Monte Carlo Simulation, International Journal of
Mathematical Education in Science and Technology 33 (2002) 377-387.

59. R.P. Wei and D.G. Harlow, Corrosion Enhanced Fatigue and MSD, AIAA Journal 41 (2003) 2045-2050.

60. D.G. Harlow, The Effect of Statistical Variability in Material Properties on Springback, International Journal of
Materials and Product Technology 20 (2004) 180-192.

61. R.P. Wei and D.G. Harlow, Mechanistically Based Probability Modeling, Life Prediction and Reliability
Assessment (invited Topical Review), Modeling and Simulation in Materials Science and Engineering 13
(2005) R33-R51.

62. D.G. Harlow, Probability Versus Statistical Modeling: Examples from Fatigue Life Prediction, International
Journal of Reliability, Quality and Safety Engineering 12 (2005) 1-16.

63. D.G. Harlow, R.P. Wei, T. Sakai, and N. Oguma, Crack Growth Based Probability Modeling of S-N Response
for High Strength Steel, International Journal of Fatigue 28 (2006) 1479-1485.

64. D.G. Harlow, The Effect of Randomness in Complex Models, (to appear).

65. D.G. Harlow, P.K. Liaw, W.H. Peter, G. Wang, and R.A. Buchanan, An Approach To Modeling The S-N
Behavior Of Bulk-Metallic Glasses, Intermetallics (to appear).

66. D.G. Harlow, M.Z. Wang, and R.P. Wei, Statistical Analysis Of Constituent Particles In 7075-T6 Aluminum
Alloy, Metallurgical and Materials Transactions (to appear).

67. D.G. Harlow, Particle Statistics in Aluminum Alloys, International Journal of Reliability, Quality and Safety
Engineering (to appear).

68. D.G. Harlow, Probabilistic Property Prediction, Engineering Fracture Mechanics (to appear).

69. D.G. Harlow, Data Fusion and Modeling for Fatigue Crack Growth Prediction, Reliability and Robust Design in
Automotive Engineering, 2007, SAE International, Warrendale, PA, (April 2007) 459-464.

7/17/2007 5 DGH



70. R.P. Wei, C. Miller, Z. Huang, G.W. Simmons, and D.G. Harlow, Mechanical and Chemical Aspects of Oxygen
Enhanced Crack Growth in Nickel-Based Superalloys, (submitted).

71. D.G. Harlow and R.P. Wei, Probability Modeling and Material Microstructure, (submitted).

Nonrefereed Articles:

1. D.G. Harlow, Probabilistic Models for the Tensile Strength of Composite Materials, Ph.D. Dissertation, Cornell
University, Ithaca, N.Y., 1977.

2. D.G. Harlow, Statistical Aspects of the Tensile Strength of Composite Materials, Proceedings IC.C.M. #2, B.R.
Noton, Ed., The Metall. Soc. AIME, (1978) 44-60.

3. D.G. Harlow and S.L. Phoenix, Tight Bounds for the Probability Distribution of the Strength of Composites,
Fracture of Composite Materials, Proceedings Sec. USA-USSR Symposium, Mar. 9-12, 1981, G.C. Sih and
V.P. Tamuzs, Eds., Martinus Nijhoff Pub., The Hague, (1982) 17-27; also published in Russian in a companion
volume.

4. D.G. Harlow, Statistical Properties of Hybrid Composites, Recent Advances in Engineering Mechanics and
Their Impact on Civil Engineering Practice, W.F. Chen and A.D.M. Lewis, Eds., ASCE, New York, (1983)
499-502.

5. D.G. Harlow (contributor), Engineering Statistics Exam File, Engineering Press, Inc., San Jose, CA (1985).

6. A. Kehagias, S.H. Johnson, and D.G. Harlow, Time Optimal Trajectory Tracking for Strongly Nonlinear
Systems, Engineering Science Preprints 23rd Ann. Meeting Soc. Engineering Science, Aug. 25-27, 1986.

7. S.L. Fariborz, J.P. Farris, D.G. Harlow, and T.J. Delph, Some Stochastic Aspects of Intergranular Creep
Cavitation, Proceedings International Seminar on High Temperature Fracture Mechanisms and Mechanics,
EGF 6, (Oct. 1987) Ed. P. Bensussan, Mechanical Engineering Publications, London, 1990, 163-176.

8. D.G. Harlow and RIP. Wei, A Probabilistic Approach to Life Prediction for Corrosion Fatigue Crack Growth,
(keynote lecture) Life Prediction of Corrodible Structures, NACE, Kauai, HA, Nov. 5-8, 1991.

9. R.P. Wei and D.G. Harlow, A Mechanistically Based Approach to Life Prediction for Corrosion and Corrosion
Fatigue of Airframe Materials, Proceedings International Workshop on Structural Integrity ofAging Airplanes,
Atlanta, GA, Mar. 31-Apr. 2, 1992.

10. R.P. Wei and D.G. Harlow, A Mechanistically Based Approach for Predicting Corrosion and Corrosion Fatigue
Life, Proceedings of the 17th Symposium of the International Committee on Aeronautical Fatigue, A.F. Blom,
ed., Stockholm, (June 9-11, 1993) 347-366.

11. D.G. Harlow and R.P. Wei, A Dominant Flaw Probability Model for Corrosion and Corrosion Fatigue,
Corrosion Control Low Cost Reliability: Proceedings of the 12th International Corrosion Congress, Houston,
5b, Sept. 19-24, 1993, 3573-3586.

12. G.S. Chen, M. Gao, D.G. Harlow, and R.P. Wei, Corrosion and Corrosion Fatigue of Airframe Aluminum
Alloys, FAA/NASA International Symposium on Advanced Structural Integrity Methods for Airframe Durability
and Damage Tolerance, NASA Conference Publication 3274, Langley Research Center, Hampton, VA, Sept.
1994, 157-173.

13. R.P. Wei and D.G. Harlow, A Mechanistically Based Probability Approach for Life Prediction, Proceedings of
International Symposium on Plant Aging and Life Prediction of Corrodible Structures, Sapporo, Japan, May
15-18, 1995, 47-57.
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14. D.G. Harlow, N.R. Cawley, and R.P. Wei, Spatial Statistics of Particles and Corrosion Pits in 2024-T3
Aluminum Alloy, Proceedings of the 15th Canadian Congress of Applied Mechanics, B. Tabarrok and S. Dost,
Eds., Victoria, BC, May 28-June 2, 1995, 116-117.

15. D.G. Harlow and T.J. Delph, A Probabilistic Formulation for Creep-Fatigue Failure Analysis, (keynote lecture)
Computational Mechanics '95: Theory and Applications, Proceedings of the International Conference on
Computational Engineering Science, S.N. Atluri, G. Yagawa, and T.A. Cruse, Eds., Mauna Lani, HI, July 30 -
August 3, 1995, 1152-1157.

16. R1P. Wei, M. Gao,and D.G. Harlow, Corrosion and Corrosion Fatigue Aspects of Aging Aircraft, Proceedings
of the Air Force 4th Aging Aircraft Conference, U.S. Air Force Academy, Colorado Springs, July 9-11, 1996,
225-250.

17. N.R. Cawley, D.G. Harlow, and R1P. Wei, Probability and Statistics Modeling of Constituent Particles and
Corrosion Pits as a Basis for MSD Analysis, Proceedings of the FAA-NASA Symposium on the Continued
Airworthiness of Aircraft Structures, C.A. Bigelow, Ed., Atlanta, August 28-30, 1996, DOT/FAA/AR-97/2, II,
July 1997, 531-542.

18. D.G. Harlow and T.J. Delph, Randomness in Creep Deformation and Failure, Creep and Fracture of
Engineering Materials and Structures, J.C. Earthman and F.A. Mohamed, Eds., The Materials, Metals, and
Materials Society, Warrendale, PA, 1997, 361-370.

19. J. Park, D.G. Harlow, and H.F. Nied, The Development of a Methodology to Statistically Characterize the
Interfacial Damage of Microelectronic Devices, Proceedings of the 8 mA Korean-American Scientists and
Engineers Association, Northeast Regional Conference, Rutgers University, New Brunswick, March 21-22,
1997, 52-56.

20. J. Park, D.G. Harlow, and H.F. Nied, Statistical Modeling of Interfacial Damage of Nonhermetically Sealed
Electronic Devices: Development and Application of the Methodology for Statistical Observations and Analysis,
Proceedings of the 3 0 'h International Symposium on Microelectronics, International Microelectronics and
Packaging Society, Reston, VA, October 12-16, 1997, 557-562.

21. R.P. Wei, C. Li, D.G. Harlow, and T.H. Flournoy, Probability Modeling of Fatigue Crack Growth and Pitting
Corrosion, ICAF97: Fatigue in New and Aging Aircraft, vol. 1, R. Cook and P. Poole, Eds, (Edinburgh, June
16-20, 1997) Engineering Material Advisory Services Ltd., London, 1998, 197-214.

22. R.P. Wei and D.G. Harlow, Aging of Airframe Materials: From Pitting to Cracking, First Joint DoD/FAAiNASA
Conference on Aging Aircraft, Ogden, UT, July 8-10, 199 (CD)7.

23. D.G. Harlow and R1P. Wei, Probabilistic Aspects of Aging of Airframe Materials: Damage Versus Detection
(invited paper), Third Pacific Rim International Conference on Advanced Materials and Processes (PRICM 3),
M.A. Imam, R. DeNale, S. Hanada, Z. Zhong, and D.N. Lee, Eds, The Minerals, Metals and Materials Society
Honolulu, HA, July 12-16, 1998, 2657-2666.

24. D.G. Harlow and R.P. Wei, Aging of Airframe Materials: Probability of Occurrence versus Probability of
Detection, Second Joint NASA/FAA/DOD Conference on Aging Aircraft, NASA/CP-1999-208982/PART1
Williamsburg, VA, August 31 - September 3, 1998, 275-283.

25. R.P. Wei and D.G. Harlow, Corrosion and Corrosion Fatigue of Aluminum Alloys - An Aging Aircraft Issue,
Seventh International Fatigue Conference, Fatigue '99, Beijing, People's Republic of China, June 8-12, 1999
(CD).

26. R.P.Wei and D.G. Harlow, Probabilities of Occurrence and Detection, and Airworthiness Assessment, ICAF99
Symposium on Structural Integrity for the Next Millennium, J.L. Rudd and R.M. Bader, eds, Bellevue, WA, July
12-16, 1999, 445-463.
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27. D.G. Harlow, L.D. Domanowski, E.J. Dolley, and R.P. Wei, Probability Modeling and Analysis of J-STARS
Tear-down Data from Two B707 Aircraft, Third Joint FAA/DoD/NASA Conference on Aging Aircraft,
Albuquerque, NM, September 20-23, 1999, (CD).

28. J. Park and D.G. Harlow, Interfacial Degradation of Epoxy Coated Silicon Nitride, 5 0 'h Electronic Components
and Technology Conference, Las Vegas, NE, May 21-24, 2000 (CD).

29. D.G. Harlow, S.V. Oshkai, and R.P. Wei, Impact of Pitting Corrosion and Corrosion Fatigue Crack Growth
Spectrum-Load Fatigue Life, Fourth Joint DoD/FAA/NASA Conference on Aging Aircraft, St. Louis, MO, May
15-18, 2000 (CD).

30. D.G. Harlow and R.P. Wei, Materials Aging and Structural Reliability, 2000 Proceedings for the Sixth ISSAT
International Conference on Reliability and Quality in Design, Orlando, FL, August 9-11, 2000 (invited paper),
1-6.

31. D.G. Harlow and R.P. Wei, Life Prediction - The Need for a Mechanistically Based Probability Approach, Key
Engineering Material: Probabilistic Methods in Fatigue and Fracture, 200 (2001) 119-138; 2000 ASME
International Mechanical Engineering Congress and Exposition, Orlando, FL, November 5 - 10, 2000 (invited
paper).

32. D.G. Harlow and R.P. Wei, The Disparity Between Mechanistic and Empirical Modeling of Variability in
Materials Damage Processes, Fifth Annual FAA/Air Force/NASA/Navy Workshop on the Application of
Probabilistic Methods to Gas Turbine Engines, Cleveland, OH, June 11 - 13, 2001 (CD).

33. R.P. Wei, M.C. Lathamn, and D.G. Harlow, Nature and Statistical Distribution of Damage in the Lower Wing
Skin of a 24-Year-Old B707-321B Aircraft, ICAF 2001: Design for Durability in the Digital Age, 3. Rouchon,
ed., Toulouse, France, June 25 -29, 2001, 469483.

34. D.G. Harlow and R.P. Wei, A Critical Comparison between Mechanistically Based and Statistically Based
Probability Modeling, ICAF 2001: Design for Durability in the Digital Age, J. Rouchon, ed., Toulouse, France,
June 25 - 29, 2001, 1085-1095.

35. D.G. Harlow, Applications of the Frechet Distribution Function, Seventh ISSAT International Conference on
Reliability and Quality in Design, Washington, DC, August 8-10, 2001, 80-85.

36. D.G. Harlow and R.P. Wei, Spatial Statistics of Particle Clusters and Modeling of Pitting Corrosion, 10"'
International Congress of Fracture, Honolulu, HA, December 3 - 7, 2001 (CD - invited paper).

37. R.P. Wei and D.G. Harlow, Corrosion Enhanced Fatigue and MSD, 43"r AIAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics, and Materials Conference; Structural Integrity Issues and Method for Aging
Aircraft, Denver, CO, April 22-25, 2002 (CD - invited paper).

38. R.P. Wei and D.G. Harlow, Aging Aircraft and Life-Cycle Engineering and Management of Engineered
Systems, Proceedings of the 8 * International Fatigue Congress, Volume 1/5 Stockholm, Sweden, June 2-7,
2002, A.F. Blom, ed., Engineering Materials Advisory Services Ltd., West Midlands, UK, 2002, 71 - 78.

39. D.G. Harlow and R.P. Wei, Mechanistically Based Probability Modeling and Reliability Analysis, Proceedings
of the 8e. International Fatigue Congress, Volume 3/5 Stockholm, Sweden, June 2-7, 2002, A.F. Blorn, ed.,
Engineering Materials Advisory Services Ltd., West Midlands, UK, 2002, 1509- 1518.

40. D.G- Harlow, The Effect of Statistical Variability in Material Properties on Springback, Eighth ISSAT
International Conference on Reliability and Quality in Design, Anaheim, CA, August 7-9, 2002, 261 - 266.
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41. D.G. Harlow and R.P. Wei, Linkage Between Safe-Life and Crack Growth Approaches for Fatigue Life
Prediction, Materials Lifetime Science and Engineering, Proceedings of a Symposium Sponsored by the
Structural Materials Division of The Minerals, Metals, and Materials Society, San Diego, CA, March 2-6, 2003,
P.K. Liaw, et al., eds, TMS, Warrendale, PA, 2003, 3 - 8 (invited paper).

42. R.P. Wei and D.G. Harlow, Materials Aging, Prognostics, and Life-Cycle Engineering and Management, 2003
TMS Annual Meeting, Materials Prognosis: Integrating Damage-State Awareness and Mechanism-Based
Prediction: Role of Probabilistics in Prognostics, March 2-6, San Diego, CA (CD - invited).

43. R.P. Wei and D.G. Harlow, Impact of Pitting Corrosion on the Evolution and Distribution of Fatigue Damage in
Aircraft Structures: Model Predictions versus Observations, NACE-International Corrosion Conference, San
Diego, CA, March 16-21, 2003 (to appear - invited).

44. R.P. Wei and D.G. Harlow, Materials Aging and Structural Reliability - A Case for Science Based Probability
Modeling, International Conference on Advanced Technology in Experimental Mechanics, Tokyo, Japan,
September 10 - 12, 2003 (to appear 7 keynote).

45. D.G. Harlow, The Effect of Randomness in Complex Models, Ninth ISSAT International Conference on
Reliability and Quality in Design, Honolulu, HA, August 6-8, 2003, 284-288.

46. D.G. Harlow, Probability Versus Statistical Modeling: Examples from Fatigue Life Prediction, Fifth Japan
Conference on Structural Safety and Reliability, Tokyo, November 26-28, 2003 (keynote) 1 - 14.

47. D.G. Harlow, Error Management, Tenth ISSA T International Conference on Reliability and Quality in Design,
Las Vegas, NV, August 5-7, 2004, 158-162.

48. D.G. Harlow, R.P. Wei, T. Sakai, and N. Oguma, Crack Growth Based Probability Modeling of S-N Response,
Very High Cycle Fatigue - 3, Kyoto and Shiga, Japan, September 16-19, 2004 (plenary lecture), 542-552.

49. RP. Wei and D.G. Harlow, Science based probability modelingand life cycle engineering and management, 2"d
International Conference on Environment Induced Cracking of Metals, Banff, Canada, September 20-24, 2004
(invited plenary lecture), (to appear).

50. D.G. Harlow, Probabilistic Property Prediction, 1 Ph International Conference on Fatigue, Turin, Italy, March
20-25, 2005 (invited), (CD).

51. Robert P. Wei, D. Gary Harlow, and David Muench, Corrosion/Corrosion Fatigue and Material Prognosis, 23d'
ICAF Symposium on "Structural Integrity ofAdvanced Aircraft and Life Extension for Current Fleets - Lessons
Learned in 50 Years after the Comet Accidents"' ICAF 2005, Hamburg, Germany, 8-10 June 2005, (to appear).

52. D.G. Harlow, Statistical Analysis of Constituent Particles in 7075-T6 Al iinum Allo0 Ele4enth ISSA T
International Conference on Reliability and Quality in Design, St. Louis, MO, Ahgiist 4-6, 2005,280-284.

53. N. Birbiis, M.K. Cavanaugh, R.G. Buchheit, D.G. Harlow, R.P.Wei, Understanding Damage Accumulation
upon AA7075-T651 Used in Airframes from a Microstructural Point of View, Proceedings of the'Symposium;
Applications of Materials Science to Military Systems, MS&T, Pittsburgh, PA. 2005.

54. D.G. Harlow, Spatial Statistics of Particles and Pitting Corrosion m Aluminum Alloys, Multisbale DamageRelated to Environment Assisted Cracking: Fracture Mechancs and Applications, !,Q.C. Sih,' S.T. Tn, and Z.D.

Wang, eds, East China University of Science and Technology, China, 2005, 269-272.

55. D.G. Harlow, Pitting Corrosion: The Role of Clusters of Particles, Twelfth ISSATInternational Conference on
Reliability and Quality in Design, Chicago, IL, August 3-5, 2006, 177-181.
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56. D.G. Harlow, Data Fusion and Science Based Modeling: A Technique for Very High Cycle Fatigue Predictions,
VHCF-4, 2007, (invited, to appear).

Patent:

R.A. Marshall and D.G. Harlow, A Method of Separating the Three Major Types of Blood Cells from a White Blood
Cell Histogram; 5,040,112 US patent application serial number 281,250 filed 12/7/88, issued 8/13/91; BIC -
1353 USA; Canadian Patent Number 2,001,728 issued 5/20/97.

D.G. Harlow and R.S. Dise, Method for Installing Blind Threaded Inserts; filed 4/6/04, patent pending.

Conference Presentations:

1. D.G. Harlow, Water Quality of the Barren River, A.A.A.S. Symposium Philadelphia, December, 1971.

2. W.G. Buckman, D.W. Cook, and D.G. Harlow, The Detection of Ultraviolet and Visible Radiation by Using the
Thermoluminiscence of Materials, Health Physics Society Symposium 16th Meeting, 197 1.

3. D.G. Harlow and W.G. Buckmnan, Luminescent Properties of CaF2:Eu, Amer. Phys. Soc. 39th Meeting,
.November 16-18, 1972.

4. D.G. Harlow, Statistical Aspects of the Tensile Strength of Intra-Ply Hybrid Composites, Ninth US. National
Congress of Applied Mechanics, Cornell University, June 24, 1982.

5. D.G. Harlow, Statistical Properties of Hybrid Composites (invited), Aerospace Technical Conference, SAE,
Washington D.C., October 1986.

6. S.L. Phoenix and D.G. Harlow, A Percolation Model for the Failure of Discontinuous Fiber Composites, The
Society of Rheology, Santa Monica, January 18-21, 1987.

7. S.L. Phoenix, C.C. Kuo, and D.G. Harlow, Statistical Modelling of the Static Strength and Lifetime of Fiber-
Reinforced Composites, American Physical Society New Orleans, March 21-25, 1988.

8. S.L. Phoenix, D.G. Harlow, and R.L. Smith, Approximations for the Strength Distribution and Size Effect in an
Idealized Lattice Model of Material Breakdown, American Physical Society March 1990.

9. D.G. Harlow, Recursive Techniques for Modelling Breakdown in Idealized Lattice Structures with Applications
to Discrete and Continuous Distributions: for Element Strength (keynote), Percolation Models of Material
Failure, Cornell University, Ithaca, NY, June, 1990.

10. T.J. Delph and D.G. Harlow, Numerical Solutions of Random Initial Value Problems, Nonlinear Stochastic
Systems, Torino, Italy, July, 1991.

11. R.P. Wei and D.G. Harlow, A Mechanistically Based Probability Approach to Life Prediction for Corrosion and
Corrosion Fatigue of Airframe Materials, International Workshop on Structural Integrity of Aging Airplanes,
Atlanta, April 1, 1992.

12. D.G. Harlow, The Effects of Random Size and Position of Creep Cavities in a Bicrystal, Society of Engineering
Science 29th Annual Meeting, La Jolla, CA, September 14-16, 1992.

13. D.G. Harlow and R.P. Wei, Corrosion and Fatigue of Aluminum Alloys: Chemistry, Micromechanics, and
Reliability, Workshop on Aging Aircraft Research, Atlanta, April 27-28, 1993.
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14. D.G. Harlow and R.P. Wei, A Probability Model for Predicting Corrosion and Corrosion Fatigue Life of
Aluminum Alloys, Conference on Extreme Value Theory and Its Applications, Gaithersburg, MD, May 2-7,
1993.

15. R.P. Wei and D.G. Harlow, A Mechanistically Based Probability Approach for Life Prediction: Mechanics and
Materials Science, First SES-ASME-ASCE Joint Meeting, Charlottesville, VA, June 6-9, 1993.

16. T.J. Delph and D.G. Harlow, A Computational Probabilistic Model for Creep-Damaging Solids, IUTAM
Symposium on Probabilistic Structural Mechanics, San Antonio, June 7-10, 1993.

17. R.P. Wei, D. Masser, and D.G. Harlow, A Probability Model for Creep Crack Growth, TMS/AMS Symposium,
Pittsburgh, October 17-21, 1993.

18. J.A. Hittinger, D.G. Harlow, and T.J. Delph, Simulation of Time-Dependent Intergranular Failure in Three-
Dimensional Polycrystalline Arrays, Materials Research Society Spring Meeting, San Francisco, April 4-8,
1994.

19. J.T. Gliniak, D.G. Harlow, and T.J. Delph, A Microscopic Model for the Probabilistic Growth of Creep Cracks,
Twelfth US. National Congress of Applied Mechanics, Seattle, June 26- July 1, 1994.

20. D.G. Harlow, G. Chen, and R.P. Wei, A Probability Model for Pitting Corrosion in Aluminum Alloys, Twelfth
US. National Congress of Applied Mechanics, Seattle, June 26 - July 1, 1994.

21. G.S. Chen, M. Gao, C. Iwashita, H.W. Liu, D.G. Harlow, and R.P. Wei, Grain Boundary Orientation and
Carbide Distribution in Ni-18Cr-18Fe Alloy Polycrystals and Bicrystals, TMS Fall Meeting, Rosemont, IL,
October 2-6, 1994.

22. R.P. Wei, M. Gao,and D.G. Harlow, Pitting Corrosion in Aluminum Alloys: Experimentation and Modeling, Air
Force 3rdAgingAircraft Conference, Wright-Patterson AFB, Ohio, September 26-28, 1995.

23. D.G. Harlow, H.-M. Lu, J.A. Hittinger, T.J. Delph, and RPP. Wei, A Three Dimensional Model for the
Probabilistic Intergranular Failure of Polycrystalline Arrays, ASME Mechanics and Materials Conference, Johns
Hopkins, Baltimore, June 12-14, 1996.

24. D.G. Harlow and TJ. Delph, Probabilistic Methods for Creep Deformation and Failure, ASME Mechanics and
Materials Conference, Johns Hopkins, Baltimore, June 12-14, 1996.

.25. J. Park, D.G. Harlow, and H.F. Nied, Statistical Modeling of Interfacial Damage: Development of Methodology,
TECHON '96, Phoenix, AZ, September 12-14, 1996.

26. R.P. We, and D.G. Harlow, Mechanistically Based Probabilistic Considerations of Cdeep Crack Growth, Joint
FAA/IUSAF Workshop on Probabilistic Methods for Gas Turbine Engines, Daytoný OHlý; K•tober 8-,1996.1

27. D.G. Harlow, The Effect of Statistical Variability in Material Properties !on Spr ngback'! Predictability,
AeroMat'97: 8th Annual Advanced Aerospace Materials and Processes Conference, Williamsburg, VA, May
12-15, 1997.

28. J. Rawers, R. Krabbe, N. Duttlinger, and D.G. Harlow, Statistical Study of Nanostruetird Material Properties,
TMS: 1997 Materials Week, Indianapolis, IN, September 14-18, 1997. I

29. R.P. Wei and D.G. Harlow, Aging of Airframe Materials: From Pitting to Cracking, Sy~npp~ium on Problems in

Mechanics and Applied Mathematics, In honor of Professor Fazil Erdogan, Bethleher, PA, June 28-30, 1998.
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30. D.G. Harlow and R-P. Wei, Corrosion and Corrosion Fatigue in Airframe Materials: Probability of Occurrence
Versus Probability of Detection, Materials Research Society Fall 1998 Meeting: Aging of Engineered Systems
with Focus on Aircraft, Boston, MA, November 30-December 4, 1998.

31. J. Park, D.G. Harlow, and H.F. Nied, Characterization and Evolution of Interfacial Damage in Microelectronic
Devices Induced by Accelerated Life Testing, ASME Mechanics and Materials Conference, Virginia Tech,
Blacksburg, June 27-30, 1999.

32. D.G. Harlow and R.P. Wei, Mechanistically Based Probability Modeling: Intergranular Failure of Three
Dimensional Polycrystalline Arrays (invited talk), Naval Materials by Design, ONR, Washington D.C., January
6-7, 2000.

33. R.P. Wei and D.G. Harlow, Materials Aging and Life Cycle Design and Management, AeroMat'00, Bellevue,
WA, June,'2000.

34. D.G. Harlow, Mechanistic Versus Empirical Modeling (invited talk), DARPA AIM Uncertainty Workshop,
Annapolis, MD, August, 27-28, 2001.

35. D.G. Harlow, Mechanistically Based Probability Models Versus Experientially Based Statistical Models for Life
Prediction (invited talk), Workshop on Materials in Design, AFOSR, Tampa, Fl, April 10-12, 2002.

36. D.G. Harlow and T.M. Pollock, Modeling the Variability in Strength in a Turbine Disk, 1 4 th US National
Congress of Theoretical and Applied Mechanics, Blacksburg, VA, June 23-28, 2002.

37. R.P. Wei and D.G. Harlow, Prognostics Workshop, Washington, D.C., July 17 - 18, 2002.

38. D.G. Harlow, Bayesian Analysis for Error Incorporated with Science Based Modeling for Yield Strength,
DARPA Workshop on Accelerated Insertion of Materials, Evanston, IL, November 13, 2003.

39. D.G. Harlow, Bayesian Analysis for Science Based Error Modeling for Yield Strength, DARPA Workshop on
Accelerated Insertion of Materials, San Diego, CA, February 2- 3, 2004.

40. D.G. Harlow, Science Based Model Tuning with Limited Data, 2 e1 h Annual General Meeting of the Steel
Research Group, Evanston, IL, March 22 - 23, 2004.

41. Robert P. Wei and D. Gary Harlow, "Materials Aging, Prognosis, and Life Cycle Engineering and
Management", AFOSR Workshop on Damage Prognosis of Metallic Materials, Washington, DC, 28-30 June
2004.

42. D.G. Harlow, G.B. Olson, and J.J. Schirra, Probabilistic Modeling and Data Fusion, Materials Science &
Technology 2004; The Accelerated Implementation of Materials & Processes, New Orleans, LA, September 26
- 29, 2004.

43. D.S. Muench, G. Kacprzynski, M.J. Roemer, R.P. Wei, and D.G. Harlow, Adaptive Prognosis Applied to
Corrosion Fatigue, Materials Science & Technology 2004; The Accelerated Implementation of Materials &
Processes, New Orleans, LA, September 26 - 29, 2004.

44. D.G. Harlow and M.Z. Wang, Statistical Analysis of Constituent Particle Distributions in 7056-T65 1, DARPA
Prognosis Meeting, Sedona, AZ, February 8 - 11, 2005.

45. D.G. Harlow, P.K. Liaw, W. Peter, G. Wang, and R.A. Buchanan, An Approach to Modeling the S-N Behavior
of Bulk-Metallic Glasses, 2005 TMS Annual Meeting & Exhibition; Symposium on Bulk Metallic Glasses, San
Francisco, February 13 - 17, 2005.
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46. R.P. Wei, D.G. Harlow, M.Z. Wang, R.G. Buchheit, and N. Birbilis, Modeling of Localized Corrosion and
Corrosion Fatigue Damage Accumulation, DARPA Prognosis Meeting, Sedona, AZ, February 8 - 11, 2005.

47. D.G. Harlow, Spatial Statistics Of Particle Clusters And Moaleling Of Pitting Corrosion, Eighth US. National
Congress on Computational Mechanics (USNCCM8), Austin, TX, July 25- 27, 2005 (invited).

48. N. Birbilis, R.G. Buchheit, R.P. Wei, D.G. Harlow, and M. Wang, Predicting Corrosion and Corrosion Fatigue
in AA7075-T651 used in Airframes, NACE, 2005.

49. RIP. Wei, D.G. Harlow, M.Z. Wang, R. Buchheit, and N. Birbilis, On the Need for Mechanistically Based
Modeling in Life Prediction and Reliability Analysis, EUROCORR 2005, Lisboa, Portugal, September 4 - 8,
2005 (invited, plenary).

50. RIP. Wei, D.G. Harlow, and R. Buchheit, Mechanistically Based Probability (MBP) Modeling In Design, Fleet
Management and Sustainment, AF Aging Aircraft Technical Interchange Meeting (TIM), Tinker AFB, OK,
October 18- 19, 2005 (invited).

51. D.G. Harlow, Mechanics Based Probability Modeling for Minimum Life Estimation of S-N Data, TMS 2006
1 3 5 *h Annual Meeting & Exhibition; A Symposium in Honor ofArt McEvily 's 80'h Birthday, San Antonio, March

12- 16, 2006.

52. D.G. Harlow, Modeling Pitting Corrosion Induced .by Clusters of Particles, 15th US. National Congress of
Theoretical and Applied Mechanics, Boulder, CO, June 25-30, 2006 (invited).

53. D.G. Harlow, M.-Z. Wang, and R.P. Wei, Probability Modeling to Reflect The Influence of Microstructure,
Materials Damage Prognosis and Life Cycle Engineering, Snowmass, CO, July 24-28, 2006 (invited).

Technical Reports:

1. D.G. Harlow, R.L. Smith, and H.M. Taylor, The Asymptotic Distribution of Certain Long Composite Cables,
Technical Report No. 384, School of Operations Research and Industrial Engineering, Cornell University,
Ithaca, NY, Aug. 1978.

2. D.G. Harlow, D. Wei, and J. Keverian, Development of a Reliability, Availability, and Maintainability (RAM)
System for the Narrow Strip Production (NSP) Process (proprietary), Kennecott/Chase Brass and Copper, Aug.
1982.

3. D.G. Harlow, Reliability Analysis for the F-18 Main Landing Gear (proprietary), McDonnell Douglas Technical
Report, Fall 1985.

4. D.G. Harlow and E.M. Wu, Antenna Wire Reliability (proprietary), NADC Technical Report, Fall 1987.

5. D.G. Harlow, Separation of Three Populations of White Blood Cells from a Histogram (proprietary), Baker
Instruments, Spring 1988.

6. D.G. Harlow, Statistical Sampling Plan for the Oyster Creek Drywell Vessel (proprietary), GPU Nuclear, Fall
1990.

7. D.G. Harlow, Reliability Functions for Composite Materials Models, USN/NPS, Report N62271-90-M-2999,
Spring 1991.

8. D.G. Harlow and R.P. Wei, A Probability Approach for Prediction of Corrosion and Corrosion Fatigue Life,
Airworthiness Assurance R&D Branch - 1995 Research Accomplishments, FAA, Atlantic City, 1995, 45-46.
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9. D.G. Harlow, N.R. Cawley, and R.P. Wei, Spatial Statistics of Particles and Corrosion Pits in 2024-T3
Aluminum Alloy, Airworthiness Assurance R&D Branch - 1995 Research Accomplishments, FAA, Atlantic
City, 1995, 47.

10. R.P. Wei and D.G. Harlow, Corrosion and Corrosion Fatigue of Airframe Materials, U.S. Department of
Transportation, Federal Aviation Administration, DOT/FAA/AR-95/76, February, 1996.

11. R.P. Wei and D.G. Harlow, Corrosion and Corrosion Fatigue of Airframe Materials: Final Report, U.S.
Department of Transportation, Federal Aviation Administration, DOT/FAA/AR-00/22, July, 2000.

Contracts and Grants:

Principal or Co-principal Investigator:

Water Quality of the Barren River, NSF, 1972.

A Probabilistic Model for Fibrous Materials, NSF, 1980 - 1982.

Structural Reliability Characterization of Short Fiber Reinforced Plastics, General Motors Technology Center, (with
A. Wang) 1981.

Development of a Reliability, Availability, and Maintainability System for Narrow Strip Processing, Chase Brass
Company, (with J. Keverian) 1981 -1982.

Practical Robot Control Laws from the Theory of Dynamical Cell-to-Cell Mappings, NSF, (with S.H. Johnson) 1984
- 1986.

Fundamentals of Automated Inference, ONR/ASEE - NRL, (with P. Mast) 1985.

Reliability of the F18 Landing Gear, McDonnell Douglas Corporation - MDRL, 1985.

Investigations of Creep Cavitation in Type 304 Stainless Steel, DOE, (with T.J. Delph) 1985 - 1986.

An Experimental and Analytical Investigation into the Statistics of Creep Rupture, NSF, (with T.J. Delph) 1986 -

1988.

Antenna Wire Reliability, NADC, (with E.M. Wu) 1987.

Reliability and Durability Analysis of Cables, NRC/ONR - NPS, (with E.M. Wu) 1988 - 1989.

Reliability without Hermeticity: Task 4.4.3 Develop Models for Reliability Predictions, MCCJUSAF, (with R.
Jaccodine, D. Jaffe, and many others) 1991- 1993.

Environmental and Stochastic Aspects of Creep Crack Growth, NSF (with R.P. Wei, TJ. Delph, M. Gao, and D.
Dwyer) 1991 - 1995.

Corrosion and Corrosion Fatigue of Airframe Materials, FAA (with R.P. Wei, M. Gao, and RD. Granata) 1992 -
1999.

Corrosion and Fatigue of Aluminum Alloys: Chemistry, Micromechanics and Reliability. AFOSR (with R.P. Wei
and M. Gao), 1993 - 1996.

Mechanistically Based Temperature and Relative Humidity Reliability Model, MCC, 1993 - 1994.
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Study of Fundamentals of Adhesion, Manufacturing, and Reliability of Organic Chip Attachment Adhesives and
Process, SRC (with R.A. Pearson and others), 1994 - 1996.

Moisture Induced Subcritical Crack Growth at Coating Interfaces. SRC (with H.F. Nied and R.A. Pearson), 1996 -
1999.

Corrosion and Fatigue of Aluminum Alloys: Chemistry, Micromechanics and Reliability, AFOSR (with R.P. Wei),
1998 - 2000.

Airworthiness Assurance Center of Excellence, FAA, participant as an affiliate member, 1997 - 1999.

Visteon - Reliability, PA Department of Community and Economic Development, (with H.F. Nied and others), 2000
-2002.

IGERT Formal Proposal: Environmental/Mechanical Interactions and Effects on the Integrity of Structural Materials,
NSF (partnership with University of Tennessee, Knoxville), 2000 - 2004.

Accelerated Insertion of Materials (AIM) - Rotor Components, DARPA/DSO (partnership with Pratt & Whitney,
and others), 2001 - 2004.

Northrop Grumman Corporation, Modeling for Corrosion and Corrosion Fatigue, DARPA, 2003 - 2008.

Data Fusion and Scientifically Based Modeling, USAF, 2006.

Probability and Statistics Teaching:
Undergraduate:

Statistics
Probability
Engineering Reliability
Advanced Mechanical Design - Mechanical Reliability

Graduate:
Applied Stochastic Processes
Mechanical Reliability
Random Vibrations
Probability Models in Mechanics
Stochastic Control
System Identification
Nondeterministic Models in Engineering
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Jon C. Hawkins
Non-Destructive Examination Inspector

Peach Bottom Atomic Power Station

Current Certifications

* Level III Ultrasonic Testing (UT) - 15 years
e Level Ill Visual Testing (VT) - 15 years
* Level III Magnetic Particle Testing (MT)
* Level III Liquid Penetrant Testing (PT)
* NDE Instructor Certified
* PDI Ultrasonic Certified in RPV, Bolting & Overlay

Previous Certifications

a Level II Radiographic Film Interpretation (RTI)
* EPRI IGSCC Ultrasonic Certified

Experience

* 1978 to 1980: NDE Level I & Level II RT film Interpreter
o International Union of Operating Engineers: Pipeline Radiography

(several company's and locations)

* 1981 to 1986: Limerick Nuclear Generating Station Unit # 1,
o Pre Service Inspection (PSI) Level II UT, VT, MT, PT

* 1986 to 1991: Limerick Nuclear Generating Station Unit # 2,
o Pre Service Inspection (PSI) Lead L/11 UT, VT, MT, PT

* 1991 to 1992: PECO Level I1 NDE Inspector

0 1992 to Present: PECO /Exelon NDE Level mI NDE Inspection Specialist
o Currently- Peach Bottom Atomic Power Station NDE Level 1I1/ Project

Manager
o PBAPS NDE Project Manager since 2001

* 2006 1R21 Oyster Creek Outage: Performed and Supervised Visual and
Ultrasonic thickness readings of the drywell shell.

UT and VT Training

* EPRI, Level III Visual Inspection, 160 hrs
* PECO, VT-1. VT-2, VT-3 Visual Inspection, 40 hrs
* PECO, VT-IC. VT-3C Visual Inspection (IWE/IWL), 40 hrs
* EPRL UT of High Energy Piping, 40 hrs
* EPRI, UT IGSCC Detection, 80 hrs



* EPRI, UT IGSCC Sizing, 40 hrs
* Sperry school for NDE, UT Weld Inspection, 40 hrs
• ASNT, UT Refresher course, 40 hrs
* PECO, NDE Instructor Training, 40 hrs



RESUME

EDWIN W. HOSTERMAN, P.E.
Mechanical/Nuclear Ehgineer

HOME ADDRESS

BUSINESS ADDRESS

REGISTRATION

EDUCATION

PRESENT EMPLOYMENT

Position:

45 Clearview Drive
Mertztown, PA 19539
(610) 682-4256
e-mail address: ehosterman@ceinetworks.com

Exelon Nuclear
200 Exelon Way
Kennett Square, PA
(610) 765-5947
e-mail address: edwin.hosterman@exeloncorp.com

Professional Engineer-Pennsylvania, Certificate No.
PE-031089-E

Bachelor of Science, Nuclear Engineering, Pennsylvania State
University, 1977
Masters of Business Administration, Temple University, 1983

Exelon Nuclear, December 2000 to present
Kennett Square

Senior Staff Engineer

Responsibilities Include:

Corporate subject matter expert for heat exchangers, condensers and feedwater heaters as well as
Corporate Program Owner for the Generic Letter 89-13 program. Developed Standard heat exchanger
testing analysis methodology for Safety Related heat Exchangers. Responsible for formulating long term
asset management strategies for condensers, feedwater heaters and buried piping. Has prepared
corporate standards for the maintenance and testing of Balance of Plant heat exchangers, condenser air
in-leakage testing and water in-leakage testing. Prepared Corporate standard specification for
replacement feedwater heaters. Has also functioned as the Corporate Thermal Performance program
manager. Prepared PEPSE model of the Limerick Generating station.

PREVIOUS EMPLOYMENT
December 2000

Senentec Inc., and Hosterman Engineering,1 Inc. January 1999 to

PECO Nuclear Co.
Limerick Generating Station

Position: Consulting Engineer

Responsibilities Include:

" Reviewed design Calculations as part of the Limerick Calculation Improvement Project
* Prepared design packages for the replacement of Service Water system valves during the 2RO5

refueling outage
* Provided installation support for the ECCS Suction Strainer modification



" Prepared room temperature analysis for various rooms at the Peach Bottom Atomic Power
Station, in support of the Fire Safe Shutdown modifications

* Prepared blowdown and room pressurization analysis in support of the Limerick Reactor Water
Cleanup pump replacement.

PREVIOUS EMPLOYMENT Apollo Consulting
Pa. Power and Light Co. August 1998 to Jan. 1999

Position: Consulting Engineer

Responsibilities Included:

* Prepared calculations to provide the design basis for the process flow diagrams for the HPCI,
RCIC, RWCU, Core Spray, RHR and Control Rod Drive systems as part of Licensing basis
project.

PREVIOUS EMPLOYMENT PECo Enerav Company, March 1992 to August 1998

Position: Senior Engineer

Responsibilities Included:

* Lead Responsible Engineer for the Emergency Service Water (ESW) and Residual Heat Removal
Service Water Systems (RHRSW).

* Program owner for the Generic Letter 89-13 program for both the Limerick and Peach Bottom
Stations.

* Developed PECo's heat exchanger testing program and a methodology for statistically analyzing
test data.

* Responsible for all hydraulic analysis to support system modifications and system flow balancing
at both the Peach Bottom and Limerick Generating Stations.

* Developed transient temperature models for the ECCS pump rooms at both Limerick and Peach
Bottom. These models have been used to reanalyze the effects of a DBA LOCA on room
temperatures as well as evaluating the effects of pipe breaks on reactor building temperatures.
Re-evaluated all heat loads served by the ESW and RHRSW systems and Ultimate Heat Sink for
.both Limerick and Peach Bottom. This re-evaluation reduced the need for testing and cleaning of
heat exchangers at the stations and reduced the post accident UHS temperature at Limerick.

* Provided consulting services regarding heat exchanger repairs and maintenance instructions for
both Limerick and Peach Bottom.

* Served as the Lead Engineer for several major modifications, in charge of cnceptual and final
designs, material procurement and installation support. Modifications included I

a) Install crosstie lines between the ESW and RHRSW systems' at Limerick to facilitate on-
line lining of approximately 3000 ft of buried piping.

b) Design and install corrosion monitoring racks to monitor the condition of the Service
Water and ESW systems at Peach Bottom.

c) Install Radiation Monitors on the High Pressure Water System at Peach Bottom.

d) Designed and Installed a heat exchanger simulator to monitor thfe condition of the RHR
heat exchanger at Limerick. This system allowed the Limerick unifs to 0p rate for a whole
refueling cycle following the discovery of severe pitting in the RHR heat exchanger tube
bundle. This allowed the planned replacement of the heat exchangers to be performed
without requiring an extended refueling outage. The estimated savings to PECo for this
modification were 85 - 87 million dollars.



e) ECCS Suction Strainer replacement for both Peach Bottom and limerick generating
Stations to meet the requirements of NRC Bulletin 96-03

* BWR Owners Group representative for ECCS Suction Strainer Working group and NPSH Generic
Letter.

* Electric Power Research Institute Service Water Assistance Project Co-ordinator

PREVIOUS EMPLOYMENT Bechtel Power Corporation. March 1988 to March 1992

Maior Assignment: Mechanical Group Supervisor
March 1988 to March 1992
Pottstown Regional Office
Pottstown, PA

Responsibilities Included:

Mechanical Engineering Group Supervisor for the Susquehanna Steam Electric Station projects.
Supervised a staff of mechanical engineers performing engineering services for Pennsylvania Power
and Light Company.

o Supporting a 5% Power Uprate Project. Support services provided include analyis of the
effects of increases in service water temperatures on reactor building room temperatures,
analyzing the effects of higher steam flows on existing high energy line break analysis and
performing research into the design basis for other plant systems as required by PP&L.

o Provided engineering services in support of an electrical safety system functional inspection
being conducted by the NRC for the Susquehanna SES. Tasks involved analysis of fuel oil
requirements and tankage capacity for the emergency diesel generators, preparing analytical
models of the control structure and reactor buildings and analyzing the current HVAC capacity
versus existing heat loads within the buildings, reviewing the design of the control structure
chillers to determine the effects of tube plugging on HVAC performance and reviewing the
emergency service water system to determine the effects of the loss of various components
on plant availability.

o Supervised and was involved in the preparation of several design basis studies of other
systems at the SSES, including the Containment Vacuum Breakers, the Process Valve
Leakage Collection System, and the Backdraft Isolation Dampers.

Supervised and participating in support for the Safety System Functional Inspection of the Emergency
Service Water and High Pressure Coolant Injection systems at the Peach Bottom Atomic Power
Station.

* Supervised a design basis reconciliation project for the Hope Creek and Salem Generating Stations
and prepared engineering modifications to the Limerick Generating Station.

PREVIOUS EMPLOYMENT Pennsylvania Power & Light Co., April 1983 to
March 1988

Maior Assignment: Project Engineer
April 1983 to March 1988
Nuclear Plant Engineering Department
Allentown, PA



Responsibilities Included:

" Lead System Engineer for HPCI and RCIC systems

" Lead Mechanical System Engineer for the plant fire protection and liquid and solid radioactive waste
treatment systems.

" Lead Mechanical Engineer for programmatic concerns such as high energy line break analysis,
several nuclear piping and system design reviews for compliance with the ASME III piping codes,
modifications to mitigate the effects of an Anticipated Transient Without Scram and personnel
radiation exposure minimization.

PREVIOUS EMPLOYMENT

Maior Assignment:

PREVIOUS EMPLOYMENT

Bechtel Power Corporation, May 1979 to April 1983

Senior Field Engineer
May 1979 to April 1983
1100 MW BWR, Limerick Generating Station
Pottstown, PA

Bums & Roe. Inc.. June 1977 to April 1979

Maior Assignment: Mechanical/ Nuclear Engineer
June 1977 to April 1979
Nuclear Analysis Group
Oradell, N.J.



Martin McAllister
Oyster Creek Nuclear Generating Station

Route 9, Forked River, New Jersey 08731

Current Certifications
Level I1I Ultrasonic Testing (UT)
Level III Magnetic Particle Testing (MT)
Level III Liquid Penetrant.Testing (PT)
Level III Visual Testing (VT)
NDE Instructor Certified
PDL Ultrasonic Certified

Previous Certifications
Level II Radiography Testing (RT)
AWS/CWI Visual Inspector
IGSCC Ultrasonics Certified

Experience
1978 to 1991
NDE Level II Inspector / Supervisor
Construction of Susquehanna Steam Electric Station and Limerick Generating Station

1991 to Present
Oyster Creek Nuclear Generating Station, Currently- Station NDE Level III
Specific drywell liner experience:

Performed ultrasonic thickness readings of the Drywell liner shell from 1991-1994 and
supervised exams (both VT and UT) from 1994 to present.
Certified as Level III UT over 13 yrs.
Certified as Level III VT over 9 yrs.

Training - UT and VT only
A.W. Beattie Tech School - Nuclear / Metallurgy / NDE - Diploma 1978, 170 hrs NDE
AWS, CWI Visual Inspection, 40 hrs
EPRJ, Level III Visual Inspection, 40 hrs
GPUN, VT-1. VT-2, VT-3 Visual Inspection, 56 hrs
EPRI, UT of High Energy Piping, 40 hrs
EPRI, UT IGSCC Detection, 40 hrs
EPRI, UT IGSCC Sizing, 40 hrs
Magnaflux, UT Weld Inspection, 40 hrs
ASNT, UT Inspection, 40 hrs
EPRI, NDE Instructor Training, 40 hrs



AHMED M. OUAOU, PE
1103 Shadow Wood Drive
Downingtown, PA 19935 (484) 947-3765

SUMMARY
Registered professional engineer with extensive, diversified experience in civil/structural design,
stress analysis, plant and construction support, and licensing. Areas of expertise include:

License Renewal Civil/structural Design and Analysis Design Basis Documents

Configuration control Dynamic Qualification of Equipment Design Review/Assessment

Project Management Process and procedure development Licensing Documents Update

PROFESSIONAL EXPERIENCE

License Renewal Experience:
Three Mile Island Nuclear Station Unit 1 03/2007 - Present

Developed ASME Section XI, Subsection IWE, IWL, IWF, and Structures Monitoring
aging management programs. The documents provide technical basis for the adequacy
of TMI-1 aging management activities to support the extended per od of operation.

* Supported scoping of structures and development of aging management reviews on an
advisory role.

Oyster Creek Generating Station License Renewal Application 11/2003 - 03/2007
* Civil/Structural lead for Oyster Creek (OC) license renewal application.
* Performed scoping, screening, and aging management reviews for OC structures
" Prepared aging management program (AMPs) basis documents and aging management

review technical basis documents.
* Evaluated Oyster Creek AMPs for consistency with NUREG-1801 AMPs
" Developed Oyster Criteria for scoping of systems and structures to meet 10 CFR 54.4

(a)(2), and NRC Staff Interim Staff Guidance (ISG-09).
" Prepared civil/structural sections of the Oyster Creek license renewal application
" Prepared position papers and project level instructions for performing scoping,

screening, and aging management review of systems and structures.
* Presented scoping and screening methodology of Oyster Creek structures and 10 CFR

54.4 (a)(2) scoping to the NRC scoping and screening methodology audit team.
* Supported the NRC AMP/AMR audit team and interfaced with the Staff and its

consultants to resolve AMP and AMR questions and issues
* Prepared response to RAls and interfaced with NRC Staff to resolve technical issues.
* Prepared presentation for, and supported the ACRS Subcommittee review of the OC

drywell corrosion issue.
* Participated in industry review of the draft NUREG-1801 Rev. I
• Member of NEI Civil/Structural Working Group team.
* Provided technical support to the drywell corrosion issue legal team.

Browns Ferry License Renewal Application 07/2003 - 11/2003
" Performed scoping and screening of Browns Ferry structures
• Review AMRs prepared by TVA consultants

Peach Bottom License Renewal Application 04/2001 - 06/2003
a Performed scoping, screening, and aging management reviews for Peach Bottom

structures and selected mechanical systems.
* Wrote civil/structural sections of the application



* Prepared response to RAls and interfaced with NRC Staff to resolve technical issues
identified during its review of the LRA

* Participated in ACRS Subcommittee hearings and responded to ACRS member's
questions related to structures.

* Reviewed and commented on NUREG-1801 Rey.O0
* Participated in industry peer review of Hatch, ANO-1, and Dresden/Quad LRAs.

Construction and Plant Support Experience
Limerick Generating Station 1998 -2001
Design and review the design of plant modifications for technical adequacy
Develop engineering strategy for resolving Thermo-Lag raceway encapsulation deficiencies
identified in NRC Generic Letter 92-08
Maine Yankee Power Station
* Review open items for nuclear safety significance, equipment reliability, licensing

commitments, and recommend their implementation strategy prior to restart from NRC
Shutdown Order.

" Assess Maine Yankee's Corrective Action Program for compliance to 10 CFR 50 Appendix
B requirements.

Peach Bottom Atomic Power Station.
Assess a pressure vessel for stress and fatigue Code requirements. Prepare a summary report
for the client on the available design margin. Develop a specification to assess Motor Operated
Valves for maximum thrust/torque. Design structural modifications for pump intake structures.
Prepare procurement documents and installation work packages for modifications.

PECO ENERGY COMPANY, Philadelphia, PA
Site Support Engineer 1993- 1996
Responsible for the design, procurement, and planning of plant modifications. Resolved
Nonconformance Reports, and Engineering Change Requests. Resolved configuration control
issues. Worked with plant operations and maintenance to improve plant equipment and
systems performance.

* Designed modifications to structures, and equipment to enhance plant safety,
performance, and improve productivity. These changes in conjunction with other plant
initiatives reduced Power Plant refueling outage length from 120 days to 22.8 days. Set
world record.

* Considered a subject matter expert on dynamic qualification and design of structures and
equipment.

• Designed reactor cavity stair tower. The tower is considered a first in the US nuclear
industry. Its use reduces refueling outage critical path time by 4 hours. The design was
selected by the company for submittal as a candidate for 1995 Power Industry "Innovative
Design Idea" Award.

Branch Manager, Processes and Procedures, Wayne, PA 1990- 1993
Responsible for planning, developing, and implementing engineering processes, policies,
directives, and procedures. Resolved configuration issues associated with Peach Bottom
power plant shutdown. Managed work performed by consultants and contractors.

BECHTEL POWER CORPORATION, San Francisco, CA
Project Engineer 1989- 1990
Responsible for scope, cost, and schedule of the $8.4 million design turnover project from the
Bechtel to the client. Managed multi-discipline group activities associated with the turnover.



Site Project Manaaer 1988- 1989
Responsible for establishing and staffing site project manager's office that is recognized as the
focal point for all engineering requests. Coordinated engineering activities to ensure prompt
support of critical construction, maintenance, and operations activities. Managed design and
installation of modifications.

Resident Project Engineer 1987 - 1988
* Managed a multi-discipline engineering team responsible for Limerick construction support.
Engineering Group Supervisor 1981 -1987

* Directed and provided technical direction for up to 60 engineers responsible for
civil/structural design and assessment of Susquehanna Steam Electric Station, and Limerick
Generating Nuclear Station structures and commodities.

Structutal Desian Experience: 1977 - 1980
* Designed steel, reinforced concrete, and masonry wall structures for Susquehanna,

Limerick, Peach Bottom, Trojan, and Midland nuclear power plants.

" Performed static and dynamic analysis using SAP, ANSYS, and STRUDL computer codes.
" Performed finite element analysis to evaluate Susquehanna Steam Electric Station, and

Limerick Generating Nuclear Station Mark II containments for BWR Mark II containment
hydrodynamic loads.

" Designed and evaluated structures and equipment for Design Basis Accident Loads.

* Developed test plans and evaluated dynamic testing of Category I equipment and
structures.

* Developed Project Specification for assessing Seismic Category Il/I Items.
* Developed masonry design criteria and standard details specific to nuclear plant structures.
* Developed response to NRC IE Bulletins 79-02, 79-14, and 80-11.

Engineer, Mining and Metals Division 1974- 1977
Responsible for the design of concrete and steel structures for two $100 million dollar projects.
Designed tanks, hoppers, conveyor towers and pipe racks. Prepared conceptual designs and
plant layout for industrial project. Prepared cost estimates, and bid packages that resulted in
job awards to the company.

EDUCATION
B.S. - Civil Engineering, University of Nevada at Reno

Graduate courses in Civil Engineering, University of California, Long Beach
Registered Professional Engineer, PA, CA



Resume of John F. O'Rourke

Present Position

Senior Project Manager, License Renewal, Exelon Nuclear, Kennett Square

Previous Positions

June 11, 1973
Joined the Philadelphia Electric Company as an Assistant Engineer in the
Power Plant Services Section of the Mechanical Engineering Division

November4, 1974
Transferred to Power Plant Design Section, Mechanical Engineering
Division

June 5, 1976
Engineer, Power Plant Design Section

April 20, 1981
Appointed as Group Leader, Piping and Pipe Supports, Power Plant Design
Section

May 26, 1984
Senior Engineer, Power Plant Design Section

June 23, 1984
Appointed as Branch Head, Plant Design and Metallurgy (formerly Fossil
Steam Supply) Branch, Power Plant Design Section

March 22, 1986
Appointed as Supervising Engineer and Branch Head, Nuclear Services
Branch, Power Plant Services Section

October 31, 1987
Appointed as Manager, Corporate Nuclear Quality (formerly Quality
Support) Division, Nuclear Quality Assurance

December 1, 1989
Appointed as Manager, Limerick Quality Division, Nuclear Quality
Assurance

May 18, 1992
Appointed as Acting Projects Division Manager, Limerick Generating
Station (until Dec. 31, 1992)

April 1, 1993
Appointed Senior Manager, Design Engineering, Site Engineering, Limerick
Generating Station.



November 18, 1996
Appointed Manager, Procedures Branch, Nuclear Engineering Division,
Chesterbrook.

May 27, 1997
Appointed Manager, Engineering Assurance and Procedures Branch,
Nuclear Engineering Division, Chesterbrook.

October 18, 1999
Appointed Manager, Mechanical Branch, Nuclear Engineering Division,
Chesterbrook

October 20, 2000
Appointed Senior Manager, Mechanical Branch, Mid-Atlantic Regional
Operating Group, Engineering Division, Exelon Nuclear, Kennett Square

July 28, 2003
Appointed Assistant Site Engineering Director for the Oyster Creek
Generating Station

September 4, 2006
Assigned to License Renewal Project, Exelon Nuclear, Kennett Square as a
Senior Project Manager for Oyster Creek and Salem/Hope Creek activities



Work Assignments

2006 - Present
Assigned to License Renewal Project for Oyster Creek to assist with
completion of Oyster Creek activities including NRC Safety Evaluation
Report review/comments, ACRS Meetings preparation/execution including
preparing and delivering presentations to the ACRS Subcommittee and Full
Committee, Re-Analysis of Oyster Creek drywell (Project Manager) and the
Evaluation of the Oyster Creek Refueling Cavity Liner leakage (Project
Manager). Appointed as the Senior Project Manager to manage all aspects
of the Salem/Hope Creek License Renewal Project under contract to
PSEG.

2003 - 2006
Responsible, along with the Director, for the management and leadership
of the Engineering Department at Oyster Creek. Acts as Director, when
the Director is away from the site, and as Senior Manager, Design and
Plant Engineering (positions combined into Asst. Director position under
Single Site Staffing Initiative). Develops and manages the Engineering
Department budget. Provides the site single point of contact for
Configuration Management activities and leadership and management of
design and modification related activities for the site, including capital and
expense projects/checkbook. Chairs the Design SubCommittee of the
Plant Health Committee and the Curriculum Review Committee. Provides
the site management sponsorship, interface and oversight for License
Renewal technical activities (application, program and technical basis
documents, audits, training, site engineering support, etc.). Acting Director
from April, 2006 thru June, 2006

1999-2003
Responsible for high-end technical support, consultation and mentoring to
the site Design Engineering and Plant Engineering organizations in the
areas of accident analysis, thermal-hydraulic analysis, diesels, heat
exchangers and condensers, structural/dynamic qualification, finite element
analysis; HVAC/compressors, turbines and pumps. Responsible for
developing strategic plans for the Regional Operating Group in the
Mechanical and Structural areas. Responsible for Program management for
selected programs (e.g., Dynamic Qualification). Completed transitioning
TMI and Oyster Creek support from Parsippany including training and
qualification of personnel, staffing and software support. Provided outage
support for Limerick as the MSRV Modification "Make-It-Happen" Manager.
Continuing as the lead for the Design Change Process Team as the
Engineering organizations develop a process ownership approach to
Engineering processes. Also, continuing as the lead for the Configuration
Management strategy and as the Custodial Team Leader for the PIMS ECR
Module. Provided support for MWROG with their implementation of
Passport and for the implementation of PIMS at TMI and Oyster Creek.

1996- 1999
Responsible for the common procedure activities (Administrative,
Engineering, Modifications) within the Nuclear Group. This includes



providing leadership for improvement initiatives and for the former
Document Steering Committee. On May 27, 1997, the Engineering
Assurance Branch was merged with the Procedures Branch providing the
added responsibility for the technical assessment of engineering and
configuration management activities throughout the Nuclear Group. This
activity as well as the procedure activities directly support Nuclear
Engineering Division's role as the PECON Design Authority. Outage
support for the Limerick refueling outages provided via assignments as
Engineering Duty Manager and MSIV and MSRV Modifications "Make-It-
Happen" Manager. During the Nuclear Group Project to develop PassPort
as a replacement for PIMS, acted as the Implementation Team Leader for
the Engineering module which included working with British Energy
counterparts to design a completely new module. Appointed as the lead for
the Design Change Process Team and the lead for the Information
Technology and Configuration Management strategies. Worked with TMI
personnel to develop the appropriate application of technical assessment
activities for TMI. Acted as a peer evaluator for an INPO Assistance visit to
Fitzpatrick.

1993- 1996
Responsible for ensuring timely, high quality, day-to-day station support for
resolution of Design Engineering issues and for the design of engineering
projects (small modifications, minor physical changes, design equivalent
changes, etc.). Responsible for ensuring configuration control is
maintained, facilitating the removal of organizational and cultural barriers
impacting Design Engineering's performance, interfacing with on-site
customers and Peach Bottom and Chesterbrook counterparts. Outage
support for Limerick refueling outages provided via assignments as the Shift
Outage Director, Engineering Duty Manager and MSIV Modification "Make-
It-Happen" Manager.

1992
Responsible for managing activities within the Limerick Projects Division
which included the Outage Section, Materials Management, Regulatory and
the Modifications Group. Responsibilities included business planning and
cost control (Both Projects Division and Limerick Quality Division under
budget in 1992)

.1989- 1993
Responsible for the independent oversight (i.e. Single point accountability)
of all Quality activities at Limerick Generating Station. Activities include
auditing, inspections, surveillances, monitoring and reviews. Significant
activities included reduction in contractor personnel, initiation of formal
divisional self-assessment activities, budget compliance, and "customer"
interface.

1987-1989
Responsible for the independent oversight of Corporate Nuclear Group
organizations (i.e., Single point accountability for oversight of Nuclear
Engineering and Nuclear Services Departments quality activities) for work
performed under the PBAPS and LGS Operational Quality Assurance



Plans. Also responsible for all vendor audit/surveillance activities, security
screening auditing, QATTS technical support, PBAPS/LGS FSAR (Chapter
17) and Quality Assurance Plans preparation/revision and NQA Procedure
and Budget coordination. Served as the Acting PBAPS Quality Manager in
1989 during the absence for training purposes of the current Quality
Manager. This assignment included-heavy HR and OD interface as well as
training in MARC, Interaction Management and Managing Organizational
Change. Also, changing culture in the Nuclear Group and in NQA and
downsizing of NQA required significant management attention.

1986-1987
Responsible for design activities associated with various systems that
support nuclear plant operations, i.e., Diesel generators, Air and Nitrogen
Systems, Gaseous Radwaste Systems, PASS, CAC, Containment, etc.
This required interfacing with the plant staffs as the "customer" focal point
for resolution of system operating problems. Also served as ERDP
(Engineering & Research Department Procedures) Task Force Chairman
during this period which required extensive interface with the Quality
Assurance organizations.

1975-1986
Responsible for piping and pipe support design activities. This required
working closely with plant staff personnel during the investigation and
resolution of piping/pipe support problems. It also included reviewing
operating data to identify plant conditions that might have caused the
problems. Frequent plant inspections were made during this period.

Appointed as Group leader for all piping and pipe support design activities
for nuclear and fossil plants in April, 1981. Appointed as Branch head,
Plant Design and Metallurgy Branch (formerly Fossil Steam Supply Branch)
in June, 1984 responsible for nuclear and fossil piping and pipe support
design activities, nuclear and fossil valve design activities and fossil steam
supply systems.

Significant activities performed during this period included:

• Project Manager, Peach Bottom Unit 2 Recirculation/RHR Piping
Replacement. The majority of the management of the field activities
was done via full time site presence working in close concert with the
contractor and the plant technical/outage staff.

Project Engineer, Eddystone Unit I main steam piping replacement.

Project Engineer, Peach Bottom torus attached piping modifications
associated with Mark I containment program. These activities
required frequent on-site presence.

Project Engineer, I.E. Bulletin 79-14 field inspections and
modifications.



1974-1979
Responsible for the design of modifications related to the Offgas Systems
at the Peach Bottom Atomic Power Station. This included the
review/investigation of operating difficulties with the System which required
plant staff interface and field inspections.

1973-1974
Responsible for various fossil plant projects, such as equipment
replacements and preparation of waste water permits.

Educational Background

Bachelor of Science in Mechanical Engineering, Drexel University, 1973, cum
/aude

Master of Science in Mechanical Engineering, Drexel University, 1975

Master of Science in Engineering Management, Drexel University, 1983

Professional Engineer, Commonwealth of Pennsylvania, 1976

Penn State Executive Management Program, 1989

PECO Quality Management Training, 1991, 1992, 1993

Senior Reactor Operators (SRO) Certification at Limerick, 1991

Three Mile Island Unit 1 Systems Training, 1999

Professional Activities

American Society of Mechanical Engineers, Philadelphia Section
Member 1974 to 1997, held various committee chairmanships and officer
positions, Section Chairman 1983-1984

American Nuclear Society, Delaware valley Section
Member 1977 to 1993

American Society for Quality Control
Member 1988 to 1993

Delaware Valley Engineers' Week Committee
Vice-Chairman 1985-88, Secretary 1988-89, Chairman, Engineer of the
Year Election Committee 1989

Edison Electric Institute Quality Assurance Committee
Alternate Philadelphia Electric representative for the NQA General Manager



and Vice-Chairman of the Nuclear Sub-Committee, 1988 to 1993

Institute of Nuclear Power Operations (INPO) Peer Evaluator, 1997

Updated 4/4/07



Fred Polaski
LicenseRenewal Manager, Exelon Nuclear

200 Exelon Way
Kennett Square, Pennsylvania 19348

Experience
* Over 36 years experience in engineering and management with Philadelphia Electric,

PECO and Exelon

• 1971-1996: Held various positions in nuclear engineering and management, mostly at
Peach Bottom Atomic Power Station:

o System Engineer

o Maintenance Engineer

o Lead Reactor Engineer

o Outage Manager

o Assistant Superintendent Operations during Peach Bottom restart

o Senior Project Manager

o Manager Independent Safety Engineering Group

* 1978: Earned Senior Reactor Operator's License on Peach Bottom Atomic Power
Station

* 1996: PECO project manager for the NEIINRC/Utility Demonstration Project on
Implementation of NEI 95-10 and Part 54.

* 1996 to 2005: Member and Vice Chair of the Electric Power Research Instutute
(EPRI) LCM Subcommittee, Chair of BWROG License Renewal Committee

* 1996 to present: Member of NEI License Renewal Task Force and License Renewal
Working Group

* 1998: Project Director for Peach Bottom License Renewal project

* 2000-present: Exelon License Renewal Manager responsible for

o Peach Bottom License Renewal Project - new license issued, May 2003

o Dresden - Quad Cities License Renewal Project - newlicense issued, October
2004

o Oyster Creek License Renewal Project

o TMI 1 License Renewal Project

o Planning for future license renewal projects within Exelon

o Participant in Peer Reviews for several license renewal applications

o Member of the License Renewal Assessment Board for Beaver Valley Nuclear
Power Station application.



Member various other industry groups on license renewal and LCM: EPRI MRP
committee on Environmentally Assisted Fatigue, Member of the License Renewal
Assessment Board for the Beaver Valley License Renewal Application, NEI License LI
Renewal Electrical and Mechanical Working Groups, Westinghouse Owner's Group
License Renewal Committee.

Education
* University QfIelaware 1971 Bachelor's of Mechanical Engineering, with High

Ho ors



Francis H. Ray
Engineering Programs Manager

Oyster Creek Nuclear Generating Station
Route 9, Forked River, NJ 08731

Experience

Over 26 years of experience in the Nuclear Industry.

December 2006-Present: Oyster Creek Nuclear Generating Station: Manager,
Engineering Programs.

* Responsible for the day-day supervision of the program owners who
implement the Regulatory driven Engineering Programs, which include
the ASME In-Service Inspection (ISI) and drywell monitoring programs.

Responsible for overseeing implementation of all license renewal
commitments including those associated with the drywell shell integrity
and inspection program.

January 2004 - December 2006: Oyster Creek Nuclear Generating Station: Manager,
Mechanical / Structural Design

Responsible for the day-to-day supervision of the Mechanical / Structural
Design Engineering Branch whose primary activities included support of
plant operations, configuration control, margin management, proactively
defend the plant design and licensing basis, modifications, and ownership
of a number of Aging Management Programs associated with the Oyster
Creek Nuclear Generating Station License Renewal Application, including
the drywell shell and related inspections and commitments.

* Supported NRC license renewal audits and inspections at the Oyster Creek
Nuclear Generating Station in 2006.

June 1999 - January 2004: PECO / Exelon Nuclear at the Limerick Generating Station:
Senior Mechanical / Structural Design Engineer

* Subject matter expert for piping and support design, structural bolting,
ASME Code and Code Case interpretations associated with evaluations of
ASME piping flaws due to corrosion.

September 1980 - June 1999: Stone and Webster Engineering Corporation (SWEC),
Cherry Hill, NJ

* Over 18 years of extensive design experience in the civil and mechanical
engineering disciplines associated with numerous nuclear power plants
under construction (e.g. Nine Mile Point 2, RiverBend, Comanche Peak,
Fermi 2, and Shoreham) and several licensed Operating plants (e.g. Peach
Bottom Atomic Power Station, Limerick Generating Station, Three Mile



L
Island, RiverBend, Nine Mile Point 2, and Browns Ferry Nuclear Plant -
Unit 2).

Received extensive training in all aspects of design in BWR and PWR L
power plant design, construction, and maintenance.

Publication

"Cost Effective In Situ Small Bore Piping Qualification for Vintage Power Plants",
ASME Pressure Vessel and Piping Division Conference, San Diego, Ca. (TP No. 91-50)

Education

Bachelor of Science, Civil Engineering, University of Pittsburgh, 1980 L

L

L

L

L
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Peter Tamburro

Programs Engineer
Oyster Creek Nuclear Generating Station

Office Phone: (609) 971-4141

EXPERIENCE

2007 to present - Programs Engineer, AmerGen LLC, Oyster Creek Nuclear Generating Station, Forked River, NJ
08731. Maintain the following Oyster Creek Programs: Drywell Material Condition Program, Open Cycle Cooling
Water Piping, and the Underground Piping Program. The purpose of these programs is to ensure that these systems
will perform their function.

1999 to 2006 - Mechanical Design Engineer, AmerGen LLC, Oyster Creek Nuclear Generating Station, Forked
River, NJ 08731

Responsibilities included: designing and managing modifications; resolving construction problems related to
modifications; evaluating component failures;ý analyzing and correcting problems related to system and equipment
degradation; and support engineering activities during scheduled and unscheduled outages.

Activities include developing: design criteria, installation and procurement specifications, construction sketches, and
overseeing development of construction drawings. Examples of modification completed successfully are: installation
of the 2004 DBT security systems, installation of various large piping systems such ESW, Service Water and Fuel
Oil Transfer Lines.

Provided engineering support to troubleshoot and modify plant equipment, to avoid or recover from unscheduled
outages. Performed and documented evaluations that support continued plant operation. Provided input to
management with regard to economic justification for funding future projects and modifications.

Responsible to ensure that UT inspection were performed in the upper drywell regions and visual inspections were
performed in the sandbed region per plant commitments.

1991 to 1999 - Mechanical Engineer, GPU Nuclear Corporation (GPUNC), Oyster Creek Nuclear Generating
Station, Forked River, NJ 08731

Responsibilities included: to support engineering activities during scheduled and unscheduled outages and to serve
as an interface between plant and corporate engineering.

Activities include developing: design criteria, installation and procurement specifications, construction sketches, and
overseeing development of construction drawings. This also includes following successful modifications in the field
and disposition of field changes: replacement of a 2000 GPM fire protection pumphouse; rerouting of large bore
piping and valves; installing HVAC equipment and process chillers; excavations to repair leaking underground
Service Water lines; and installing temperature, pressure, flow and radiation instrumentation.

Provided engineering support to trouble shoot and modify plant equipment, to avoid or recover from unscheduled
outages. Performed and documented evaluations that support continued plant operation. Developed heat exchanger
monitoring programs. Provided input to management with regard to economic justification for funding future
projects and modifications.

Also involved in a cross-disciplinary committee which "re-engineered" the project management process at GPUNC.
Key person in specifying software for the new process.

1986 to 1991 - Mechanical System Engineer, GPUNC, 100 Interpace Parkway, Parsippany, NJ 07054

Member of the corporate engineering staff: responsibilities for both the Oyster Creek and Three Mile Island Unit #1
Nuclear Power Plants included: evaluating system problems and component failures; monitoring system parameters;
analyzing, defining, and correcting problems related to system degradation; and design of plant modifications.
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Peter Tamburro

Performed and documented evaluations that supported regulatory Technical Specification revisions, and
justifications for continued plant operation. This included calculations, technical reports, and responses to audits.
Performed numerous studies and reviews related to system and component heat transfer capabilities and plant
capacity improvements, including overall effects on plant heat rates. Member of the GPUNC Thermal Performance
Committee whose purpose was to overview lost capacity issues and pursue corrective actions. Designed plant
modifications for both plants and then followed construction in the field.

Major contributor to the Oyster Creek drywell corrosion abatement program.' Responsibilities included defining
requirements for an inspection program of the drywell pressure vessel. Coordinated inspection data reduction,
performed and documented analysis, and reported results to upper management and the Nuclear Regulatory
Commission.

1982 to 1988 - Plant Analysis Engineer, GPUNC, Parsippany, 100 Interpace Parkway, NJ 07054

Responsibilities involved developing and maintaining the Plant Thermal Performance and Availability Monitoring
Programs for both the Oyster Creek and Three Mile Island Unit #1 Nuclear Power Plants. This involved developing
and refining calculations, procedures, and methods for determining plant inefficiencies and loss generation.
Developed thermal performance code models of both plants. These models have been a foundation for GPUNC
thermal performance monitoring programs at both plants. Model outputs were used for the development of replica
simulators of both plants.

Another responsibility was to review, for applicability to GPUNC plants, descriptions of adverse events which
occurred in the nuclear industry. If applicable, it was my responsibility to implement action that would reduce the
possibility for the events from occurring at GPUNC.

It was also my responsibility was to assist in the development of a SCRAM Frequency Reduction Program for
GPUNC. The program established methods which reduced the number of unnecessary reactor trips at Oyster Creek.
Participated for GPLJNC on a nuclear industry committee which exchanged lessons learned.

1980 to 1982 - Mechanical Test Engineer, Newport News Shipbuilding & Drydock Company, Newport News,
Virginia

Mechanical system testing of two A4W type nuclear power plants on the CVN-70 aircraft carrier.

EDUCATION

B.S. in Chemical Engineering from Clarkson University,Potsdam, NY (May 1980).
M.S. in Computer Science from Fairleigh Dickinson University, Teaneck, NJ (October 1986).
Professional Engineer, State of New Jersey, 1986.
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APPLICANT'S EXH. 2

AmerGen Energy Company. LLC www.exeloncorp.com An Exelon Company
200 Exelon Way
Kennett Square, PA 19348

10 CFR 50
10 CFR 51

10 CFR 54

2130-05-20159

July26, 2005

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

Oyster Creek Generating Station
Facility Operating License No. DPR- 16
NRC Docket No. 50-219

Subject: Application for Renewed Operating License - Reformatted CD-ROM

References: Letter from C. N. Swenson (AmerGen Energy Company, LLC) to U. S. NRC
"Application for Renewed Operating License" dated July 22, 2005

AmerGen Energy Company, LLC (AmerGen) submitted an application for the renewal of the
operating license for the Oyster Creek Generating Station (OCGS) pursuant to U. S. Nuclear
Regulatory Commission (NRC) regulations 10 CFR 50, 51 and 54 in the above referenced letter.

For clarity, the enclosed CD-ROM is being provided in a revised electronic file format that is
intended to resolve issues with image resolution and embedded fonts. It is solely an
administrative reformatting. Specifically, Enclosure 2 is a single compact disc (CD), formatted
in a manner that is consistent with "Guidance for Electronic Submissions to the Commission",
referenced in the Federal Register on October 10, 2003 (68 FR 58826). This CD contains files
suitable for entry into the NRC's record retrieval system, ADAMS.

It is not practicable to provide fully text searchable files for Appendices 1, C, D and E of the
Environmental Report since they contain copies of documents and graphics that must be scanned
as image files. Thus, AmerGen also is providing a paper copy of the complete Oyster Creek
Generating Station "Application for Renewed Operating License" in Enclosure 3 (four volumes).

Inasmuch as this submittal only involves administrative changes to the electronic formatting, the
Application for Renewed Operating License submitted by letter dated July 22, 2005, remains
operative.

If you have any questions, please contact Fred Polaski, Manager License Renewal, at 610-765-
5935.



July 26, 2005

Page 2

Respectfully,

Pamela B. owan
Director - Licensing and Regulatory Affairs
AmerGen Energy Company, LLC

Enclosures: 1. Affidavit
2. CD-ROM labeled "Oyster Creek Generating Station, License Renewal
Application, July 2005, Reformatted CD-ROM"
3. Oyster Creek Generating Station, License Renewal Application (four volume
paper copy)

cc: Regional Administrator, USNRC Region I, without enclosures
NRC Project Manager, NRR - License Renewal, Safety, without enclosures
NRC Project Manager, NRR - License Renewal, Environmental, without
enclosures
USNRC Senior Resident Inspector, OCGS, without enclosures
Bureau of Nuclear Engineering, New Jersey Department of Environmental Protection,
without enclosures
File No. 05040



STATE OF PENNSYLVANIA

CHESTER COUNTY

IN THE MATIER OF:

AMERGEN ENERGY COMPANY (AmerGen), LLC

Oyster Creek Generating Station

)

)

) Docket Number

) 50-219

SUBJECT: Application for Renewed Operating License- Reformatted CD-ROM

AFFIDAVIT

I affrm that the content of this transmittal is true and correct to the best of my
knowledge, information, and belief.

Pamela B. Cowan
Director - Licensing and Regulatory Affairs
AmerGen Energy Company, LLC

Subscribed and sworn to before me, a Notary Public in and

for the State above named, this :' day of

'2005

Notary Public
COMMONWEALTH OF PENNSYLVANIAI NoSeal

VMeePV.Galsiore. NotaryPtc
K=Mft Squar B=~ amsec='

Member. Penntsylvania Association Of Notaries



Enclosure 2 consists of one CD-ROM labeled "Oyster Creek Generating Station, License
Renewal Application, July 2005, Reformatted CD-ROM" containing the following 3 files:

0O-LRA.pdf; 5,025 KB; publicly available
02-ER(TOC-Chap9).pdf; 14,027 KB; publicly available
03-ER(Appendix A-F).pdf; 40,194 KB; publicly available

ii
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LICENSE RENEWAL APPLICATION

OYSTER CREEK GENERATING STATION

DOCKET No. 50-219

Facility Operating License No. DPR-16



Section 2.0
Scoping and Screening Methodology and Results

2.4.1 Primary Containment

System Purpose

The Primary Containment Structure is comprised of the primary containment, containment
penetrations, and internal structures. The structure is enclosed by the Reactor Building, which
provides secondary containment, structural support, shielding, shelter, and protection, to the
containment and components housed within, against external design basis events.

The primary containment is a General Electric Mark I design and consists of a drywell, a
pressure suppression chamber, and a vent system connecting the drywell and the suppression
chamber. It is designed, fabricated, inspected, and tested in accordance with the
requirements of the ASME Boiler and Pressure Vessel Code, Section VIII, and Nuclear Code
Casesl270N-5, 1271N and 1272N-5. The containment is safety related, classified Seismic
Class I structure.

The drywell is a steel pressure vessel, in the shape of an inverted light bulb, with a spherical
lower section and a cylindrical upper section. The lower spherical section is embedded
externally in the reinforced concrete foundation and covered internally by a fill slab at the
bottom of the drywell. The top portion of the drywell vessel consists of a steel head that is
removed during refueling operations. The head is bolted to the drywell flange and is sealed
with a double seal arrangement. Access into the drywell is through a personnel
airlock/equipment hatch, with two mechanically interlocked doors, and other access hatches.
The drywell houses the reactor pressure vessel, the reactor coolant recirculation system,
safety relief valves, electromatic relief valves (EMRVs), branch connections of the reactor
primary system, containment drywell spray header, and internal structures discussed below.
The drywell shell and the enclosing reactor building concrete are separated by an air gap to
allow for differential thermal expansion between the shell and the concrete during any mode of
plant operation.

The pressure suppression chamber is a toroidal shaped, steel pressure vessel encircling the
base of drywell. The suppression chamber, commonly called the torus, is partially filled with
demineralized water and includes internal steel framing, and access hatches. The suppression
chamber is mounted on support structures that transmit loads to the reactor building
foundation. Major components inside the suppression chamber include Emergency Core
Cooling Systems (ECCS) suction strainers, which are connected to the ECCS suction header

located outside the chamber, torus spray header, and Y-Quenchers.

The vent system consists of ten circular vent lines, which form a connection between the
drywell and the pressure suppression chamber. The lines enter the suppression chamber
through penetrations provided with expansion bellows and join into a common header
contained within the air space of the suppression chamber. The header discharge is through
120 downcomer pipes, which terminate below the water level in the torus. The header and the
downcomer pipes are supported from the suppression chamber shell.

The primary containment is provided with a vacuum breaker system to equalize the pressure
between the drywell and the suppression chamber, and between the suppression chamber and
the reactor building. The vacuum breaker system assures that the external design pressure
limits of the two chambers are not exceeded.

Oyster Creek Generating Station Page 2.4-2
License Renewal Application



Section 2.0
Scoping and Screening Methodology and Results

The primary containment is penetrated at several locations by piping, instrument lines,
ventilation ducts, and electric leads. The penetrations consist of sleeves welded to drywell
vessel or suppression chamber and are of two general types. Those required to accommodate
thermal movements; and those, which experience relatively little thermal stress. Penetrations
required to accommodate thermal movements are provided with expansion bellows.

Internal structures consist of a fill slab, reactor pedestal, biological shield wall and its lateral
support, and structural steel. The fill slab is reinforced concrete placed in the bottom of the
drywell to provide a working base for supporting the reactor pedestal and other structures and
components inside the drywell.

The reactor pedestal is a reinforced concrete cylinder with an outside diameter of 26 feet. The
pedestal provides structural support to the reactor pressure vessel, the biological shield wall,
and floor framing. The biological shield wall extends above the reactor pedestal and is a
composite steel, concrete cylinder with an inside diameter of approximately 21 feet. The wall
is framed with steel columns covered with steel plate on each face and filled partly with normal
density concrete and partly with high-density concrete. The top of the wall is capped with a
steel plate and laterally braced to the drywell vessel.

Structural steel includes floor framing steel for the platforms inside the drywell, and a catwalk
inside the suppression chamber. It also includes miscellaneous steel inside the containment
such as grating, ladders, connection plates; electrical cable trays, and electrical conduits.

The purpose of the primary containment is to accommodate, with a minimum of leakage, the
,pressures and temperatures resulting from the break of any enclosed process pipe; and
thereby, to limit the release of radioactive fission products to values, which will insure offsite
dose rates well below 10CFR100 guideline limits. It also provides a source of water for ECCS
and for pressure suppression in the event of a loss-of-coolant accident. The primary
containment and internal structures also provide structural support to the reactor pressure
vessel, the reactor coolant systems, and other safety and nonsafety related systems,
structures, and components housed within, The biological shield wall provides the added
function of radiation shielding to maintain drywell environment within equipment qualification
parameters.

Included in the evaluation boundary of the Primary Containment are the drywell, drywell head,
suppression chamber, vent lines, downcomers, drywell and suppression chamber
penetrations, vent line bellows, drywell penetration bellows, personnel'air lock/equipment and
other hatches, pressure retaining bolting, thermowells, and internal striuctures listed above.

Not included in the evaluation boundary of the Primary Containment are safety relief valves
and EMRVs, EMRV discharge lines, Y-Quenchers, drywell and torus' spray headers, vacuum
breakers, ECCS suction strainers and header, downcomer bracing, suppression chamber
(torus) supports, and other component supports. These components'are separately evaluated
with their respective license renewal systems. That is, safety relief valves, EMRVs, EMRV
discharge lines, and Y-Quenchers are evaluated with Main Steam System. Drywell and torus
spray headers, and ECCS suction strainers and header are evaluated with the Containment
Spray System. Vacuum breakers are evaluated with the Containment Vacuum Breakers
System. Downcomer bracing, suppression chamber supports, and other component supports
are evaluated with the Component Supports Commodity Group.

Oyster Creek Generating Station Page 2.4-3
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Section 2.0

Scoping and Screening Methodology and Results

For more detailed information, see UFSAR Sections 3.8 and 6.2

Reason for Scope Determination

The Primary Containment meets the scoping requirements of 10 CFR 54.4(a)(1) because it is J
a safety-related structure which is relied upon to remain functional during and following design
basis events. It meets 10 CFR 54.4(a)(2) because failure of nonsafety related portions of the
structure could prevent satisfactory accomplishment of function(s) identified for 10 CFR
54.4(a)(1). It also meets 10 CFR 54.4(a)(3) because it is relied upon in the safety analyses
and plant evaluations to perform a function that demonstrates compliance with the
Commission's regulations for fire protection (10 CFR 50.48), ATWS (10 CFR 50.62), and
Environmental Qualification (10 CFR 50.49). The Primary Containment is not relied upon in

the safety analyses and plant evaluations to perform a function that demonstrates compliance
with Station Blackout (10 CFR 50.63).

System Intended Functions

1. Controls the release of fission products to-the secondary containment in the event of design
basis loss-of-coolant accidents (LOCA) so that off site consequences are within acceptable
limits. (10 CFR 54.4(a)(1))

2. Provides sufficient air and water volumes to absorb the energy released to the containment
in the event of design basis event so that pressure is within acceptable limits. (10 CFR
54.4(a)(1))

3. Provides a source of water for core spray, containment spray, and condensate transfer
systems. (10 CFR 54.4(a)(1))

4. Provides physical support, shelter, and protection for safety related systems, structures, and
components (SSCs). 10 CFR 54.4(a)(1)

5. Provides physical support, shelter, and protection for nonsafety related systems, structures,
and components (SSCs) whose failure could prevent satisfactory accomplishment of
function(s) identified for 10 CFR 54.4(a)(1). 10 CFR 54.4(a)(2)

6. Relied upon in safety analyses or plant evaluations to perform a function that demonstrates
compliance with the commission's regulations for Anticipated Transients without Scram (10
CFR 50.62). 10 CFR 54.4(a)(3)

7. Relied upon 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). 10 CFR
54.4(a)(3)

8. Relied upon in safety analyses or plant evaluations to perform a function that demonstrates
compliance with the commission's regulations for Environmental Qualification (10 CFR 50.49).
10 CFR 54.4(a)(3)

UFSAR References

3.8
6.2

License Renewal Boundary Drawings U
LR-JC-19702
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Section 2.0
Scoping and Screening Methodology and Results

Table 2.4.1 Primary Containment
Components Subject to Aging Management Review

Component Type Intended Functions
Access Hatch Covers Pressure Boundary
Beam Seats Structural Support
Biological Shield Wall - Concrete Shielding
Biological Shield Wall - Lateral Support Structural Support
Biological Shield Wall - Liner Plate Structural Support
Biological Shield Wall - Structural Steel Structural Support
Cable Tray Structural Support
Class MC Pressure Retaining Bolting Pressure Boundary
Concrete embedment Structural Support
Conduits Enclosure Protection

Structural Support
Downcomers Pressure Boundary
Drywell Head Pressure Boundary

Structural Support
Drywell Penetration Bellows Pressure Boundary
Drywell Penetration Sleeves Pressure Boundary

Structural Support
Drywell Shell Pressure Boundary

Structural Support
Drywell Support Skirt Structural Support,
Liner (Sump) Leakage Boundary
Locks, Hinges, and Closure Mechanisms Pressure Boundary

Structural Support
Miscellaneous Steel (catwalks, handrails, Structural Support
ladders, platforms, grating, and associated
supports)
Panels and Enclosures Enclosure Protection

Structural Support
Penetration Closure Plates and Caps Pressure Boundary
(spare penetrations)
Personnel Aidock/Equipment Hatch Pressure Boundary
Reactor Pedestal Structural Support
Reinforced Concrete Floor Slab (fill slab) Enclosure Protection

_ _ _ _ _ Structural Support
Seals, ýGaskets, and 0-dngs Pressure Boundary
Shielding Blocks and Plates Shielding
Structural Bolting Structural Support
Structural Steel (radial beams, posts, Structural Support
bracing, plate, connections, etc.)
Suppression Chamber Penetrations Pressure Boundary

Structural Support
Suppression Chamber Ring Girders Structural Support
Suppression Chamber Shell Pressure Boundary

Oyster Creek Generating Station

License Renewal Application
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Section 2.0
Scoping and Screening Methodology and Results

Suppression Chamber Shell Structural Support
Suppression Chamber Shell Hoop Straps Structural Support
Thermowells Pressure Boundary
Vent Header Deflector HELB Shielding
Vent Jet Deflectors HELB Shielding
Vent line bellows Pressure Boundary
Vent line, and Vent Header Pressure Boundary

The aging management review results for these components are provided in
Table 3.5.2.1.1 Primary Containment

-Summary of Aging Management Evaluation

'.4

U
2
U

~1

2
2
2Oyster Creek Generating Station
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Aging Management keview Results

Sectin 

3.

Table 3.0-2 -' Oyster Creek External Service Environments

Oyster Creek Description Equivalent NUREG-1801

Environment Environment

Adverse localized Environment, which could exist in limited plant areas Adverse Localized
Environment caused by heat, radiation, moisture or voltage in the Environment

presence of oxygen. Used for electrical insulation only.

Aggressive Environment1  Ground water and raw water environments are Aggressive Environment
considered aggressive if pH < 5.5, or chlorides > 500
ppm, or sulfates > 1500 ppm.

Boiler Treated Water2  Demineralized water subject to chemistry controls Treated Water
recommended by the boiler manufacturer. Water
chemistry controls are implemented through plant
procedures.

Closed Cooling Water Treated water subject to water chemistry controls Closed cycle cooling
recommended in EPRI TR-1 07396, "Closed Cooling water
Water Chemistry Guidelines.'

Closed Cooling Water includes Reactor Building Closed
Cooling Water (RBCCW), and Turbine Building Closed
Cooling Water (TBCCW).

Closed Cooling Water < Closed cooling water below the temperature threshold Closed cycle cooling

140°F3  for SCC in austenitic stainless steel components. water

Concrete Embedded or Encased in concrete Concrete

1 This environment is not an exact match of aggressive environment defined in NUREG-1801,
Table IX.D. However it is an exact match of the aggressive environment used in NUREG-1801
AMR tables, for example line Item 111A3-4 (T-05).

is environment is not an exact match of the environment defined in NUREG-1801 because

water chemistry Is controlled to different guidelines. However for aging management review
considerations it is considered equivalent.

3 This environment is not an exact match of environments defined in NUREG-1 801; however it is
bounded by the listed equivalent NUREG-1801 environment Q.
Oyster Creek Generation Station
Ucense Renewal Application
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Aging Management Review Results

C Table 3.0-2 - Oyster Creek External Service Environments

I!

J

U

C

Oyster Creek Description Equivalent NUREG-1801
Environment Environment

Containment Atmosphere This environment is inert with nitrogen to render the Air - Indoor
atmosphere non-flammable by maintaining the oxygen
content below 4% by volume. The average normal Uncontrolled
temperature inside the drywell is 1390F, with a humidity
range of 20-40%. The upper elevations (above elev. Air with Reactor Coolant
95') of the drywell could be exposed to higher Leakage
temperatures, up to 256°F. For bolting this environment
includes potential leakage of treated water, steam, or Air with Steam or Water
raw water. Leakage

Dry Gas Nitrogen Gas

Air, Dry

Encased Applies to components encapsulated in steel, or Environment not in
aluminum. Encased components are inaccessible, and NUREG-1801
not exposed to air, water, or other environments.

Fuel Oil Diesel oil used for the combustion engines and heating Fuel Oil
boilers.

Indoor Air Air in a sheltered environment, other than containment Air - indoor
atmosphere. Air temperature range is 650F - 140OF and
the humidity is 100% maximum. For bolting this Uncontrolled
environment includes potential leakage of treated water,
steam, sodium pentaborate, or raw water. Air with Reactor Coolant

Leakage

Air with Steam or Water
Leakage

Lubricating Oil Low to medium viscosity hydrocarbons used for Lubricating Oil
lubrication of rotating equipment

Outdoor Air Outdoor air environment is subject to local weather Air Outdoor
conditions. The mean temperature range is 23.7F -
84°F and the average annual precipitation is
approximately 42 inches.

U

U

11

U
Q

Oyster Creek Generation Station
Ucense Renewal Application

Page 3.0-12



Section 3.0
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Table 3.0-2 - Oyster Creek External Service Environments

Oyster Creek Description Equivalent NUREG-1801
Environment Environment

Raw Water - Fresh Water Fresh raw water is drawn from either a deep well or Raw Water
from the Fire Pond Dam. Water taken from the deep
wells is processed in the pretreatment facility and used
for domestic water or treated further and used as
Demineralized water and for make up to the condensate
storage and transfer system.

Fresh water drawn from the Fire Pond Dam is untreated
and is used for fire suppression and to the circulating
water and service water pumps seals, and dilution pump
oil coolers. Recent chemistry results show that the pH =
4.8, chlorides = 12 ppm, and sulfates = 6 ppm.

Raw Water - Salt Water Raw salt water is drawn from Bamegat Bay, which
receives salt water from the Atlantic Ocean and fresh
water runoff from streams, which border it on the
western shore, including Oyster Creek and Forked
River. Recent tests of water samples taken at the
Intake Structure and Canal showed that the pH = 7.9,
Chlorides =14659 ppm, and Sulfates 1419 ppm. The
average monthly water temperature range is 370F in the
winter and 800 F in summer.

Soil External environment for structures and components Soil
buried in soil. Buried structures and components may
be exposed to groundwater if they are located below the
local ground water elevation, Site groundwater has
been tested and determined non-aggressive to
concrete.

Steam Steam that is subject to BWR water chemistry controls Steam

C

CN

Oyster Creek Generation Station
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C
j
j

Table 3.0-2 - Oyster Creek External Service Environments

Oyster Creek Description Equivalent NUREG-1801
Environment Environment

Treated Water Treated water is demineralized water and is the base Treated water
water for all clean systems. Depending on the system,
this demineralized water may require additional
processing. Treated water can be deaerated, include
corrosion inhibitors, biocides, or some combination of
these treatments. Treated water is subject to BWR
water chemistry controls. Treated water includes
reactor grade water, spent fuel pool water, torus water,
and demineralized water.

Treated Water < 1400F' Treated Water below the temperature threshold for SCC Treated water
in austenitic stainless steel components.

Treated Water > 482°F Treated water above thermal embrittlement threshold for Treated water > 482 F
CASS components.

Water - flowing Water that is refreshed, thus having larger impact on Water - flowing
leaching of calcium hydroxide from concrete structures.

Water - standing Water that is stagnant and un-refreshed, thus possibly Water- standing
resulting in increased ionic strength of solution up to
saturation

L

C

I This'environment is not an exact match of environments defined in NUREG-1801; however it is

bounded by the listed equivalent NUREG-1801 environmentC
Oyster Creek Generation Station
Ucense Renewal Application
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An Exelon Company
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213M6-20437

December68,2006

U. S. Nuclear Regulatory Commission
Arrw: Document Control Desk
Washington, DC 20555
Attention: Mr. Michael A. Junge
Mall Stop: T2E26

Oyster Creek Generating Statjon
Facility:Operating Ucense-No. DPR-16
NRC'Docket-No. 50-219

Subject

Reference:

Submittalof Information to ACRS Plant License Renewal Subcommittee Related
to AmerGens Application for Renewed Operating License for Oyster Creek
Generating Station (TAC No. MC7624)

AmerGen Letterto NRC, Change to.iming forSubmittal of Information to ACRS
Plant "License Renewal Subommjmt'ee Relatedto AmerGen's Application for
Renewed OperatingLUicense for Oyster Creek Generating Station (TAC No.
MC7624)," dated November 1, 2006

In accordance- with-the Reference ýletter, ArnerGenmhereby submits informatior to theýAdvisory
Corn• itee-o eadtorrSeg uards-(ACRS)-PlPant Ucense Renewal SUbcommittee related to
AmerGen's appli tn-for-renewatof -he O~ysterCreek:Generating-StationjO-CGS) operating
liense. "This Jnformation is intended toassIlst the Subcommittee in its preparationfora meeting
being scheduled for Jaiuary 2007 between the LSubcommittee, the NRC Staff and ArnerGen.

Contained within the ,Endosure isaedetaileddiscussion-of 1he primary containment drywell
corrosion Issue historyhwhich'includes 'information leamred duidng •the October 2006 refueling
outage. Numemus -source documents a rereferenced in the discssion, and theseare provided
as pardflhe.Enclosure.

IF you have any questions regarding thisinformation, please contact Fred Polaski at 610-765-
5935.

Respectfully,

Michael P.:;G~ilagher
Vice President, lUcense Renewal
AmerGen Energy Company, LLC
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NRC, Project Ma•ager;NR - Ucense Renewal. Safety. ,w/Enclosure
ACRS Staff lead "-Caetano SantoswlEnclosure (5cop-es)
fNRC ProjectManager, NRR - Ucense Renewal, Environmental, wlo Enclosure
NRC ProJect Manager, OCGSWPartr5, wlo*rEnclosure
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Section1l Introducfion to the Information Package page 1-1

This. package.o historicailbfomatiorr and. 2006 outage informnationls; beilng jprovlded to the
ACRS 'Subcommittee-reviewing the UcensRenewalApplicatiornforOyster Creek. The
purpose df he hTorma't1n is to respond to-questions thatwerewralsed atjhe ACRS
SUbeomm itteeineeting on!October 3, 2006 conceming the corroston-of the drywell shellend to
update• •heStubcnmiUtee orrthewresults-of recent spectionactivies. This:package Is meant
ohel, the- AGRS merbers~understand the;information that the NRCstaff, has already reviewed

over the, coursef weeks ofauditand Inspections. As such, thenformation set forth In this
!package consists of docuents and responses to questions that weremavailableto therNRC staff
duri•g the NRR AMRandAMPIauditsin Januaryand February 2006,durdngthe NRC Region I
Inspection In March 2006. in response to NRC !RAtsduringithereview of ,,the Oyster Creek
Ucenso-Renewal Application,,indocketed correspondence between GPUN or AeerGen and the
NRC, and In documents~revlewed by NRC Region I during the 2006 refueling outage. The
Information provided also includes some historical Information that serves as the basis or
support for documents that were reviewed by the NRC.

Although the Information Included In this package has been available to the NRC, AnierGen has
In many cases formatted the Information differently In order to address some of the questions
asked by ACRSmembers. For example, the NRC staff may have reviewed numerical data on
dryw.elshell corrosion provided Ina table, In this document, however, AmerGen prepared a
graphicaltrepresentationof the data to show how the drywell shell corrosion rate has changed
with time upto-and including data obtained during the 2006 refueling outage and Including the
margiT that is avallable.

The lnformation !being providedby Ame".en Isorganized Into the following five primary areas of
Interest-dealing with the corroslononthe surfaces ofthe Oyster Creek drywellshell:

SILeakdgeof water onto-the drywell shell extemal.surface during refueling outages.

- Icudeudavsummary of slgnhficanentselatedto~waterteakage,
* ~ Ithformation-on the: historic, Idetitificgtfon' ane uatiorr-,of, reatocvt ner

•ef •historictroubleho•o•ngand-pairs to the reactorcavytroughlarea,
ýandactons in place ttorminirnize, detect and assess the Impact of-any
ieakpageýing4orward.

STheUpperRegloWs ofAthe-rywell. (Section 5)
- Includesnformtionronw prodic UT measurements -taken fromethe inside of

thsdrywell;thepcessItodetermine the iocations monltored, and"the
rttndom sampling'confirmation of the monitored locations.

* The Sandbed Region. (SectionS6)

- ThisIncludes Information 'on histodcaland recent UT thickness readings, the
early 0s GeneralElectric buckling analysis, and early 1990s preparing
and loatingofthe external surface of the drywell shell.
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* The embedded part:ofthe drywell, shell exteror. (Section 7)

- :16udsifrn noon environmental coniditions; forthe embedded part of
the shellIocatedbelowihesandbe~dregion.

* The embedded part of thedrywell shell Interior. (Section8)

- Incudes information-on construction, requlredishell thIcknessesand
environmental-conditions-fortheembedded dpart of the shell that Is Inside the
drywl

Information in each topic area is presented somewhat differently. Topics: 1,4 and 5 are
generally narrative In nature presenting historicaltand technical Information, withreferences to
supporting documents. Topics 2and,3 provide-both.a narrative presentation of the topic, and
Include UT measurementzdata that support-AmerGen's understanding of-and position on
corrosion of the outer surface of the drywell shell.

The Information on each ofthe five topics references many source documents, all of which are
Included In this package. Some of the references Include the detailed Inspection results.

In addition to these;5 topics, the package also Includes a timeline that shows the sequence of
relevant events,',startingwith the.irstAiscovery of water In thesand bed drains In 1980 upto
and Includingthe'Inspections performed during the refueling outage In October 2006. Also, the
package lncliides~a sectlonon the general description of :the Oyster Creek drywell, with
ass6ciated drawings aend figus.

La
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Section 2 OIyser•Creek DrywellCorrosion Tlmeline Page 2-1

1969 ~ B69inv-yster~iCrek,,tatntioperation.
1980 " W~tdr [dentIfled,' satui frbr aald bAdMrIns.
10, t •83,'86, e igtlinto soUrofwterlklnfmsandbedzdrains. and the
~and-89- 4eakaqe Path.
4%6 t 2-renchesexcavatedcIn theAlor-Inside the-contalnmentrto gain

aCceSs toi•heftiebsiof thedrllshellwatartelevation corresponding
t0oa'10werpdon ofthe~sandbed region-(Bays 5 &:17).

$986 to 89 W Croson monitorng of-the dryweltsheli from the -inside to establish
and tharacterizethe-extentof corrosion.

* 19 griddlocations insIde thewdrywell at Bev. 11 V 3" established for
monitoring corroslonIn the sandbed region wfth UT' measurements.

* Approximately 1,0O0 UT points-taken-drcumferentlally around the
Inside of the drywellshell.
12 representative.griddlocations selected from the 1,000 points for
continued monitoring ofthe upper drywell area.

_ _ Core samplestaken at 9 locations of the drywell shell.
1988 * Cathodic protection system Installed on drywell shell.

* Sand removal from the sandbed region started.
* Repairsimade to reactor cavity concrete troughto Improve drainage.

•_ * Visualand UTinspections In-trenches.
1990. UMT -hicknessmeasurements of the drywell shell taken at 57 randomly-"selected locations to confirm the 12 grid locations Identified previously

formonritorig were representative ofthe leading corrosion locations.
One additional locationadded dto the orlginal 12.

1992 -A Cathodil.proted0lon system removed becauseit was not effective in
preventing corrosion.

.sand removalhfromesandbed regons completed.

* - l -= •masuiface of the drywell shellIn the sand-bed reglon cleaned.
-25 UT readings~taken to •conflermminmumthicknesslocations from

the external surface.
*Epoxcy coating, applledltothewexternal surface o h rwalselI

ithe~sandbed'tregion..
SUrf-ce ofhe.concreteiloorinthesandbedreglonsfinilshed with
'epoxy -and sealed againstlhe drywellshell.

.UT of. the sandbed re0gonfromrinslde the drywelllat 19 grid locations
at Elevation 1i'-3'.

. U ::-U-adigsfro~.:the Inside.of the drywetlshell at the 13 grid

_____r__" !locations In the uppermelevations.-
:4994 Urof the sarldbedegionrfrominslde-thedrywell atl•grid locations

et-Elevatlon I -3'.
.* Vlsc' : al ectnof epoxy coatingonoutsldezofdrywe !.In thesand

tbed, region: (Bays.- J& 11).
.4 UTteadingsror thewInstdevof the drywell shell at the 1'Od

.klocations the upper-levatlons. I!
$•1996 •UT -bthesand bedregion from inside the drywel atlg grid locations

atiElevation 11'"4, but some datatappeared anomalouS.
Visualr Inspection ofepoxy coating on outside of drywell In the sand
bediregion (Bays 11 & 17).
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*.UT.rWeaigsfrom theI-inside of the drywetllshell at the 13-grid
.... ... cations h!eupper eleations.

2000 " VisualIsctof epoxyatngon outside, of-drywell In the sand
bed rpjion (Bays I&13).4

* UT.readingsfromthe insrdeof the drywell shell-at the 13 grid
Iocatio0l-In tha upperelevatgons.
V2004 Visual Insp.ecton ofepoxy coating on outside of drywell:In-the sand
bed eg!orn (Bays- 1& 13).

* UT readings frnomthe Inside of the drywell shelleat the 13 grid
locatvinsthe upper elevations.

2005 OysterCreek Ucense Renewal Applicationmsubmittedto the NRC on
July 22,2005.

2006 . Visual Inspection of epoxy coating on outside of drywell Inthe sand
bed region In all 10 bays.

a Visual Inspection of the caulk seal at the junction between the sand
bed region-flooreand the drywell shell in all 10 bays.
UT readings at 19 grd locatlons In the sand bed reglon from inside
the drywell at Elevation 11'-3W.

* UT readings at 106 locally thinned areas (previously Inspected In
1992)from outside the drywell In the sand bed-region.

* Visual Inspections and UT readings of the drywell shell In the two
trenches Inside the drywell Including additional excavation In the Bay
5-trench.

* UT readings Sat:two Frdd.locations each.-at two transition plate
locations from insidethe drywell (Elevations 236:-and.71W").

* UTilreadingsfrom the inslde of the drywell,,shell.at the 13grld
ilocations in the upperelevations to conf irmlow corrosion rates or no
observable-corrosion.

* Borocop!cexamination ofreactor cavity trough drain-1ineand all 5
sarndbeddralhnines.

•• Monitored theSandbed Reglons dralns forleakage.

*Monitord y,'Uacrcviughkdralrr-fdr~eakqqe.
k eaedhimodified areasffternaliotedywe t hmin h

potential forwaterintrusloninto-the area between the embedded.
__,__ drywefl;sheltarnd the-drywell concrete floor.

~jjg
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Section:3 OysterCreek Drywell General Description Page 3-1

The Oyster Creek primary containment isa;a •Genera! Electric Mark i design, with a
dry*e•lsuppresston chamber,and a vent,'stem ronnecting the d•ryweiland the
suppression.chamber. ItIis deslined4,abricated;!inspected, andltested in accordance
withthe Irequirements ofthe ASMEýBolerand Pressure Vessel-.CodeiSecOon VIIl, and
Nuclear Code Cases1270N-5, 1271N. and 1272N-5.

The drywells a steelpressure vessel. inthe shape ofeaninverted light bulb, with e
spherical section and-acindrical section (See Figurs 1 thru4)located nside the
Reactor Building. The Reactor BuildingFoundation flooris-a 10 ftthick reinforced
concrete mat. The bottom elevation ofthe mat is minus 29'"6' and Itstop elevation Is
minus 19' S6"(SeeFigure 4). There Is awaterproof membrane at theibottomof the mat
that extends up the outside of the exterior wallsto an Elevation of 5' 0. The concrete
pedestal that supports the dryweAllIs located atthe center of the mat. The TorusRoom
completely surrounds this concrete pedestal with a floor elevation of minus 19' 6" (top of
mat). The drywell shell has a bottom elevation of 2' 3".

The spherical section of the drywell was supported on a 39-foot diameter continuous
steel skirt during construction (See-Figures 4 &,7). The area within the skirt was filled
with concrete and the floor inside the bottomof the sphere (drywell floor) was poured up
to elevation10' 3W. The reactorrsupport structure (pedestal) sits on top of the drywell
floor (See figure 5). The area within the reactor pedestal provides access for Control
Rod Die exchanges•and Is lypically referred to as -the Sub-Pile Room. The room also
contains the drywell!sump-andia drainage trough that collects anyle'akage within the
drywell. The Su-Pile Room floor Is ralsed atthe -center and -slopes toward the drainage
trough. Lekage outsidertheSUbPileRoom,-Irithe :drywellIs ldirected to the drainage
troughlthroug•h4 holes frntheareactor pedestatlequally spaced around the
circumference. A--concrete -cur•b•sinstalled around the perimeterof the drywell floor
(See Figure 4 •&5to)prvent any water, thatcollects:on thefloor from com ningcontact
withthe drywell-shell. •The-curb ls removed fIntwo locatsonswhereatwo trenches (Figure
3)were excavated nihe•floorin-1986.toallow tJfthlcknessmeasurementsmtobe-taken
beboWothe 'floor.- Ambisture ba•tireas-. added:atthenctiowf the -curbandi.the drywell
shell and Inside the trenches duringthe 2006 refueling outage to prevent water and
molstureintruslon into the-embeddeddrywellshell.

Outside the drywell support skkrtand the zpherical section, concrete was poured In
contact with the sphere up totelev6tion 8 11. Atthispoint,,the concrete was-stepped
back 15• radially upýto-elevation 12'3 and.laterfilled with sand (sandbed- region), refer
.to-Figures5`& 7-for detals.. The purpose of the-sandbed •was ,to@provlde a cushlon to
s the transiton 0ffthe shell platei rorrmrconditionof fullyembedded betweenltwo
concrete masses to a free standing-condition. Thsandbedsregion was provided with
f'rvealdlnsdeslgned toaliow dralnage-of any waterftat may enterthe region.

Above the-sandbed-region; ttedryweli shell is-ldoser-to the reactor building concrete
shield wall. The outersurface of the drywell shell-and the shield wall are separated byea
gap filledwithcompressiblermatedal. After construction completion, this material was
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compressed.by heating and ressurng hefdrywefl toprovide the gap required for free
expansbrioof iherw IUniderdeslgn, bsis-iloads~and-postulated events.

A-t-thel top of the Reactor:Building con~crete' -shield ý-til.wf, -a concrete trough-ls- located
tiilow the'reactor cavityseal to~collectsany-wate-r tht~rnvdht Ieakrw~thie reactorcavity 7

during refueling outages. This trough is equfpped with adrain linedesigned to-direct
anyleaageto heReatorBuidig--equip ment-dran tank and~prevent it from-entering

the'a bewer tedryweil thell arid th 6~actor Building concrete shield wall (eeFigure 6).

I-
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FIGURE I- PRIMARY CONTAINMENT CROSS-SECTION
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The folloing discussion addresses water leakage ontolthe-exterior surface of 4the J
oysterCreek d ryweshell.. ýartj!below,.provides historic overview of-information
about water leakage prIorlothe-Otober-2006 -otage. The•discussion Ainartl -I

summarizes pdorcommitments made: by AmerGen aimed atlprevenrting leakage onto
the shell, monitoring-for sucb•leakage.andperformlngcorrctive actions If leakage
occurs.- Partalilsets fotth Information discovered~and analyzed as a result of the October
2 oageo. Overallfconclusionsabout the dWellAmerGens sperformance of
associated commitments, and continued drywell-operability during the proposed twenty-
year renewafterm are summarized In Part IV.

L listoricalBackground

Water leakage onto the exterior ofthe OysterCreek drywell shell over a period of years,
In combination with an historically degraded sand bed region drainage system, created a

condition that was conducive to corrosion of the exterior surface of the drywell shell.
The previous ownerloperator of Oyster Creek conducted extensive troubleshooting and
repairs to determine and address the leakage and the corrosive effects of that leakage
onto the drywell shell. As part of Its license renewal actitles,. AmerGen has reviewed
prevlous actions and instituted new measures (see rSecfion i below) to ensure that ,6

leakage will beminimized and-monitored, and that corrective actions will be
implemented to ensure the drywell continues to perform Its Intended functions
throughout the proposed twenty-year period of extended plant operation.

In-addltiorndrywell commitments for license.renewal are embedded In a formal
AmerGen tracding'system thatincludes speidfic work tasks, thereby ensuring timely
Imiplementationofthe commitments •andeffective-management oversight. Therefore ,

AmerGen is coffident that the measures-put into place1toprevent and monitorleakage,
In conluncfiorwitlthe implementatior of dryweirshell.Visuatlandrultrasonlctestginglagng
management*program actitiesiwill wnprotect ,thebsheilsuch thaltt continues to-performwits
intended fUnctions throughout the proposedt period-of extendedoperation.

A. Chro0ngy1•o•gSlinantEvents (Alsosee liOeline,nSection 2)

:1980 -Water.was observed coming frommthe-sand bed drains. As :part ofthe
orginal deslgnthese drainshad beenhBllledwlfth sand durlng~plant

construction. The sand .wasrestralned atthe outletlwlth a f0ýmesh
stainless ýsteel- screer (0.006 inch opening). Theintent-wasto prevent loss of
sand: fromthe -sandbed regionrthrough thedraln lines,:yet •allow drainage of
water.

S1980,1983 and-1986 refuelin~goutages - ExtensiveInvestigations were
perormedto ldentifthe source ofwater andthe leakage path. Results of
,the Investgations indicated :that: -

Leakage was observed (from the sand bed drains) during refueling
outages;
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L Leakagewas ,notattributed to6thereactor cavity-metal trough drain
line gasketorthe refuelinig bellows seal (See Figure 6 of Section 3 of
:thls•ndoeure).

The reactor cavi b metatughdralnlinegasketleak was ruled ;out as

'the primary soume .ofwater observed in the sand'bed-dralns because
there was no cdear-leakagecpath to the gap between the dryweli shell
.and~roactor building concreteishfeld wall (i.e., drywell expansion gap).
Amygasket leakagevwouldlbeliminor and would be collected in the
concrete trough below the--gasket• Also, inspections concluded that
the rofueling;bellows- (seals) were not the source ofwaterleakage.
The bellows were repeatedly, tested using helium_(external) and air
(irtemal)Without any Indicationof leakage. Furthermore, any minor
leakagefrom the refueling bellows would be collected-in the same
concrete trough as would collect water from the gasket. The concrete
troughIs equipped witha drain line that would direct any leakage to
the reactor building equipment drain tank and prevent it from entering
the drywell expansion gap-(Ref [13], Attachment Ill).

* Leakage was attributed to through-wall cracks In the reactor cavity
liter attributed to mechanical damage and to fatigue (Ref [13],
Attachment Ill); and

The leakage path was from the reactor cavity, to the concrete trough
(later found to havebeen degraded -.see Section C :below) and
thrugh the dry-well expanson gap down.to the sandbed region within
theireactor bUlding (See Figure 6 of Section 3 of this Enclosure).

• Between 1o988 and 1993,:multiple mlgatingactions were;taken to address
the corroston problem. These actions Included (Ref [321, page 9):

0 Cleared theformer -sand bedreglondralns of sand and corrosion
products',toiimprovedralnage.

Sfkeplaced rc)a-orcavymetldttvoughdralntgasketwhich was found to
beleaki• (•See Figu6of Section 3 ofthis Enclosure).

, Removed water fromnthesandbed region.

S4rnstblleda cathodic•pdrotection teoemm In bays withgreatest wall
hInning. •SUbsequent Urthlcknessrneasurements in1these bays
showed 1haesystemwasnoaeff,6cive In reducing the rate of
cortosion and~theisystem was removed from service In W992.

: !Removed sandfrom-thesand bed region to break upthe galvanic cell

* Removedicorroslon'productsfrom the external side of the drywell
shell In the: sand -bed reglon.
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a Uponsandiremoval, the sand bed concrete floor was found to be
ratered and' unfinlshed. The concretelafoorwas repaired, finished
snd cated.to permkproperd -ingeof the sand bed region (Referto

Sectidcn7 of this Enciosurelfordetails).

,ApplýimawePoxy caulk seal-at the junctionof the drywell shell and the
sandbelconcrete floor to prevent Intrusion of moisture Into the
dA mltshell embedded Irconcretoe(Refer to •Seciorr6 of this
Enclosure fordetalls).

*Applied-a multi-layered-epoxyl protective coating to the exterior
surfaces-of the drwelli shell in the isand bed region (Le., one pre-
primer coat, and two top coats). (Referto Section 6 of-this Enclosure
for details).

* Applied stalriess steel type tape and strippable coating to the reactor
cavity during refueling outages to seal cracks in the stainlesssteel
liner, In order to limit leakagefrom the reactor cavity. (Note that the
steel tape was applied to-larger cavity liner cracks and then the
strippable coating was applied over the entire liner surface that would
be (otherwise) wetted.)

* Confirmed that the reactor cavity concrete trough drain line was not
dogged (See Figure 6 of Section 3 ofthis Enclosure)

B. Discoveryand Evaluation of Cavity Uner Defects

In 1987. defects In therreactor cat iner weredocumented and evaluated In
mat6er!l nonconrformnance mrportýMNCR,87-240 (Ref [49]). Theseiýdefects
consisted/ofthougti-waltanrdsuifacelndicatlonsdetectedbyinondestructive

eyxrnination: of the inernear •weld joints. 'Th purposeo.linerIs to
failitatefilling the-Mactor.cavitywithwaterforefuetilngactivities.

The•defects-do not~pseproblems •exctWhenrtheireactorcafvitys filed with
water drgiref]ihg ges. ? ;preverveactiontstaken;the defects allow
water toleak behind-the liner and ,n!rdown into the-reactorcavity concrete
trough. .fthe flowrateexceedsithe capacity of the twonch trougltdralinthen
water would back.upIntoithe drywell expanston-gap and -drain ontothe-outside of
the- drywell shell.

Safety Evaluaton-328257&O2 --was-genremtedIn1e988with theipurpose of
oaddresslngthe adequacydfthe-desgn andthesafety impatofInstallation of a
temporary barrier onthe OCRegeor tC tyPoofttorevent leakageof water
dUring rbfuellngo Mprtion:(Ref6, pages 7 13). 4n liwowmaJor options were
considered - weld tr•parofthe lin nda temporary barrieroverthe ntire
cavity liner. Th-eweld repair option :had the'followingdrawbacks: (a) there were
too ma• ny efects Inihe lnher(b) weldepairv.of these defects would produce
largeresdualstre~ssesand warpingftheliner, and (c) if weld repairs were
implemented,,therepair areas would eventually fall due to the same mechanism,
Inthe future. Therefore, the temporary barrier option of metal tape and strippable
coating was chosen-forthe -repair (Ref [6], page 6).
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C. Reactoravty Concrete TroughArea Testing and Repalrs

As'a-result ofeobsrvations of •waterleaktng from concrete;biologicalpshleld
petrations~and ,sand-bed drain nwsduring refuelingoutages In the early
1980s, inumeroustroubleshooting and repalractivities were implemented over
several years. These Included:
o A~rand heliumteak testing of thebellows seal4Inthe bottom of the reactor

cavity (no leakage detected) andcavity drain line (no sgnificant: leakage
found),

* Leakitesting and some minorwrepairs to reactorcavity liner welds,
* Furtherpressure-testing of-the bellows (no leakage detected) eta later

outage,
L Uquld penetranttesting of the cavity "'steps? upon which the cavity shield
plugs are placed (no Indications detected), and

* Airpurge testing of the drain line that channels refueling cavity leakage away
from the gap between the drywell shelltand concrete drywell shield wall
(drain line did not appear to be restricted).

During the 1986 refueling outage, the drain line from the refueling cavity metal
trough was Inspected andthe drain line gasket was found to have leaks, and was
replaced. Additionalleak tests were performed on the bellows during the 1986
outage and no leaks were detected (Ref [1) rAttachment 2, pages 2-1 and 2-2).
During the.19g88refueling outage, camera inspections-identified thtt the lip of the

re•actor cavit concrete itrough was :not sufficient ,to assure •that water would not

neterthe area betweenýthe concrete shleld wall and~drywellishell. .(Ref[15J,page
3). :PrIorto reactorcavItfooding for the. 988efuelng-outage,,repairs were
.made t*thewconcretetrgto rithe condition. These repairs-were
'determined tO be-effective based onivlsual inspections for-leakage during the
1988 outage.

As noted plteouslye'tha, rltigatingfeatures desied above were..Implemented
betweni 1988 and1993'Forthe strippable•1•cotig;,aatexioatung-was:used at
'first. This latexzcoating had (a) stringentisurface preparation requirements; (b)
long curing time; and (c) lackoof st. ngth-r-absorb-mectanlcal abuse- during
refuelin, It wadsnoyftWs•not•piedjdurng!the1994 and 19956refueling
outages. Discontinuation was also promp.tedby the-factlhat sandhad been
-reIoved fromthe sanribed reglorrand-drainage irr the area was klmproved-durng

6e:14 outage. However; ýthobwr.ved, wate.rteakage'during the 19968outage
prompnted investlgtionand use of a more-durable barrier.. rInstaCoteML-2
coatiwbarrier waseffeively used on the •reactorcavity duringrthe 1998 outage.
S(Ref [28J ageS). •SflPpable oating has also beenrvapplied to the reactorcavity
In all refuelingoutages since 1998.
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11L SummaryvofziWEProgramElements Related to;Water Leakage
he, following Is aisumrary of OysterCreekas-commitments relatedtreventing

anddmonitoringforwaterleakage onto the exterior surface of thedrywell shell.
These are -cap• tin the ýASMESection Xf, Subsection IWE Aging
Managedment Program. These•committed.actions were performed during the
2006 De fling oAagealndwilllbe performed during'refueling outages in-the
futureiIncluding duringdtheperiodof extendedoperation. For further details on
these commitments,tsee Ref[39], Enclosure 2.

* Stippable coating, as discussed above In Section C, Is applied tothe reactor
cavity liner surface prior to filling the reactor cavity withwater for refueling
activites.

Periodic verification (once per refueling cycle) that the reactor-cavity trough
drailn Is functional (clear).

Periodic monitoring (when reactor cavity Is flooded) of reactor cavity trough
drain for leakage.

Daily visualmoniltoring of'drywell sand bed drains for leakage during refueling
outages-whenthe reactor cavity Is flooded. If leakage Is detected, AmerGen
willtdetermine the source of-.leakage-and investigate and address the Impact
ofleaage onthe drwelshell indcluding'verfication of ,thecondition of the
drywellshell coatigand-:moistufrebarider (seal) inthe sand bed region and
perimiance'of UTe.xamInations.of the'shell int-heupper~rglons. JUTs will
-atso~be:pefformed on•ran areas-In the sand bed region where visual
lnspectio0rtndicates ,coatingr Isdamaged ,andncorrosrhaszoccurmed. UT
res iwill be evaluated.pe r theexistingrpmogram. Any degradetLcoatlng or
moisture baaerl beered. T'rese ctions willbe .completed1prior6o
exltingtheassociatedioutage.

* : -ttft Sanbed, dralnsbforleakage-duringplant
Vower-operation. 1fekage Isidentified .thenthe-source-of-water-willbe
Investigated, corecftveracUonsitakený-orplanned as.appropriate. Inriadditlon,
Ifileakage Is detected lthelfolowng items will beperformed during the next
refueling outage:

. Inspectionmothe.-drywel' hell:coatingand molsturebarrler.(seal) In
-thefedtebays;ihesandbed -regbn

• UTSof the tpperdr.weDireglon-consistent wlthfthe existing:program

SUTs•willbe: performed onanyareas In the sand bed region where
visual' ispecton indicates the coating Is damaged and corrosionbhas
occurred

* UT'resultswill be evaluated per the existing program

7
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Anydegradedcoating lormoisture barner-will be repaired.

SWhen the sand bed region dryw-ll shell coating ýInspectionrrIsperformed, the
sealatthe JUnonbet n thesan ed regioconcreteandtheembedded
drywell shl VMlle lnspected,.perftheProtetiveCoa lgs;Program.

Through-these commitments,-AmerGenwill minimize any water leakage through
the ;reactor caVitylinertht may occur during refueling outages, andpreventor
minimize water-fromr reaching the extematlsurface of the dryweli shell. These
comnm nts were made-with the expectation thatzcorrosion of-the extemal
surface Iof the drywell shellwilibe milnmized .thus maximizing the margin
remaining above -the deslgn-requlred thicknesses of the drywell shell.

I1I. Findings and Analysis from the 2006 Outage

During the 1R21 (October 2006) refueling outage, AmerGen Implemented Its
commitments related to preventing water from reaching the outer surface of the drywell
shell and monitoring for evidence of water leakage. The results of these activities were
successful Based on daily observations of sandbed drain water collection bottles and
uponrnumerousvlsual reports from the sand bed region, no water leakage onto the
exterior.surfaceof the drywell shellduring 1R21 was evidentand no corrective actions
related-to water leakage onto the shell were required.(Ref [47]).

The reactorcavity was coatedwith astrippable coating-prior to flooding the cavity for
refuelingactiVities. Asmalleamount of leakage (approximately i gallon: perminute
(GPM)) was observed coming from.the cavltyIgdrailine durng the time period
whenthe refuellngcavwasflooded., Dally obsewations~of the catytoughdralnage
confirmed a steady stream of epproxlmately I GPM. during-thls period. Becausethls
.smaflamountof leaksage •4drotexceed the drainage capaty -ofthe troughýrno water

,would have leaked.ontothe eXteror surfacevofMhe~drywli.-shell. Thewminor leakage was
discharged totý,hepianfsiraldwaste-system asdesigned.

Specifically. ArnerGen-performed tbe following actions d.ur#ngihe October ,2006 -refueling
.-otiet evntxible~ae~eaamnothe,ýcdrloroflhedryet heL'These

tt ars cnstent with comritments madein AmerGen Letter 2130-06-20358 (Ref
;P39]).

* Appiledfa strippable coating to the reactor~cavlty liner prior to flooding the cavity
forire lng atves.

* Vere thattheýreactor cavityýtroughdraln was-cdearpipdor-to flooding the reactor
cavity for~refueling activities.'

Monitored-the.trough drainforleakage dallywhlle-the ,cavity was-flooded with
water. •Documentedrresults Identifiedonlya•steady endl stream of water
omlng4'fromthe trough drain. Indicating ,as expected,,thattheleakage was being
handledby the cavity-rough drinsystem,,keeping -water away from the drywell

shell.
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* Inspected the--five sand-beddrain-lines to:ver• they were dear;, removed some
- debiitsfrmtwo of. tthe dralnilnes. j

* Inspected the five poylycoltlecton bottlesj waociated wittrthe' sand bed drains on
aAAybasls...ocumented MresuitsIdentifien ýno leakage-observed comlngfrom,
the sand bed-drains. 4

" Verifiedno water onthezconcretefloor In any of-thetenbays of the sand bed
region through, vlsualInspecton.

" Inspected the seal at theJunctionbetweentthe:sand bed region floor and drywell
shelIn sall 10 bays. The Inspection revealed the seal.at this Junction to be In -

good conditionwith hno repairs required.

IV. Conclusion

Oyster Creek historically experienced water leakage onto the external surface of the
drywell shell as described In Section I above. Various Investigative and corrective
activities ýhave beenperformed to understand the issue and prevent water from
continuing to drainonto the shell during refueling activities.

As'part of the UcenseRenewal process. AmerGen has established specific
commitments withinthe formal Exelon Passport commitment tracking system to ensure
license renewal commitmentsi, Including -those addressing water leakage onto the
drywell shell, extemaalsurface :(described in Section labove), am Implemented. In
addition, the recurringtaskspreventive maintenance ,activities,,and ,survellance
procedures that areismed -to-mptementthesecommitments-are:annotated such that It Is
clear frorn -lookin atthem that-the'subject actions are assoclated-withcommitments
made to-the, NRC. I rthis waytherarformal controls -toD ensure, awareness and
oversight:of the ad es'and to-ensure thatcommitments-areimplemented.

The .nspectlo0s-performed•dud Inlhe,2006 rmfueUngoutage (1R2•1) confiuirhatlhe j
i!cense rnewal-iretedldcomnmled actionsf0rLeakagenprvetiowandrmonitoring
:prevented wate' rofibmreachfng§Uhýe malrisut aceýoth6:e-drywl shell. 'AmerGemihas
cornrmtted~to perform~teepeeW6mrldoBbs lnftrieualgotg

wthhe objeetive of ~preventing water~leakageý.ntoiýthe~drywe~l shellext~erior. fIn addition,
commitmentse in place-toInvestigate,and address-anyileakageaonto-thesheextedrlor,
should'it occur.

Thissetof actions, almedatpreventling waterfrom reaching-theextemal surface of the
drywell shell,'s'eve~asanio'aditlornaI levtel fatssumracbe~y~orndthatprovldediby

peror gn and treniding drywal hl.1kesmaueet'n odcigvsa
inspections of the~epoxycetng lnthe:sandT-bedeglon:(alsopaitotfherIWEA•glng
Manag~mentý)Prograr;that corroslon Is not impacting-theaablity-otftheldrywellto
peffomits &esign functions.

J
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The following discussion addresses upperdrywell corrosion at the Oyster Creek
GenerafingStatlon. Part I. bLolb,'prvldes .-novelrewof Informationpremdating the
October:2008 outage. The:decussionIý ePartIletseforth informationdiscovered-and
analyzedes afresultofthe'Ottober206outage. Overallconclusions about the upper
driwell, ad AIscontinued operation durIngf fteproposed twenty-yearrenewal tenn- are
summarited In Part Ill.

L " HistoricSummary-nd Past Findings

Outer drywell shell corroson was first Identifiedat Oyster CreektIn:the late 1980's. As
explained Inthe Sectlon4 ftihis ;:Enclosure, water-Intruslon into the gap between the
drywell shell and thedrywllshield wall was determined.to bethe source of-the water,
which created the corrosive environmenLt Corrective actions-have been taken to
mitigate -orrosion in the upper region of the outer drywell shell. These actions have
eftefively reduced the rate of corrosion to a negligible amount In the upper region as
demonstratedby UTthickness measurements (Ref [32],.Table 1). In 1991, Oyster
Creek andIts consultants performed stress and buclding analyses considering all design
basis ,loads andload combinations (Ref[151, Ref[16]). The results of these analyses
Indicate thatthe minimum measured drywell shell thickness satisfies ASME Section Ill
Requirements.

A. OriginalInspectlon Plan (1986 -1992)

Inspectionsusing UT:thickness measurements were conducted during refueling
o ges uand ouges of opportunitybetween.1986 and 1989 to establish and
characterze the extent of corrosion ofthe outerdrywel-lshell. The initial LIT
measurements were rotbased. on a sampling process. ..Instead-the
me asurem.ents were-takenin.aereas .that correspond ,to locations where water
leakage was observed fromrnthedsanrdbed region drains. The UTlmeasurements
•were then:expanded around thedr.eill;perimete.rand veirtcalyiýnto the upper
•dywe~lto eabl!locations.effedby corroslon.. Approximately 1000
ultrasbnic,(UTýthickness measurementswwere takenatvartious elevations to
access extentfscopei of corrosion around-ihe-zdryweil perlimeter and verticaly to
estabtishilocatibh& affected Lby corroslonwand, to~dentiythe thirnnestareas
IR f [4ý Rd.[4c1A Rf (4d]). fBased'oivthe. results of the above-nentwoned 1000
UT measurements,•OysterlCreekcontinuedto-monitor 12 grd bocatiows~at

levaions 50' 2", and 8' 5'5, that would be representative of the upperdrywell
shdllcondition. InraddiUoncore samplesof the -drywellsheil-were takenat iupper
drywell regonlocations• `bellevedzto-bevrepresentative ofgeneral corrosion, to
confirm U4results (Refill).

In ýaddlon:totlthe above mentioned core samplesfthe dryweliwsheil,,theimpact
ofFirebar on•he drywedslhell ncorrosin.was discussedina Genealectric
epor(Ref [3]ý SSection 2A.3.2_ofthe(GElMrportWdiss the materaand

Section 862• .iscusses the impact. The report concludedtat fthelack of
yiFe20 In the oxideon••t-hcore plug.surface/crust; the-relative 3low amount of Mg

in lhe,.sandsamples-and theabsence of corrosion atithe i 1,elevation level
ýsuggest ththe rotke oFrbbar-DOIn the degradation of the OC drywell corrosion
phenomena Ismnot significant.
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In 1990, a thlrd.elevation,.51' 10" was added to the scope of Inspection after it
ws determnedihat1 supplled plate •thckness ,Isslightly less thatn the adjacent

20p&tplate. ýForeachvof the three elevatlonssets f49 UTimeasurements,
spaced epprmoximeyl yaPa;twithin,-a-c'wxreawere takefromeinsidethe
drywell around the erntire perimeter of each elevation. The,•6•6 area with one
Inch4 spacingresultsIra 7X7grid of polnts located-on one inch centers. These
are Identified as 49 point UTgrld locations.

Engineering evaluation of the UT results concluded thatmonitoring of 12 upper
diryal grid.locations within these three elevations wouldrepresentthe outer
drwll:hell condition and providereasonable assurancethat-significant
corroslon would •be detected priorto a toss of an Intended function. This is;
because the 12 grid locations were selected considering the degree of drywell
shell thinning end the minimum required-thiMcess to satisfy ASME stress
requirements. Seven of the locations are at elevation 50' 2% three locations are
at elevation 87' 5V and two locations are at elevation 51' 10' (Ref [311). These
locations are Inspected from the Inside of the drywell shell on a frequency of
every other refueling outage.

B. Sampling Plan Justification and Confirmation Augmented
Inspection Plan (199G.- 1995)

In response to an NRC Staff concern regarding whether the Inspected locations
represent the condition of the entire drywell, In 1990 a new random LIT Inspection
plan (also know-as theaugmented Inspection) was-prepared (Ref [11]). The plan
was based on a non-parametc statistical approach usinrg attlbute-sampllng that
assumesv no prior knawoedge of thedistribution of corroslortvabovethdesand bed
region (Ref[l1). Theplanwconsisted of randomUT itesting of6O dryWl•l•shell
plates. 57,p!ates were incuded Irihe:Inspection plan becaueethree-plates were
inaccessibe for, inspection., On each platei49point UT-'neasurements were.
made on-one-6x6' area. ýAcceptance:crlteria werethathetmeanrand local
=thicknssof the shell euat•or~exceed~the~requlrecfmin~imumnorthtcknessplus a

corrosion allowancienecessary in order to reachihe next Inspection.

ins pectonresultsusingthe newrandonrinspectiorrplanntlrrnedýthat
previously monitored locationsbound the condition of the-drywell-:ve the sand
b;region; except one lotýcton at-elevateon:60",I':. This~elevationwasaddedto
elevatlons-50' 2"',51'"10', e~nd87' 5•and eli fouretevationshave been monitored

onthe frequency of every Otherrfueling outage slnce 1992 (Ref [311,);Rdf (32]).

The au.gmente Insp~ecior plan,4he.original:-Inspec0ornvplan-;andjustification for
sampling technaiques and statistical methodology wernsimt-jte Ito"ih RCon
November 28, 1090 -Ret11-14. hints Sofetj.EValutiorate-dNovemiber 1,#1995,
-theStaff noted that theflicnsee provideda table-of UT rmeasurement results
frmtheFalr994• •4efulingutage Iection. 1blsitableshows!the
locations ofthe measurements;, the nominaI as-constuctedthickness, the
-mln um aS.-measured-thickness, the ASME Code required-thickness and the

Onna1n ailab5eatthe time. 1TheStaffdfund the current program.
based onthe-submitted'Information acceptable.
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The"current ongoing- Inspection planis descnibed In Oyster Creek; specification
iS-328227004(Ref- 4j1. The current--nspection results are provided in
Tables I and..2.

IL Corifirmatory ActionsDOuringthe October,2006 Outage

During the 2006-refuelingl tage (121), UT thickness measurements weretaken at
the 4-elevations (50t 2.51 :10r, 60" ýl'and 87' 5") discussed above In accordance
wltlvthe#OysterCreek ASMESection Xi;SubsectiornWE aglngmanagement
program.. The :results of the-UT thickness measurementsindicated that no statistically
observable orrosion istoccuridng at elevations 51" 10, 60'* 1' arnd 87' 5. Alsingle
grid :location(Bay 15-231of the, elevation,50 '2 continues to experience minor
corrosion at a rate 0f0.66mtIlstyr. The corrosion rateforthe elevation 87' 5. Isnow
statistically Insignificant and this elevation can be considered as no longer undergoing
statistically observable corrosion:(Ref [471), however it will continue to be monitored.

In addition, UT measurements were taken on 2 locations (bay #15 and bay #17) at
elevation23' 6'wherethe circumferential weld joins the bottom spherical plates and
the middle spherical plates. This weld joins plates that are 1.154* thick to the plates
that are 0.770,•thick. These two bays were selected because they are among those
that have historically experienced the most corrosion in the sandbed region. At each
location, 49 UTs over a 6'X6" area grid were taken above.the weld on the 0.770' thick
plate and 49 UTs over a &'x66 area grid were taken below the weld on the 1.154" thick
plate. Teminmu averagethlckness measured on the 0.770" thick plate Is 0.766'
and- 1•60~'on the 1.154' thlck plate. The mlinmum measured local-thickness on the
W t770hickplate lsO.628' andtlon-the 1.154' thlckiplate Is 0.867'. The minimum
measuredvgeneratand -local tthickness lorveachplatemeets the minimum thickness
requiredto satisofyASME stress-requirements with ant adequate margin;(Refa[47]).

Mnmeasurements wre also taken-on 2 locatIons (bay-# 15 ;and- bay #19) eat elevation
."6'ý, where the,ý•rcumerentia weltd joins the'transltiHonplates (referred toaas'the

knuckle~tptos) betWeen!the cy•nder:andtheOphere.Ths weidloinsthe knucide
,pIates;.,(2.625*:thlck) to~the, cylinder plates,(G-.640" thick). 'These two bays wer~e
selected becaus'etheyýalto 1have hilstoricWlly experienced ,;th mosmt cor'rosloion lnthe
sandbed region.. !At eachWiocation 49.Urs over ea6'xG' area .grld were-taken- abo-ver the
weld on-Ahe ,0,640'thickiplate and 49 U•s overa 8•x6 area grd were taken belowthe
weldonthe .2.625 th•• plate. The minimumnmeasured average thickness othe
0.64t thick platecls 0.6Z4' and 2530orn the 2'.625' thlckplate. The minlmum
measured local thcknessonthe-0.6,4thickplate Is 0.449'and•2.428"'on the 2•625'
thick Plnte.7he Innum measured:generalU -A=l oathickness orteachrplate meets
the miithinum••hckness required tositisfyASME stmss requlrementstwitth an
adequafe i'rgli 1R~f [471).

The aboveInfo1Motion identiied .during the recent -outage haszconfirmed the condition
'ofperdryweltzasdesrinbed, rrprevious submittals. AmnerGenwthus concluded
that outedrywei Chefil corroslortat Oyster Cmrek-is belng-effectivelymanaged both
durlng• jh current andproposed renewed terms ofplantoperation. The monitored
locationseunderthe current term-were-subject to extensive UT measurements
conducted overseveral years. NRC Staff found the sampling methodology to Identify
these locations, and the-results of Inspections, acceptable forthe current term.
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[II. Conclusion

Inlconcluslon, Oyster Creekbhas-conducted e lve examinationsof ,the OCNGS
upperdryweUtojdentifyhe cause f.drywell corrsion,,employed asampiing
process, quantified the extent of outerdrywell shell thinning due to-corrosion,,and
assessedits impact on the dyweli structuralIntegrty. Inspection results for the upper
reglon are.proMded/in Table 2. .A summary of the upper reglon outerdrywell:shell
corroslonrates~and marglrs~nd the associated reference-source documentsare

provided, on Table 1. A summary of corrosion rates of UT measurements taken In the
upper drywel levery 4 years through year 2006 Is 7provided below:

" There is no statistically observable ongoing general corrosion at three elevations
(51' 10",60' 1I (.and 87' 57)

" Based on statistical analysis, one-location at elevation 50' 2" Is undergoing a
minor general corrosion rate of 0.66 mils per year

* The drywell corrosion Inspection program will ensure sufficient margin will be
maintained through 2029

Therefore, AmerGen has concluded that upper drywell corrosion at Oyster Creek Is
effectively managed,both during the current and proposed renewed term of plant
operation. The upper drywoel region is•not experiencing statisticallyobservable
corrosion, excepte -aingle location that continues toexperience minoIrcorrosion ata rate.
ofr0.661'm"Wsr When this -monltored-corroslon-rate-is •projected thmugh tthe year-2029,
sufficient margin •exists to acceptance criteria.

IL
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Table I

Drywell Shell Thlckness and +Minimum Available ThicknessMargins-are provided-below:

VieMinimum
Nominal Measured Minlmum Required

Drywelt!Reglon -Design Thlcknessimlf . Thickness, mils Mlnlmum Available
(Eoevation ThIckness, rags Acceptance CriterIa Thlcknesswmargln,
monitored) -(Re6f[2 1 ];Ref[ 2- Q, mils

(Ref 140) Ref 1311, Ref,147D). (Ref[43], Ref 115])

Cyl(ndrcal 640 604 452 152

Upper Sphere 722 676 518 158
"(51' 10", 60' 10") , '_____ _________ _________

Middle Sphere 770 678 541 137(50' 2") 770 678 , 41 137

Conclusions:

Summary of Corroslon Rates of UT measurements taken every 4 years through
year 2006 (Rdf[147j)

.There, ýsnostatistlcally observable ongoing geneml corrosionatthree elevation (51'

* Based. onitattstUdal analys-lsone ocatiornatelevation 50' 2Is undergoing a minor
general corroslon0rate6of0.6 inms per-year

* Thedrywe corrosIonlnspection-pmgram will Jensure:sufficentmargln will be
maintained-through 2029

for[ustratitnsz ofthe margins of monitored laocdtions~lnupperdrywell see
attached Key-Pbn- and Graphs 1-13.
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1. The avenge.tikes1 basW-on,49Utsoc Tesng (U~~qvmnspeformed at each 1ocaio
2. M6"~l tpeo~w lIh iil 98 00 91 n 92
3. TMIW*1993"5-t 80y&22-$ NO dýiTas perh dtjanum 6.1993. A N 6thblcations were hkpecte I December199.
4. Adairacof It trncesft.,gE~i~e E0I~ or m ou w. nces
5. Referenc S'-024- (Rif 061).



I Ongolng•Up Dwl Thickness Monhtoing
UTMeasurement Locations

UT Measurements
taken at elevation 87 5

'.4

T :Measurements
takenrat-elevations

60'1O" -

51,10i
50,2,

J

KE bLA
I Numbers i parentheses refer to theattached Graoh Identification numbers. I
II II
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4. Upper crywell Corrosion Trend and Margin
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Shellin-the Sandbed Region

The followig discussion~addredses-corrosion of the 'Oyster Creek outerdrywelishell in
the sanded region. Vart 1I,'below,-Prvdes n overviewof-,.hlstoric Information predating
the Ocdober 2.6o6.tjge, The discussion in Part-11 -setsforth ifonmatidondiscovered-and
analyzed as •alestthe Octobor2006outage. Oveýrll conclusions:about thedrywell,
and its continued operation during theproposed twenty-year renewal term, are I
summarized in'Part- Ili.

1. Historical Summary and'Past Findings

In the 1980's, the Oyster Creek containment drywell experienced wallthinning in the
sandbed region caused by water incontactwithltheouterdryweli shell. BegInning irl
1986, corrective actions wereImplemented to monitor, nItigate or reduce the rate of
corrosion, which wasinitially estimated-to vary from negligible In certain bays to 39
milsfyear at the thinnest location Inbay ,13 (Ref 110]). The corrective actions were
effective In redudcng accelerated corrosion as evidenced by the decline in the rate of
corrosion starting-In 1990 (see Attachment 1).

Beginning in 1986, UT thickness measurements werelaken at elevation 11'3 from the
interior -of the drywell shell in each bay using a 6"x6"template every refueling outage and
outage of opportunity. The template-is centered on points.determirned by UT thickness
measurements takenzbetween 1983 and 1986 to be thinnest location in each bay. The
points were marked on theshell to ensure that the same location is examined each time
(See Attachment 2).

Analysis andtrending of UT thickness data collected between 1986:and 1992showed
that thinning of the shell was notuniform and varied:within abay andfrom one bay to
another. The measured averMgeothihcess;in someibays :(1,3,5,7,15) is-nearly equat to
the plate originaLnominal thicknIssbof 1541,nlls. in-oterbays,.the nominal thickness Is
reduced sgnffi•ag ywthbay1ig 'the thinnest area ofS00 mils. ,Iniall cases,;the
avergebth!cness lsigreatrthan736 liils, whlchis-required to 'satisfYzASMEXCode
buckiingisress trqtrtremehts.

As -shotwhrrnTtbleý4 below•the-thlnnestavemge 'measuredarea in-eachbbay-has
ýadequatethicknesslargir'in additio'ntothe ASMEbdesafety~facto 2 formrfueling
load combinatior and. 1:67 forpost accidentloadcombination (Ref 1321). As explained in
Part .1, below, AmerGen took UT thickness-measurements duin the October006.
refueling utage lo confirmt1he margin ýremainswithin ýthecavlculated uncertainty listed In
Tabte•6.

I
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Shell in theSandbed Region

Table-I. Minimum Avaltabte Thickness iMargin

Bay-No. I a 5 7 1 1t 13 15 17 19

.Minimum
Available 365 439 4 397 255 84 101 306 74 64

Margin, mils

Corrosion mitigatlng actions in the sand bed region were completed in 1992, whenthe
sand was completely removed from the region; fofowed byremmoval ofcorrosion
products, and preparation of theshell surface for the epoxycoating. Prior to applying
the coating, the entire surface of thesandbed area was visuallyinspected to validate UT
thickness measurements, previouslymade from Insidethe drywell, and to Identify local
areas thinnerthan theminlmum required average general thickness of 736 mils. 125
local areas were Identified by visualinspection as areas that-could be potentially thinner
than 736 mils (See Table-2). UT thickness measurements of the 125 locations Identified
20 locally thinnedwareas less thanthe minimum required general thickness of 736 inls,
but greater4tan-analyzedlocalcritedra of 536mils (the minimum required to withstand
buckling), and 490 inslocal criteria developed In accordance with ASME Code
requirements (the minimum required to withstand design pressure).

Following the iU TInspections discussed;aboveithe outer drywell shell surface in the
sandbed, region was ýcoated witha m-ulti-layerd epoxy coatingmsystem designed for
moisture environment.The-sanbed region;foorialso-was repalredlo improve- drainage
of the eglon~and the •Junction Ofthe-embeddedouterdrywellshell wtthe sandbed
region rctncrete floor-was sealed-to preventimoisture intrusion into the embedded outer
drywell shell.

Analysios UWthickness•measurementsconductedIn 199znd 19,94 showedithat
corrosioniifnthe~outerddrywellshelinýthesandled egion hadbeen~arrested. UT

4ikne~ssmeasurtementis -aken-, In 99ff also. Indicated ,that'corrosloninth outeredrywell
shell had been: arested..oniebf thfle996datatcontalned anomalieslhat are-not readily
Ju.tifialeSbut the-anmalilesrdidnotdsgificantlyctmnge the results (Ref [371). Between
196rand-the October2006DutagepUT-thickness7measurements had not-been taken;
instead the epoxy coating In selected'4bays was inspected every other refueling outage.

Coating Inspections -zonducted In 1994ý(Bays 11, 3), 196J(Bays Ii, 17-) 20,00 (ay-1
13), and 2b04',Bay 1,13) showecthAt the coating was- [a-g'o conIiBoa yshewr

-no indications that the outer drywall shell -was undergoing-furfrco~rCmlo(Ref,[34J).
ýFutthetre'. the peiodc UTthIcknessmeasumments ofthe shaielnih4 upper•,glons
of-,he r thatare no 'Mth epoxy caztbe~used conservatiel asan indicator
ofdthe-otonofthe otry hell-inthesandbed gion..The 20•04 and 2006
'Uppereg nJ ' tresnshowed tatthighestgeneral corrsionrte Isless than 1
millyear.
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Shen inthe Sandbed Reglon

A detailed discussion of the various hlstoric activities follows:

A. initial-Corrective Actions

Updn-discovery of wateriinthe-sandbedrEmgnin in 1980;.corrective-actions were

initated to a) determine-the source :ofwaterleakage, b),establish If corrosion is
occuning by taking UT thickness measurements, and c) assessthetmpact of
corrosion on the drywell structural Integrity.

1. Source of Water Leakage into the Sand Bed Region

Extensive examinationand testing of potential water-sources concluded
thatwater found In-the sandbed region was from the refueling cavity
during refueling outages. Cracks were Identified In the reactor cavity Li

stainless steel liner that permitted water to leak from the cavity, collect In
an-improperly functioning concrete trough below the cavity seals,.and
enter the gap between the outer drywell shell and the reactor building
concrete. Once water entered the gap, it flowed down to the sandbed
region. The water collected and was retained In the sandbedregion In
part as a result of unfinished concrete floor in some bays and. dogged
sandbed drains. Refer to the section 4 of this Enclosure for additional
details.

2. Initial Ultrasonic Testing (UT) Thickness Measurements

Initial UT thickness measurements wearemade in 1983from Inside the
drywell,4thmugh paint,;bove the concretefloor level (eiev. 10' 3V) In the
bays thorresponded towhere water wasobserved coming from
sandbed.drains. The ;measurements Indicated thatthe drywelt-shell was
thlnnertharrexpected.ý The accuracy of these measurements was
questioned-becausefthe readings-wem taken thmrugh•paint AAsa resulL
calibrattontAets were conductedto evafuate the impactbf thepaintonwthe

MTs. Th!etetresults•idid thatMUT.measurmentsthýghpalnt
zovrestimated thectutlkness-by 0:3%, forea 5'mII odflng~and 1,50/
fboz i!Grnll coating. tr th1i&reason, the paintwaremovedat.the
rinspection locations andlainew set, of IT measurements-was taken -from

Insde!the:drywel I -n1986. The -new UTireadings continued!to-indicate
that-the rdrywell-shell wassthinner-in those sand bed bays.-(Ref[7J)

The s6ope 0f the UTs1was expanded toincude several aras-nearte
dryweiflloor~dJacent-.to lhsandbedregp.on(elevation TI 3). The-,new
readings'also•indicated that the drywel s hell was thinner~than expected.
(Ref M)

Aszaresult.of the 1986-1JT readings. -a programwas ;initiatedýto-obtaln
detalled measurements in oiderto determine the extent-,and
characterizAtion0of the-thinning.- Wherethinning wasýdetected, additional
measur.emenswere made in a-cross pattemrto determine the extent of
thetlhnnlng. 'After the cross pattern was completed, the lowest reading at
each-caon-was used to-expand the UT readings to a6"x6 grid on 1
center with the lowest reading at the center of the grid. Approximately
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560aota! UTrmeasurements were madeIinthe ten bays at locatlons
shown ln drawingý 3E-SK-ý (Ref ;[4a]). -n 1986, as partof an ongoing
effortatihe Oyster CreekGenerating tationto Investigateathe -Impact of
wateronrtheouterdrywel shel concretewasiexkc teattwolocaons

Inside the drywell (referred lo:azestrenches) to exose -the ,drywellsheill
belowithe.Elevation IV0 3' concrete floorlevel to alglow ultrasonlco (UT)
measurements to be takerrntocharacterize the vertical profile of corrosion
In-thesandlbed region outside the.shell. The-,trenches(approximately 18'
wide) werelocated inBays 5 and-117wvlthe bottom ofthe trenchesrat
appro;ximate elevatbons89'9 aend 9'. 3' respectively (The elevation of the
sand bed regionfioor-outsidethe drywelg -is-ýapproxdmately 8' 11"). A total
of 579 UT thickness measurements were takent Inside the 2 trenches.
The measurements Inside the2 trenches-showed that the reduction in
shell thickness below-the-drywell concrete floor level(Elev. 10' 3') Is no
greaterthan Indicated above the floor level (Ref 171. Ref [4a1, Ref [8], Ref
[471)

Additional UT thickness measurements were taken at the plate-to-plate
welds under the vent lines and the vent opening reinforcement plates.
These areas were given extra consideration on the basis that material
sensitized by weldingmay have been attacked by a corrosion mechanism
withgreaterpotential for damage or cracking. The readings did not
detect wall thinning ror cracks at these locations (Ref [7V).

3. UT Thickness Data StatisticallAnalysis Prior to 2006

The following steps,,have -been performedto testand analyze the UT
measurernentdata for those locaUons where6x6 6gddriddata hasbeen
ta4kenatleast three ,times. The-,results ,Of the analysisyiLeld the measured
average general thickness f(±standard error), F-Ratio, whlch .was used to
determineIf corrosion wasfoccurlng,•anrd the upper95% ,confidence
,interval waszusedaftercorroston was identified. See-Table5, ,Table-6,
and Attachment I forthe rsuits-of the analysis. The"stepszre:

•Edieac~h 49-point data setbyseltingvol invalidipoints to 'missing'.
,Invaiid points are thosethat are declared invalId by the UT operator or
areats pltug(,,e.,ýo=re sample) location.

SPerforma Univaidate-AnalpsIsof each,49 ;point data set -to ensure that

'the data le'norfMUy,-disrlbUted.:

S.,CalcUtUatthe mean thikness arnd wvariance of each.49-polnt data set.

SPtonýra-AnalysIs ofVariancewF4est~to determinealfthere-Is a
sIg 919ant diffetnce betweerrthemeans of Mthe datasets.

* Usingiheinean thitkness valuesfor each-6•x6' grid, perform linear
regression analysls over time at each location
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o Perform F4est forsignificance of regression at the 5% level of

significance.

o Calculate themtio of the observed'F-value to the Critical F value at
6% level of srignficance. The resultof .this~test indicates whether

or not the regresslon 'model Is more appropriate than the mean
level.

Calculate the coefficient of determination (RI) to assess how well

the regression-model explanslthe percentage of total error and
thus how useful theregression line will be as a predictor

Determine If the residual values forthe regression equations are
normally distributed.

Calculate the y-intercept. the slope and their respective standard
errors. The y-intercept represents the-fitted mean thickness at
time zero, the slope represents the corrosion rate, and the
standard errors represent the uncertainty or random error of the
two parameters. Calculate the upper 95% one-sided confidence
Interval about the computed slope to provide an estimate of the
maximum probable corrosion rate at 95% confidence after
corrosion was Identified.

When the corrosion rate Is not :statistically significant compared to
random variations In the mean thickness, the slopeeand
confidence Intervalslope computed In the regression.analysisstill
provides anestimate of'the corrosion rate, which could be masked
by~therandom~varlations.

Use-the chi-squaregoodness'offit test results o determine .if low
=thimess~measuements~are~sigtficantpits. ffthe measumment
deviates frorw the mearrltikness'bythree-standard~deviations, It Isto
beconshideredz'plLt.(Re121)

4. Verification-ofUT Thickness Measurements

The UTthlcknessmeasurements described above were verified In 1986
byremovhn seven.-24nch-diameter core samples from the sandbed
rei•on shell.:,Core ,sample Iocatlons~showrrin Table43:below (bays 11,

,t5. 7,&9) ,wem selectedto repesentareas~whereUT measurements
'shwed the ffost~sigulficant wafll.thrnning,asweOlLAszameas-whewaUT

measurermentsInicated litUe!ornowall- thinning. Thicknesseszobtained
byphysical measurement "of the core.samples were consistent wlththe
UT readings, and in generatlweregreater by ,about M2 (Ref []).
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Tnble 3 --Corn SanoleThlckcness'Evraluatlon

Post-removal
Location Arerage Measured

SNo.p (Bay No.) Average Average
o. thickness, mils.. Thicknessimlls

1 19C -815 825
2 16A 1170 1170
3 1r 840 860
4 19A 830 847
5 11A 860 885
6 11A 1170 1190
7 19A 1140 1181

.-I

Source: Ref [1]

In summary, extensive UT readings of drywell shell thickness were taken
Inside the drywell to establish areas of largest wall thinning between 1986
and 1992. UT measurements were also taken In 2 trenches excavated In
the dryweli concrete floor to establish the vertical profde of corrosion In
the-sandbed region in 1986 and In 1988. The measurements showed
that corrosion in the sandbed region below the drywell floor level,
elevation 10'-3u, Was no greater than -the corrosion measured at the floor
level. UT measurements taken-from outside the diywellatafterremoving
the sand in 1992(discussed in section C.1 betlow)confirmed,.thls
observation. Thus locations selected inside the drywell- for repetitive UT
measurementsrepresented rthecordition of-theentire sandbedreglon.

5. initial Analysis to Assess Impact of Cormsion on the Drywell
Structural Integrityand ;Operability.

A dtaled engin-eer1inanalysis was-onductedn- In987, •assuming',a
corroded thickness of 700mfts.The analysis-.conlUded-ht~~itsd 1n
piace-'and conservatlvelya6ssw iiig thethickness wasp reducedlo 700
mis, the -dryweil wascapable of performingits intended function andthat
-he ontainment-is operable (fRf [23)

B. Other Corrective Actions Takenin-Response toUT Measurements

,As-a resUit•Of significant wall thinning aend iccelerated rate~of corrosion hte

sandbed regfonZlbaysll1, 113. 17,.and[, 1)yserCreek iritiae aidditionali
%corrective cis-In 1987 to assess5the impact on corroSion-on 4hed U.
ýIntended functo ndmtnlnmizje the rate,ýforro Is'Ion. ,These inutdbtWere
not lim ted to: a) anuInitial analystso-.determine lf theýcontaInment was oeble,
b)ect•o•s to minimizeithe potental for.water intrusioninthe- ffectarea, c)
ctios to effecteJnafanywaterthat mghtitdeinto the affectedlarea d)

,Ir~t0lition ofa ;gtptodk-rotection systemIn 2 ýbays,ie)tidng uTtmeasurments

eve tiingutage and outage ofopportunity,, andf) trending the UT results.
Redferto (pf- [32]) for additional details.
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1. Corrective Actionsto Minimizetthe Rate of Corrosion

Beginn•.ing In •1988, the stpable coating wa'applied toreactor cavity
wals to inimize~teri~eaeduring therefueling outages.- Leakage

onitoring, 2implementedlater, confirmed that this=AcOati s effective in
minflmizingthewater Intrusion Into the sandbed region. See section 4 of
thisEndosure for additional details.

UTthicknessmeasurements taken through 1988 showed that the
corrosion rate of the outer dryweil shell •in the sandbed-region 'continued

.to increase (see:Attachment 1). Altso the rate of corrosion in the bays
where-the cathodic protection system was Installed showed no
Improvement. It was then concluded that the most effective way to
mitigate corrosion was to remove the sand and corrosion products, and
applyza protective coating to the outer drywell surface in sandbed region.
Refer to section C.1 below for details of the coating. (Ref [9], .Ref [321).

2. Engineering AnalysisPerformed to Establish the Minimum
Required Thickness With Sand Removed

An engineering analysis, based on ASME Code requirements, was
conducted in the early. 1990'sto establish the minimum required general
thickness .without sand for both pressure and buckling stress (Ref [15],
Ref [16], Reft[32D. The.analysis was based on a partiatlfinite element
mrodel(36-egree slice- Fig. 1) ofthedrywell. Loads and, load
combinations were-Inaccordance with the originaldesign basis
-requirements as follow-. (Ref[16])

CASE 4 - INiAL TESTCONDmiON
Dieadwelght+'Design Pressure (62 psi) + -SeismIc (2 x'DBE)

CASE7II -;FNALJ--TES CNDITTON
16eedw&Wht Deig Pesure (35Psi)+ Seismic (2x DBE-)

CASE Iii - 4ORMA.LPERAiNG CONDi'rON
Deadwelght,+Pressure(2,psiextemal) +-Seismic (2 xDBE)

CASE IV - REFUELING CONDITION
Vead we*ghtI, ssure (2 psi external) + WaterlLoad +
SeLsmlc (2 xtDBE)

CASEV i-ACCIDENTWCONDrITON
-;Deadweight +essure'(62psli 1757F or 35.psi-@ 281117) +

a t eSeismic (2 x DBE)

CAS N!, -' PST ACCIDENT CNDMTION

Deadweight + Water Load @ 74'6 + Seismic (2 x DBE)
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Note: Subsequent tothis analysis GEdeveloped Oyster Creek plant

sp-cfic,,dnt pressure, approved In accordance with Technical
SpecificationiAmendment 1655 (Ref [461)

The- resuitsWof the analysis Showedthat theamininum required thickness
wasiconitroleddby buckling-and that a- eneta thicknessof-736 mils will
satisfy-ASME Code requirements with a safety factor of 2-against
buckding -•fbthe controlling operating 7load combination (Case IV -
refe~lng 6ondion)1,and 1-.67S afety factor for accident fooding load
combination (Case V - Accident condition). See Table 4 below for
additional, details). (Ref [32]).

Local areas where the -thickness was less 0thanthe general 736 mils were
evaluated based on 490 milsip..a.acceptance criteria (Ref,[421). The
local acceptance criteria of 490 millswas confined to an area less than
2W In diameter experiencing primary membrane + bending stresses
based on ASME B&PV Code, Section ll, Subsection NE; Class MC
Components, Paragraphs NE-3213.2 Gross Structural Discontinuity. NE-
3213.10 Local Primary Membrane Stress, NE-3332.1 Openings not
Requiring Reinforcement, NE-3332.2 Required Area, of Reinforcement
and NE43335.1 Reinforcement of Multiple Openings. The useof
Paragraph NE4332.1 Is limited bythe requirements of Paragraphs NE-
32132 and NE-321310. In particular, NE-3213.10 limits the meridional
distance between openings without reinforcement to 2.5 x (square root of
Rt).Also Paragraph NE-3335.1 only applies to openings in shells that are
closer than two times'thelraverage diameter.

AKreview of allthe 1992 UT data presented in Appendix D of calculation
C-1302÷1875320.024 (Refý[42.))indicatedthatall thicknesses in the
drywell sand bed regIon exceeded the required pressumrethlckness by a
.substantalmar•gherefree ,thearequirements for pressure.
reinforcement spedfied'in the.prevIousparagraph-weretnotrequred-for
the v .ylocal wa~lthckness evaluation presented,.in Calculation C-1302-
1875320M024(Ref [42]).

Reviewing thestabity'anapyses rov•deddinboth the GEReport 9-4 (Ref
[.6]) and the GE Letter Report'Sand Bed Local Thinning:andRaIslnglthe
Fixity Height Analysis (Ref [22]•and recognhngýthattheiplate elements

:Inthesand bed reglon of the model are-3 x3,-it was-clear thatihe I

circumferential buckling lobes for the~drywell wereýsubstantiallylarger
than the, 2Y' diameterfor~very local wal areas.,T;hs, £comblned,,vkththe
local reinforcement surroundinghese locaiaras,•inted thatthese
,~areas would have no-impact on the buclding~margnsithiechel M-t. was
-also-,cea-fromithe GE Letter •Report (RefA t a•tuniomrduction in
thickessWof 27% to0536" ,over a onelsquare footarea'voutd or!ycreate
a 95% reduction lrthe load-factorand theoretical bucdding-stress forthe
wholedrywel resulting In the largest reductionrpossible. In addition, tothe
reported. result for'the !27% reduction In wall thlckness, a-second buckling
analysis was performed foreawall thickness reduction of 13.5% over a

'asomevalmtlons 2- dimeta is omeratively used to define rylocal =as instead of 2 KO
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bi•

one squarefoot area which only. reduced the load factor and theoretical
buckling 'stres by 3.5% -forethewole-drywel :resultUnin 1he largest
reduction possible. To bring thesep mrestftsinto perspective, a review of
the NDE reports Indicated therewere620Tmeasured areaslintthe-whole
sand bed-re Ior•hat had thrcF ssessIessthrthe: •oý036•inch -thickness
used in GE Report S-4 (ref [1s],)Whiicovehra onservative total area of
0.68 squareifeat of theidrymwli surface witheanraverage 'thickness- of j
.0703w or a 4.5% reduction, nwallthickness. Therefore, to effectively
change the • bucingniarginson ,the dry well shell inthe-sand bed region,
a reduced-thlikness would haveto cover-approximately one square: foot
of shell areaat a.locationnthe shell that Is mostsusceptible to- buckling hJ

with a reduction in.thicknessgreaterthan 25%. GEtanalysis concluded
tt thte buckling of theshell was :Unaffected by the distance between-the
very local wall thlcknesses; infactthese local-areas could be contiguous
provided their total area-did 'not exceed one-square foot and their average
thickness was greaterlhan the thIckness analyzed in the GE Letter
Report (Ref 221)and provided the methodology of Code Case N284 was
employed to determine the allowable buckling load for the drywell.
Furthermore, all of these very local wall areas were centered about the
vents, which significantly stiffen the shell. This stiffening effect limits the
shell buclding to a point In the sand bed region, which Is located at the
midpoint between two vents. (Ref 351, [321. [16])

Table 4 -Bucdrinla Analysls Summaiy

Load Combination

ý'-CASE.IV - REEUEUNG CASE V -,ACCIDENT

CONDITION CONDITION

,Service :Concition Design Level C

tThlcnsIzse lrrvA~naiyis;-rfiils 736: 7-36

Factor-of Safety,.Applied 2.0 1.67

Aplied CompresslveMeridional: 759 12.0

Stressz,(ksl)
Alloable Compressive Meridional93
trss (ksl)-

ActuaB•cldlng •Safety Fctor-,' 2.00 1.80

SOurcePef (1161,

Theactual bucldingsafety-,factorlsgreater.than 2.00 and 1.80 since te minimum measured
general thickness Is greaterthan 0.736 Inches.

1

LI

J

I
h.i

Li
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C. Fnal Corrective •ACtions (early 1990's)J

Thecorectiv• o w osimpleented ireay 93, Incuded removatof sand
fromithesawlbed regIonperformance ofadditional UT inspections-orrthe
outslde of thedrywell sheli-.tocoinifrrlhe resultsof measurements previously
takenrfrornthensliderandapplicationrof epoxy coating to the exteror surface of
the dryweAild protect It from further corroslon.

1. Remfioval|rof the sand was Initiated In 1988 and completed in 1992.
Thewsurface oflhe outer. drywellshell was cleaned Inmpreparation
forcoating (Ref 119]). BeforeMthe coating was applied inspection
ofthe-outer drywell shell In all 10 sandbedbays was conducted.
125 UT measurements were taken In Iocal areas suspected by
visual Inspection tobe'less thanthe mlnlmum required general
thickness of 736 mils. Of the 125 UT thickness measurements, 20
were determined to be less than 736 uils,but greater than the
analyzed local thickness of 536 mils. The locally thinned areas
were evaluated using criteria provided In ASME Section III.
Subsection NE3213.10 and found acceptable (Ref [32],1351). See
Table'2.

hi

6w

W

20
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Tdble2 -UT ThicknessIMeasurement ,of Locarlly Thinned Areas Taken from
O~ttlde Te D~iywl n the Siindbed Region.

19921JMeasurements 2006.UTiMeasurements
Location N.umber Thickness in No. of Thickness In

No.of-UT, • 0fAJT-< • ofUT <-C

__ 1736Mnls mils UT 736 mils mils
700,710, 710,690,

Bay 1 23 9 2700,3 10 665;680,731,
66669,711,722,
714,724,726 719,712

Bay3 8 0 8 0

Bay5 8 0 7 0

Bay 7 7 0 5 0
Bay 9 10 0 10 0

Bayll 8 1 705 8 1 700
672,722, 7
718, 655,ý 708,658,

Bay 13 29 9 618, 718" 15: 6 602,704,

.... . __ 728,685.683 669,666
Bay5 1.1 1 722 11 0

Bay 17 11- 1 720 10 1 681
Bay,49 10 0 9 0

Total 12, 21. 106' 18

SourcefiRdU[42];-Rebff 47J

'Thbelad ythlrnndtmas-prepamd for LTT measurementsinn•, 92 weremeasuredin2008. Howeverlthe
, insped,"tea b c n25.

2. .Coating of the Outer-Drywell Shell-in-the Sandbed Region:

In!992ihe~o rdryweil -she igwascoatedwith a•DEVOE-Epoxy system,
vomprised ~of onecoat of DVOE 16T Rust Pe etraUng S.ealerfoilowed
by tvoý coats of Devran 184 epoxy -coating (see attachment-3,-'Ref [19])

The DEVOE coatingswstemnwIas selected •based on anticipation of less
than•tdeat strface-preparation ofihe outer drywefllshell-due to the •
-confined space of thesandbed reglon. lt-was-.destgnedfor-application on
surfa•es.preparetby and cleaning tools to remove loose rust,:mMil scale,
and other de timental forelgn matter in accordance with Steel Structures
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PaintCouncil surface Preparation Specification No. 2 (SSPC-SP2). (Ref
[17])

The -PrePrimneDEVOE '167-Sealer penetrtesbr0ough rusty surfaces ,and
pr ans of reifo i rstysteel substates and ithus Insures
adhesion ofthe Devran 184. The sealer-was-recommended by-Its
manufacturer for use in areas where,:due to restrictions or economics,
blasting mreathorough hand cleaning was not feasible,. (Ref[171)

The Devran 184 epoxy coating was designed for -coating of tank bottoms,J
Including watertanks, fuel tanks, and selected chemical tanks. (Ref,[17])

Before the coating was used, a-set of tests was performed outside the
sandbed using a mock-up of the sandbed space and lighting. The
purpose of these tests was to establish and qualify the palnting process
considering ithe Imited space and visibility Inthe sandbed -region. Each
set of tests was performed on rusted carbon steel test panels that-were
prepared using tools to resemble as dosely as possible the expected

condition of the drywell exterior surface. To further simulate the condition
of the drywell exterior, the test panels were cleaned with DEVOE
DevPrep 88 cleaner and then washed with high-pressure water (Ref 1201)

DEVOEPre-Prdme 167 and Devran 184 coatings were applied to the test
panel surfaces using brushes and rollers. The wetand dry film thickness
of eachcoatdwas measured -and used to determine the expected ranges

of the dating ithlckness for-thedrywell exterior surface. Tests were
performed todetermlne If holidays or pinholes were present'In the
-coatings.-(Ftf [20])

3. Repalrof-Sandbed Floorto Improve Drainage

The-unfinIshed floor in the sandbed-mglons-was:bullt-up usingthesame
iepoxy.thatwas used .tocoat.theýShell,,and reshaped •tolo.wdrainage
ýthrough the SanbdlorrIrtof any~waterthat mayiek -tothe
,e IglohAti. -LtatIimehe Jointboteeni h-eý:andbed~ibor~and~the external
drywell sheD was sealed witira aulk compatible with the-ep~oxy ,coating to
,-prevent any water from comlngin conct with any,,portlon-of the drywell

ýshilahenbdded belowthe leveLoftheisandbed floor. See Section 7of
thlisEncosure foradditional-informatlon.
4. Vaiidatdonýo.fCorrective Actions Effectveness

UTi-spectionsof the sandbed:reglon-wereconductedin r1992,,•1994,.and
1996fromInside therywell. Theresults ofthesnspectlonshowed

-that thecorcetiactonshadý,been-effece armsting:corrostonioflhe
outerdrywet ltlI'the:-sand'bed region. (See Table-6). Afterl99S,

additional -Umeasurements, were -nottakentn the •sandbed region;
.lrxsted•the eoyotigin crtical bayswas'lnspected for~cracldng,
fliddng,•bristeringpeeling, discoloration, and oethersigns of distress.
.In Sectons conducted In 1994 (Bays 3, 11), 1996 (Bays 11, 17), 2000U
(Bays 1,13), and 2004 (Bays 1,13) show thatthe coating was In good

Wi
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conditiohnand therewere noindications that the outer drywell shell was
undergoing further corrosion (Ref [34D). -furthemore'the periodic LIT
thickness-,measurements ofthe shelllir -the upper regions of the drywell
could be used conservatively as an In dicator of the conditiort-of the-outer
dryWeli shell in;the sandbed region. This was because themoperating
environment was similar Inthe sandbed-reglon-and the uppersregion of
thedrywell and theýshell Inihe uppervegiondoesnot have en epoxy
coating. The 2004 upper region UT results showed that the highest
corrosion rate Isvless-than- Vratyear.
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Table 5- nndbod Re on DhiWell Shef195% Confldence Level AVerace ThIckness-

(..

Page 6-15

I

any ob Apr Mjp Ata 86p i -S p.eb. Apr- Mar- may- Nov.My-S-So- ep 0t
STQ 87787~ 898909 91 91 91 902 9249820

ID-----------------1 -- - - - - - - 1101 115 1 1 1Z
3Do$ 118 1175 11
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130 Btrn------------ Om -0910931 7oe89 33
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130 1914 1154 114M
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171-70T-- - -92 '10119 1131 .990 9061 975 9t9 964 972 7696 97
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tSourcc: Ref 4
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Table 6- Mi im VA-8 b16i TAIc i lknes5 M-rni'h Based on MinimUm 95% Confidence Level Average Thickness.

Loainpraiw may Sept 1992 .19w,' 199. _______ RmureoThth
1992 1992' - - 1rr - Eo" 200e4 MR . Nomin Margin

_____Thick Std Eftiýo hc¶ k Thick Et Thick Sk dEfror
D. .. m ..... • __ •1"01•-! ±10I0 1151 *13.8 1122 *8.4 365

3D - 11,78, - - ____+___ .*.9, *T?! -7.5! 1180 65.7 439'.
-13 - - 2. • 1173" 1185 ±2 432

7D 1135 - -1" _.... 1138 " 43" 1138 *5.9 -:133". *8.5 397:
9A - 1155 .'_ "_____ 1157 t'- 1155. 14.8 -1154 4`2, 4-184
9D 992 1000 -004 *-0.0. -1i 992'. 10.4 1008 *10.6 9W3, 11.2 256
11A •Mg :825 -- 78-2 7,IT20-' *.777: 830M 8.7 822 8.0 84

-1C 859 -*64 7W 14.75- 883 t7.4 855, *-4.511S USTop W952'- T1010 970 *23.8 -:982 1 23.4 1042 ± 21.4 958 ±24.7, 12

13 - 849 8* 85 9 8T7.8 853*88 .848 82 0Bot 900 931 906 .__ 0_ ..895 +8.2 933t ±9.8 904 *8.9 159
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II. 2006 ConfirmatoryActlonsJ

During the 2006,,rfuling outage_(1lR2-l), AmerGen-lperformed UT ofithe drywell
shell !inthe sandbedegono inside drywell~at thesame 19 grid locations

where was pformedfnT 1992,1994, and 1996. Location of the UT grid. is
centered-satelevation 11'3 in an area-of the dryweil shellthat correspondstoithe
sandbed~reglon. The 2006UT measurements-were made innaccordance with
thenhancidOyster, Crek ASME Section -XI SubsectionIWE (BI.27) Aging
ManagemenbtProgram. -Te.data was-statistically.analyzed using the
methodology-descibed in section 3 to determine the 95% confidence level mean
thickness. sTheresufts of the statisticatanalysis of the 2006,UTdata were
compared to the 199Z 1994and 1996 data'statistical analysis results. Some of
the 1996 data contalned anornalles thatzare not readily explained, but the
anomalies did not significantly change the results. The comparison confirmed
that corrosion onlthe exterior surfaces of the drywell shell-in the sandbed region
has been arrested.

Analysis-of the 2006 UT data, at the 19 grid locations Indicates that the minimum
measured 95% confidence level mean.thickness in any bay Is 807 mils (bay
#19A). This is comparedtothe 95% confidence level minimum measured mean
thickness-in bay'#19 of806 nllsand 800 mils measured In 1994 and 1992
respectively. Considerlng the Instrument accuracy of *lOmlls these values are,
considered equivalent. husno statistically observable corroslon has occurred
since •1992and •the minimum dyqweil shell mean thickness at the grid locations

remains gr;eater than 736mIllsas requiredtoasatisfy *the worst case buckling
analysis. and theiminImum, avallable margin;of'64 milsifor any bay reported prior
to takdng 2006UT~TUthckness measurements:remains bounded. (Ref [471)

In its statistica:anaylysis of dryweli ncoroslondataeAmerGen has used,.theF-ratio
testaspart of its-mfdito.•efetermineWhMeterithereiis oýo ing oi rrosion. In

aiysof the~data1romryth1s outage, ArnerGen -determlnedlht-ttdifferiert
Mustatstreatment of theýdatawouldbba appropriatetowestimatebounding
corso rae4th6snbd rgo.-sing thls.ýupdate-d,:statstcaUtestof- the
dataAme rrecann6tstaitbca ýly-confirm tht the sandbed region hasma
Vcowloorrate of 16ro. This Is because ,Ofthe, high-variance in UTdatawithin
each 49-7point grid (standard within a ra~nge ýof,,eviatlon 60 -to 100 rolls), ,the
rela~tve• limited nurriberof -datasetsthat have been takenrand theime, frame
over-whthdata has beencliiected$ slnce thesaidwas removed in 1g92. The
high variance in UT datamithlrynthe gridsis a resUltofthe drywelLexterior surface

roughness caused by corosi•oatdO occurredipriortog1992. However-AmeorGen
continues-to~beiieve thatcorrsten of..the exterior sudface-of the-drywelI'shellInI
-the sadb Abd r•glon-has bet>e;rrrstd as evidenced by little change inihmean

thcle~s ihe 9onitordgri)locations and the observed good-condition of
theepxy*-Coatng~durng the 2006 inspection.

nradditlon.to the UT measuremft-satýthe 19griddlocations, a total of 294 UT
thickness measurements were takenin the bayj#5 trench and 290
measurements weretaken in te bay#17 trench during the 2006 refueling
outage. The coMputed: mean thickness value of the drywell shell taken within the
two trenches is 1074 mllsfor bay#5 and,986 rols forbay:#17. These values,
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whn~comrpaed to th 1986 mearnthickness valuesof 1112 mils forthe bay #5
-trenchand 1024.,is fori•ebay #17 trench, Indicated that wall thinning of
approximately 38 rhlls~haslaken place in each trench since ý4986. Engineering
evaluation of the resufls concluded that-considering that the -exterlor Isurfacevof'
bay.#5~hod excperiencod aicorrsonIorrate of uplo 11l.3. Mllyrbetween-10866 aEnd
1992'wathe exteriorsurFace of bay#17Thadexperienced a corrosion-rateof up
to 21.1 miWinkthentsameiperiod, he 38 milswall thinning measured in 2006;is
due,!o corrosion on the exterior surface of ithe~drywel between 1986 and 1992.
(Ref["j

Additionallythe 95% confidencelevel minimum computed drywell shell mean
thtckness-based on 2006 UT measurementswithinthe two trenches is. greater by
a margin-of 250 mils than the minimum requiredthickness of 736 milsfor
buckling. Also this -margin is signilicantlygreater thantheminimum computed
margin-at other monitored locations outsidethe trenches (64 mlls). Individual
points within the twU trenches met the local thidcknss acceptance criterion of 490
miHs for-pressure computed basedon ASME-Section 1i1, Subsection NE, Class
MCComponents, Pamgraph NE-.3213.2.GrossStuctural Discontinuity, NE-
3213.110Loca[PrImary Membrane Stress,%NE 3332.1 Openings not Requiring
Reinforcement, NE-3332.2 Required Area of Reinforcement and NE-3335.1
Reinforcementof Mugliple Openlngs. Theindividual points also meta local
buckding criterion of 536 mils previously established -by engineering analysis. (Ref[473)

The above UTthckss measurements were supplemented by additional UT
measurements taken at.106 points from outside thecdrywell In the sandbed
region,•distributediiaong the ten bays. The-locationsW ofthese measurements
were establishedin,.1992as bein theithInnest Iocal~areas based on visual
inspection ofthe eAxtror- suriace Ofthe drywall shellbefore it iwas coated. The
thlninestlmcatior measuredin-20,06is 602milis versusa618Bmls:smeasured In
1992. The differenceb en the twomeasurementsAdoesnot~necessarily

ema awll thiingof 16 milshasni taken piaceTsnce1992. This is because the
400UTdata could. not be- comparedVirectiy~W~th the 1992 -data -due-to t he
A4frnoel. IT-1nstruments and, measuremn tchniquzt usd n'2006-,.and 'the
'Unbotl nti ~sstdlated '6'ith~pteciselylocatiogithe 199ZiT poits. A-review ,ofbhe 2D6data forthe 106lexternal• locationsindicated that themeasuredlocal
thickness Is greater than he local-acceptancezcdteria of O.490'for pressure and
536 rnis for localibuckling. (Ref 473)

Asstated above;theF206 UT data of t calthinned areas (106 ponts) could
'not~be orrelated directly with te orrespoiding 1992UIT da0ta. FThis Is-largely

deoUsitng-a more~accurate LIT Irstrumnent-hand the prbcetibmwseddto.Aake;th
measurements.. 3maddition the l'nneridrywe e!shell; surfacefco'dibe SubjectLto
somne.nsigilicant corro-ion-due1o waterlntruslo.i onto thieembeddeid shell (see
•iSs•oi l ), •Febr tese rasons;thei OysterGCreek ASMESecon Xl,
Subsecteon PNE-P m 1 breqýulrre UT
,measurements*fthe lIoca ly thinned-areas In 2008and periodically during-the
-ýperid od extended operation. (Ref [473)
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During the 2006 refuelingvoutage (I R21 ), AmerGen conducted VT-1 Inspections
ofthe;epoxyýcoatingrInalltenbaysiaccordance withSME Section,
SubsecolWE, ArdArerGensProtective Coating Monitoring ýand Maintenance

Program. se- insp'eons' wouldhavedocumeteanylaklngblistering,
peelng6,diSc~loration!i~end .Othersigrnsof •degadioW r ofthecoating. -TheVT-I

inspections found-the coating to be in good condition with-nodegradation.

Based onthese VT-I Inspections, AmerGen hasconfirmedithat-no further

corrosion ofthe dry wel shell Is occurring fromithe-extereorof the epoxy-coated
sandbed region. Monitofng otthe coating In accordance with-the ASME'Section
Xl, SubsecUon IWE and AmerGen's Protective Coating Monitoring and
Maintenance Program will continue to ensure thatthe drywell shell maintains its

Intended function during-the period of extended operation. (Ref[47])

A. Aging Management Program for the Extended 'Period of Operation:

AmerGen Is committed to a comprehensive aging management program to

ensure that significant corrosion Is detected and corrected prior to Impacting the

intended functions of the drywell (Ref [471). The program elements for the
sandbed region Include:

1. A strippable coating will be applied to the reactor cavity liner to prevent water

intrusion Into the gap between the drywell shield wall and the drywell shell during
periods when the reactor cavity Is flooded.

2. The reactor cavity seal leakage trough drains and the drywell sand bed region
dralns Willbe monitored for leakage during-refueflng outages and during the plant

operating cycle:

*e Thesand bed reglondrains. wiltbe-monitomd daily during refueling
outags. ffleak.age Isetected procedures~wllbe in place to determine

the source of leakage adiriwet6gatearkadaddresslthe Impact ofleakage

shell coating and moistu•e• barrier (seal)ln thazýrdbed~reglon-and
performancez 0tLT examinatione the shell Ithe upper regions. UTs
will also be performed,,on any areas inthe sand bed veglonrwhere ,.visual

Inspection Indicates the coatingIs -damaged dand corrosion-has ,occurred.
UTý results ýwil be evaluated perthe exlsting-program. Anydegraded z

coatingl or molstuie6barrierwill betepalred. Theseeactions willobe
coMplieed prior to-exitingthe'Wassocladoutadgel .

SThetsfad bed region drailwiillbemonitr d ely dring theplant v
loperating-cycle. •fleak•aes identifiedd.thezsourceof~waterwillbe
inves.tigatbd;,ýcormctive •actins taken or.plannedas •approprate.ý in
eddition, If leakage-Is detected, the foflowingýitems W1ll beperformed

durlngthe-next-refuelingoutage:

o Inspection of the drywelltshell coating-and molsture barrier (seal) In
the affected bays-Irrthe sand bed region

o UTsof theupper drywell region consistent with the existing program Li

iL



SectionS6 Corrosion of ContainmentOUterDrywell Page 6-20
Shell In t~he,, ,Randbedeglon

o UTs will be performedon anyamreas:in the sand-bed region where
visual Inspection indicates t:he coating Is damaged and corrosion has
occurred

o UT results wilk•eevaluated perthe existing: program
Any degraded coating ornmolstrtanier wilibe repaired

3. The inservice-1nspecliorw.(IS )Programwil be'enhancedto requireInspection of
IO%/•of.heepoxy~coating-every 1O•yeamsduflng-the period of extended
operation. Thesespectlio-sAwillbe performed hi accordance withASME.
Section XI;SubsectionlWE. Performance.of the inspections will be staggered
such that atleast three ba~ysll.be examinedr-every other refueling outage.
Inspection ofthe coaling Isjaccomplished through-the Protective Coating
Monitodringandý Miratenance Program-(B.1.33)

4. When the sand bed region drywellshell coating Inspection Is performed, the seal
atthe juncton between the sandbed region concrete and the embedded drywell
shell will be Inspected

5. The reactor cavity seat leakage concrete trough drain will be verified to be clear
from blockage once per refueling cycle.

6. LiT4thickness measurements will be taken from outside the dryweli in the
sandbeodreglon during the 2008 refueling outage on the locallybthinned areas
examined during the October2006 refueling outage. The ýlocallythlnned areas
are distributed both vertically and aroundtth perimeter ofthe drywell:in all ten
bays such that~potential cormoslonof the drywell shell would-be detected.

7. Starting Ir2010,drywellshellUT thicknessmeasurementswillbe -taken from
outadethe~drwellrithe sandbed region n two bays per outage, suchfthat
Sinspec~ons beperfor0ed in all 10 ,bays within a,10-year~period. The two
baswith the most locallyhinned areas (bay #1°and bay #13)1willbe:.Inspected
In D. Ifthe Te namIons:yieunacceptable esultsiherthelocally
thh areanallIbaysw.l.. eInspected In the-refueligoutagethat'the
;iunacceptable results,.are~identfifW.e

8. Perfornvisual lInspection-of the drywel shell Inside the trenchin bay #5 and bay
#1T87dtake-UTmeasbrements Inside these-trenches In i2008 at-the same
locations exarined In 2006'.Repeat (both the UTand visual)I:,inspectiornsat
refueling outageslduring the period ofiextended -operation until the trenches~are
restoreýdto he origlnal deslgn coifiguratlonuslngconcretewor othersultable
materlalto• prevent molstume colledcionIn these -areas.

After-eac-h pection,l•rth!cknessmeasurements resultswill be evaluated and
compar Ised wth-previous UTthickness. measurements. If unsatisfactory results are
idetitied,:n fleddltlorWliacorecteactions will be nitttiated, as necessary, to-ensure

e~d ell shell lnte-rismaintalned hroughoutthe period-of extended operation
(Ref j47]).
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il]. Conclusion

Corrosion of the Oyster Creek outerdrywel shell haslbeen investigated since-the
early 980WS. Corrective ractns, implemented-beginning •in 1986,;have:arrested
corrosion. AmerGen conducted UT thickness inspections ofthe~sheli inr the lsandbed
reglonjih{ln 2 12•)toconfirm corroslonwhas beenr arrested inthe outer drywell
shell. The resultsshowed tht :corrosion of the extedrior dnjwefl shelihas been
arrested. AmerGen also conducted VT-1 lnspectionsoftheepoxycoatingin all-ten
bays ln accordance withASME Section XltSubsection IWEand AmerGen's
Protective Coating Monitoring and Maintenance Program. The VT-I Inspections
found the coating to be In good condition with no degradation.

Englneering analysis of the drywell using a conservative uniform general thickness of
736 mils for-the entire sandbed region concluded that the drywall meets its design
requirements during the current term with adequate margin.

AmerGen Is committed to Implementing a comprehensive aging management
program during the extended period of operation to preserve the existing margin.
The program Is designed todetect; mitigateand correct drywell shell-degradations.
These activities provide reasonable assurance that wall thinning of the drywell win be
detected and corrected prior to Impacting the Intended function of the dryweli.
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ATTACHMENT 1

GRA-IP'iCAL PRESENTATION OF SANDBED DATA

R, UT] odf the [ raphs:
Rdf.;[21j, Rif, [251, Wei t [27], Ref [311, and Ref [47.1
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Figure 4. Sandbed Bay # 7D
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Figure 6. Sandbed Bay # 9D
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Figur, 10. Sandbed Bay #13A
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Figureb 11. Sazndbed Bay #13D
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Frgure 13. Sandbed Bay # 13C
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Figure 14. Sandbed Bay # 15A
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FigUre 19. Sandbed Bay #17119
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Figure 21 Sandbed Bay # 19A
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Attachment 3- SandbedA ReIoEp Coain hSm~cfeto
DEVOE Epoxy CdatlooiIsywem *Pro-Primea 1 67 (Epx ýfP*rimer)

Service L ' The specification•requirement for Ideal service life Is at least 20 years. oer, i ws ,c fild thatprcia ' IPm atint~ g' may". reqi'b maintenance sooner thon 20 -ars. ThW MrW ll6fdtri ne.• dby
periodic inspection to ensuri degraddatons are detect6d and corrected b0eft MIi•df 'Wei coating.

Envirodfn'thi ChtidOts. • The"coatifing -Ifuiified for temperature Up 250 degree F
. Wb'tiohj DrN•

Abrasloti RM1109 The-mgt•rilifvi b suffiently abrason resistant to avoid damage from vide cftf•a$,
__• __ tbm' twe Prob i•dMitld monitorst and other slmiliar demces..Adhesion " Tikca !Ttng shoUldremeain Intact and attached to the dyweli for the fu1 range of gbfra

____________________ opeatilgorcfitlns and for0 the expected lfght abrasion dwurin- In-spe-ctions adti'ri'gihance
Direct Impact Re• •eanc • Thn-conti rd remain intact-and Attached to ft drywill for the full range of -gei!
'___th _ _R _ _- __ operetioo~sd onea*io forh exeed 1iht abramson during ins,! etions ndýmainte•nance
Weatherinig ReIstat¶l NIX ~Th aea fi& ICi~ oted -it not expoed to w eathering or direct ligh~t
De•ontarrilfbi iity N/A

Ther al C, . .d
Maintennce a P1~Hodi inIspectfn to determine if maintenance is required
Repetirallt4 a Repairable In thei iiit eda ss areasuslng equipmenit available on site
Color *Color or tint fr one 6odahb Ihud Provide a good viulcontrast with, previou'scoaitorfsubtrte• U•: g•Y o good11 g hIitt rdnectnce and easy det bi of suelfbbe contamiaton and color

an bg I I'-. 0646ri w"dn', and to make the need to repair a damaioged Oriabrtd• area

Gamma Radiation D• atings have not been tested for resistance to gamma radiation. Degradation due toGamma___R________ 
_ exposure to Gatmfi radietioin is determined by deodic Ins6ectlon.

Source: Ref [19]



Section 7 Embedded ExternalDrywell Shell Page 7-1

Thls-discusslonddressesthe embedded external r Creekdrywell shell
Ceabedded sher).P.,Prt 1. belowprdesvan overview of vcommItment Information
regarding the ernbedded i shell priortcihe October-2006-outage. The discussion-In Part
II rsesforth inforimtion discoveredi andlinal, -Ads"Aresult of theOctober2008 outage.

Overall conclusiOns~about the ,embedded shell,--and continued performanceof Its
Intended Wfunctin during the-pwposed twenty-year renewal term, -a.resummarized-In Part
Ill.

Aquestion regarding 'the embedded-shell was posedto AmerGen at a June 1, 2006
NRC publicimeetng, Iand later documented in Ref j36]

Inspection of inaccessible Regions:
It -is not dear toýthe NRC whether the Junction between the
1.154 inch plate-and the 0.676 Inch plate at the elevation 6
foot 1:OlInches Is represented in-the UT sampling plan.
This area isbelowthe bottom of the sand-pocket area, and
Is In contact with the concrete alkaline environment.
However In the past, before sealing of the junction
between the steel and the concrete, this area would have
been subjected tothe same type of contaminated water as
the drywell shell In the sand-pocket area. The NRC
considers this Junction to be an area for possible corrosion.
The NRC requested the applicant to Incorporate this area
in the&sampling4plan or Justify why it should not be part of
the samplingiplan."

In October2006D.the ACRS Ucense Renewal Subcommittee also asked about possible
corroalonulnithe-embedded rgionand AmerGens-conlidence that corrosion there would
beno grea•ter than:In the .sanbed ieg on ,due to the Inability to,-Inspect the shell
emb6eded-In th6econcrete. J(Rer[441• Pages 84A&Z'85)

In answerolotheseýInquiries, AmerGenwprovldesthehliosiodcal infomnation in Part I of this
docuent. -

L HilstoricalSummary - ThewEmbedded Shell

The condition' of the embeddedcshelI was -ommunIcated In a response .to the-NRC dated
Junel20ý, (Rf[37V): -

'ResPonse:

A-revewtf the:dwetlIconstructiornand ,fabricaUortidetails shows thatthe drywellskirt is
weldedttohe 1mr54 inchhlckpiatewbelowthesand b iooor beforeihe-end-of 4the
1.154'tIck plate. This thicktplate7Is weldled to theA0676' plate at*eevation6foot 10 1/4

Inch•es. ,One ofthe•purposes of the skit, which. Isalso now embeddedIn concrete, was
to---upport--e• #diywe!l during constructibon. The presence of the skirt prevents moisture
ntrMsIotintothe0.676- plate. ReferenceFigure 7 inSection13 of this Enclosure.
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Bt-the . 1 P'k!ate and the 0.676'thickplate are embedded In concrete and are
inaccessibleiorinspection, as recognlzed by ASME Section Xl,.SubsectionriWE-1232
and NRC Guidance (NUREG-1801'Rev: 1) forlicenserenewal. Thesedocuments credit
pressure esting-performed1nvaccordance with- 10 CFR-Part 55GAppendxJ, type•Atest,
for managingaing effectsof, Inaccessile-portions ofthe dryweli shell. NUREGl4801
and Ref 130] Indicate thatý corrosion of embedded steel-Is -not significant if the following
conditions aresatisfied:

1. Concretevmeeting the specifications of AC1 318 or 349 and the guidance of
2012 Rýwas used for thecontainment-shell or liner.

2. The.concrete is monitored to ensurethat It Is free of cracks thatprovidea path
for waterseepage tothesurfae 0of thecontainment shell or liner.

3. The moisture barrier,_atrthe Junction where the shell or liner-becomes embedded,
is subject-to aging management activities In accordance with ASME Section XA,
Subsection iWE 'requirements.

4. Waterpondlng on thecontainment concrete floor are not common and when
detected are cleaned upin a timelyrmanner."

The Response alsoindicated:

'The corrosion of the drywell shell in the sand bed region was caused by the moisture
trapped In the sand bed due-to water leakage into the region. The source of leakage
was tdetermined to be the reactor cavity, which Is -filled with.demineralized water during
refueling outages. The water-passed overithe Firebar-D coating that was applied to the
dryweil shell to allowfor fo -oftheequrdsesisicgapbetweenthe dywell shell
and the -encircling concrete shleld wall. TheTFlrebar- Dmaterial is a magnesium
ogychlotide.compound. The drywliwas erected onsite and exposed to salt air
environment during constucton, which could !also:introduce contarmlnants:toDthe
sandbedenvlronment. :-Chemlstrytestresults onvwet •sand conducted In 1986 Indicated
that te-leachate fromthe molstfsandthad apH of 8.46 oand contained only 45 ppb
ctilorides-and <17 ppbsulfates.

•Mnotddil 1161'3Q]thls,•waer Is not-4agresslveltoconcrete•salnce'the pH ls.greater than
.56 Ahe-chib6de~ri lestatO and. sulfa aes'. tsthanIBM. ppm. Thi

means that the 'wetted concreteenvironment willprovide a high pHenvironment that will
protect the embedded shell from corroston- •Addittonally, the corrosion rates calculated
forthecarbonsteelpIugsremoved fronrthe drywell-sheUlin the ,sandtbed-reglon were
comparable tocarbonnsteelexposed to typical-watersnover asirmlar temperatum range.
While, anncrease Inthe sainity and Impurtof thewaterwill Increase .theldneklcs'of the
zorrosion reactloI byIncreasing the electrolyte conductivity and can-alterthe form of
corroslonexperienced bysteel (e~g;. fronmgenera••orroslonto pfttlng'corroslon),.:
Inpuridesuchas c•orIde. and sulfate are not fundamentally Invoml inthe-corroslon
"oani andcatho• otactions. InfactIncreasingithesalnlt of the water-decreases the
d dvoxygenrcontntOf the water-nnd,-thus,'reducesthe concentratinof -cathodic
-reactant present for thecormslonmreaction.• (Ref[37])
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The removl ofthe 0sand fromthe,,sandbedregion in 1992,afforded the first opportunity

to inspect the sandbed flo r~and evaluaite-Is condition. There:-were a &numberof: basIn
which the sandbed 1lcoor"was rnoted ýas being un'finished ý(i~e.ý, ,the foor lacked a smooth
surface with appropriate slope that would ýdir'ctany wiaterentering thezsandbedý-region
away f•oefl shell tohe dias- fdocumented Inr Update 1`(4197) to

the Oyster Creek OSAR, ýSecfition 3.'8:2rý8 (Drywen- Corrosion)-(Ref-[481).

The condition of the sandbed.floor alsowas noted in a May 5.,1993 meeting between
G-.PU Nucear;Corporation and the NRR 'Staff ,or teOyster-CreekDryweil Corrosion

Mitigation'Program (RdfU[241). The presentation slides used-during thatmeeting
kientified the-sandbedifloorin somebays to be cratered with some cratersadjacent to

the shell. A-few craterswerebigabout 12-13-feet long, 12-20-inches deep-and 8-12

inches wide. AerGen believes thatthe smail-quantity, low velocity and -nonr
aggressive chemistry ofthewaterthat entered the sandbed region while the sand Was

present could not have eroded concrete to the extent identified and, therefore, the

craters -have existed since original construction. (Ref (48])

Several corrective actions were Implemented to mitigate corrosion of the drywell shell.

These mitigative actions were designed to minimize water Intrusion into the sand bed

region, provide for an effective drainage of the region In -the event of water leakage, and

rmonitor the drains to detect leakage. (See Sections 4 & 6 of this Enclosure).
Specifically, as part of-thecorrosion mitigation activities performed in 1992, the outer
shell of the drywenl was deaned and then coated with an epoxy coating including
portions of the shell below the currentilevel of the sandbed foor imthosebays where the

floor-was uninished. The.Unfinished floors in the sandbed regions werethen built up
using thesame epoxy that.was usedto coat the shelL and reshaped to allow drainage
through the sarndbdofloor drain:of any •waterithat mayileak-Into the region. Atthatime,
the joint between the sandbed floor and the external dryweil shell was sealed with a

caulk ompatible -with the epoxy coating to preventany'waterfromcoming incontact

with any orton of the dryweli-.hellembedded belowihe level of the sandbedfoor. (Ref

[19], Section,62).

•]L •Confiiatg'Acons•DdrltWn The -U2OO6'tatre

Annei•=en .visuallyInspected ;the sandbed regions~in all 1•0 bay during the i2006 ,•outage. -

, -part of-Ahes nspectlons;the'integrit -of the epoxy floor and the caulk-sealant
:betWeen theexternmai dryeillshelýland therf thisandbed gonwerinspected.
--Nodegradionofithe cuillkingbeten-the coaddwllhell and theepoxyicoating ,-
;onthe sand bed reginfloors ws~bserved. •ACcordingly;•no~repalrswererequired..

AmerGenr0bserved in-S,0of 10bays separatlonfcracldngofthefloorepoxy coating.

Theseareas 'had no Impact onrthieextenlordrywell-shell epoxycoating or the-caulk seal

between'the dNwell Whllad the sand bed ifloors because the cracks were in areas of
the flooraway omthe tshell. Theseparationlcracdng was repaired prior to the

concluslonof fthe October, 2006 outage.
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The 1.154 nchcthlccplate ofthe extemraldrywell shell between the embedded support
skirt end the fiooro0Wthe sandbed reglonlikely experienced some historical corrosion.
However, Ame Gen expected'such~corroslon to belbouLded by the corrosion In the ,non-
embedded regions due to the formatlon~ofa thin protectiveioxideVpassvefllm over the
shell from the hhly alkalinie-contrete.(Ref[29J). Duringthel O r 2006outage,
ArnerGenlimplemented a.commitment toinspectthe•:drywell shell from the Inslde of -the
drywell In two trenches excavatedin-1986 intheconcrete floor (Discussed-In more detail
in lSecfion 8 of this Eniclosure). Anadditional pottionof one~of the trenches was further
excavated to exposeassmall portlon of the drywelIshell [that had, up until October 2006,
been-embeddedIin concrete on botýusldes. Arnaverage thickness of 1.113inches was
ultrasonIcallymeasured which, when compared with a nominal wall thickness of 1.154
Inches, Indlcates an average total wall lossiof41, milssirnce construction In-the late
1960s (approxfmately4years). AmerGen-assumesthatthe majority of this wall loss
occurred from theexterlor of the shell and priorto 1992 (Ref f471), when the sand and
standing water was removed-fromthe sandbed region, However, assuming that the 41
mils wall loss occurred over the first 40 years, and that there Is an ongoing corrosion of
about I mil per'year, there Is still adequate margIn for the proposed 20-year period of
extended operation.

For the reasons stated below, the exterior of the 0.676 inch thick plate embedded In the
concrete below the attachment point of the steel support skirt has been protected from
contact with water on the outside ofthe drywell shell and, therefore, likely did not (and
does not now) experience corrosion. The weld that attaches the skirt to the drywell shell
Is continuous around the exterlorof the drywell .shellpreventing wateron the exterior of
the dry ilfmo nuing Into the0.676 inchplateeon. Althougfrthere are cutouts
In the-skirt to facilitate Initial constructon, thesecutouts are atýleast 2 feet below the
attachment weld. VNotes on linstallationdrawingsýIndicaitethat other openings In ithe skirt
were closed as -concrete plament pceeded. Forwateron the outside oftheshell to
contact the 0.768Inchplatei-t wouldneedto migrate downward througtrtheýconcrete,
throughthe openlgI•vnthe skirt andthen over two feetapwardtothe shell. The water on
;the outside of the shell thathmayave entered the spaceýbetweenwthe exterior drywell
shelland the sandbed floorprimtotiheJolnt beingcatulkedIacks dtdiving force
,(including wiin ssaryto navlate-such a tortuousTpath through thexconcrete.

Also,'although the bottom0of the drywell is belowtthelevel of the-groundwater table, ItIs
notcredible that-roundwater could havenmigrated throug thevf oncrete under this
portion of the shell and caused.exteial corrosion In the 0.6761inch-plate. TheReactor
Bluilding Foundatlonfloa•rs a 1lft thick reinforced concrete slab. The bottormelevation
of the slab Ismlnus291 G-nd Itstoplevationisrninus 19 6'. Ther waterproof
memnbrane at the, bottot of the mathatexeendsup the outside.ofthe-exerior walls to
arn Elevation: ofV•m0. Theconcrete pedestalthattsupportsthe Containment shell Is
locatedlgt the centerof the mat. The cont4inment shollJssphericat en shape atthe -base
an dlhas ebottom0elevatlon of 2',3s. The orIsRoom completely surroundsthils
-concrete pedestawl hfkoowelevatloLzvf mlnusl9"' 6"(toprofmnat). (AWmoredetailed
descriptiowof thedrywell IsprovidedIn Section 3 of this Enclosure)

Inorderfo qmundwaterto reach'Ihelowest polrdinvfthe containment shell it would need
to penetrate the waterpmof membranethen migrate through the 10 ft concrete mat then
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migrate throughthepedestal concrete. Since theresnowaterproofrngon-this interior
,concrete pedestal,,orother lnteriorwaills, -any wafer~contain~ed -or migrating 'inthe
.pedestal w'outd seekthe pathvof lbast'resisan dowtth Torus 'Room. This
path would be thrbugh the-concrete ftself obralng ctonstý*rucionoints hi tthe p~edestal. -if
wa~tevwas 6,15e to naelsa iogfwp o edz e andactualy acth
base.ofthevontainment shell, the To Room-wouIbe flooded. Theremare sumps in
the Obasent of the'Reactor!Bulding that collect any water In leakage: andwould
:preventsignicwt-ac=cnulation~of water- Inthe Torus Room.

-Periodicýtstinofthe drywellintegrdty Isrequired by lOCFR5O,Ap•pendixJ. In
parplar type Alest measures.the containment systemoverall Integrated leakage
ratean mustbeconducted underconditions representing deslgnwbasls loss-of-coolant
accWdentýcontaiment peak pressure. The most recent Appendix J, Type A test of-the
drywell she, -(Nov. 2000) confirmed -the Integrity of the shell in the embedded, region and
satisfied all Code acceptance criteria.

M1I. Conclusions.

From the above discussion, the conclusions are as follows:

* The corrosion of the external embedded drywell shell Is bounded by the
corroslonIn the sandbed region. This Is a reasonable conclusion for two primary
reasons:

1. - e carbon steel h!nthe embedded reglon is In contact with-hlgh pH concrete
thatallows-thecreationofapassvefilm onthesteel surface. *That Is, the
presence.'0f-abundant amounts of calcium hydroxdde and relatively small
amourts of: alkai elements, such as sodiumandi potassium,gives concrete a
veryhigh urkiinlty,(e~g., 1pHof124to113). lnfactthermodynamnic catculations
reveal noncorrosioivof lronl(steel)above pH '10 atroomtemperature.

2. UrIlformosiorwill tend.toocur-hensomelsurface reglons~become
anodic fora.9hortpertoddbztttheirlocxatior.-and tatf th cathicegin
'constahill thahge. ' orkanple,'genera corroslonlrusftng-of mild-steeLvwill
occurwhe-hereibIs a ulfo•o nsupply -:oxygenavwilible-acrosswthesurface
Wfthesteel and there isýa uniformvditbutionof defects irrthe oxide filmýasis
usually the case In the nonjteceimsformed'on unalloyed steel.r Ithe
abs-nceof areas.ofhIgh1Intemarstess (e~g., cold-worked rgions)or
segregated zones (e-g.. nor-unifortmdistibutions-of -sulfide Inclusions), •a
number ofanodc io willdevelop acrosshesurface. •Somewareas will
-,beconme-less active whilet'new~anodidl g'nsb~ecomeavallbbie. Therefore,
everall attack takes, place, , number•of anOd•Stesw 7e positions May
chan;eleading to generaliustngacross the surface..

IfftieSUppIyof :oxygen snot •unlformnacross a surface, ihen-any-regions that
-areddeplet•e Iroygewna"ll becomeanodica. the case of moist sand in
con tac rthedrywell stel. TLheremaInder of' the drywellsurface including

.heembedded steel• hasxgen available to Ittand therefore ects as aslarge
cathodia area. When te cathodicarea Is: larger, local attack:wil occurb the
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smal.eranodic rgion. This phenomenon Is referred to as differential
aeration.

Therefore, due, tothe reation, oftadifferential aemtion :ceHlthe&adjacent
carbon steelintontact with themoist6aMbedats as2aranodeht
sacrificeslself tothe benefit of thesteel Inmtheembedded region. That-Is, the
corrosion of the-sand rcushion steetpreferentially corrodes as galvanically
coupled to the embeddedEsteel.' (Ref'[37])

SCraters~identifiedInrthe sandbed reglon foors when the sand wasInitially
rermoved were-created duringnitial g onstction (pre-1969). (Ref [48])

Measurestakento prevent water from entering the sandbedglon and any
further waterIntruslon into the area between the concrete and the external
drywelishell are effective because they preclude 'two of the four necessary
fundamental parameters necessary-forany-form of corrosion to occur, an
electrolyte, (i.e., moisture) and the cathodic reactant(I.e., oxygen), while only-the
lack of one fundamental parameter Is sufficient to prevent corrosion. Sealing off
the ermbedded-steel prevents refreshment of moisture In the embedded region.'
(Ref f[37-) The ultrasonic measurements taken during the October, 2006 outage
-of azsection Of the drywell shellpreviously embedded on both %sides since initial
construction indicate the-effectiveness of preventive measures In that, on
average, in excess of 96% of the nominal wall remainsIn the embedded portion
of the drywellshell Immedlately below the sandbed region.

*Anyoxygen trappedby the cauElksealant would most likely have-been consumed
and a thin protective oxide passive filmwould have Ubeen formed from contact
with the highly alkaline concretethereby mrinlimizing ifurthertcorroslonbecause
'residual moisture will not supportanysbsequent corroslononce all the
dissolved oxygenr IS consumed lntheAtaodic.icormosionýreaction. Thezcessation
of, the corrosion reaction wil occurregardlissofthepresenceof 'contaminants
that may- be dissolved Irvthe water (e.g , chorde,,sulfate, etc )since although

itheseimpurites can affectthe kinetics- of the-corrosion remacion;hedonot
ýparficipate In•.he. • cthodic- red uctionr... g• rtion. O.Pce the cathodic;react•or••
stopped, corrosion Is, stopped. Intermittent wetingand eratbmorf teebde

twould produceonly minimal additiond-corrosion. Inmaddition, "[tjhe
presence of corncrete I contact withthe-iembedded steel will mrltigate~coroston
even If suffin Moistureandoxygen-areavallAble due to the spontaneous
formationrof a ;thin protectiveoxide:passlve •filtmorrthe embedded ,isteel surface In
the bhlghlylalknezsolutionof the oncrete. Aso gas mthisllmis notdiSturbed, I
will keep thesteel passive and protected fromcorrosion." (Refz[37])

* ThezsaIrdbedfloorwasýreshapedin,1g992;moroute-water-to,-the sandbed'drains
and away-frmheadryw.ellsh'ell and caulk sealant.

-, Continued inspections of thecaulk-sealant have confirmed ks Integrity.
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Appe.ndix J Ty Atesting confirmed theIntegrity of the drywell shell In the
ermbedded regiOn.

In summarn;erGentwsextenslVely Investfgated~dy llc slon, Incuding the
-embedded-shell. ýA revew of -plant, operating an uty experienceIndicate ta
corrosion-ofembedded steel hI concrete-,Isnotsig-"nficntbecauseI;tisprotictedbylhe
highaalinity Iwconcrete. Corrosion couldonlyteome~significant-Ifthe concrete
environmentis-aggressive.: H!stodcalata shows thatthe environmenthi n•the sand bed
re•glonisint aggtessive. andAhus'a* a*rincontacttthewembedded shell Is not
aggressive,. Tedata 'also !sho tht c€rrosion of the dryweil .shelli In 'the •sand bed

regions dueto galvaniccr-osori and mpurities suchas :chlorides and sulfates are not
fundamenxtllyinvolvedhni.the-c€orrosionanodic and cathodic reacions. Thus, only
limited corrosion wouldbeanticipated forthe.drywell embedded-shell

AmerGen hasalso committed oe a comprehensive drywell corroslon-monitoring program
for the period of extended operation. The program indudes mitigative measures to
prevent water intrusion Into the sand bed region. The sand -bed region concrete floor is
sealed with epoxy coating. The Junction between the sand bed region concrete floor and
the drywell shell wassealed In 1992 to prevent moisture from Impacting the embedded
shell. Thus, additional significant corrosion of the embedded shell Is not expected
because of lack of moisture and depleted oxygen. AmerGen Is committed to taking
specific corrective actionsdescribed In item 3 of Enclosure I to Ref. [39], prior to
exceeding -any design. requirements, If water leakage Is detected In the sand bed region
drains.

For allof the above reasons the Iorrosion rate for the embedded-drywell-shell Is less
than the-corosIonrate qof thedsand bed region ofthe drywellshell. Also, direct-

monitoring 0ofthe drywell,% Itinfthesand-bed reglon adequately bounds any corrosion
Inthe -dryell embedded shell.' (Ref-1371)

hi

7
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[ "..' This discussion addresses the potentialforcorrotslonrof the nterior surface of the drywll
sh•l•that Is embeddedn tnthe concrete•ifoor •nside the dryWelt (i~e..'below the concrete
flooratElevation -0ITT). See Figure 4 InSection 3of this Endosum. Thisiarea
Includesihe shetibend the concretecurb at• tedge- dftheconcrete floor. All
elevations of thenihteriordryweltshell were~presumedtoT-be coated with prlmer,(except
those areas-to be embedded In-concrete) that wasapplied following fabricationofthe
material to protect the steel priortoand during-:nstallation.

L Part 1bdbeowiprovidesý n-overviewof historicinformation predating the October 2006
outage. The discussioni Part ]I sets forth"Information discovered and analyzed as a
resultof the OctoberJ-2006 outage. Overall concluslons-aboutthe drywell, and ts
continued operation during-the proposed twenty-year renewal term, are summarized in~Part-Ill.

I. Historical Summary

The drywell Is described In .Section 3 of this Enclosure. Figure 1 (Section 3) shows a
cross-section of the-drywell. Figure 4 (Section 3) shows an elevation view of the
construction of the drywell foundation Including the configuration of the Torus Room.
Figure 5 (Section 3) provides the details of the drywelIfloor Including the drainage trough
locatedIn the area under the reactor vessel (referred to as the Sub-Pile Room). The two
areas taddressedhin tis discussion are the embedded portions of the 1.154" thick section
Internal tothe drywell and the 0.676' thick section atthe bottom of the drywell all of
which •is e•beded Intemnally(See Figure 4 in Section 3). Section. 6of ,thls Enclosure

identifiesthe mimnimumrequired-,average-generaithickness of the 1.154"thick section as
0.736". Since-the 0.676"-thick section is completely encased inconcrete,tIs only
required to contailn.the maximumdrywell ;pressure (44 pslg)and.is not required to
wlhstand"bucldlng ormembranestresses. The minimum required thickness-for this
section requl.redue:to the maxlmum,-drywell pressure'ls 0A79 per Reference[421.

In- 1986. Zspart•of an-ong01ngoeffort at the Oyster Creek Generating Station-to
,nvestigate the, Ipact of wateron the outertrywbl shelf concretecwas-excavated attwo
4Awtions Insrd-the dry Well (referred to as trenches),to expvse.thedry~weLkshelLbdlow.he'SUation 10".i3 cretefoor, level toallow ultrasoniic (UTmeasurements to be
,taken•to characterize the-vertical profile of corrosion In the sand•bed regiorroutslde the
shelf. The trenches (approxrnately- 18 nches wide) were located n Bays Sand -17(See
Fgure,3 InSection 3-of this tnclosure) w• ithhe botom-ofthe .tre nchesat-Elevations-8'

9¶and 9'-*..respeclvely (The elevation of- the sand bed region floor-outsIde-,thelrywell ,is.
approximatelyZ'4I1").

Fbllowing UT.examinati•nsin 19,86,and 1988, the exposed -shell-inýtelrnches e was
Preped andcoatedand theitrenches-werefilled •wthoaw Corning f 8;; 4,iicone RTV
foam -covered with a prtective layerof promatic lowdensitysillcone-elastomerto the
height f the -concrete foor.,(Elevationr 10' 3).• At thatilime,4twasmexpected that-these
materals would4p•reventwateri tt rdtght be presentzonthe drywell concrete floor from
efiteringthetncs. ere'heŽ2QO6 outage-(dlscussed in Partllbelow), these

r materials had-not been removed from the trenches since 1988.
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Duringthe ,preparation of a-response to an NRC questrin(RefP[33])during the ,Aging
Management~eview d~tiantemal memo waskIenedthattindicated the
intern n entpsence'of rinthe two~trhesinsdeithe'dreli. Thisawas not en
expectedcondon. Tatm dted n~~uary 3, •5wsrferenced in af•996

Struturl WlicownReprt~ut ws'nt'eterd Ito he orrective Action Process-,and
was not considered as Operating Experience inpt totheAgng WManagement Program
reviews.

Based on activlites performed underrthe Structures Monitoring Program and IWE
Inspection program, and& the reviews performed In supporttOfthe Ucense Renewal
Apprication,.the-water on the drywell-floorand-potentiatlyInside the trenches was
previously considered a 3temporary outage condition and not panoperatingenvironment
forthe embedded shell. However,Intks response to an NRC Aging Management
Review Audit question (Ref [33]), AmerGen committed to inspect the condition ofthe
drywell interior shell In the trench areas and to evaluate any Identified degradations prior
toentering the perlod of extended-operation (Commitment 27.5 In-Ref. [39]). The results
of these Inspections and associated corrective actions are described In Section II below.

Ii. Confirmatory Actions During the October 2006 Refueling Outage

As noted above, AmerGen planned visual and ultrasonic (UT) Inspections of the drywell J
shell In.thetrench areas duringthe 206 refueling outage. The fillerrmateralt In the
trenches was removed-and •water.was identified Intheitrnches (Bay 56had'5 inches of
standing waterand;Bay 17 had dampness bu nostandingwater). (Ref: .[47]) This
condition was enteredInto•he CorrectiActionProcess.

The presence of.waterlIn the trenches was Indicative.of water- beneath the rywefoor
surface; belng In cohtactL it bothtrheywell sheland drywell-concrete. F0ilowing
removaL of4he waterfromn the trenchsVlst InspectlonsandVTmeasurementswere
perfo d eacen AmerGen hasconcuded,(RUf[47that mo0SothematerIal

Iovss occurredbetwveen A9866bndA1992., wherr'sand~andcfwaterý,remaine-d~lnthesandtbed
region, located adjacent twthe• exterior ofhe':dywell, shell'anrd stgnificantcorrosion ofthe
exte••athellwas knownrto have occurred.

Thexfollovwng-additfonalcorrective/cfirmnatoryacuins related ,tothe-discovery ofwater
In the trenches were takend•g the October;,2006 Refueting Outage !(Details •may -be
found in Reference([47] transmitting a$supplementrto6he Ucenise Renewal Application):

-. Wallcdowns mingireViews;tracer testing Manchemistry samples were
performed týoIdentifyihe potentalsource•sof waterinihare:nches.

* An-en Inee was- performed to-ivaluatetheaImpact of the water on

'the dryweU thol Integrity
field repelrshn fib ns'wereImplementedmtoimtgatelmimtze-future-water

intrusionntothe ara 'betWeen the-shell and the concrete-floor. These
repalrs/odifications consisted of (1)'Repair of the trough concrete In'the area
under the-reactorvessetl tovprevent water from potentially migrating through the
concrete end reaching-the drywell -shell, (2) Caulkingzthe interface between the

I F- I
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-drywelishell and theiryweli concrete ioor/curbto :prevent water from reaching
the -,embedded shell and (ý3GroutingtcaulMkigthe •concrete/drywellshell Interface
In Ahe~tmrich areas.
Additional concreteawasremoved from the,5tBy5trenctrt-oexpose ,an..additionaI 6

hsdrywell shell tosallow visual Inspectfibri and UT mie~asuriemetstote
performedh n .thearea of the shell that lhad been embedded in concrete-.(on both
sides) until the:-2006 outage.

Ill. ConclUSions

An engineefngevaluationiof the Oyster Creek innerdrywe/llshell condition was
prepared byIas ral engineerand reviewed-byan lndustry corrosion expertand
independent third-pWexpert to-determinethe impact of the s4ound-wateron'the
continuedintegrity -of-the drywell-shell. The evaluation utilized water chemical
analysis, visual inspections and UTexamInations-to conclude that-the measured
waternchemistyvalues andthelack of anyindications of rebar degradation suggest
that the protectivepassive filmestablished during concrete Installation at the
embeddedlsteellconcrete einterface is stillWintact and significant corrosion of the
Interor embedded drywell shell would not beexpected as long as this benign
environment is maintained. Therefore, since the concrete environment complies with
the EPRI (Ref 301) concrete structure guidelines, corrosion would not be considered
,anapplicable-aging mechanism for nuclear power plant concrete structures and
structural members at Oyster Creek.. The Industry corrosion expert concluded that
the waterzcould remain in contact with the Interior drywell shell indefinritely without
adverseimpacts.

More specifically. theresults ofthis engineering evaluation Indicate that no significant
corrosion of the-Inner-surface of the embedded drywell. shell would be-anticlpated for
the4following reasons:

The existinggwaterýin-contactwitth te drywall shell has beenln-contactwlth
the adjacentconcrete. 'The concrete is- aflaline-which'increasesthepH of the
water;andjn mtur inhibits corrosion. ThIsbhgh pHl water..-containslevels-of
:Impurities-that aresIgnificantly below thetEPRL embeddedsteeilguidelines
Bctfoon Ievel-re onmendatioris. ASee Sect1ion-7 of this Eticids re)

-Any'newwater (suchras-reactorcoolant) entering the concrete-toshell
,Iterface(nowmninimized by-repalIrsmod ications-Implemented during-the
2005 outage) wil also Increase-pffduet bits mlgratiorrthrough-en&,contact
with the concrete creating zanon-aggressives. licallne- environment
Minimal -corrosionofthe wetted Inneriarywell shefllsurface in contactwith the
concrete is onlyexpected to o'cur during outages-slnce thedrywellisilnerted
wwrintrogen duringoperatons. Even-duringoutages. shell osion losses
iare-expected to be ingnificant since the ,exposure tkne to oxgen Is lvery
-1iitedand the waterpiIs eixpectedl tobe relativelyhlgh. Also,
.repalrstmodicatin imnotplemented during the 2006-outage Will further
minimize exposure-to;.oxygen.

Based on •he IT measurements taken during he 2006 outage of the shell area
Inthe trench In Bay:5.tAhatas not been exposed since It was encased In
concrete during Iniltl construction (pre-1969), It was determined that the total
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metal lostbased on-a current average thickness measurement of 1.113' versus
a nominal plate Ihcknes- of .154' Is only.O.041' (total wallioss-for~bothkinslde
and outside f the drywli•shll).- ,Afthou goh.,continulng' corroston isexpected,

but conservatbveLly pssumlnoýthat-a similar iwasllloss coul occur betweeh-now
an d t1he ehd of the period of2.extended: opeIra',tion, a magi of V336misoe
0.736 required•wal.thckness wouldexist..Using as•l*aconservattve

approach for the 0.6760 embedded bottom-head plate (0.4791 required
thickness forpmessureretalnlng capability-only as noted~above) provides a
margin otf 116 mils t the end, of-the period of extended operation.

-The engineertng evaluations summarized above confirmed that-the -condition
Identified duingtlhe-2006 outage will not Impact safe-operationduring the next
operating:cycle. Also, a conservativeprojection-(noted above),of wagilloss for
the 1.154and 0.676 Inch thickembedded shell sections indicatesthat ;margln is
provided In both sections through the period of extended operation.

Although a basis 'Is established that ongoing corrosion of the shell embedded In
concrete-should not be expected and repalrshmodifications have been performed
to limit or prevent water from reaching the Internal surface of the drywelf shell,
AmerGen has now established that the existence of water In contact with the
Internal surface of the-drywell shell and.concrete at and below the floor elevation
will be assumed to be a normal operating environment Therefore, aging
management reviews have nowbeen performed and-new aging management
activities are being .specified to confirm that corrosion that could-Impact the ability
of the drywe. 1 !shell dtoperform-Its-desIgn functions for the period of extended
operation Is appropriately managed (Details maybefound ln Ref.47J).

I
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Arner~en "10 CFR-50

200 Exelon Way 10 CFR 51
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Kennett Square, PA 19349

2130-07-20464
February 15,2007

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

Oyster Creek Generating Station
Facility Operating License No. DPR-16
NRC Docket No. 50-219

Subject: Additional Commitments Related to the Aging Management Program for the
Oyster Creek Drywell Shell, Associated with AmerGen's License Renewal
Application (TAC No. MC7624)

References: 1. January 18, 2007 Meeting Between ACRS License Renewal
Subcommittee, AmerGen Energy Company, LLC and'NRC Staff, related
to License Renewal of Oyster Creek Generating Station

2. February 1, 2007 Meeting Between Full ACRS, AmerGen Energy
Company, LLC and NRC Staff related to License Renewal of Oyster
Creek Generating Station

3. ACRS Letter Dated February 8, 2007, Describing the Outcome of the
February 1, 2007 ACR-S-Review of the Oyster Creek Generating Station
License-Renewal Application

In the Reference I meeting, AmerGen Energy Company. LLC (AmerGen) presented
detaitedinformation related to the condition of and aging management program activities for
the primary containment drywell shell, as part of AmerGen's efforts to renew the operating
licenseforthe Oyster-Creek Generating Station (OCGS). The Subcommittee identified
several specific -issues related to-the drywell shellstructural analysis and certain aspects of
the -program-proposed by AmerGen to manage aging :of the drywell shell for the extended
period -of operation.

During-the full ACRSreview of the Oyster Creek License Renewal Application (LRA) in the
Reference 2'meeting, AmerGen presented its proposed responses to the Issues Identified
by-the rSubcommittee in the January 18, 2007 meeting. In its February 1I presentation,
AmerGen made three additional commitments to address these previous Subcommittee
items. Thisletter documents these commitments.

In addition, AmerGen is making a commitment to perform the full scope of drywell sand bed
region inspections, consistent with what was performed during the 2006 refueling outage, on
a frequency of every other refueling outage. AmerGen believes that this commitment is
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responsive toa recommendation made by NRC Staff at the February 1, 2007 ACRS
meeting,which was endorsed by the ACRS in its February 8, 2007 letter to the NRC
Chairman.

The details of these four new commitments are provided in the Enclosure to this letter. The
ASME Section XI, Subsection IWE Primary Containment Inspection aging management
program (commitment 27) is modified to include these new commitments, and to clarify the
effect of these new commitments on previously made IWE program commitments.

If you have any questions, please contact Fred Polaski, Manager License Renewal,

at 610-765-5935.

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

Respectfully,

Executed on 0_______ _7 7_ _ __ _ _

Michael P. Gallagher
Vice President, License Renewal
AmerGen Energy Company, LLC

Enclosure: Regulatory Commitments

cc: Regional Administrator, USNRC Region I
USNRC Project Manager, NRR - License Renewal, Safety
USNRC Project Manager, NRR - Ucense Renewal, Environmental
USNRC ProjectManager, NRR - Project Manager, OCGS
USNRC Senior Resident Inspector, QCGS
Bureau ofN;uuclear.:Engineerirg, NJDEP
FileNo. .05040

iW
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ENCLOSURE - REGULATORY COMMITMENTS

The following table identifies additions being made to item #27 of the License Renewal Commitment List, Table A.5 of the Oyster
Creek LRA. Fouir com•itiments are being added•to the ASME Section Xl, Subsection IWE Primary Containment Inspection Program
as part of this submit. Thebe new commitmt6ir are numbered to sequentially follow the commitments made in previous LRA
correspondence as part of the IWNE Inspection Ptrbtam. The full set of commitments made as part of the IWE Program is repeated
here for convenience. gold font is used to hightlight new information.

In addition, clarifications are made to certain previously made IWE Program commitments to indicate 1) commitments that were
completed during the 2006 refueling outage ahd 2) the effects, if any, of the new commitments on the scope or frequency of
previously made commitments. Again, bold forit is used to highlight information introduced in this. submittal.

UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEMENTATION
(LRA APP. A) SCHEDULE

Existing program is credited. The program will be A.1.27 Prior to the period of Section
enhanced to include: extended operation B.1.27

1. Ultrasonic Testing (UT) thickness measurements of Prior to the period of
the drywell shell in the sand bed region will be extended operation
performed on a frequency of every 10 years, except (completed during
that the initial inspection will occur prior to the period 2006 refueling

27) ASME Section of extended operation and the subsequent outage); then every
Xl, Subsection IWE inspection will occur two refueling outages after the other refueling

initial inspection, to provide early confirmation that outage thereafter
corrosion' has been arrested. The UT
measurements will be taken from the inside of the
drywell at the same locations where UT
measurements were performed In 1996. The
inspection results will be compared to previous
results. Statistically significant deviations from the
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEM#NTAT!ON
(ERA APP. A) SCHEDULE

1992, 1994, and 1998 PTresults will result in
corrective actions that iAclude the following:

* Perform additional UT measurements to confirm
the readings.

• Notify NRC within 48 hours of confirmation of
the identified condition.

* Conduct visual inspection of the external
surface in the sand bed region in areas where
any unexpected corrosion may be detected.

* Perform engineeriing evaluation to assess the
extent of condition and to determine if additional
inspections are required to assure drywell
Integrity.

0 Perform operability determination and
justification for operation until next inspection.

These actions will be completed prior to restart
from the associated outage.

Note: The frequency for the Inspections
described In commthitnht I (above) has been
changed to every other refueling outage, In
accordance with commitment 21 of the IWE
Inspection Program.

2. A strippable coating will be applied to the reactor Refueling outages prior

cavity liner to prevent water intrusion into the gap to and during the

between the drywell shield wall and the drywell shell period of extended

during periods when the reactor cavity is flooded, operation

ICE~ - - cmmý IF~ 17 L---! r j
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMEN-T OR SOURCE

LOCATION IMP TATION
(LRA APP. A) SCHEDULE

3. The reactor cavity seal leakage trough drains and Periodically
the drywell sand bed region drain's will be monitored
for leakage.

The sand bed region drains will be Daily during refueling
monitored daily during refueling outages
outages. Ifleakage is detected,
procedures will be in place to determine
the source of leakage and investigate
and address the impact of leakage on
the dryweli shell, including verification of
the conditich of the drywell shell coating
and moisture barrier (seal) in the sand
bed region and performance of UT
examinations of the shell in the upper
regions. UTs will also be performed on
any areas In the sand bed -region where
visual inspection indicates the coating is
damaged and corrosion has occurred.
UT results will be evaluated per the
existing program. Any degraded coating
or moisture barrier will be repaired.
These actions will be completed prior to
exiting the associated outage.

* The sand bed region drains will be Quarterly during non-
monitored quarterly during the plant outage periods
operating cycle. If leakage is identified,
the source of water will be Investigated,
corrective actions taken or planned as
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLE V-4TATION
_(LRAAPP. A) SCHEdULE

approprlat0i, In addition, if leakage is
detected, the following items will be
performed during the next refueling
outage:
* Inspection of the drywell shell

coatinhg 4id moistUre barrier (seal) in
the affktod bays in the-sand bed
region

* UTs of the upper drywell region
consistent With the existing program

' UTs will be performed on any areas
in the sand bed region where visual
inspection indicates the coating Is
damaged and corrosion has
occurred

, UT results will be evaluated per the
existing program

Any degraded coating or moisture
barrier will be repaired.

4. Prior to the period of extended operation, AmerGen Prior to the period of

will perform additional visual inspections of the extended operation
epoxy coating that was applied to the exterior (completed during
surface of the Drywell sheOl in the sand bed region, 2006 refueling
such that the coated surfaces in all 10 Drywell bays outage); then every
will have been inspected at least once.- In addition, other refueling
the Inservice Inspection (iSI) Program will be outage thereafter

enhanced to require inspection of 100% of the
epoxy coating every_10 years during the period of

r---j E---- 1 r -- -- V--i -J ui ,z~ r. ruz r u ni r cii rim r ~ tim
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UFSAR
ITEM NUMBER COMtTMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEME14TATION
__(LRA APP. A) SCHEDULE

extended operation. These inspections will be
performed in accordance with ASME Section XI,
Subsection IWE, Performance of the inspections
will be stagger'ed such •r•it at least three bays will
be examined every other refubinhg outage.

Note: The scope and frequency for the
inspections descrlbd I•ndom itment 4 (above)
has bee n changed II lo 110 bays every other
refuelring outage, in accordance with
commitment 21 of the IWE' Inspection Program.

5. A visual examination of the drywell shell in the Prior to the period of
drywell floor inspection access trenches will be extended operation
performed to assure that the drywell shell remains (completed during
Intact. If degradation iS identified, the drywell shell 2006 refueling
condition will be evaluated and corrective actions outage)
taken as necessary. In addition, one-time ultrasonic
testing (UT) measurementst will be taken to confirm
the adequacy of the shell thickness in these areas.
Beyond these examinations, these surfaces will
either be inspected as part of the scope of the
ASME Section XI, Subsection IWE inspection
program or they will be restored to the original
design configuration using concrete or other suitable
material to prevent moisture collection in these
areas.

Note: Commitment 5 (above) is supplemented by'
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEIEN. ATION
(LRA APP. A) SCIEDULEt

commItments 16 and 20 of the IWE Inspection
Progr~am.

6. The coating inside the torus will be visually Every other refueling
Inspected in accordance Wilh ASME Section XI, outage prior to
Subsection IWE, per thi Protective Coatings (completed during
Program. The scope of each of these inspections 2006 refueling
will i•nlude the wetted 6ýa of all 20 torus bays. outage) and during the
Should the current torus coating system be period of extended
replaced, the inspection frtquency and scope will, operation
as a minimum, meet tht requirements of ASME
Section XI, Subsection IWE.

7. AmerGen will conduct UT thickness measurements Every other refueling
in the upper regions of the dryweli shell every other outage prior to
refueling outage at the same locations as are (completed during
currently measured. 2006 refuelIng

outage) and during the
period of extended
operation

8. The IWE Program will be credited for managing
corrosion in the Torus Vent Line and Vent Header
exposed to an Indoor Air (External) environment.

9. During the next UT inspections to be performed on Prior to the period of
the drywell sand bed region (reference AmerGen extended operation
4/4/06 letter to NRC), ad attempt will be made to (completed during
locate and evaluate some of the locally thinned 2006 refueling _ III._I

nJ~ ~ Ir- J Ui.-z :- L=f r l _ J. iz I r 117ýL-- Ir, J -r- -j t., --j
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UFSAR
ITEM NUMBER COMIITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEMENTATION
_(LRA APP. A) SQCiEDULE

areas identified in the 1i62 inspection from the outage); then every
exterior of the drywell. This testihg will be other refueling
performed using the latest UT methodology with outage thareafter
existing shell paint in place. The UT thickness
measurements for thes locally thinned areas may
be taken from either inside the drywell or outside the
drywelI (sand bed region) to limit radiation dose to
as low as reasonably ihieivable (ALARA).

Note: Commitment 9 (above) Is supplemented by
commitments '4 and 21 of the IWE InspectionPrOgram.

10. AmerGen will conduct UT thickness measurements Prior to the period of
on the 0.770 inch thick plate at the junction between extended operation
the 0.770 inch thick and 1. 154 inch thick plates, in and two refueling
the lower portion of the spherical region of the outages later
dryweil shell. These measurements will be taken at
four locations using the 6Hx0w grid. The specific
locations to be selected will consider previous
operational experience (i.e., will be biased toward
areas that have had corrosion or leakage). These
measurements will be performed prior to the period
of extended operation and repeated at the second
refueling outage after the initial inspection, at the
same location. If corrosion In this transition area is
greater than areas monitored in the upper drywell,
UT inspections in the transition area will be
performed on the same frequency as those in the'
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UFSAR
ITEM NUMBER COMIVTMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEMENTATION
(ERA APP. A) SCHEDULE

upper drywell (every other refueling outage).

11. AmerGen will conduct UT thickness measurements Prior to the period of
in the drywenl shell "knupkie" area, on the 0.640 Inch extended operation
thick plate above the Weld to the 2.625 Inch thick and two refueling
plaite, These measu-hents willi be taken at four outages later
locations Using'the 6"f" grid. The specific locations
to be selected will consider previous operational
experience (i.e., will be biased toward areas that
have had corrosion or leOkage). These
measurements will be p0formed prior to the period
of extended operation arid repeated at the second
refueling outage after the initial inspection, at the
same location. If corrosion In this transition area is
greater than areas montibred in the upper drywell,
UT inspections in the transition area will be
performed on the same frequency as those in the
upper drywell (every other refueling outage).

12. When the sand bed region drywell shell coating Prior to the period of
inspection is performed (Item 27, commitments 4 extended operation
and 21), the seal at the Junction between the sand (completed during
bed region concrete and the embedded drywell shell 2006 refueling
will be inspected per the Protective Coatings outage); then every
Program. other refueling

Note: The frequency for the Inspections outage thereafter

described In commitment 12 (above) has been
changed to every other refueling outage,_In

E---J U-1 r- 4 r ci r-. L 7r - j u--rr -I r [--Lý r -'. r- .-- ,! L - r- - t,
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ITEM NUMBER COMM-ITMENT

accordance with ctomItment 21 of the IWE
Inspection Program.

13. The reactor cavity concrete trough drain will be
verified to be ciear from blockage once per refueling
cycle. Any identified issues will be addressed via
the corrective action process.

14. UT thickness measurements will be taken from
outside the drywell In the sandbed region during the
2008 refueling outage on the locally thinned areas
examined during the October 2006 refueling outage.
The locally thinned areas are distributed both
vertically and around the perimeter of the drywell in
all ten bays such that potential corrosion of the
drywell shell would be detected.

Note: The frequency for the Inspections
describe*d in commitmnt 14 (above) has been
changed to every othir refueigil outage, In
accordance with commitbent 21 of the IWE
Inspection Program.

15. Starting in 2010, drywell shell UT thickness
measurements will be taken from outside the drywell
in the sandbed region in two bays per outage, such
that inspections will be performed in all 10 bays

Once per refueling
cycle

During the 2008
refueling outage and
every other refueling
outage thereafter

All 10 bays will be
Inspected during the
2008 refueling outage
and every other
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UFSARITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEIVIEWATION
(LRA APP. A) StCEOULE

within a 10-year pedo The two bays with the most refueling outage
locally thinned areas (bay #1 and bay #13) will be thereafter.
inspected in 2010. If th0 UT examinations yield
unacceptable results, then the locally thinned areas
in all 10 bays will be inspdcted in the refueling.
outage that the unacceotable results are Identified.

Note: The scope and frequency for the
Inspections descibe•d In commitment 15
(above) have been changed to all 10 bays
every other refueiip outage, in accordance
with commitment 21 of the IWE Inspection
Program.

16. Perform visual inspection of the drywell shell inside During the 2008
the trenches in bay #5 and bay #17 and take UT refueling outage and
measurements inside these trenches in 2008 at the subsequent refueling
same locations examined In 2006. Repeat (both the outages until trenches
UT and visual) inspections at refueling outages are restored to original
during the period of extended operation until the configuration
trenches are restored to the original design
configuration using concrete or other suitable
material to prevent moisture collection in these
areas.

Note: Commitment 16 (above) is supplemented
by commitment 20 of the IWE Inspection

__Program.

U- _j r -"I nir U-11 r_1rn r. ii r m. r 117--j, rmr Vz> __j 11 r I _ý 1. i
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEMENTATION
(LRA APP. A) SCHEDULE

17. Perform visual inspect.09 of the moisture barrier In accordance with
between the drywall shell and the concrete ASME Section X1,
fioo0fcurb, installed inshid the drywell during the Subsection IWE
October 2006 refueling outage, in accordance with
ASM•E Section Xi, Subsection IWE during the period
of extended operation.

18. AmerGen will perform a 3-D finite element Prior to the period of
structur anal is of the primary containment extended operation
dryweli shell Umodeg iorn' miethods and current
dirywei shell thickn6 ýýdata to better quantify
the ~rgin that exists above the Code required
minimum for buckinfgi. The analysis will Include
sensitivity studies to determine the degree to

-which unvertatles in the slze-of thinned areas
affect Code margins. If the analysis determines
that the drywell shell d6es not meet required
thickness values, the IlC will be notified In
accordance with 10 CFk 50 requirements.

19. AmerGen will perform an engineering study to Prior to the period of.
investigate cost-effectiVe replacement or repair extended operation
options to eliminate or reduce reactor cavity
liner leakage.

20. AmerGen Is committed to perform visual and UT Every refueling
inspections of the drywell shell in the inspection outage until trenches
trenches in drywell bays 5 and 17 during the are restored
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION -IMPLEMENTATION
(LRA APP. A) SCHEDULE

Oyster Creek 2008 reftiliing outage (see
commitmedt 16 of Aimerenl's iWE Program
(Im 27), made in its letter 2130-ci6-20426).
AmerGen wiIl extend thi commitment and also
perform these Inspefct~ns during the 2010
refeiielhg outagi. in: aidditon, AmerGen will
monitor the tw trenches; for the presence of
wateri during refueling out•ges. Visual and UT
inspecfions of the 06li0 within the trenches will
cotiiNde to be performd until no water Is
ido!reitid In the trenci for two consecutive
refuel6ng outages, at which time the trenches
will be restored to thefr origin'i6 design
configur6tion (e.g., refitted with concrete) to
miniMlize the risk of futurei corrosion.

21. Perform the full scope of drywell sand bed During the 2008
region inspections prior to the period of refueling outage and,
extended operation and then every other every other refueling
refueling outage thereaer. The full scope is outage thereafter. If
defined as: the analysis being
* UT measurements from inside the drywell performed under

(commitment 1) commitment 18
* * Visual Inspections of the drywell external above establishes

shell epoxy coating in all 10 bays increased margin, or
(commitment 4) If ongoing
Inspection of the seal at the junction Inspections continue
betWeen the sand bed region concrete and to demonstrate that

______________'_ tte embedded d•leyW shell (commitment drywell shell

Ir _"11 xr j~ U__ r -,r_ _'r I r A -- rŽ Imzru ___1 r_ -xru e t.
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UFSAR
ITEM NUMBER COMMITMENT SUPPLEMENT ENHANCEMENT OR SOURCE

LOCATION IMPLEMENTATION
(LRA APP. A) SCHEDULE

12) corrosion has been
UT measurements at the external locally sufficiently arrested,
thinned areas In'oted in 2006 the period betwen
(commttrnients lid 14) Inspections may be

increased to
minimize personnel
radiation exposure.
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APPLICANT'S EXH. 12

"MI"eP. 1he6TPE Telephone 61o.765-5958 An Exelon Company
via P~in www.exeloncorpxom 10 CFR 50
License Renewa]Proje'ts mlchaelp~gallagher@exeloncorp.com 10 CFR 51

Amete~ r10 CFR 54
zooixelon Way.
KSA/2-E

Kennett Square, PA 19348

2180-06-20426
December 3,2006

UP•S. Nuclear Regulatory Commission
ArrN: Document-Control Desk
Washington, DC 20555

Oyster Creek Generating Station
Facility Operating LUcense fNo.DPR-16
NRC Docket No. 50-219

Subject: Information from October 2006 Refueling Outage Supplementing AmerGen
Energy Company, LLC (AmerGen) Application for aRenewed Operating Ucense
for Oyster Creek Generating Station (TAC No. MC7624)

References: 1. AmerGen's "Application for Renewed Operating License," Oyster Creek
Generating Station, Letter 2130-05-20135, dated July 22, 2005

2. AmerGen's "Responseto NRC Request for Additional Information, dated
March 10, 2006, Related o Oyster Creek Generating Station Ucense
Renewal[Application: (TAC No. MC7624)," Letter 2130-06-20289, dated April
7,2006

=• 3. Arme~en's ',Supplemental .lnformationrRelated to the AgIng Management

.r..gramiforthe!.0 er Creek DrywellShell, Associated with Ameren's
LicenAseRenewalication (T-ANo.MC7624),3 letterZ2130-20353,

4. AmetrGenrs •Additionallnformation Concerming FSAR Supplement Supporting
the Pyster Creek'Generating Staon License Renewal•Application (T'AO No.
MC7624)0' Letter 2130-ýM-20358, dated July 7,2006

InReferences I thmrugh 4,-AmerGen:provldeddetailed-inforrationdescribi gaglng
ma gemenagingjmaemenment Pm sandcommfiments forluture actions
as td w thep pr•mar co atnmetlrywell'shellas artof its icense w reicatn
i(t) for the ser Oreek•Generating2Station (Oyster Creek). Infitsrecently completed Oyster
CMeek ref .eling outageAmer1envperforned iany~of the-drywellshell rinspection activitiesithat
it hadmcommitted to performrrortothe'perodofextended operation.

Per 10 CF.FR. §54f21, this~submitta[tservesto update the LRAUand the other referenced
submfttalsvWih'th-e results .of the2W06 outage activities. F6r ease of review, various sections of
the-orginal RAand relatedresponses to NRC requests for additional information (RAls) have
been updated to reflect the latest Information. To a great extent, the information learned during
this outage confirmed the condition of the drywell as described in previous submittals.
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However..as aresultOf performing plannediýnspcti.rns of the ntkemalýsurface of ithe drywell
sheflInthe trenches-excavated In theconcreteifioorin 1986, Ame rviidentlietd~an•
environmeirit/niateriaiiaging -effect combination that was~ not incudeddinthe-.LRA. Aging*
managerment'rviews -of thoination have bbeerperformed and. :asaresulAnerGenhas
Identified additional aging-managemrent acivites that will be Includedin aginggmanagement
programs associated-withthedrywell.

T"heErnlosure to-this.letrer more fullydescribes ,these reviews-and resultant-aging management
adctfves. Updatesio th0e 'feed W-.portonsiof the-t iRAareprovided, inCludingna revisionzto the L

Ucense RenewmlComitmentit (iJI- Appendix A, Section A.5). The CommitmentUst
update cearlyzindicates the-actities thatare being added aspart of this submittal.

AmerGen has performed a review to determinewhether any additional aspects ofdthe LRA
require updating, given'the recentidentificon of a new environment requiring-evaluation In
support of license renewal. Based onis review. AmerGen concludes that there are rno
additional revisions required to the LRA. This review has been documented In the corrective
action program.

In addition, a consolidated summaryof key drywell-related Inspections conducted during the
outage.-with'a summary of the results, lis provided in the-Enclosure.

If you have any questions, please contact Fred Polaski, Manager Licens6 Renewal,
at 610-765-5935.

I declawer under penalty of pejdury that the foregoing Is true and correct

Respectfully,

'Executed on L;(7v XilaIP ~~lge

ViiOreident, lcense Renewal
Am.erGenEnergyCompany, LLC

Enclosure: LRkSUpplemental Information, Post-2006 Refueling Outage
,cc: Reional AdminstratorS CRegion lvwI 'Enclosures

USNRC-Project2MngrNRR I LcenselRenewal, Sefvty, w losres
.USNRC rnojiec ger" 141,-w- LicenRenewal, Environmental,.'w/oEnclosures
IJS,4RCPrbjectfMantger,-,NM Project ManagerCi OC(S, w/o Enclosures
dSNRC'Senior'Resident inspector, OCWS,"w Enclosures
Bureau-of Nudear-1Ehngineering,'NJDEP,-w/Enclosures
FilReN0.05040
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Enclosure

License Renewal Application
Supplemental Information

Post-2006 Refueling Outage

Oyster Creek Generating Station
License Renewal Application (TAC No. MC7624)

Note: Bold font has been used todesignate additions made by this
submittal to previously submitted documents.
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Monitoring-and-Maintenance ,Prgram. Theseinspections would

have-documeted any flskingblistering, peeling, discoloration, and
otherisigns of deg radatlon of ecoAtr~g. The:,VT,-I inspections
found the coating;to be.inýgood-conditlon with no degradation.

Based.orn;thmesVT-I Inspections, AmerGen-has-confirmed thatno
Jfurthercorroslon of thedrywell shelits;o'curring romtheexterior
ofthe.epoxy,-.coated sandbed-regon. Monitorlng-of the coatlng in

accordance with the-ASMESecUown Xl, Subsection,4WE and
AmetGen's Protedce Coating Monitoring and MaintenanceProgram
will'continue to ensure thatthe drywell shell maintains Its Intended
function during the period of extended operation.

Also during the,2006 refueling outage (1R21),.AmerGen performed
UTof the-drywall shell In-the sandbed region from Inside the drywell,
at the same 19 grid locations where UT was performed In 1992,1994,
and 1996. Location of the UT grid Is centered at elevation 11'-" In

an area of the drywell shell that corresponds to the sandbed region.
The 2006 UT measurements Were made and statistically analyzed In
accordancewith the enhanced Oyster Creek ASME Section XI,
SubsectionIWE (BI.27) Aging Management Program. Thesresults of
the statistical analysis of the 2006 UT data were compared to the
1992, 1994 and 1996 data statistical analysis results (see below).
Some of-the 1996 data contained anomalies that are not readily
Justifiable but the anomalies did not significantly-change the results.

The comparisonconfirned that corrosion on the exterior surfaces of

the drywell shell In the sandbed region has been arrested.

Analysis -of the 2006-UT idata, at the 19grldd ocations,indlcates that

the minimum measuredý95% confidlencelevel mean thickmess In any
bayli0 07 -•y•19). This-isucomparedo the e.5%.confidence

levelmrilmnium measure~dmean thickness ,Irbay #19.0of806" and

0.00" memasur•etni994 and•1992. respectively. Consideringr1he
instrumnnta•c0curacy.-of0.D 0•"the~evatues-amrconsIdered
equivalent Trhbsthe. mtnimum dirywll shell meanrthickness atthe
grid locations-remainsgreater than O336" as required to satisfy the
worst ca:sibuckliniganalysis 1 and the minlmum.available margin-of
64 mils for any-bay-mreprted priortotaking 2006 UT thickness J
measurements remains bounded.

ln-aditionothe -UT measurements atthe 19 grid 4ocations, a total

of 294.DTthickness measurements -were taken in •the~bay #5 ftrench
andS290 measuriments were taken In the bay#17 trench during-the
2006 refueling-outage. The-computed mean thicmess value of the

dywell shell taken within thetwo trenches Is 1.074" for bay #5-and
0.986" for-bay#17. These values, when compared to the 1986 mean

thickness values of l2'112forthe bay#5 trench-and 1.024" for-the

ba-#17 trench, indicated that wall thlinnng of approximately 0.038"

has taken place In each trench since 1986. Engineering evaluation of
the results concluded that considering that the exterior surface of
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bay#5 had experiencd, corrosion rate ofmupto 1.3 ndlstyr
between 1986 and 1992 and the exterior surface of bay,#17 had

•expetiencud:alcorrosion rate of up to 21.1 flIlStyr In the same
pedhe0.038" wlithi•nningtmeasdred in 20,06 isi ue to

corrosion onthe-extedor surface oflhe drywel btetweren 1986Wand
1992.

Additionallythe 95% confidence-level minmum computed drywell
sell -meanlhickness based on .2006 UT measurements withinmthe
two .trencbhes is-greater by a margin of 250 milsthan -the-minlmum
requlred thickness of 0.736" for buckling. Alsothis margin is
slgnificantllygreater than the minimum computed margln outsldethe
trenches (64 mils). Individual points withln the •two trenches met
the localthickness acceptance criterion ofO.490"for-pressure
computed based on ASME Section Ill, Subsection NE, Class MC
Components, Paragraph NE-32132 Gross StructuralDiscontinulty,
NE.3213.10 Local Primary Membrane Stress, NE 3332.1 Openings
notRequiring Reinforcement, NE-3332.2 Required Area of
Reinforcement and NE-3335.1 Reinforcement of Multiple Openings.
The Individual points also met a local buckling criterion of 0.536"
previously established by engineering analysis.

Theabove UT-thickness measurements were supplemented by
additional UT measurements taken at 106 points from outside the
drywell In the sandbed region, distributed among the ten bays. The
locations ofthese measurements were established In 1992as 'being
the thinnest local areas based on visual Inspectionof the exterior
surface of~the drywellshell before It was coated. The thinnest
location measured in 200l6Is 0.602" versus:0.618" measured'in 1992.
The.difference between theý two 'measurements does not necessardly
mean•a wall Vthilnning of0O.016" has taken:;place-since 1992. This is
because ltheý 20065iUT data could not be-compared directly~wth the

•992,data due tothe difference in iUTInstruments-and measurement
tech••que usedtnz200Diand the uncertaintyassociated With

tgrecls 6ly4ocatigth1992MUT pofits. Aeýview Of~the 2006,data for
the 106 extemaliocations Indicated that the measured local
thickness ls•greaterthanthe-local acceptance criteria of V.490" for
pressure-and t.136"for local bucking.

As stated above,'the 2006 UT data of the locally thinned-areas (106
pints) could not b correlated directlyiwith thec.orresponding 1992
UTAdata. ••This Is-targely4ue to using a more accurate-rUT Instrument
arid theprocedure used to tUakethemeasurements, whlch involved
movlng the linstrumentwlthinthn e •localiythlnned~area in~order~to

locateihe minimum thlckness In~that area. In-additlon thelInner
drywellshell surface could be subject tos omeinsignificant
corroslon due-ýto waterIntmslon onto the embeddedshell (see
discusslon'below). For these reasons the Oyster Creek ASME
SectibnXl Subsection IWE Program (B.127) will be further
enhanced to require UT measurements of the locally thinned areas
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Michael P. Gllagher, PE
Vice President
License Renewal Projects

Telephone 610o.65.5958
wwwexeloncorp.com
mlchaelp.gal~agher@exeloncorp.com

An Exelon Company
10 CFR 50
10 CFR 51
10 CFR 54

AmerGen
2oo Exelcn Way
KSA/2-E

Kennett 5quare, PA 19348

2130-06-20290
April 7, 2006

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

Oyster Creek Generating Station
Facility Operating Ucense No. DPR-16
NRC Docket No. 50-219

Subject:

Reference:

Response to NRC Request for Additional Information, dated March 10, 2006,
Related to Oyster Creek Generating Station License Renewal Application
(TAC No. MC7624)

"Request for Additional Information for the Review of the Oyster Creek Nuclear
Generating Station, License Renewal Application (TAC No. MC7624)," dated
March 10, 2006

In the referenced letter, the NRC requested additional information related to Sections B.1 .12,
B.2.3, 2.3, and 3.3 of-the 0yster Creek GeneratingStation Ucense Renewal Application (LFA).
Enclosedare the responsesto ,this request for additional information.

If you haveany questionsr -please contact Fred Polaski, Manager License Renewal,

at 610-765-5935.

1 declare under penaltyof perjury-thatthe-foregoing is true and correct.

Respectfully,

Executedon 0191---07' V-
Michael P.-Gallagher
Vice President, License Renewal
AmerGen Energy Company, LLC

Enclosure: Responsetog03/10/06 Request for Additional Information

cc: F.egional Administrator, USNRC Region I, wlo Enclosure
L'SNRC Project Manager, NRR - License Renewal, Safety, w/Enclosure
LUSNRC Project Manager, NRR - Ucense Renewal, Environmental, w/o Enclosure
LUSNRC Project Manager, NRR - OCGS, w/o Enclosure
USNRC Senior Resident Inspector, OCGS, w/o Enclosure
Eureau of Nuclear Engineering, NJDEP, w/Enclosure
File No. 05040
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Response to 3110/06 Request for Additional Information
Oyster Creek Generating Station

License Renewal Application (TAC No. MC7624)

RAI B.1.12-1
RAt B,2.3-1
RAI 2.3.1.6-1
RAI 2.3.1.7-1
RAI 3.3.2.1.16-1
RAI 2.3.3.36-1
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Corrosito,2 in the sand-bed.,rection

The highrate of corrosionlin the sand bed-region was attributed to galvanic corrosion of
theAd-ywell shell causedbby-water retained inhithe sand because of lack of proper-
drainage. To reduce the corrosfon rate, Oyster Creek initiated several correctiveacticns
as descnbed •intem.(c)below. Evaluation of these corrective actions concluded that the
most effectiveactionto reduce rcorrosion rate is to remove the sand from sand bed
region and protect thedrywell-shell from additional corrosion by applying a protective
coating.

Location of the UT measurements was not based on a sampling process. Instead the
locations were based on UT measurements taken at all accessible locations that
correspond to the sand bed region from inside the drywell to establish the thinnest area.
After sand was removed In 1992, and prior to coating the shell, thickness measurements
were taken in each of the 10 bays, from outside the drywell, to establish the minimum
general and local thickness of the thinned shell. The measurements from inside the
drywell showed that the minimum general thickness of the sand bed region is 0.800
Inches, and the minimum local thickness is 0.618 Inches. The measurements from
outside the drywell in the sand bed region showed that the minimum general thickness is
generally greater than 0.800 inches. There were local areas where the thickness is less
than 0.800 inches. However the minimum average thickness in these areas is greater
than 0.736 inches, which is required for satisfying ASME Code requirements. The
minimum local thickness measured from outside the sand bed region is 0.603 Inches.
Considering measurement and Instrument accuracies, it Is concluded that locations
examined frominside the drywell represent the condition of the sand bed region.

The results ofthese measurements and subsequent analysis, which considered all
design basis zloads-and load combinations, confirmed that the "as found" condition of "he
drywelt-shell .thlokness satisfiesý ASME-Section ill minimum thickness requirements.
Additionatlthicknessmeasurements taken at all accessible locations (total of 19) from
inside the drywell in 1992,4 994,and 1996 showno corrosion, or no significant corrosion
(sea Table -2)., Imnaddition, inspection oftheoprotecuve coatirgjoncexterior surfaces of
tftedrywelshetl in'the'sand bedregioneveryotherefuefinrgo utage, shows no
'degradation f•the coating orthe underlying shell.

Corrosion of the, uooer'.recion,-above the'sanct bed reuion

Based on the resultsvofapproximately 1000 UTmeasurements, Oyster Creek continued
to-monitorelevations 50'-2T, and 87';5" in the xregions abovethe sand bed ,region. A third
elevation, 51'4-107,waszaddec• t'the scope of inspectionafter it was determined thatthe
supplied plate~thlckness.is lightly-iess~thanrthe adjacent 50'-2". For each elevation, UT
measurementsspaced approximate~l "-within a 6"x6" array Were ,taken from Insidethe
drywell-ar~ound.'he entire ~perlmeter-of-each- elevation. Engineering evaluation-of-the UT
results concluidedt,,that-monitoring -of: 1:2 locations would represent the dryweli shell
condition and provide reasonable assurance-that significant corrosion would be detected
prior toaloss-oftan intendedfunction. Thislisbecausethe 12 locations were selected
consideringthe degree of drywell shell thinning and the minimum required thickness to
satisfy ASME stress requirements. The locations are, 7 locations 50'-27, 3 locations at
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elevationZ87';5", and 2-locations at elevation 51'-10". These locations are Inspected from
the inside of the drywell shell on-a frequency of every other refueling outage.

In response to 4RC.Staff concemrregarding- whether-the inspected-locations represent
the-conditon of the entire-iywell," n e421990 'GPU preparedza new random UT inspection
plan (also known as-augmented-,inspection) designed to address the concern. The plan
wras based on a non-parametric statistical approach using attribute sampling that
assumes no prior knowledgeof.hedistributon-of corrosion above the sand bed region.
It consisted of random UT testing of 57plates- using the 6"x6" grid. Acceptance criteria
are that the mean and local thickness of the shell equals or exceeds the required
minimum thickness plus a corrosion allowance necessary in order to reach the next
inspection.

Inspection results using the new random Inspection plan confirmed that previously
monitored locations bound the condition of the drywell above the'sand bed region; except
one location at elevation 60'-10". This elevation was added to elevations 50'-2", 51'-1OV',
and 87'-5" and monitored on the frequency of every other refueling outage since
Identified in 1992.

The augmented inspection plan, the original Inspection plan, and justification for
sampling techniques and statistical methodology were submitted to the NRC on
November 26, 1990. In its Safety Evaluation dated November 1, 1995, the Staff noted
that the licensee provided a table of LIT measurement results from the 15e refueling
outage inspection. This tableshows the locations of the measurements, the nominal as-
constructed thickness, the minimum as-measured thickness, the ASME Code required
thickness-and the corrosion margin available at the time. The Staff found the current
program, based on-the submitted information acceptable. The Staff also noted In the
Safety, Evaluation that since -water leaking from the pools above the reactor cavity has
been the~cause-of corrosion, the licensee shouldmakeza commitment to the effect that
anr .additional inspection of-thedry•el wlll be performedabout 3 months after discovery
of significant-waterleakage ontoothe outsideoflhe-drywell shell. Oyster Creek is
committed to-inspecthe-drainsfor leakagaedudng-refteling outages and during plant
operMtione. Theoureof •waterl],akage-wtll'teijrwvstigated and-appropriate corrective
actions1taken, inclUdingmnarevaluation-of lhe drywell-shell-to ensure drywell integrity. A
review of'plant documentation (iddnot provide objective evidence that -the commitment
hasýbeerimptementedýsince 1998.. lssue Report•#348545 was Issued in accordance
with OysterCreekcorrective actionprocessto-document the lapse In implementing the
commitment and-to reinforce strict compliance with commitment Implementation in the
future.

luring --ecentwalkdown of the.1torus by the system engineer, water was found In three
5igallon-containers~that~are lnstalled-to.collect water leakage from the sand bed drains.
Two-of ,the-S containerswere-found-nearlyfull. The'thlrd-container was approximately
halffull. I-.nspection ofthe drain linesýshowsthat the lines- are currently dry and that water
in the~contalners is not duelto accurrent ,water teakage.

Thezcontainers are closed such that their overflow Is unlikely as confirmed by no water
ponding on the Iloor. Thus it Is concluded with reasonable assurance that the volume of
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water is limited to whatis contained in the containers. This small amount of water Is not
expected to have significant impact on thedrywellshell and on the coating of the shell
since the coating-isýdesigned forsubmerged environment. Furthermore, inspection of
sand-bed region coating-conducted ;ir2004-did not indicate-coating degradation or
indications-of drywell shell corrosion. Similarly, UT-examinations on the upper region of
the-drywell showed-a decrease-in-thecorrosion rate since the previous inspection in
2000. Thus, the small volume of water found in the bottles should not have created an
environment--thatwould-result-in-significantcorrosionto the-drywell-shell. Issue Report
#00470325 was issued, in accordance with Oyster Creek corrective action process, to
investigate the source-of water and evaluate Its impact on the drywell shell.

Based on the discussion above and as Indicated in the tables supplied in response to
Item d) below, Oyster Creek concluded that drywell corrosion is effectively managed both
during the current and proposed renewed terms of plant operation. The monitored
locations under the current term were subject to extensive LIT measurements conducted
over several years. NRC Staff found the sampling methodology to identify these
locations, and the results of Inspections, acceptable for the current term. The same
locations will be inspected during the extended period of operation.

In summary Oyster Creek has conducted extensive examinations to identify the cause of
drywell corrosion, employed a robust sampling process, quantified with reasonable
assurance the extent of drywell shell thinning due to corrosion, and assessed Its impact
on the drywell structural Integrity.

Water intrusion Into the gap between the dryweli shell and the drywell shield wall was
identified as the cause for corrosion. Corrective actions have been taken to mitigate
corrosion in the sand bed region and inthe upper region of the drywell. Corrosion of the
drywll shellin thesand bed region-has-been arrested. These actions also have
effectivelytreduced the rate of corrosion toa n-egligible amount-in-the upper region as
demonstrated by UT thickness-measurerments"(see Table-1, and Table-2). Oyster Creek
and Its" onsultantsperformed stress -andrbuckling-analyses-consideringgall design basis
,loas-a•rd load comb1hations. The results-•oflhese~arralysesindicate ;that buckling
contrOILsthe Minimum drywefl s-hell thicknesses inthe standbed region while areas above
the sand bed region are controlled by accident pressure membrane stresses. In both

cases,,he-minimum measured drywell shell thickness satisfies ASME Section-Ill
requirements.

(b) ihe,ýfactors-considered in establishing the -minimum-required drywell -thickness at various
elevationsi of -theýdrywell are-described-in detal in•e•nglnreeringanalyses documented in
twoEaReports, 'Index No.t i9-2, and 9-3,4 Reportndex No, 9-1, 9-2 was
generated for the drywelltcondition with-sand:in the-sand-bed-region and Report Index
No.-3', :9-4 is for the drywellconditiorawithout sand In the sand bed region (see
Attachment24&3) The two repoDrtsaere transmitted to-the NRC Staff in December 1990
and, in 1991 zrespectively. Report lndexyNo. 9-3,9-4 was revised later to correct errors
Ildentified-udringan -intermal-audit~and-was resubmittedto -the Staff in January 1992.
AnalysIs described in ReportIndex No. 9-3, 9-4 (i.e., without sand) Is the current
applicable analysis to the drywell.
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.The analysis is basedontheorginal Code ofirecord, ASME Code, Section VII, and
Code Cases,4270N-5, 1271,,and 1272N5. The -Code andthe CodeCases do not
provide specific guidance In two-areas. The first relates, to the-sizeof~a region of
increased membrane-stess due to thicknessmreductions-,fromtlocal orgeneral corrosion
effects, and the second pertains to-theallovwable stresses for Service Level C or post-
accident conditions. In the first case, guidance was sought from ASME Section III, NE-
3213.10. ForService Level C orlpostiaccident'conditions, the Standard Review Plan
was used as guidance to develop the allowable stresses.

The analysis is based on a 36-degrees section model that takes advantage of symmetry
of the drywell with 10 vents. The model-includes the drywellshell from the base of the
sand bed region to the top of elliptical head and the vent and vent header. The torus is j
not Included in this model because the vent bellows provide a very flexible connection,
which does not allow significant structural interaction between the drywell and the tows.
The analysis considered drywell geometry and materials, thickness reduction from
corrosion, test loads, normal operating loads, design basis accident loads, seismic Io.ds,
refueling loads, and design basis load combinations. Pressure and temperature were in
•accordance with approved Technical Specification Amendment No. 165, which

-established a revised design bases accident pressure of 44 psig and accident
temperature of 2920F. The results of the analysis show that the minimum required ASME
Code thickness of the drywell shell above the sand bed region Is controlled by membrane
stresses and the minimum drywell shell thickness in the sand bed region is controlled by i
buckling. The minimum required ASME Code thicknesses above the sand bed region
are shown In Table-1.

For the sand bed region, the analysis conservatively assumed that the shell thickness in
the entire sand bed region has been reduced uniformly to a thickness of 0.736 Inches.
This thickness satisfies ASME Code requirements and-considered the minimum required
thickness.

As descdbed above, the buckling analysts was •perormed assuming a uniform-genera.l
hcknes•sof thebsandbed rgion-of 0 73&ihes.i HoweVerthe ,UTineasurements
identified isolated, localized areas where the-drywell shelltthickness Is less than 0.736
Inches. Acceptance forthese areas was based on engineering calculation C-1302-187-
5320;024.

The calculation uses a LocatWallýAcceptanceCriteria". This criterion can be applied to
small areas (less than 12" by 12"), whichýare-less-than 0.736' thick so: long as the small
120 by 12"0area, isat least.O;5366*thiCk. However the vcalculation does not provide
addiTonal crldteriaas.tortheacceptabledistance;betweerrmultiple-small areas. For
example, the minimumiequired linearýdista'ces betweena 12" by 12" area thinner than
0.736' but thicker than 0536" andtanother12 !by 12 -area thinnerthan 0.736" but thicker
than O.536" were notprovided.

Thezactualdatalfor-twobays (13 and 1)-showsthatthere are more than one 12' by 12"
areas thinnerthan 0.736' butthicker than 0.536'. Also the actual data for two bays
shows that there are more than one 2 W" diameter areas thinner than 0.736" but thicker
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than 0.490". Acceptance Is based on the following evaluation.

The-effect-of-these-very-locatlwall thickness areas on the buckling of the shell requires
somediscussion ofihe buckling mechanism in a shell of revolution under an applied
axial andliateral pressure -load.

To begin the discussion we will describe the buckling of a simply supported cylindrical
shell-urnder-the-influenceoflateratlpressure-and axal load. As described In chapter 11 of
1he Theory of Elastic Stability, Second Edition, by Timoshenko and Gere, thin cylindrical
shellsbucklein lobes in both-the axial andcircumferential directions. These lobes are
defined as half wave lengths of sinusoidal functions. The functions are governed by the
radius, thickness and length of the cylinder. If we look at a specific thin walled cylindrical
shell both the length and radius would be essentially constants and if the thickness was
changed locally the change would have to be significant and continuous over a majority
of the lobe so that the compressive stress in the lobe would exceed the critical buckling
stress under the applied loads, thereby causing the shell to buckle locally. This approach
can be easily extrapolated to any shell of revolution that would experience both an axial
road and lateral pressure as In the case of the drywell. This local lobe buckling Is
demonstrated in The GE Letter Report "Sandbed Local Thinning and Raising the Fixity
Height Analysis" where a 12 x 12 square Inch section of the drywell sand bed region is
reduced by 200 mils and a local buckle occurred in the finite element eigenvalue
extraction analysis of the drywell. Therefore, to Influence the buckling of a shell the very
local areas of reduced thickness would have to be contiguous and of the same
-thickness. This Is also-consistent with Code Case 284 in Section -1700 which indicates
thatthe average stress values in the shell should be used for calculating the buckling
stress. Therefore, an acceptable distance between areas of reduced thickness is not
required foran acceptable buckling analysis except-that the area of reduced thickness is
smalltenough not to influence a buckling lobe of the-shell. The very local areas of
-thickness~are dispersed over a wide area with-varyingithickness ahcd as such will have. a
negligible~effectvon the buckling •response of the drywell. In addition, these very local wall
awasare centered aboutthe vents, which significantly stiffen:the shell. This stiffening
effoct rimitsihe.shell brucklinglo a point-in thetshelsand bed region-whichis .located at
UteVmidpointbPeweeIwo, vents.

Theacceptance criteria for the thickness:of 0.49 Inches confined to an area less than 2YZ
inchesin:diameter-xpedencing pdmary membrane +bending stresses is based on
ASME-B&PVCode, Section Ill,'Subsection NE, Class MC Components, Paragraphs NE-
321;3;2 'Grtoss .Structural Discontinuity, NE-3213.10 Local Primary Membrane Stress, NE-
332.1 Openings not Requiring Reinforcement, NEv3332.2 Required Area *of
Reinforcementard NE-3335.1 !Reinforcement-of Muittple Openings. The use of
Paragraph'N EM32. •Is limited by the rrequirements of Paragraphs NE-32132 and NE-
3213.10. In'particularNE-3213.O1Ilimits the meridionatdistance between openings
without reinforcement to 2.5 xi(square root of Rt). Also Paragraph NE-3335.1 only
applies to .openings~in shellsihat are closer than two times their average diameter.

The implicationsof these paragraphs are that shell failures at these locations from
primarystresses-produced by pressure cannotoccur provided openings In shells have
sufficient reinforcement. The current design pressure of 44 psig for drywell requires a
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APPPLICANTS EXH. 14

From: <George.Beck@exeloncorp.6om>
To: <dial @ nrc.gov>, <rkm @ nrc.gov>
Date: 04/05/2006 5:02:53 PM
Subject: FW: Audit 0 & A (Question Numbers AMP-141, 210, 356)

Note: As originally transmitted this email was undeliverable to the NRC; it exceeded the size limit. It Is;
being ratransmitted without the AMP-210.pdf. This file will be reconstituted and sent In smaller *.pdfws; the
first 11 pages are attached.

George

> -- Coriginal Message---
> From: Beck, George
> Sent: Wednesday, April 05, 2006 4:39 PM
> To: Donnie Ashley (E-mail); 'Roy Mathew (E-mail) (E-mail)
> Cc: Ouaou, Ahmed; Hufnagel Jr, John G; Warfel Sr, Donald B; Polaski, Frederick W
> Subject: Audit 0 & A (Question Numbers AMP-1 41,210, 356)

> Donnie/Roy,

> Attached are the responses to AMP-210 and AMP-356 in an updated version of the reports from the
AMP/AMR Audit database. Also included is a revised version of AMP-141. These answers have been
reviewed and approved by Technical Lead, Don Warfel.

> Regarding AMP-210, please note:
> As po nted out in our response to NRC Question AMP-210, (8a)(1), "The 0.806" minimum average
thickne.ss verbally discussed with the Staff during the AMP audit was recorded In location 19A in 1994.
Additional reviews after the audit noted that lower minimum average thickness values were recorded at
the same location in 1991 (0.803") and in September 1992 (0.800"). However, the three values are wthin
the tolerance of +/- 0.010" discussed with the Staff."

> Regarding AMP-141, please note:
> Our response to AMP-141 has been revised to reflect additional information developed during the
ongoing preparation of RAI responses.

> Please let John Hufnagel or me know if you have any questions.

> George

> > > <<Pages from AMP-210.pdf>>
> > > <<AMP-141.pdf>>

>> <<AMP-356.pdf>>

This e-mail and any of its attachments may contain Exelon Corporation
proprietary information, which Is privileged, confidential, or subject
to copyright belonging to the Exelon Corporation family of Companies.
This e-mail is intended solely for the use of the Individual or entity
to which it is addressed. If you are not the Intended recipient of this
e-mail, you are hereby notified that any dissemination, distribution,



. U

copyingc, or action taken in relation to the contents of and attachments
to this ei-mail is strictly prohbilted and may be unlawful. If you'have
receive J this e-mail in error, please notify the sender Immediately and
permanently delete the original and any copy of this e-mail and any
printout. Thank You.

CC: . <ahmed.ouaou@exeloncorp.com>, <John.hufnagel@ exeloncorp.com>,
<donald.warfel@ exeloncorp.com>, <fred.polaski@exeloncorp.com>
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Item No Date Received: Source

AMP-210 1U24/2006 AMP Audit

Topic: Status: Open

IWE

Document References:.
B.1.27

NRCRepres..ntative Morante, Rich

AmerGen (Took Issue): Hufnagel, Joh

Question

Pages 25 through 31 of the PBD present a discussion of the OCGS operating experience.

(8a)The folkowing statements related to drywell corrosion in the sand bed region need further
explanation and clarification: I
As a result of the presence of water in the sand bed region, extensive UT thickness measurements
(about 1000) of the drywell shell were taken to determine if degradation was occurring. These
measurements corresponded to known water leaks and indicated that wall thinning had occurred in

this region.
Please explain the underlined statement. Were water leaks limited to only a portion of the

circumference? Was wall thinning found only In'these areas?
After sand removal, the concrete surface below the sand was found to be unfinished with improper
provisions for water drainage. Corrective actions taken in this region during 1992 included; (1)
cleaning of bose rust from the drywell shell, followed by application of epoxy coating and (2)
removing the loose debris from the concrete floor followed by rebuilding and reshaping-the floor with

epoxy to allcw drainage of any water that may leak into the region. UT measurements taken from the
outside after-cleaning verified loss of material-projections that had been made-based on
measurements taken from the inside ofthe -dywell. There were, however, zsome-areashinrrer than
projected; but In all cases engineering analysis determined that the drywell shell thickness satisfied
ASME code-requirements.
Please describe the concrete surface below the sand that is discussed in paragraph above.
Please provide the following information:
(1) Identify the minimum recorded thickness in the sand bed region from the outside inspection, and
the minimum recorded thickness in the sand bed region from the inside inspections. Is this consistent
with previous information provided verbally? (.806 minimum)
(2) What wa:3 the projected thickness based on measurements taken from the inside? /i

(3) Describe the engineering analysis that determined satisfaction of ASME code requirements and
identify the minimum required thickness value. Is this consistent with previous information provided

verbally? (.733 minimum)
(4) Is the minimum required thickness based on stress or buckling criteria?
(5) Reconcile and compare the thickness measurements provided in (1) and (3) above with the .736 71

minimum corroded thickness that was used in the NUREG-1540 analysis of the degraded Oyster
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NRC Information Request'7om
(1) Identify the minimum recorded thickness in the sand bed region fronr the outside inspection, and
the minimum recorded thickness in the sand bed region from the inside !nspections. Is this consistent
with previous Information provided verbally? (.806 minimum)
(2) What was the projected thickness based on measurements taken from the Inside?
(3) Describe the engineering analysis that determined satisfaction of ASME code requirements and
identify the minimum required rthickness value. Is this consistent with previous information provided
verbally? (.733 minimum)
(4) Is the minimum required thickness based on stress or buckling criteria?
(5) Reconcile and compare the thickness measurements provided in (1) and (3) above with the .736
minimum corroded thickness that was used in the NUREG-1540 analysis of the degraded Oyster
Creek sand bed region.

Response:
1. The minimum recorded thickness In the sand bed region from outside inspection is 0.618 inches.
The minimum recorded thickness in the sand bed region from inside Inspections is 0.603. These
minimum recorded thicknesses are Isolated local measurement and represent a single point UT
measurement. The 0.806 inches thickness provided to the Staff verbally is an average minimum
general thickness calculated based on 49 UT measurements taken In an area that is approximately
6"x 6". Thus the two local isolated minimum recorded thicknesses cannot be compared directly to the
general thickness of 0.806".

the 0.806" minimum average thickness verbally discussed with the Staff during the AMP audit was
recorded in location 19A in 1994. Additional reviews after the audit noted that lower minimum
average thickness values were recorded at the same location in 1991 (0.803") and in September
1992 (0.800"). However, the three values are within the tolerance of +/- 0.010" discussed with the
Staff.

2. The minimum projected thickness depends on whether the trended data is before or after 1992 as
demonstrated by corrosion trends provided in response to NRC Question #AMP-356. For'license
renewal, ;using coirosion~rate •trends:after 1992.is appropriate because of corrosion-mitigating
measures such as removalýof thensandnd coating of the shell. Then, using corrosionmrate trends
based on 1992. 1994, and 1996 UT data; and the minimum average thickness measured In 1992
(0.800"), the minimum projected average thickness through 2009 and beyond remains approximately
0.800 Inches. The projected minimum thickness during and through the period of extended operation
will be reevaluated after UT Inspections that will be conducted prior to entering the period of extended
operation, and after the periodic UT inspection every 10 years thereafter.

3.The engineering analysis that demonstrated compliance to ASME code requirements Was
performed In two parts, Stress and Stability Analysis with Sand, and Stress and Stablity Analyses I
without Sand. The analyses are documented in GE Reports Index No. 9-1, 9-2, 9-3, and 9-4, wer44 I
transmitted to the NRCStaff In December 1990 and in 1991 respectively. Index No. 9-3 pnd 94 '. k
were revised later to correct errors Identified during an internal audit and were resUbmitted to the'
Staff in Janvary 1992 (see attachment I & 2). The analyses are briefly described below" I I

The drywell shell thickness In the sand bed region is based on Stability Analysis without Sand. As
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described in detail In attachment I & 2, the analysis is based on a 36-degree section model that takes
advantage of symmetry of the drywell with 10 vents. The model Includes the drywell shell from the
base of the sand bed region to the top of elliptical head and the vent and vent header. The torus is
not included in this model because the bellows provide a very flexible connection, which does not
allow significant structural interaction between the drywell and the torus. The analysis conservatively
assumed that the shell thickness In the entire sand bed region has been reduced uniformly to a
thickness of 0.736 inches.

As discussed with the Staff during the AMP audit, the basic approach used in the buckling evaluation
follows the methodology outlined in ASME Code Case N-284 revision 0 that was reconciled later with
revision I o" the Code Case. Following the procedure of this Code Case, the allowable compressive
stress is evaluated In three steps. In the first step, a theoretical buckling stress is determined, and
secondly modified using appropriate capacity and plasticity reduction factors. In the final step, the
allowable compressive stress is obtained by dividing the buckling stress calculated in the second step
by a safety factor of 2.0 for Design and Level A & B service conditions and 1.67 Level C service
conditions.

Using the approach described above, the analysis shows that for the most severe design basis load
combinations, the limits of ASME Section III, Subsection NE 3213.10 are fully met. For additional
details refer to Attachment I & 2.

As described above, the buckling analysis was performed assuming a uniform general thickness of
the sand bed region of 0.736 Inches. However the UT measurements identified isolated, localized
areas where the drywell shell thickness is less than 0.736 inches. Acceptance for these areas was
based on engineering calculation C-1302-187-5320-024..

The calculation uses a Local Wall Acceptance Criteria". This criterion can be applied to small areas
(less than 12" by 12"), which are less than 0.736" thick so long as the small 12" by 12" area is at least
0.536" thfck. However the calculation does not provide additronal criteria as to the acceptable
distance between multipfeamallmreas. For example, the minimum required linear distances between
a 12" by 12" area thinner-than'0.736" but thickerthan 0.536" and another 12" by 12" area thinner-han u
0.736" but thicker than 0.536" were not provided.

The actual data for two bays (13 and 1) shows that there are more than one 12" by 12" areas thinner
than 0.736" ýut thicker than 0.536". Also the actual data for two bays shows that there are more than
one 2 Yz" diameter areas thinner than 0.736" but thicker than 0.490". Acceptance is based on the

following evaluation.

The effect of these very local wall thickness areas on the buckling of the shell requires some
discussion of the buckling mechanism in a shell of revolution under an applied axial and lateral --

pressure load.

To begin the discussion we will describe the buckling of a simply supported cylindrical shell under-the
influence of lateral pressure and axial load. As described in chapter 11 of the Theory of Elastic
Stability, Second Edition, by Timoshenko and Gere, thin cylindrical shells buckle In lobes in both the
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axial and circumferential directions. These lobes are defined as half wave lengths of sinusoidal
functions. The functions are governed by the radius, thickness and length of the cylinder. If we look at
a specific thin walled cylindrical shell both the length and radius would be essentially constants and if
the thicknes-s was changed locally the change would have to be significant and continuous over a
majority of the lobe so that the compressive stress In the lobe would exceed the critical buckling
stress under the applied loads, thereby causing the shell to buckle locally. This approach can be
easily extrapolated to any shell of revolution that would experience both an axial load and lateral
pressure as in the case of the drywell. This local lobe buckling is demonstrated in The GE Letter,
Report "Sandbed Local Thinning and Raising the Fixity Height Analysis where a 12 x 12 square inch
section of the drywell sand bed region is reduced by 200 mils and a local buckle occurred in the finite
element elgenvalue extraction analysis of the drywell. Therefore, to influence the buckling of a shell
the very loc3l areas of reduced thickness would have to be contiguous and of the same thickness.
This is also consistent with Code Case 284 in Section -1700 which indicates that the average stress
values in the shell should be used for calculating the buckling stress. Therefore, an acceptable
distance between areas of reduced thickness is not required for an acceptable buckling analysis
except that the area of reduced thickness Is small enough not to Influence a buckling lobe of the
shell. The very local areas of thickness are dispersed over a wide area with varying thickness and as
such will have a negligible effect on the buckling response of the drywell. In addition, these very local
wall areas are centered about the vents, which significantly stiffen the shell. This stiffening effect
limits the shell buckling to a point in the shell sand bed region which is located at the midpoint
between two vents.

The acceptance criteria for the thickness of 0.49 inches confined to an area less than 2% inches Ii
diameter experiencing primary membrane + bending stresses is based on ASME B&PV Code,
Section III, Subsection NE, Class MC Components, Paragraphs NE-3213.2 Gross Structural
Discontinuity, NE-3213.10 Local Primary Membrane Stress, NE-3332.1 Openings not Requiring
Reinforcement, NE-3332.2 Required Area of Reinforcement and NE-3335.1 Reinforcement of
Multiple Openings. The use of Paragraph NE-3332.1 is limited by the requirements of Paragraphs NE-
3213.2 and NE43213.10. In particular NE-3213.10-limitstthe meridional distance between openings
without reinforcementto. 2.5 x (square rootof Rt) . AlsoParagraph NE&3335.1 only applies to
openings in shells that are closer-than two timestheir average diameter.

The implications of these paragraphs are that shell failures at these locations from primary stresses
produced by pressure cannot occur provided openings In shells have sufficient reinforcement. The
current design pressure of 44 psig for drywell requires a thickness of 0.479 Inches In the sand bed
region of the drywell. A review of all the UT data presented in Appendix D of the calculation indicates
that all thicknesses In the drywell sand bed region exceed the required pressure thickness by a
substantial riargin. Therefore, the requirements for pressure reinforcement specified in the previous
paragraph are not required for the very local wall thickness evaluation presented In Revision 0 of
Calculation C-1302-187-5320-024.

Reviewing the stability analyses provided in both the GE Report 9-4 and the GE Letter Report Sand
bed Local Thinning and Raising the Fixity Height Analysis and recognizing that the plate elements in
the sand bed region of the model are 3" x 3" it is clear that the circumferential buckling lobes for the
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drywell are substantially larger than the 2 1/ inch diameter very localwall areas. This combined with
the local reinforcement surrounding these local areas indicates that these areas will have no impact
on the buckling margins in the shell. It is also dear from the GE Letter Report that a uniform reduction
in thickness of 27% to 0.536" over a one square foot area would only create a 9.5% reduction in the
load factor and theoretical buckling stress for the wholedrywelltresulting in the largest reduction
possible. In addition, to the reported result for-the 27% reduction in wall thickness, a second buckling
analysis was performed for a wall thickness reduction of 13.5% over a one square foot area which
only reducei the load factor and theoretical buckling stress by 3.5% for the whole drywell resulting In
the largest reduction possible. To bring these results into perspective a review of the NDE reports
indicate there are 20 UT measured areas In the whole sand bed region that have thicknesses less
than the 0.736 inch thickness used In GE Report 9-4 which cover a conservative total area of 0.68
square feet of the drywell surface with an average thickness of 0.703" or a 4.5% reduction in wall
thickness. Therefore, to effectively change the buckling margins on the drywell shell in the sand bed
region a reduced thickness would have to cover approximately one square foot of shell area at a
location in the shell that is most susceptible to buckling with a reduction in thickness greater than
25%. This leads to the conclusion that the buckling of the shell is unaffected by the distance between
the very local wall thicknesses, in fact these local areas could be contiguous provided their total area

did not exceed one square foot and their average thickness was greater than the thickness analyzed
in the GE Letter Report and provided the methodology of Code Case N284 was employed to
determine the allowable buckling load for the drywell. Furthermore, all of these very local wall areas
are centered about the vents, which significantly stiffen the shell. This stiffing effect limits the shell
buckling to a point in the shell sand bed region, which is located at the midpoint between two vents.

The minimu'n thickness of 0.733" is not correct. The correct minimum thickness is 0.736".

4. The minimum required thickness for the sand bed region is controlled by buckling.

5. We cannot reconcile the difference between the current (lowest measured) of 0.736" In NUREG-
1540 and the minimum:measured thickness ofO.8016 inches we discussed r.with the Staff. Perhaps
the value in NUREG-1,540 .should be- labeled minIumu rquired-by-the Code, as documented in
several comrnspondences with the Staff,-instead-of-kowestTneasured. In a letter-dated September 15,
1995, GPU provided the Staff a table that lists sand bed region thicknesses. The table indicates that

nominalthickness Is 1.154". the minimum measured thickness in 1994is 0.806". and the minimum
thickness required by Code is 0.736". These thicknesses are consistent with those discussed with
the Staff during the AMP/AMR audit.

Question: NUREG-1540, published in April 1996, includes the following statements related to
corrosion of the Oyster Creek sand bed region: (page vii) However, to assure that these measures
are effective, the licensee is required to perform periodic-UT measurements, and (page 2) As
assurance that the corrosion rate is slower than-the rate obtained from previous measurements, GPU
is committed to make UT measurements periodically. Please reconcile the aging management
commitment (one-time UT Inspection and monitoring of the condition of the coating) with the apparent
requirementcommitment documented in NUREG-1540.Please reconcile the aging management
commitment (one-time UT inspection and monitoring of the condition of the coating) with the apparent
requirement/commitment documented In NUREG-1540.
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the drywell shell in the inspection trenches in drywell bays #5 and #17. AmerGen will monitor the

two trenches for the presence of water during each refueling outage. The staff identified this

commitment item as a license condition.

Ultrasonic Testing Measurement Issues

In the sand pocket region of the drywell shell, the most susceptible bays are incorporated in the

sampling. However, the staff believes that readings should be taken at vulnerable locations and

that UT techniques are reliable. The first issue is addressed as part of Open Item 4.7.2-1.2 and

the second issue is addressed below.

The second item is that a review of UT data indicates that the UT measurements taken from

inside the drywell after 1992 show a general increase in the metal thickness. In some cases, the
average increase is as much as 40 mils in a 2-year timeframe. In general, it appears that the UT

measurements taken after 1992 require proper calibration, considering the coatings on both
sides of the drywell shell. The staff requested that the applicant address this issue during a J
public meeting held June 1, 2006.

In its response dated June 20, 2006, the applicant provided the following discussion of
sensitivities involved with the UT measurement process and how they will be minimized in the

future:

UT Instrumentation Uncertainties. The UT instrumentation, which includes the transducer,
cable and ultrasonic unit, will be calibrated to within approximately +/- 0.010 inches.
Exelon Procedure (ER-AA-335-004) step 4.1.3 requires that he UT instruments must be
checked within 2% of the calibration standard (block) prior to use. For the sand bed I
region, which is nominally 1" thick, a 1-inch thick calibration standard block is used. This

results in checking the UT instrument to within 0.020" inches or +/- 0.010". UT
instrumentation accuracy is verified under controlled conditions where UT thickness
readings are performed on calibration blocks. The calibration blocks have been precisely

machined to prescribed thicknesses, which are then verified by micrometer readings.

Actual Drywell:Surface Roughness and UT Probe Location Repeatability. Due to the
corrosion, the outside surface of the Drywell Vessel is not smooth and uniform. The
surface condition is indicative of general corrosion, which is rough with high and low
points spaced very closely together. This profile was verified when the sand was removed

in 1992. The UT Instrumentation probes are 7/16" in diameter and are dual element

transducers (i.e. half transmits sound and the other half receives). The probes emit a

focused beam that measures an area significantly smaller than 7/16* diameter and will

record the thinnest reading within that area.

Because the surface roughness of the drywell within this 7/16" diameter can vary, the

probe must be placed at precisely the same location to precisely repeat a thickness i
reading. A slight shift of the probe will result in a reading which is correct, but different

from a previous reading.

The variability associated with this factor is reduced by the use of the stainless steel
template. The template has been manufactured with holes in a 7 by 7 pattern on 1 inch

centers. Each of the 49 holes has been machined with a diameter so that the UT probe

fits within each hole snugly. The templates are machined with 1/16" wide slits on each
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edge of the template at 0, 90, 180, and 270 degrees. During inspections the slits in the
template are lined up with permanent marks that were placed on the drywell shell when
the location was originally inspected. The UT readings are then taken by placing the
probe inside each hole in the template.

Inspection procedures require that NDE personnel performing the inspection place the
template precisely on the permanent markings.

Actual Drywell Surface Roughness and UT Probe Rotation. The UT probe sends the
signal from one side of the probe and receives the signal on the other side. The probe
must be oriented in the same plane in order to measure exactly the same point. Test data
taken on a mock up with similar roughness showed that a variance up to 0.016 inch was
noted when rotating the probe 360 degrees over the same spot. Therefore, a slight
rotation of the probe will result in a reading, which is correct, but different from a previous
reading.

Inspection procedures require that NDE personnel performing the inspection place the
probe in the same orientation.

Temperature Effects. Significant temperature differences between inspections may result
in a shift in the material thickness. Therefore, the inspection specification will require that
NDE personnel performing the inspection record the surface temperature of the area that
isinspected.

Batteries. Inspection specifications require the installation of new batteries prior to each
series of inspections.

NDE Technician. Inspection specifications require that personnel conducting UT
examinations be qualified in accordance with Exelon Procedure ER-AA-335-004.

Calibration Block. Exelon Procedure ER-AA-335-004 requires that calibration blocks used
during the inspection be inspected to verify that the ultrasonic response equals the
physical measurement.

Internal Surface Cleanliness. The inspection areas are covered with a qualified grease to
protect the examination surface from rusting between inspection periods. The grease
must be removed prior to the inspection and reapplied after the inspection. Tests
performed in April and May of 2006 show that the presence of the grease will increase
the readings as much as 12 mils. In 1996, the governing specification did not clearly
specify the requirement to remove the grease prior to the inspection. Therefore it is
possible that the requirement to remove the grease was not communicated to the
contractor, and that the contractor who performed the 1996 inspection may have not
removed the grease.

The inspection procedures will clearly require that personnel conducting UT examinations
remove the grease prior to performing the examination.

UT Unit Settings. It is possible that the ultrasonic unit can be set in a "high gain" setting
which may bias the machine into including the external coating as part of the thickness.
Future inspections will use modern "state of the art" UT units that do not have gain
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settings.

Identification of the Physical Inspection Location. There is a potential that inspection

locations may be mislabeled on the data sheets. The inspection procedures uniquely and

clearly identify each inspection location and provide the specific instruction as to the

area's location.

Data Analysis. The above potential variables will be considered in the analysis of the

data. The analysis not only determines a mean for each grid or sub-grid, but also the

variance of the means. These variances will be compared to past inspections to ensure

consistency. The mean and the variance are compared to the acceptance criteria.

In addition, the mean UT thickness values for a current inspection will be computed and

compared to the previous inspection prior to restarting from an outage. If data anomalies

similar to 1996 are identified corrective actions will be taken, including new UT

measurements, as necessary, to ensure accuracy of measurements.

Based on the applicant's discussion of the variables involved in'the UT results, the staff finds it

reasonable to conclude that the anomalous readings of 1994 and 1996 could be attributed to one

or more of the factors enumerated in the discussion. The staff was concerned about systematic

corrections to the UT measurements and could not determine the basis for the applicant's use of
the anomalous readings nor systematic corrections. The applicant could not isolate the factors

that contributed to these anomalous results; therefore, it plans to utilize the lessons learned from

the experience for the future UT examinations. On the basis of the applicant's written response,

the staff determined that its concerns have been resolved.

4.7.2.2.2 Minimum Drywell Thickness

In RAI 4.7.2-1 dated March 10, 2006, the staff requested that the applicant provide a summary of

the factors considered in establishing the minimum required drywell thickness.

In its response dated April 7, 2006, the applicant explained that the factors considered in

establishing the minimum required drywell thickness at various elevations of the drywell are
described in detail in engineering analyses documented in two GE reports, Index Nos. 9-1, 9-2,

and 9-3, 9-4. Report Index No. 9-1, 9-2 was generated for the drywell condition with sand in the

sand bed region and Report Index No. 9-3, 9-4 addressed the drywell condition without sand in

the sand bed region. The two reports were transmitted to the staff in December 1990 and 1991,

respectively. Report Index No. 9-3, 9-4 was revised later to correct errors identified during an

internal audit and was resubmitted to the staff in January 1992. The analysis described in Report

Index No. 9-3, 9-4 (i.e., without sand) is the current applicable analysis for the drywell.

In its response the applicant also noted that it based the analysis on the original code of record,

ASME Code, Section VIII, and Code Cases 1270N-5, 1271-N, and 1272N-5. The ASME Code

and its Code Cases do not provide specific guidance in two areas. The first relates to the size of
a region of increased membrane stress due to thickness reductions from local or general
corrosion effects, and the second pertains to the allowable stresses for Service Level C or post-

accident conditions. In the first case, guidance was sought from ASME Code Section III,
NE-3213.10. For Service Level C or post-accident conditions, the SRP-LR was used as guidance

to develop the allowable stresses. Additionally, the applicant summarized the analysis efforts in

the following paragraphs:
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The analysis is based on a 36-degree section model that takes advantage of
symmetry of the drywell with 10 vents. The model includes the drywell shell from
the base of the sand bed region to the top of elliptical head and the vent and vent
header. The torus is not included in this model because the vent bellows provide a
very flexible connection, which does not allow significant structural interaction
between the drywell and the torus. The analysis considered drywell geometry and
materials, thickness reduction from corrosion, test loads, normal operating loads,
design basis accident loads, seismic loads, refueling loads, and design basis load
combinations. Pressure and temperature were in accordance with approved
Technical Specification Amendment No. 165, which established a revised design
bases accident pressure of 44 psig and accident temperature of 292°F. The
results of the analysis show that the minimum required ASME Code thickness of
the drywell shell above the sand bed region is controlled by membrane stresses
and the minimum drywell shell thickness in the sand bed region is controlled by
buckling. The minimum required ASME Code thicknesses above the sand bed
region are shown in Table 1 (attached to the response). For the sand bed region,
the analysis conservatively assumed that the shell thickness in the entire sand
bed region has been reduced uniformly to a thickness of 0.736 inches. This

thickness satisfies ASME Code requirements and is considered the minimum
required thickness.

As described above, the buckling analysis was performed, assuming a uniform
general thickness of the sand bed region of 0.736 inches. However, the UT
measurements identified isolated, localized areas where the drywell shell
thickness is less than 0.736 inches. Acceptance for these areas was based on
engineering calculation C-1 302-1 87-5320-024. The calculation uses a "Local
Wall Acceptance Criteria.* This criterion can be applied to small areas (less than
12" by 12"), which are less than 0.736" thick so long as the small 12" by 12" area
is at least 0.536" thick. However, the calculation does not provide additional
criteria as to the acceptable distance between multiple small areas. For example,
the minimum required linear distances between a 12" by 12" area thinner than
0.736" but thicker than 0.536", and another 12" by 12" area thinner than 0.736"
but thicker than 0.536", were not provided.

The actual data for two bays (13 and 1) shows that there is more than one 12" by
12" area thinner than 0.736" but thicker than 0.536". Also the actual data for two
bays shows that there is more than one 2Y in. diameter area thinner than 0.736"
but thicker than 0.490". Acceptance is based on the following evaluation. The
effect of these very localized wall thickness areas on the buckling of the shell
requires some discussion of the buckling mechanism in a shell of revolution under
an applied axial and lateral pressure load.

To begin the discussion, we will describe the buckling of a simply supported
cylindrical shell under the influence of lateral pressure and axial load. As
described in chapter 11 of the Theory of Elastic Stability, Second Edition, by
Timoshenko and Gere, thin cylindrical shells buckle in lobes in both the axial and
circumferential directions. These lobes are defined as half wave lengths of
sinusoidal functions. The functions are governed by the radius, thickness and
length of the cylinder. If we look at a specific thin walled cylindrical shell, both the
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length and radius would be essentially constants and if the thickness was
changed locally, the change would have to be significant and continuous over a

majority of the lobe so that the compressive stress in the lobe would exceed the

critical buckling stress under the applied loads, thereby causing the shell to buckle

locally. This approach can be easily extrapolated to any shell of revolution that

would experience both an axial load and lateral pressure as in the case of the

drywell. This local lobe buckling is demonstrated in the GE Letter Report
"Sandbed Local Thinning and Raising the Fixity Height Analysis" where a 12 x 12

square inch section of the drywell sand bed region is reduced by 200 mils and a
local buckle occurred in the finite element eigenvalue extraction analysis of the

drywell. Therefore, to influence the buckling of a shell, the very local areas of
reduced thickness would have to be contiguous and of the same thickness. This is

also consistent with Code Case 284 in Section-1 700 which indicates 'that the

average stress values in the shell should be used for calculating the buckling

stress. Therefore, an acceptable distance between areas of reduced thickness is

nbt required for an acceptable buckling analysis except that the area of reduced
thickness is small enough not to influence a buckling lobe of the shell. The very

local areas of thickness are dispersed over a wide area with varying thickness and

as such will have a negligible effect on the buckling response of the drywell. In

addition, these very local wall areas are centered about the vents, which

significantly stiffen the shell. This stiffening effect limits the shell buckling to a
point in the shell sand bed region which is located at the midpoint between two
vents.

The acceptance criteria for the thickness of 0.49 inches confined to an area less

than 21/7 inches in diameter experiencing primary membrane + bending stresses is
based on ASME Boiler and Pressure Vessel (B&PV) Code, Section III, Subsection

NE, Class MC Components, Paragraphs NE-3213.2 Gross Structural
Discontinuity, NE-3213.10 Local Primary Membrane Stress, NE-3332.1 Openings

not Requiring Reinforcement, NE-3332.2 Required Area of Reinforcement and
NE-3335.1 Reinforcement-of Multiple Openings. The use of Paragraph NE-3332.1

is limited by the requirements of Paragraphs NE-3213.2 and NE-3213.10. In F

particular, NE-3213.10 limits the meridional distance between openings without
reinforcement to 2.5 x (square root of Rt). Also, Paragraph NE-3335.1 only

applies to openings in shells that are closer than two times their average
diameter. The implications of these paragraphs are that shell failures at these

locations from primary stresses produced by pressure cannot occur provided

openings in shells have sufficient reinforcement. The current design pressure of

44 psig for the drywell requires a thickness of 0.479 inches in the sand bed region

of the drywell. A review of all the UT data presented in Appendix D of the II
calculation indicates that all thicknesses in the drywell sand bed region exceed

the required pressure thickness by a substantial margin. Therefore, the
requirements for pressure reinforcement specified in the previous paragraph are

not required for the very local wall thickness evaluation presented in Revision 0 of

Calculation C-1302-187-5320-024.

Reviewing the stability analyses provided in both the GE Report 9-4 and the GE

Letter Report, "Sand bed Local Thinning and Raising the Fixity Height Analysis,"

and recognizing that the plate elements in the sand bed region of the model are 3"
x 3", it is clear that the circumferential buckling lobes for the drywell are
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substantially larger than the 2Y2 inch diameter very local wall areas. This,
combined with the local reinforcement surrounding these local areas, indicates
that these areas will have no impact on the buckling margins in the shell. It is also
clear from the GE Letter Report that a uniform reduction in thickness of 27 percent
to 0.536" over a one square foot area would only create a 9.5 percent reduction in
the load factor and theoretical buckling stress for the whole drywell resulting in the
largest reduction possible. In addition to the reported result for the 27 percent
reduction in wall thickness, a second buckling analysis was performed for a wall
thickness reduction of 13.5 percent over a one square foot area which only
reduced the load factor and theoretical buckling stress by 3.5 percent for the
whole. drywell, resulting in the largest reduction possible. To bring these results
into perspective, a review of the nondestructive examination (NDE) reports
indicates that there are 20 UT measured areas in the whole sand bed region that
have thicknesses less than the 0.736 inch used in GE Report 9-4, which cover a
conservative total area of 0.68 square feet of the drywell surface with an average
thickness of 0.703" or a 4.5 percent reduction in wall thickness.

Therefore, to effectively change the buckling margins on the drywell shell in the.
sand bed region a reduced thickness would have to cover approximately one
square foot of shell area at a location in the shell that is most susceptible to
buckling with a reduction in thickness greater than 25 percent. This leads to the
conclusion that the buckling of the shell is unaffected by the distance between the
very local wall thicknesses, in fact these local areas could be contiguous provided
their total area-did not exceed one square foot and their average thickness was
greater than the thickness analyzed in the GE Letter Report, and provided the
methodology of Code Case N284 was employed to determine the allowable
buckling load for the drywell. Furthermore, all of these very local wall areas are
centered about the vents, which significantly stiffen the shell. This stiffening effect
limits the shell buckling to a point in the shell sand bed region, which is located at
the midpoint between two vents.

In summary, the applicant noted that the minimum required drywell shell thickness is based on
an analysis conducted in accordance withASME Code. Factors considered include drywell
geometry, material of construction, reduced wall thickness due to corrosion, and applicable
design-basis loads and load combinations. Accident pressure and temperature are 44 psig and
292 OF, respectively, in accordance with the approved technical specification amendment
No. 165.

In a letter dated April 7, 2006, the applicant responded to RAI 4.7.2-1. In its response the
applicant stated that the minimum required thicknesses of the drywell shell above the sand bed
region shown in Table-I of the response are controlled by membrane stresses. The minimum
required'general drywell shell thickness in the sand bed region of 0.736 inch is controlled by
buckling. Localized areas in the sand bed region where the thickness is less than 0.736 inch are
evaluated against a local thickness acceptance criteria (0.49 inch) developed based on ASME
Code, Section III, Subsection NE, Class MC Components, Paragraphs NE-3213.2, 'Gross
Structural Discontinuity," NE-3213.10, "Local Primary Membrane Stress," NE-3332.1, "Openings
Not Requiring Reinforcement," NE-3332.2, "Required Area of Reinforcement," and NE-3335.1,
"Reinforcement of Multiple Openings." Application of these ASME Code sections is justified as
discussed above, and specific buckling sensitivity analysis results support the conclusion that, on
an average wall thickness basis, buckling of the shell is unaffected by local wall thickness areas
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as these are distributed over the sand bed region.

The staff reviewed the cited analysis reports to ensure that the parameters used and the

assumptions made in the analysis are valid for the period of extended operation. However,

based on the review conducted, the staff requested that the applicant provide additional

information to address certain gross assumptions.
6ib

Attachment 1A of the GPU letter dated November 26, 1990, makes a statistical evaluation of the

UT measurement data taken up to 1990. On the cover page of the report, GPU Nuclear

Corporation states a disclaimer, "the work is conducted by an individual(s) for use by GPU.

Neither GPU northe authors of the report warrant that the report is complete of accurate .... " In

view of this disclaimer, the staff at a public meeting on June 1, 2006, asked the applicant to

provide a detailed description of the way the UT measurement data, whether taken as part of the

6-inch by 6-inch grid, or isolated readings, were evaluated and used in performing the analysis.

In its response dated June 20, 2006, the applicant clarified the use of the statistical evaluation as

follows:

The disclaimer noted by the NRC staff is on the cover page of Technical Data

Report (TDR) No. 948 Revision 1, "Statistical Analysis of the Drywell Thickness

Data." The disclaimer statement is a standard clause that was placed on TDRs
developed in accordance with the applicable GPUN procedure at the time.

AmerGen points out that TDR No. 1027, which is also a part of Attachment 1A
includes the same disclaimer. The disclaimer was intended to reinforce that TDRs

are not design basis documents and were not design verified in accordance with

the GPUN QA Program. In this case TDR 948 was developed to summarize the
initiative that surveyed the drywell and that assessed initial corrosion rates based

on data collected from 1986 through December 1988. However this TDR did not

serve as the design basis document, which demonstrated the drywell shell met 2
design basis requirements. The TDR in Section 1 (Introduction/Background)
explains that the TDR documents the assumptions, methods and results of the

statistical analysis used to evaluate the corrosion rates. The section then states

that the complete analysis is documented in calculation C-1 302-187-5300-005.

Calculation C-1 302-187-5300-005, "Statistical Analysis of Drywell
Thickness Data Thru 12-31-88" did serve as the design basis document,

which demonstrated the drywell shell met design basis requirements. This

calculation was developed and design verified in accordance with the

GPUN QA Program and is approximately 200 pages long. A review of the

information contained in-the TDR Section 4.6 (Summary of Conclusion)

shows that it is consistent with the information in Section 2 (Summary of

Results) in calculation C-1302-0187-5300-005. Thus, the information in the
TDR No. 948 represents design quality information.

In response to the NRC's question on how the UT measurement data were

evaluated and used in the drywell analysis, AmerGen provided a description of

how the 49-point array statistical analysis was performed in response to NRC
Q&A #AMP-356, item (4). In that response, AmerGen stated that the methodology

and acceptance criteria that are applied to each grid of point thickness readings,

including both global (entire array) evaluation and local (subregion of array) are
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described in engineering; specification IS-328227-004 and in calculation No.
C-1302-187-5300-011, "Statistical Analysis of Drywell Thickness Data Thru
4-24-90". This calculation is the more recent version of calculation
C-1302-187-5300 and has been submitted by AmerGen to the NRC.

These two documents were submitted to the NRC in a letter dated
November 26, 1990 and provided to the Staff during the AMP/AMR audit. A brief
summary of the methodology and acceptance criteria is described below.

The initial locations identified in 1986 and 1987 where corrosion loss was most
severe were selected for repeat inspection over time to measure corrosion rates.
For locations where the initial investigations found significant wall thinning, UT
inspection consisted of 49 individual UT data points equally spaced over a 6"x 6"
area. Each new set of 49 values was then tested for normal distribution. If the
data was normally distributed, then the mean value of the 49 points was
calculated and used to represent the general drywell shell thickness in the tested
area. If the 49 points were not normally distributed, then the grid was subdivided
into datasets (usually 2, top and bottom) that were normally distributed. The mean
value for each dataset was then calculated. The minimum mean value was
compared to the minimum required thickness as described below.

The mean values of each grid were then compared to the required minimum
uniform thickness criteria of 0.736 inches. In addition each individual reading was
compared to the local minimum required criteria of 0.490 inches. The basis for the
required minimum uniform thickness criteria and the local minimum required
criteria is provided in response to NRC Question #AMP-210. A decrease in the
mean value over time is representative of corrosion. If corrosion does not exist,
the mean value will not vary with time, although random variations in the UT
measurements as a result of such factors as variables in the inspection process
and in environmental conditions may occur. If corrosion is continuing, the mean
thickness will decrease linearly with time. Therefore the curve fit of the data is
tested to determine if linear regression is appropriate, in which case the corrosion
rate is equalto the slope of the line. If a slope exists, then upper and lower 95%
confidence intervals of the curve fit are calculated. The lower 95% confidence
interval is then projected into the future and compared to the required minimum
uniform thickness criteria of 0.736 inches.

A process similar to that described above Is applied to the thinnest individual
reading in each grid. The lowest reading taken is also verified against the local
minimum thickness requirement. Then the curve fit of the data is tested to
determine if linear regression is appropriate. If a slope exists, then the lower 95%
confidence interval-is then projected into the future and compared to the required
minimum local thickness criteria of 0.490 inches.

The staff finds that the applicant has provided an explanation of the documents used for the
design basis calculations. Furthermore, the applicant provided the process used in establishing
the minimum thickness of the drywell used in the 1991 GE analysis. Based on the discussion
provided above, the staff finds the applicant's historical method of determining the minimum
required wall thickness acceptable because these processes use recognized industry standards
for performance and evaluation of results. On the basis of the applicant's written response, the
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APPLICANT'S EXH. 17
P/Zorc IY36 71 '

- =Nuclear Calculation Sheet

The purpose of this calculation is to evaluate the UT
thickness measurements taken in the sandbed region during the
14R outage in support of O.C drywell corrosion mitigation
project. These measurements were taken from the outside of
the shell. Access to the sandbed region was achieved by
cutting ten holes completely through the shield wall from the
torus room.

2.0 SUM14ARY OI RESULTS:

This calculation demonstrates that the UT thickness
measurements for all bays meet the minimum uniform and local
required thicknesses.

The evaluation was performed by evaluating the UT measurements
for each bay and dispositioning them relative to the uniform
thickness of 0.736 inch used in GE structural analysis
reports. Additional acceptance criteria was developed to
address measurements below 0.736 inch. The results are
summarized in Table 1.

UT measurements for bays 3, 5, 7, 9, and 19 were all above the
0.736 inches and therefore acceptable.

UT measurements for bays 11, 15, and 17 were all above 0.736
inches except for one measurement for each bay. After further
evaluation of these three measurements including an
examination of adjacent areas, it was determined that they
were acceptable as shown on Table 1.

UT measurements for bays 1 and 13 were evaluated using
detailed criteria described in this calculation and the
results are summarized in Table 1 below:

OCLRO0020687



RfNuclear CIculatIon Sheet

2.0 SUMMARY OF RESULTS ( Continued ):

Summary of UT Evaluations

Table (1)

Day, oI/ o o.- o'n. ACbp i

Bay ISI/Lm. 2 0.7W"' 0.447' 0.200v 0.719" A"ceptable

Bay I/ Loc. 3 0.702'. 0.347" 0.200" 0.8592 Acceptable

Bay / Loc. 5, 0.710 - 0-33". 0.200" 0.8237 Acceptable

Bay 1/ Loc. 7 0.720" 0218' 0.200W 0.766m Acceptable

Bay 1/ Loc 11 0.7146 0.10. 02 0.6 Acceptable

Bay 1/ Loc. 12 0.7240 0,313' 0,200" .O,2" Acceptable

Bay I/ Lcc 7 070*- 0.26, 0.2o00 o.76 Acceptable

Bay W/ Loc. 21 0.726 0.211' 0.200 0.7350 Acceptable
Bay 13/Loc. 1 0.672' 63r ,1 0.200" 0.8237 Accptable

Bay 13/ Loc. 2 0.729' 0260' 0.200 0.68S" Acceptable

Bay 13/ Loc. 9 0.7181 0.217 0200 0.796ccptbl
]Bay 13/ Icc 6 . -0.6,55• 0.301' 0.200' 0.'756' . Acceptble

Bay 13/ Loc. 10 o. 01' o0200 0.739', Acceptable

Bay 13/ Lc 1o 085- ip o 20 0.741'. Acceptable

Bay 0.68r 0277 0.200 0.756- Acceptable

Li

.4

Aj

* -f

Wi

j00LR00020688



,.N uclear Caculation Sheet

Subject Cale No. Rev. No. Sheet No.
O.C Oesmwel Ext. tEaLaton An Sndhed C-1307-187-5320-02N O 3

Orginator Date Reviwed by Date
MARK YEKrA 01/12/93 S. C. Tnmminelli C

3,0 REFERENCES:

3.1 Drywell sandbed region pictures (see Appendix C.).

3.2 An ASME Section VIII Evaluation of the Oyster Creek
Drywell for Without Sand Case 'Performed by GE - Part 1
Stress Analysis, Revision 0 dated February, 1991 Report
9-3.

3.3 An ASME Section VIII Evaluation of the Oyster Creek
Drywell for Without Sand Case Performed by GE - Part 2
Stability Analysis, Revision 2 dated November, 1992
Report 9-4.

3.4 ASME Section III Subsection NE Class MC Components 1989.

3.5 GE letter report" Sandbed Local Thinning and Raising the
Fixity Height Analysis ( Line Items 1 and 2 In Contract
PC-0391407 )" dated December 11,ý 1992.

3.6. GPUN Memo 5320-93-020 From X. Whitmore to J. C. Flynn
"Inspection of Drywell Sand Bed Region and Access Hole",
Dated January 28, 1993.

4.0 ASSUMPTIONS AND BASIC DATA:

4.1 Raw UT measurements are summarized for each bay in the
body of calculation.

4.2 Observations of the outside surface of the drywell shell
indicate a rough surface with varying peaks and valleys.
In order to characterize an average roughness
representing the depth difference of peaks and valleys,
two impressions were made at the two lowest UT
measurements for bay 13 using Epoxy putty
Appendix A presents the calculation of the depth of
surface. roughness using the drywell shell impressions
taken in the roughest bay. Two locations in bay 13 were
selected since it is the roughest bay. Approximately 40
locations within the two impressions were measured for
depth and the average plus one standard deviation was
calculated. A value of 0.200 inch was used in this
calculation as a conservative depth-of uniform dimples
for the entire outside surface of the drywell in the
sandbed region
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Origicator te Reviewed by Date
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5.0 CALCULATION:

NCCEPTCE CRSITERIA - GENERAL WALL:

The acceptance criteria used to evaluate the measured drywell
thickness is based upon GE reports 9-3 and 9-4 (Ref. 3.2 &
3.3) as well as other GE studies (Ref. 3.5) plus visual
observations of the drywell surface ( Ref. 3.6 and Appendix C
). The GE reports used an assumed uniform thickness of 0.736
inches in the sandbed area. This area is defined to be from
the bottom to top of the sandbed, i.e., El. 81-1l1" to El.
12I'31 and extending circumferentially one full bay.
Therefore, if all the UT measurements for thickness in one bay
are greater' than 0.736 inches the bay is evaluated to be
acceptable. In bays where measurements are below 0.736
inches, more detailed evaluation is performed.

This detailed- evaluation is based, in part, .on visual
observations of the shell surface plus a knowledge of the
inspection process. The first part of this evaluation is to
arrive at a meaningful value for shell thickness for use in
the structural assessment. This meaningful value is referred
to as the thickness for evaluation. It is computed by
accounting for the depth of the spot where the thickness
measurement is taken considering the roughness of the shell
surface. The surface of the shell has been characterized as
being "dimpled" as in the surface of a golf ball where the
dimples are about one half inch in diameter ( Appendix C ).

Also, the surface contains some depressions 12 to 18 inches in
diameter not closer than 12 inches apart, edge to edge (Ref.
3.6). Appendix A presents the. calculation of the depth of
surface roughness using the drywell shell impressions taken in
the roughest bay. Two locations in bay 13 were selected since
it is the roughest bay. Approximately 40 locations within the
two impressions were measured for depth and the average plus
one standard deviation was calculated to be at 0.186 inches.
A value of 0.200 inch was used in this calculation as a
conservative depth of uniform dimples for the entire outside..
surface of the:drywell in the sandbed region .
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ISubjcti ICale NO. Rev.No. (Sheet No.

O.C nrvMkM1l Ext, 32t Evaluation fin andhed C-1302-187-5320-024 S 0 .. f 94

orignator Date Reveed by Date

•MARK YEKrA .01/12/93 S. C Tumeinell 04/16/93

5,0 CALCULATION:

ACCEPTANCE CRITERIA - GENERAL JAL: (Continued)

The inspection focused on the thinnest portion of the drywell,

even if it was very local, i.e., the inspection did not

attempt to define a shell thickness suitable for structural

evaluation. Observations indicate that some inspected spots

are very deep. They are much deeper than the normal dimples

found, and very local, not more than 1 to 2 inches in

diameter. (Typically these observations were made after the

spot was surface prepped for UT measurement. This results in

a wide dimple to accommodate the meter and slightly deeper

than originally found by 0.030 to 0.100 inches). The depth of

these areas was measured and averaged with respect to the top

of local areas as shown in Appendix A. These depths are

referred to herein as the AVG micrometer measurements. The

thickness for evaluation is then computed from the above

information as:

T (evaluation)

where:

T (evaluation)

UT (measurement)

AVG (micrometer)

0.200 inch

After this calculat
greater than 0.736
acceptable.

UT (measurement) + AVG (micrometer)
- 0.200 inches

- thickness for evaluation

- thickness measurement at the area
(location)

average depth of the area relative
to its immediate surroundings

a conservative value of depth
of typical dimple on the shell
surface. F

ion, if the thickness for' anaiysis is
inches; the area is evaluated to be
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Subject Cale No. Rev. No. Sheet No.

O.Q Dr~velt Ext. Ut- Evatluation inSandbed C-1302-187-5320-024 0 6 of 54

Originator rDate Reviewed by Date
MARK YEKTA 01/12/93 S. C Tunmineli 04/16/93

5.0 CALCULATION'

ACCEPTANCE CRITERIA - LOCAL WALL:

If the thickness for evaluation is less than 0.736 inches,
then the use of specific GE studies is employed (Ref. 3.5).
These studies contain analyses of the drywell using the pie
slice finite element model, reducing the thickness by 0.200
inches in an area 12 x 12 inches in the sandbed region,
tapering to original thickness over an additional 12 inches,
located to result. in the largest reduction possible. This
location is selected at the point of maximum'deflection of the

.. eigenvector shape associated with the lowest buckling load.
The theoretical buckling load was reduced by 9.5% from 6.41.to
5.56. Also, the surrounding areas of thickness greater than
0.736 inches is also used to adjust the actual buckling values
appropriately. Details are provided in the body of the
calculation.

ACCEPTANCE CRITERIA - VERY LOCAL WALL (2h Inebes In DIAMETER):

All UT measurements below 0.736 inches have been determined to
be in isolated locations less than 21 inches in diameter.

The acceptance criteria for these measurements confined to an
area less than" 2 inches in diameter is based on the ASME
Section III Subsection NE Class MC Components paragraph NE
3332.1 and NE 3335.1 titled "OPENING NOT REQUIRING
REINFORCEMENT AND REINFORCEMENT OF MULTIPLE OPENINGS".

These Code provisions allow holes up to 21 inches in diameter
in Class MC vessels without requiring reinforcement.
Therefore, thinned areas less than 2¾ inches in diameter need
not be provided with reinforcement and are considered local.
Per NE 3213.10 the stresses in these regions are classified as
local primary .membrane stresses which are limited to an
allowable value of 1.5 Sm. Local areas not exceeding 21.
inches in diameter have no impact on the buckling margins.
Using the 1.5 Sm criteria given above, the required minimum
thickness in these areas is:

T (required) = ( 2/3 ) * (0.736 ) 0.490 inches

Where 2/3 is Sm/l.5Sm and is the ratio of the allowable
stresses.

UT thickness measurements for all ten bays are above 0.490
inches.
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Subject 
Cate No. Rev. No. Sheet No.

O.X Drvw9 l 'Ext. Ut EXAluation in_.Bandkbed_ C-1302-187-5320-_024 0 7 of 54

Originator Dat4 Reviewed by Date

MARK YEKTA 01/12/93 S. C Tumminefli 04/16/93

5.0 CALCULATION:

RT EVALUATION:

BAY 1:

The outside surface of this bay is rough and full of

dimples similar to the outside surface of golf ball.

This observation is made by the inspector who located the

thinnest areas for the UT examination. This inspection

focused on the thinnest areas of the drywell, even if it

was very local, i.e., the inspection did not attempt to

define a shell thickness suitable for structural

evaluation. The shell appears to be relatively uniform

in thickness except for a band of corrosion which looks

like a "bathtub" ring, located 15 to 20 inches below the

vent pipe reinforcement plate, i.e, weld line as shown in

Figure 1. ( Figure 1 and others like figures presented in

this calculation are NOT TO SCALE). The bathtub ring is

12 to 18 inches wide and about 30 inches long located in

the center of the bay. Beyond the bathtub ring on both

sides, the shell appears to be uniform in thickness at a

conservative value of 0.800 inches. Above the bathtub

ring the shell exhibits no corrosion since the original

lead primer on the vent pipe/reinforcement plate is

intact. Measurements 14 and 15 confirm that the

thickness above the bathtub ring is at 1.154 inches

starting at elevation 11'-00". Below the bathtub ring

the shell is uniform in thickness where no abrupt changes

in thicknesses are present. Thickness measurements below

the bathtub ring are all above 0.800 inches except

location 7 which is very local area.

Therefore, a conservative mean thickness of 0.800 inches

is estimated to represent the evaluation thickness for

this bay. Given a uniform thickness of 0.800 inches, the

buckling margin for the refueling load condition can be

recalculated based on the GE report 9-4 (Ref. 3.3). The

theoretical buckling strength from report 9-4 (ANSYS Load

Factor) is a square function of plate thicknesses.

Therefore, anew buckling capacity for the controlling

refueling load combination is calculated to be at 13%

above the ASME factor of safety of 2 as shown in Appendix

B.
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Subject Cale No. Rev. No. Sheet No.

O.c D2r=w11 Ext. Ot~ rvaluat ion in Sandbed C-1302-187-5320-024[ of 54

Originator Date Rvcwed by Date

MARK YfrA 01/12/93 S. C. Tumminelli 04/16/93

5.0 CALCULATION:

UT EVALUATION:

BAY 9 . ( Continued):

Locations 1, 2, 3, 4,ý 5, 10, 11, 12, 13, 20, and 21 are

confined to the bathtub ring as shown in Figure 1. An

average value of these measurements is an evaluation
thickness for this band as follows;

Location Evaluation Thickness

1 0.738"
2 0.659""
3 0.852"

0.760"
5 0.823"

10 0.839"
II 0.726"
12 0.8251"
13 0.792"
20 0.965"
21 0.737"

Average = 0.792"

An average evaluation thickness of 0.792 inches for the,

bathtub ring may raise concern given that the bathtub

ring is noticeable and that the difference between its

average evaluation thickness (0.792 inches) and the

average thickness taken for the entire region (0.800

inches) is only 0.008 inches. This results from the fact

that average micrometer readings were generally not taken
for the remainder of the shell since each reading was

greater than 0.736 inches. In reality, the remainder of

the shell is much thicker than 0.800 inches. The..

appropriate evaluation thickness can not be quantified
since no micrometer readings were taken.

The individual -measured thicknesses must also be

evaluated for structural compliance. Table 1-a

identifies 23 locations of UT measurements that were

selected to represent the thinnest areas, except

locations 14 and 15, based on visual examination. These
locations are a deliberate attempt to produce a minimum

measurement. Locations 14 and 15 were selected to

confirm that no corrosion had taken place in the area

above the bathtub ring.

.j

OCLR00020694



[ 1Jluclear Calculation Sheet

Sub•ject 
Cac No. Rev. No. sheet No.

O.C nrvwell Vxt. Ut Evaluation in Sandbed- C-1302-187"5320L-0 O. 9 of S4

Originator Date Reviewed by Date

MARK YEKTA 01/12/93 S. C TurmmineW 04/16/93

540 CALCULATION:

UT VALUATION:

BAY # I ( Continued):

Eight locations shown in Table 1-a (1, 2, 3, 5, 7, 11,

12, and 21) have measurements below 0.736 inches.

Observations indicate that these locations were very deep

and not more than 1 to 2 inches in diameter. The depth

of each of these areas relative to its immediate

surroundings was measured at 8 locations around the spot

and the average is shown in Table 1-a. Using the general
wall thickness acceptance criteria described earlier, the

evaluation thickness for all measurements below 0.736

inches were found to be above 0.736 inches except for two

locations, 2 and 11, as shown in Table 1-b. Locations 2

and 11 are in the bathtub ring and are about 4 inches

apart. This area is characterized as a local area 4 x 4

inches located at about 15 to 20 inches below the vent

pipe reinforcement plate with an average thickness of

0.692 inches. This thickness of 0.692 inches is 0.108

inches reduction from the conservative estimate of 0.800

inches evaluation thickness for the entire bay. In order

to quantify the effect of this local region and to

address structural compliance, the GE study on local

effects is used (Ref. 3.5).

This study contains an analysis of the drywell shell

using the pie slice finite element model, reducing the

thickness by 0.200 inches (from 0.736 to 0.536 inches) in

an area 12 x 12 inches in the sandbed region located to
result in the largest reduction possible. This location

is selected at the point of maximum deflection of the

eigenvector shape associated with the lowest buckling

load. The theoretical buckling load was reducedby 9.5%.

The 4 x 4 inches local region is not at the point of

maximum deflection. The area of 4 x 4 inches is only 11%

of the 12 x 12 inches area used in the analysis.

Therefore, this small 4 x 4 inches area has a negligible

effect on the buckling capacity of the structure.

In summary, using a conservative estimate of 0.800 inches

for evaluation thickness for the entire bay and the

presence of a bathtub ring with an evaluation thickness

of 0.792 inches plus the acceptance of a local area of 4

x 4 inches based on the GE study, it is concluded that

the bay is.acceptable.
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I"

5.0 CALCULATION:

UT EVALUATION:

.•Y # 1 (Continued): 77

Bay # 1 UT Data

Table 1-a

... ..

1 0.720. 0.218

2 0,716 . 0.143

3 . 0.705 - 0.347

4 0.760 ---

5 0.710 0.313

* 6 .0.760, 
---

7 0.700 0.266

• 8 0.805 ---

9 0.805 ---

10 0.839 ---

11 0.714 0.212

12, 0.724 0.301

13 0.792 .... ,'

14 1.147

15 1.156 ....

16 0.796 __---

17 0.860 ---

18 0.917

.19 0.890 _ --

20 0.965 ---

21 0.726 0.211

22 0.852 ---

23 0.850

:2

j
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5.0 CALCULATION:

UT:VALUATION:

AY # I: (Continued)

SUMMARY OF Measurements BELOW 0.7

Table -1-b

..... ...o. .. ,

I O72t O21 02VO 0.738' Acceptable

20.716* .0.143* 0.2W0 OAST9 Acceptabe

3 0.705" 0347' 0.0" 0.15r' Accptablc

5 0.710" 0.313" 0.200' 0.823" Acceptable

7 0.700, 0266' 0"200 0.766- Acceptable

11. 0.714 0.212' 0" 0.726. Acceptable

12 0.724" 0301" 0.200" 0.825" Acceptable

21 o.'6 0,2112- 0.737 Acceptable
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5.0 CALCULATION:

UT EVALUATION:

BAY # 3

The outside surface of this bay is rough, similar to bay
one, full of dimples comparable to the outside surface of
golf ball. This observation is made by the inspector who
located the thinnest areas for the UT examination. The
shell appears to be relatively uniform in thickness
except for a bathtub ring 8 to 10 inches wide
approximately 6 inches below the vent header
reinforcement plate. The upper portion of the shell
beyond the band exhibits no corrosion where the original
red lead primer is still intact. Eight locations were
selected to represent the thinnest areas based on the
visual observations of the shell surface (Fig. 3). These
locations are a deliberate attempt to produce a minimum
measurement. Table 3 shows measurements taken to measure
the thicknesses of the drywell shell using a D-meter.
The results indicate that all of the areas have thickness
greater than the 0.736 inches.

Given the UT measurements, a conservative mean evaluation
thickness of 0.850 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

Bay # 3 UT Data

Table 3

........ 
.....

R.
1 .0.795

2 .1.000

3 0.857 ---

4 0.898

r 0.823

6 0.968

7 0.826

a 0.780
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FIGURE (3)
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5.0 CALCULATION:.

UT EVALUATION:

BAY i 5:

The outside surface of this bay is rough and very similar
to bay 3 except that the local areas are clustered at the
junction of bays 3 and 5, at about 30 inches above the
floor. The shell surface is full of dimples comparable
to the outside surface of golf ball. This observation is
made by the inspector who located the thinnest areas for
theUT examination. The shell appears to be relatively
uniform in. thickness. Eight locations were selected to
represent the thinnest areas based on the visual
observations of the shell surface (see Fig. 5). These
locations are a deliberate attempt to produce a minimum
measurement. Table 5 shows readings taken to measure the
thicknesses of the drywell shell using a D-meter. The
results indicate that all of the areas have thickness
greater than the 0.736 inches.

Given the UT measurements, a conservative mean evaluation
thickness of 0.950 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

Bay # 5 UT Data

Table 5

. . . . ...........

~~N I IN.. . ..........~CX'. .t.....X.... :

1 0.970 --

2 1.040 --- "

3 1.020 ---

4 0.910 -.-

5 0.890 ....

" 6 1.060 ---

7 .0.990 __"__ _-

8 1.010 ---
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BAY #5 DATA

NOTES:

1. in this bay DW shell (butt) weld Is about On to the right
of C/L of vent tube. Therefore . all measurements
were taken from a line drawn on shell which approx.
coincide with vent tube CGL

~.1

14

Lu

DW
SHELL

6
07

4 2
so " 03

FIGURE (5) J
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Subject Cate No. Rev. No. Sheet No.
Q.0, Drvwal Fxt. Ut Evaluation n adbed_ C-1302-187-5,320-024 I 0 17a

Ouiginator Date Reviewed by Date
MARK YEKTA 01/12/93 S. C. Tummien. i

5.0 CALCULATION:

UT EVALUATION:

BAY #7:

The observation of the drywell surface for this bay
showed uniform dimples in the corroded area, but they are
shallow comparedto those in bay 1. The bathtub ring
seen in the other -bays, was not very prominent in this
bay. This observation is made by the inspector who
located the thinnestareas for the UT examination. The
shell appears to be relatively uniform in thickness.
Seven locations were selected to represent the thinnest
areas based on the visual observations of the shell
surface (Fig. 7). These locations are a deliberate
attempt to produce a minimum measurement. Table 7 shows
readings taken to measurethe thicknesses of the drywell
shell using a D-meter. The results indicate that all of
the areas have thickness greater than the 0.736 inches.

Given the UT measurements, a conservative mean evaluation
thickness of 1.00 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

Bay # 7 UT Data

Table 7
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FIGURE (7)
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5.0 CALCULATION:

UT EVALUATION:

BAY # 9:

The observation of the drywell shell for this bay was
very similar to bay 7 except that the bathtub ring was
more evident in this bay. The shell appears to be
relatively uniform in thickness except for a bathtub ring
6 to 9 inches wide approximately 6 to 8 inches below the
vent header reinforcement plate. The upper portion of
the shell beyond the band exhibits no corrosion where the
original red lead primer is still intact. Eight
locations were selected to represent the thinnest areas
based on the visual observations of the shell surface
(Fig. 9). These locations are a deliberate attempt to
produce a minimum measurement. Table 9 shows readings
taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the
areas have thickness greater than the 0.736 inches.

Given the UT measurements, a conservative mean evaluation
thickness of 0.900 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

Bay # 9 UT Data

Table 9

....... ..... ....... '

. ........ . . . . . . .

. . . . .... n...... ..

1 0.960

2 0.940 ---

3 0.994 ---

4 1.020 ---

5 0.985 ---

6 0.820

7 0.825 --

8 0.791 ---

9 0.832 ---

10 0.980 ---
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BAY #9 DATA

NOTES:

1. All mnurements from Intrmdclon of the
OW hell (b"tt) and vnt collar (fillet) welds.

9 .7.
2 DW

0 .4 .1 SHELL
10.58

FIGURE (9)
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Subject Caic No. Rev. No. Sheet No.

O.C Drvwiell Pxt. Ot Evaluati~n inSnbdC-1302-187-5320-024 D -Z1

Originator Date Reviewed by Date
MARK YEKTA 01/12/93 S C Tumminell c

5.0 CALCULATION:

UT EVALUATION:

BAY # 11:

The outside surface of this bay is rough, similar to bay
1, full of uniform dimples comparable to the outside
surface of a golf ball. The shell appears to be
relatively uniform in thickness except for local areas at
the upper right corner of Figure 11, located at about 10
to 12 inches below the vent pipe reinforcement plate.

Eight locations were selected to represent the thinnest
areas based on the visual observations of the shell
surface (Fig. 11). These locations are a deliberate
attempt to produce a minimum measurement. Table 11-a
shows readings taken to measure the thicknesses of the
drywell shell using a D-meter. The results indicate that
all of the areas have thickness greater than the 0.736
inches, except one location. Location 1 as shown in
Table 11-a, has a reading below 0.736 inches.
Observations indicate that this location was very deep
and not more than 1 to 2 inches in diameter. The depth
of area relative to its immediate surroundings was
measured at 8 locations around the spot and the average
is shown in Table 11-a. Using the general wall thickness
acceptance criteria described earlier, the evaluation
thickness for location 1 was found to be above 0.736
inches as shown in Table 11-b.

Given the UT measurements, a conservative mean evaluation
thickness of 0.790 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.
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5.0 CALCULATION:

UT3 EVALUATION:

BAY # 11 (Continued):

Bay # 11 UT Data

Table 11-a

. .. .. .

1 0.705 0.246

2 0.770 ---

3 0.832 ---

4 0.755 ---

5 0.831 ---

6 0.800 ---

7 0.831 ---

8 0.815 -.-

2
*1

Summary of Measurements Below 0.736 Inches

Table 11-b

2

I
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BAY #11 DATA

NOTES:

I. All measurements from Intersection of the DW
shell (butt) and vent collar (fillet) welds.

2. Pit depths are average of four readings taken at
0/45'/90/1 35' within 1 band surrounding the
ground spots. This measurement was only
taken when wall thickness was below 0.738'"

,D

DW
3

.46.

1 SHELL
,7.5

t8

rIGURE ( 11 )
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Subject Cale No. Rev. No. Sheet No.
O.C Dr~ell Ext. Ut Fyaluation inSandbed C -13187-3-04 0- 24 of 54

Originator Date Reviewed by Date
MARK YERTA 01/12/93 S. C Tumminelli 04/16/93

5.0 CALCULATION:

UT EVALUATION:

BAY # 13:

The outside surface of this bay is rough and full of
dimples similar to bay 1 as shown in Appendix C. This
observation is made by the inspector who located the
thinnest areas in deep valleys thereby biasing the
remaining wall measurements to the conservative side.
This inspection focused on the thinnest areas, even if
very local, i.e., the inspection did not attempt to
define a shell thickness suitable for structural
evaluation. The variation in shell thickness is greater
in this bay than in the other bays. The bathtub ring
below the vent pipe reinforcement plate was less
prominent than was seen in other bays. The corroded
areas are about 12 to 18 inches in diameter and are at 12
inches apart, located in the middle of the sandbed.
Beyond the corroded areas on both sides, the shell
appears to be uniform in thickness at a conservative
value of 0.800 inches. Near the vent pipe and
reinforcement plate the shell exhibits no corrosion since
the original lead primer on the vent pipe/reinforcement
plate is intact. Measurement 20 confirms that the
thickness above the bathtub ring is at 1.154 inches.
Below the bathtub ring the shell appears to be fairly
uniform in thickness where no abrupt changes in thickness
are present. Thickness measurements below the bathtub
ring are all 0.800 inches or better.

Therefore, a conservative mean thickness of 0.800 inches
is estimated to represent the evaluation thickness for
this bay. Given a uniform thickness of 0.800 inches, the
buckling margin for the refueling load condition is
recalculated based on the GE report 9-4 (Ref. 3.3). The
theoretical buckling strength from report 9-4 (ANSYS Load
Factor) is a square function of plate thicknesses.
Therefore, a new buckling capacity for the controlling
refueling load combination is calculated to be at 13%
above the ASME factor of safety of 2 as shown in Appendix
B.
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Subject Calc No. Rev. No. Sheet No.
Q.C OrVwP11 Ext, Ut Evalua~i~ninh S"dbe C-1302-ý187-5320-024ý 0 95

Originator ate Reviewed by Date
MARK YEKTA 01/12/93 S. C Tummineli I

S.0 CALCULATION:

UT EVALUATION:

BAY # 13 ( Continued ):

Locations 5, 6, 7, 8, 10, 11, 14, and 15 are confined to
the bathtub ring as shown in Figure 13. An average value
of these measurements is an evaluation thickness for this
band as follows;

Location Evaluation Thickness

5 0.735"
6 0.756"
7 0.675"
8 0,796"
10 0.739"
11 0.741"
12 0.885"1
14 0.868"
15 0.756"
16 0.829"

Average = 0.778"

The inspector suspected that some of the above locations
in the bathtub ring were over ground. Subsequent
locations with suffix A, e.g. 5A, 6A, were located close
to the spots in question and were ground carefully to
remove the minimum amount of metal but adequate enough
for UT examination as shown in.Table 13-a. The results
indicate that all subsequent measurements were above
0.736 inches. The average micrometer measurements taken
for these locations confirm the depth measurements at
these locations. In spite of the fact that the original
measurements were taken at heavily ground locations they
are the ones used in the evaluation.

The individual measurements must also be evaluated for
structural compliance. Table 13-a identifies 20
locations of UT measurements that were selected to
represent the thinnest areas, except location 20, based
on visual examination. These locations are a deliberate
attempt to produce a minimum measurement. Location 20
was selected to confirm that no corrosion had taken place
in the area above the bathtub ring.

OCLROO020711
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Caic NO. Rev. No. Sheet No.
)rvwMll Ext. Ut Evaluaion"7 n andbed C-1302-187-5320-024 i 0 26 of 54 6

Date Reviewed by Date

MARK YEKTA 01/12/93 S. C Tumminilli 04/16/93

ALCULATION:

UT EV••UATXON: J
BAY # 13 ( Continued ):

Nine locations shown in Table 13-a (1, 2, 5, 6, 7, 8, 10,
11, and 15) have measurements below 0.736 inches.
Observations indicate that these locations were very
deep, overly ground, and not more than 1 to 2 inches in
diameter. The depth of each of these areas relative to

its immediate surroundings was measured at 8 locations
around the spot and the average is shown in Table 13-a.
Using the general wall thickness acceptance criteria W

described earlier, the evaluation thickness for all
measurements below 0.736 inches were found to be above
0.736 inches except for two locations, 5 and 7, as shown
in Table 13-b. In addition, subsequent measurements
close to the locations identified above, were taken and
they were all above 0.736 inches. Locations 5 and 7 are
in the bathtub ring and are about 30 inches apart. These
locations are characterized as local areas located at
about 15 to 20 inches below the vent pipe reinforcement
plate with an evaluation thicknesses of 0.735 inches and
0.677 inches. The location 5 is near to location 14 for
an average value of 0.801 inches and therefore
acceptable. Location 7 could conservatively exist over
an area of 6 x 6 inches for a thickness of 0.677 inches.
This thickness of 0.677 inches is a full 0.123 inches
reduction from the conservative estimate of 0.800 inches
evaluation thickness for the entire bay. In order to
quantify the effect of this local region and to address
structural compliance, the GE study on local effects is
used (Ref. 3.5).

This study contains an analysis of the drywell shell W
using the pie slice finite element model, reducing the
thickness by 0.200 inches (from 0.736 to 0.536 inches) in
an area 12 x 12 inches in the sandbed region located to
result in the largest reduction possible. This location
is selected at the point of maximum deflection of the
eigenvector shape associated with the lowest buckling
load. The theoretical buckling load was reduced by 9.5%.
The 6 x 6 inch local region is not at the point of
maximum deflection. The area of 6 x 6 inches is only 25%
of the 12 x 12 inches area used in the analysis.
Therefore, this small 6 x 6 inch area has a negligible
effect on the buckling capacity of the structure.

0CLR00020712 h
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5.0 CALCULATION:

UT EVALUATION:

DAY # 13 ( Continued ):

In summary, using a conservative estimate of 0.800 inches
for evaluation thickness for the entire bay and the
presence of a bathtub ring with a evaluation thickness of
0.778 inches plus the acceptance of a local area of 6 x
6 inches based on the GE study, it is concluded that the
bay is acceptable.

Bay / 13 UT Data

Table 13-a

............

S.. .....

1/1A 0.672/0.890 0.351

2/2• 0.722/0.943 0.360

3 0.941 ---

4 0.915 ---

5/5A 0.718/0.851 0.217

6/6A 0.655/0.976 0.301

7/7A 0.618/0.752 0.257

8/8A 0.718/0.900 0.278

9 0.924 ---

10/10A 0.728/0.810 0.211

11/11A 0.685/0.854 0.256

12 0.885

13 0.932

14 0.868 ---

15/15A 0.683/0.859 0.273

16 0.829

17 0.807 ---

18 0.825 ---

19 0.912 ---

20 1.170 ---

0CLR00020713
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]590 CALCULA.TION:

UT EVALUATION:

BAY # 13 ( Continued ):

Summary of Measurements Below 0.736 Inches

Table 13-b

1 0672" 0.351' 0.200m 0.123' Acceptable

2 0.722n 0360" 0.200" 0.e8r Acceptable

5 0.718' 0.217' 0.200" 0.735' Acceptable

6 0.655' 0.301" 0.200" 0.756' Acceptable

7 0.618" 0.257r. 0.200" 0.675" Acceptable

8 0.718" 0.278" 0.200" 0.796r Acceptable

10 0.728" 0211' 0.200' 0.739" Acceptable

11 0.685" 0256" 0.200" 0.741" Acceptable

15 0.683" 0.273, 0.200" 0.756- Acceptable

I 
I

Wi

J

J

OCLR00020714 i
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BAY #13 DATA

NOTES:

i. All measurements from Intersection of the DW shell (butt)
and vent collar (fillet) welds.

2. Spots with suffix (e.g. IA or 2A) were located close to the
spots in question and were ground carefully to remove
minimum amount of metal but adequate enough for UT.

3. Pit depths are average of four readings taken at 0/459/90=/135°
within V distance around ground spot. Taken only where
remaining wall showed below 0.736".

,D
,. .

16" 7 "15
8 6

126
611

SD DW
17

4.-
.14 .13 SHELL

Ole 1 3

.10 .9

.19

5
B

FIGURE ( 13 )
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Subject Cale No. Rev. No. Sheet No.
O .C Drvwell VXt. Ut- Eva~luation in.-Sandbed. C-1102-187-5320-024 [ 0 30 nf 9,

Originator Date Reviewed by Date
MARK YEKTA 01/12/93 S. C Tumminelli 04/16/93

5.0 CALCULATION:

UT EVALUATION:

BAY # 15:

The outside surface of this bay is rough, similar to bay
1, full of uniform dimples comparable to the outside
surface of golf ball (Appendix C ). The bathtub ring
seen in the other bays, was not very prominent in this
bay. This observation is made by the inspector who
located the thinnest areas for the UT examination. The
upper portion of the shell beyond the ring exhibits no
corrosion where the original red lead primer is still
intact. The shell appears to be relatively uniform in
thickness.

Eleven locations were selected to represent the thinnest
areas based on the visual observations of the shell
surface (Fig. 15). These locations are a deliberate
attempt to produce a minimum measurement. Table 15-a
shows readings taken to measure the thicknesses of the
drywell shell using a D-meter. The results indicate that
all of the areas have thickness greater than the 0.736
inches, except one location. Location 9 as shown in
Table 15-a, has a reading below 0.736 inches.
Observations indicate that this location was very deep
and not more than 1 to 2 inches in diameter. The depth
of area relative to its immediate surrounding was
measured at 8 locations around the spot and the average
is shown in Table 15-a. Using the general wall thickness
acceptance criteria described earlier, the evaluation
thickness for location 9 was found to be above 0.736
inches as shown in Table 15-b.

Given the UT measurements, a conservative mean evaluation
thickness of 0.800 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

I
U

I
U

I

U

U
U
U
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5.0 CALCULATION:

UT EVALUATION:-

BAY # 1S:

Bay #15 UT Data

Table 15-a

ii ~iixiil)

1 0.786 ---

2 0.829 ---

3 0.932 ---

4 0.795 ---

5 0.850

6 0.794 ---

7 0.808

8 0.770 ---

9 0.722 0.337

10 0.860 ---

11 0.825 ---

Summary of Measurements Below 0.736 Inches

Table 15-b

0.4 N1 C .......
...............

9 0.72l* 0.337" 0.200 0.859" Acceptable

OCLROO020717



0EIINuclear -Calculation Sheet

J

NJ

Nj

NJ
NJ

NJ
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FIGURE ( 15 )
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Subject Caic No. Rev. No. Sheet No.
_0.C Drvwel1 Ext. Ut Evaluation inSandbed C-1302-187-5320-02 0 33u

O Miginator Date Reviewed by Date
MARK YEKTA 01/12/93 S. C. Tumminelli

5.0 CALCULATION:

UT EVALUATION:

BAY # 17:

The outside surface of this bay is rough, similar to bay
1, full of uniform dimples comparable to the outside
surface of golf ball. The shell appears to be relatively
uniform in thickness except for a band 8 to 10 inches
wide approximately 6 inches below the vent header
reinforcement plate. The upper portion of the shell
beyond the band exhibits no corrosion where the original
red lead primer is still intact.-

Eleven locations were selected to represent the thinnest
areas based on the visual observations of the shell
surface (Fig. 17). These locations are a deliberate
attempt to produce a minimum measurement. Table 17-a
shows readings taken to measure the thicknesses of the
drywell shell using a D-meter. The results indicate that
all of the areas have thickness greater than the 0.736
inches, except one location. Location 9 as shown in
Table 17-a, has a reading below 0.736 inches.
Observations indicate that this location is very deep and
not more than 1 to 2 inches in diameter. The depth of
area relative to its immediate surroundings was measured
at 8 locations around the spot and the average is shown
in Table 17-a. Using the general wall thickness
acceptance criteria described earlier, the evaluation
thickness for location 9 was found to be above 0.736
inches as shown in Table 17-b.

Given the UT measurements, a conservative mean evaluation
thickness of 0.900 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

OCLR00020719
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5.0 CALCULATION:

UT EVALUATION:

BAY # 17 (Continued):

Bay #17 UT Data

Table 17-a

..........

:ý4

n
1 0.916

2 1.150

3 0.898

4 0.951

0*913

6 0.992

7 0.970

8 0.990 ---

9 0.720 0.351

10 0.830 ---

11 0.770

J,

Summary of Measurements Below 0.736 inobes

i I

Table 17-b

OCLROO020720
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FIGURE ( 17 )
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5.0 CALCULATION:

UT EVALUATION:

DAY # 19:

The outside surface of this bay is rough and very similar
to bay 17. Locations 1 through 7 as shown in Table 19,
were ground carefully to minimize loss of good metal.
The shell surface is full of dimples comparable to the
outside surface of a golf ball. This observation is made
by the inspector who located the thinnest areas for the
UT examination. The shell appears to be relatively
uniform in thickness. Ten locations were selected to
represent the thinnest areas based' on the visual
observations of the shell surface (Fig. 19). These
locations are a deliberate attempt to produce a minimum
measurement. Table 19 shows readings taken to measure
the thicknesses of the drywell shell using a D-meter.
The results indicate that all of the areas have thickness
greater than the 0.736 inches.

Given the UT measurements, a conservative mean evaluation
thickness of 0.850 inches is estimated for this bay and
therefore, it is concluded that the bay is acceptable.

Bay #19 UT Data

Table 19

j!

'Is

L~

Location ~ o ~ ..........ge
::~i !!:[:! ::d••'::•ii•i~• ... "•........... •'•••• "•

.. ..'> :•::" ::';•'" .'.v -" .........•. ":''.' • "- :. : " .> -: -" :' :

1 0.932 ---

2 0.924 ---

3 0.955 ---

4 0.940 ---

5 0.950 ---

6 0.860

7 0.969 ---

8 0.753 ---

9 0.776 ....

10 0.790 ---

I
I
I

OCLROD020722
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FIGURE ( 19 )
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APPENDIX A

SUMMARY OF MEASUREMENTS

OF
IJ

IMPRESSIONS TAKEN FROM BAY #13

J
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The purpose of this appendix is to characterize the depth of
typical uniform dimples on the shell surface. This depth is
used in acceptance criteria to quantify the evaluation
thickness for an area where the micrometer readings are
available.

Two locations in bay 13 were selected since bay 13 is the
roughest bay. Impressions of drywell shell surface using
DMR_503 Epoxy Replication Putty manufactured by Dyna Mold Inc
were made. These impressions were about 10 inches in diameter
and about 1 inch thick. The UT locations 7 and 10 in bay 13
were identified in each of these impression as the reference
points. This is a positive impression of the drywell shell
surface. The depth of the typical dimples were measured as
follows;

READING DEPTH # 10 DEPTH # 7

(Location) (inches)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

0.150
0.000
0.200
0.140
0.150
0.040
0.150
0.010
0.134
0.145
0.118
0.105
0.125
0.200
0.135
0.100
0.175
0.175
0.155
0.175
0.175

(inches)

0.075
0.110
0.135
0.200
0.000
0.000
0.170
0.205

0.145
0.064
0.200
0.045
0.180
0.105

0.035
0.015ý
0.190
0.055
0.305
0.135

OCLR00020725
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Location # 10:

Mean Value
Standard Deviation

Mean Value + One S.D

Location # 7:

Mean Value

Standard Deviation

Mean Value + One S.D

= 0.131
= 0.055

- 0.186

= 0.118

- 0.082

0 0.200 Ij
Therefore, a value of 0.200 inches was used as the depth of
uniform dimples for the entire outside surface of the drywell
in the sandbed region.

1

I

OCLR00020726
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Subject Calc No. Rev. No. Sheet No.
O.C nrywel] Pxt. Ut Evaluation In-sandbed C-1302-187-5320-0Q24i O 41 of 94

Originator Date Rvviewed by Date

MARK YEKTA 01/12/93 S. C Tumminelli 04/16/93

APPENDIX B

BUCKLING CAPACITY EVALUATION

FOR VARYING

UNIFORM THICKNESS

OCLROO020727
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND
GPUN EVALUATION FOR UNIFORM THICKNESS t-0.850 Inch USING THICKNESS RATIO

ITEM PARAMETER

1
2
3
4
5

6

7
8

9
10
11
12
13
14

15
16
17

18
19

*** DRYWELL GEOMETRY AND MATERIALS
Sphere Radius, R
Sphere Thickness, t
Material Yield Strength, Sy
Material Modolus of Elasticity, E
Factor of Safety, FS

*** BUCKLING ANALYSIS RESULTS
Theoretical Elastic Instability Stress, Ste
6.857 * (0.800/0.776)A2 - 7.288

*** STRESS ANALYSIS RESULTS
Applied meridional Compressive Stress, Sm
Applied Circumferential Tensile Stress, Sc

*** CAPACITY REDUCTION FACTOR CALCULATION
Capacity Reduction-Factor, ALPHAI
Circumferential Stress Equivalent Pressure, Peq
'X' Parameter, X= (Peq/8E) (d/t)A2
Delta C (From Figure - )
Modified Capacity Reduction Factor, ALPHA,i,mod
Reduced Elastic Instability Stress, Se

*** PLASTICITY REDUCTION FACTOR CALCULATION
Yield Stress Ratio, DELTA=Se/Sy
Plasticity Reduction Factor, NUi
Inelastic Instability Stress, Si = NUi x Se

ALLOWABLE COMPRESSIVE STRESS CALCULATION
Allowable Compressive Stress, Sall = SI/FS
Compressive Stress Margin, M=(Sall/Sm -1) x 100%

UNITS

(in.)
(in.)
(ksi)
(ksi)

(ksi)

(ksi)
(ksi)

(psi)

(ksi)

LOAD
VALUE FACTOR

420
0.850

38
29600

2

54.063 8.227

6.571 5.588
3.878 3.300

0.207
15.697
0.065
0.057
0.300

16.257

0.428
1.000

16.257

8.128
23.7

2.474

0
0I-

00
0

£0C,,

(ksi)

(ksi)

2.474

1.237



0EWNuclear Calculation Sheet

APPENDIX -C

PICTURES SHOWING CONDITION

OF THE DRYWELL

IN THE SANDBED REGION

1
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0~Nuclear Calculation Sheet

I
.i.

Sand Bed Region - Typical condition found-on initia: entry.

Corrosion product on drywell vessel
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j

7

Bay #13 - D/V shell showing plug. The plug is located in the middle of the worst cor-

roded area of tne shell The plug showed no sign of corrosion.

Bay #13 - DM1 shell showed less prominent "Tub Ring" than what was seen in other
i
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0iNuclear Calculation Sheet

Bay #1 - Looking at the worst corroded area on shell near lent tube collar/ring. The

ground spots seen here correspond tn UT spot 20e21 '2'3

b -.

4.

A-

-- p..7-

ý4
Bay #13 - Lower Mid portion of the DAN shell showing UT spot 5.6 and 10. This close
up photo shows the roughness of the corroded surface and how each UT spot has been

picked up in the deep valleys thereby biasing the remaining wall readings to the con-
SJ~rmi,0 qidp
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I-r~J"Iuclear Calculation Sheet

Bay #15 Looking towards Bay#17 which has been zlosed with foam for coating work
:t, Bay #17. Note the typical surface of the D!W ;hell -I.d lr•InAli7p.d corroded spot

Bay #13 - Looking toward Bay #15 - Lower left corner showing UT spot #7,12 & 16.

This close up has captured the peaks and valleys of the corroded shell in vivid detail.

Later NDE inspertinn revealed oe.ý.nth hetween peaks and valleys in the 0.25" - 0.40"

OCLROO020737
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IMmmIuclear

Bay #13 - Looking toward Bay #11 - Lower right corner of D/W shell showing UT spots
9, 10, 18 & 19 Note the location of these spots - all are located in the valleys of the cor-
roded surface This photo also shows the condition of the concrete floor. It appears

Bay #13 - Looking toward Bay #15 - This photo captures the concrete floor condition
and a portion of lower shell corroded surface in very great detail. The floor in this area

OCLROO020739
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I

X::'
Finished floor, vessel with two top coats - caulking material applied.

2 t

j

Drain after floor has been refurbished
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1.0 PROBLEM STATEMENT:

The purpose of this calculation is to evaluate the Ultrasonic Test (UT) thickness
measýrements taken in the sandbed region during the 14R outage in support of the O.C.
drywell corrosion mitigation project. These measurements were taken from the outside
of the shell. Access -to the sandbed region was achieved by cutting ten holes completely
through the shield wall from the torus room.

2.0 SUMMARY OF RESULTS:

This calculation demonstrates that the UT thickness measurements for all.bays meet the
minimum uniform and local required thicknesses.

The evaluation was performed by evaluating the UT measurements for each bay and
dispositioning them relative to the uniform thickness of 0.736 inch used in the GE
structural analysis reports References 3.2,3.3 and 3.5. Additional acceptance criteria was
developed to address measurements below 0.736 inch. The results are summarized in
Table 2-1.

UT measurements for bays 3, 5, 7, 9, and 19 were all above the 0.736 inches and
therefore acceptable.

UT.measurements for bays 11, 15, and 17 were all above 0.736 inches except for one
measurement for each bay. After further evaluation of these three measurements
including an examination of adjacent areas, it was determined that they were acceptable
as shown on Table 2-1.

UT measurements for bays 1 and 13 were evaluated using detailed criteria described in
this calculation and the results are summarized in Table 2-1 below:
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3.0 REFERENCE:

3.1 Drywell sandbed region pictures (Appendix C).

3.2 An ASME Section VIII Evaluation of the Oyster Creek Drywell for Without Sand
Case Performed by GE - Part I Stress Analysis, Revision 0 dated February, 1991
Report 9-3.

3.3 An ASME Section VIII Evaluation of the Oyster Creek Drywell for Without Sand
Case Performed by GE - Part 2 Stability Analysis, Revision 2 dated November,
1992 Report 9-4.

3.4 ASME Section III Subsection NE Class MC Components 1989.

3.5 GE letter report "Sandbed Local Thinning and Raising the Fixity Height Analysis
(Line Items I and 2 In Contract PC-0391407)" dated December 11, 1992.

3.6' GPUN Memo 5320-93-020 From K. Whitmore to J. C. Flynn "Inspection of
Drywell Sand Bed Region and Access Hole", Dated January 28, 1993.

3.7 Theory of Elastic Stability, by Stephen P. Timoshenko and James M. Gere,
Second Edition, Engineering Societies Monographs, McGraw Hill Book
Company, New York, 1961

4.0 ASSUMPTIONS AND BASIC DATA:

4.1 Raw LIT measurements for each bay are presented in Appendix D and
summarized in the body of calculation.

4.2 References 3.2, 3.3 and 3.5 have been design verified and are assumed correct.

5.0 DESIGN INPUTS:

5.1 Observations of the outside surface of the drywell shell indicate a rough surface
with varying peaks and Valleys. In order to characterize an average roughness
representing the depth difference of peaks and valleys, two impressions were
made at the two lowest UT measurements for bay 13 using Epoxy putty.

Appendix A presents the calculation of the depth of surface roughness using the
drywell shell impressions taken in the roughest bay. Two locations in bay 13
were selected since it is the roughest bay. Approximately 40 locations within the
two impressions were measured for depth and the average plus one standard
deviation was calculated. A value of 0.200 inch was used in this calculation as a
conservative depth of uniform roughness for the entire outside Surface of the
drywell in the sandbed region. This is defined as T~,h.

OCLROO014543
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5.2 Drywell Design Pressure = 44.0 psig, Oyster Creek,-UFSAR Revision 13, Section
138.2.8, Page 3.8-61

Drywell Design Temperature = 292°F, Oyster Creek, UFSAR Revision 13, Table
3.11-1

5.3 The required sandbed shell thickness forthe Design Pressure and Temperature. is
defined in paragraph ASME B&PV Code, Subsection NE, paragraph NE-3324.4,
Spherical Shells, as:

t PR
2 P Where:P Design Pressure

R Inside Radius ofithe Shell 420*inches

S Maximum Allowable Stress, SA 212 Grade B
. 19,300 psi (From ASME B&PV Code Section VIII

1962 Edition and Reference 3.2, Section 2.2)

Substituting values in the equation we have:
~(44 piX42o.0-)i

(4,psigX o.) = 0.4789'inches
2(i 9,300psi) - 0.2(44.Opsig)

5.3 Drywell Sandbed-buckling design thickness is 0.736 inches. Taken from
References 3.3, and 3:5

5.4 Analytical design inputs are taken from References 3.3, 3.4 and 3.5

6.0 METHODS OF ANALYSIS:

Development of "Evaluation Thickness"

This detailed evaluation is bWised, in part, on visual observations of the shell surface plus
a knowledge of the inspection process. The first part of this evaluation is to arrive at a
meaningful value for the general sandbed shell thickness for use in the structural
assessment. This meaningful value-is referred to as the thickness for evaluation. It is
computed by accounting for the depth of the spot where the thickness measurement is
taken considering the roughness of the shell surface. The surface of the shell has been
characterized as being "dimpled" as in the surface of a golf ball where the dimplesare
about one half inch in diameter (Appendix C). Also, the surface contains some
depressions 12 to 18 inches.in diameter not closer than 12 inches apart, edge to edge
(Ref* 3.6). Appendix A presents theicalculation of the depth of surface roughness using
the drywell shell impress ions taken in the roughest bay. Two locations in bay 13 were
selected since it is the roughest bay. Approximately 40 locations within: the two
impressions were measured for depth and the average plus one standard deviation was
calculated to be at 0.186 inches. A value of 0.200 inch wasused in this calculation as a
conservative depth of uniform dimples for the entire outside surface of the drywell in the
sandbed region.

OCLROO014544



The inspection focused on the thinnest portion of the drywell, even if it was very local,
i.e., the inspection Aid not attempt to define a shell thickness suitable fo" structural
evaluation. Observations indicate that some inspected spots are very deep. They are
much deeper than the normal dimples found, and very local, not more than 1 to 2 inches
in diameter. (Typically these observations were made after the spot was surface prepped
for UT measurement. This results in a wide dimple to accommodate the meter and
slightly deeper than originally found by 0.030 to 0.100 inches). The depth of these areas
was measured with a depth gauge and straight edge at 00, 45', 900 and 135' around these
inspected dimples. The depths obtained were averaged with respect to the tops of the
locally rough areas. These depths are referred to herein as the AVG micrometer
measurements. As these AVG micrometer nieasurements are very local in nature their
effect on the structural response of the drywell to applied loads is very limited. A more
meaningful, shell thickness for the dryWell structural response to applied loads is the
general shell thickness near the UT measured indications. This can be obtained on a

* smooth shell exterior surface by adding the UT measured thickness at the bottom of the
• indication and the AVG micrometer measurements of the indication depth. But because
the exterior of the drywell shell in the sandbed region is very rough -and dimpled -the
measurement described above would give optimistic general shell thicknesses near the
indications (See Figure 6.1). .To determine a conservative general shell'thickness at the
locations of interest Design Input 5.1 of this calculation is subtracted from the
combination of the UT measurement and the depth micrometer readings. This thickness
is then used to determine the drywell shell susceptibility to buckling by comparing this
thickness to the buckling design thickness of 0.736 inches. This thickness is referred to
as the evaluation thickness which as described above is coniputed as:

T (evaluation) = UT (measurement) + AVG (micrometer) T, 8gh
where:
T (evaluation) = General shell thickness used for the evaluation
UT (measurement) thickness measurement at the area (location)
AVG (micrometer) = average depth of the area relative to its immediate surroundings
T-,,,h = 0.200. inches = a conservative value of depth of typical dimple on the shell

surface. See Design Input 5. 1.

After this calculation, if the thickness for analysis is greater than 0.736 inches; the area is

evaluated as acceptable.

OCLROO014545
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Sandbed General Wall Criteria:

The acceptance criteria used to evaluate the measured drywell'thickness is based upon

GE reports 9-3 and 9-4 (Ref. 3.2 & 3.3) as well as other GE studies (Ref.3.5) plus visual

observations of the drywell surface (Ref.3.6 and Appendix C)- The GE. reports used a

projected uniform thickness of 0.736 inches in the sandbed area taken from References

3.3, and 3.5. This area is defined to be from the bottom to top of the sandbed, i.e., El. 8'-

I YS" to El 12'-3' and extendingcircumferentially one full bay. Therefore, if all the UT

measurements for thickness in one bay are greater than 0.736 inches the bay is evaluated

to be acceptable. In. bays where measurements are below 0.736 inches, more detailed

evaluation is performed.

Local Wall Criteria:

If the thickness for evaluation is less than 0.736 inches, then the use of specific GE

studies is employed (Ref. 3.5). The'studies in Reference 3.5 do not reflect actual drywell

shell conditions but are used as assessment tools for areas of the sandbed region that have

reduced thicknesses. The methodology used in these studies is provided in reference 3.3

with a excerpt provided here. The studies contain a two step eigenvalue formulation

procedure to perform linear elastic buckling analysis of the drywell shell with local areas

of reduced thickness. The first step is a static analysis of the -structure with all the

anticipated loads applied. The structural stiffness matrix, [K], the stress stiffhess matrix,

[S], and the applied stresses, a, are developed and saved from this static analysis. A

buckling pass is then run to solve for the lowest eigenvalue or. load factor,;L, for the

whole structure at which elastic buckling can occur, This load factor, or eigenvalue is a

multiplier for the applied stress state or applied load at which the onset of elastic buckling

will theoretically occur. All the applied stresses in the structure are scaled equally by the

load factor.

This analysis technique is applied to the drywell pie slice finite element model, with a
reduction in thickness of 0.200 inches (below the design buckling thickness of 0.736") in

a local area of 12 x 12 inches in thesandbed region, tapering to the original thickness

over an additional 12 inches, located to result in the largest reduction in load -factor

possible. This location is-selected at the point of maximum deflection of the eigenvector

shape associated with the lowest buckling load. The theoretical load factor / eigenvalue

for this case was reduced by 9.5% from 6.14 to 5.56.

It should be noted that this reduction of 0.200 inches is over a6144 square inch area of the

shell while the actual surface area including the tapering of the thickness is 36 by 36
inches or 1,296 square inch area with thicknesses that are below the 0.736 inch buckling

design thickness. This additional tapered area and its reduced thicknesses also.

contributed to the 9.5% reduction in load factor,
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In addition, to the reported result for the 0.536" or a 27% reduction in thickness buckling
analysis, a second buckling analysis was performed for a wall thickness reduction of

13.5% or a thickness 0.636 inches over a one square foot area. The results of this case
reduced the load factor and theoretical buckling stress by 3.9% in Reference 3.5. The

center of the thinned. area was located close to the maximum displacement point in the
buckling analysis with uniform thickness 0.736" as per Reference 3.5. Again, although
this reduction of 13.5% or 0.636 inches is over a 144 square inch area of the shell, the
actual surface area including the tapering df the thickness is .a 36 by 36 inch or 1,296
square inch area with thicknesses that are below the buckling design thickness. This
additional tapered area and its reduced thicknesses also contribute to the 3.9% reduction
in load factor stated previously.

Very Local Wall Criteria L2% Inches In Diameter or Less):*

All inspected locations with UT measurements below 0.736 inches have been determined
to be in isolated locations less than 2Y2 inches in diameter.

Primary Membrane Plus Bending

The acceptance criteria for these measurements confined to an area less than 2 Y2 inches
in diameter- experiencing primary membrane plus bending stresses is based on ASME
B&PV Code, Section III, Subsection NE, Class MC Components, Paragraphs NE-3213.2 -1
Gross Structural Discontinuity, NE-3213. 10 Local Primary Membrane Stress, NE-3332.1
Openings not Requiring Reinforcement, NE-3332.2 Required Area of Reinforcement and
NE-3335.1 Reinforcement of Multiple Openings. The use of Paragraph NE-3332.1 is
limited by the requirements of Paragraphs NE-3213.2 and NE-3213.10. In particular NE-
3213.10 limits the meridional distance between openings without reinforcement to

2.5JIt'. Also ParagraphI NE-3335.1 only applies to openings in ýshells that are closer

than'2 times their average diameter.

. The implication of these paragraphs are thathell failures at these locations from primary
stresses produced by. design pressure cannot occur provided openings in shells have
sufficient reinforcement. The current design pressure of 44 psig for the drywell requires
a thickness of 0.479 inches in the sandbed.region of the drywell. A review of all the UT

data: presented in Appendix D of the calculation indicates that all thicknesses in the
drywell sandbed region exceed the requited pressure thickness by a substantial margin

and there are no openings in the sandbed region of the drywell shell that do not contain

the required design pressure reinforcement for the design code of record. Therefore, the
requirements specified by the referenced code sections in the previous paragraph are not

required for the very local wall thickness evaluation presented in the calculation.

O
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Buckling

The effect of these very local wall thickness areas on the buckling of the shell requires
some discussion of the buckling mechanism in. a shell of revolution under an applied
axial and lateral pressure load.

To begin the diseussion we will describe the buckling of a simply supported cylindrical
shell under the influence of lateral external pressure and axial load. As described in
Chapter II of Reference 3.7, thin cylindrical shells buckle in lobes in both the axial and
circumferential directions. These lobes are defined as half wave lengths of Sinusoidal
functions. The functions are governed by the radius, thickness and length of the cylinder.
If we look at a specific thin walled Cylindrical shell both the length and radius would be
essentially constants and if the thickness was reduced locally then this reduction would
have to be significant and over a majority of the lobe so that the compressive stress in the
lobe would exceed the critical buckling stress under the applied loads, thereby.causing the
shell to buckle locally. This is demonstrated in Reference 3.5 where a 12 x 12 square
inch section of the drywell sandbed region is reduced by 200 mils and a local buckle
occurred in the finite element cigenvaluc extraction analysis of the drywell.

Now reviewing the stability analyses provided in both References 3.3 and 3.5 and
recognizing that the finite elements in the sandbed region of the model are 3" x 3", it is.
clear that the circumferential buckling lobes for the drywell are substantially larger than
the 2 V- inch diameter very local wall areas. This combined with the local reinforcement
surrounding these local areas and the spherical. shell being close to the constraint provided
by the concrete supporting structure indicates that these areas will have no impact on the
buckling margins in the shell.

It is also clear from Reference 3.5 that a uniform reduction in thickness of 27% over a
one square foot area followed by a transition zone -would only create a 9.5% reduction in
the load factor and theoretical buckling -load of the drywell. Although this reduction of
27% is only over a 144 square inch area of the shell, the actual surface area including the
transition zone to the 0.736 inch buckling design thickness is a 36 inch by 36 inch or
1,296 square inch area. This area of reduced thickness was located in the portion of the
sandbed considered most susceptible to buckling, the midpoint of a bay between two
vents.

In addition, a second -buckling -analysis was performed (Reference 3.5) for a wall
thickness reduction of 13.5% or a thickness of 0.636 inches over a one square fooi area
followed by a transition zone from 0.636 inches to 0.736 inches. Again, although this
reduction from 0.736 inches to 0.636 inches is over a 144. square inch area of the shell,
while the actual surface area including the transition zone to the .buckling design

thickness is a 36 inch by 36 inch or a 1,296 square inch area. This second buckling

analysis. resulted in a 3.9% reduction in the load factor.

To bring these analyses results into perspective with the inspected very local areas, a
review of the NDE Reports (Appendix D) indicates there are twenty UT -measured areas
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2
all less than 2Y2" in diameter or less than 4'9 square inches each in area isolated
throughout the entire sandbed region that have thicknesses less than 0.736". Compared
to the analyses presented in Reference 3.5 the twenty areas would have to have a
minimum area of reduced thickness of 144 square inches with a thickness of 0.636 which
represents a 13.5% reduction in wall thickness that equates to a 72.0 cubic inch loss of
material located in the portion of the drywell sandbed region most susceptible to buckling
to produce a 3.9% reduction in the theoretical buckling load and load factor for the
drywell. The'review of the NDE Reports also indicated that the average wallthickness of
the twenty areas is 0.703 inches which represents a 4.5% reduction in wall thickness that
equates to a 3.2 cubic inch loss Of material and a total maximum area of 98 square inches
if the twenty measured areas where contiguous with each other. This indicates that the
twenty isolated areas with thicknesses less than the buckling design thickness would not
have a significant effect on the buckling of the OC Drywell Shell.
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7.0 CALCULATIONS:

UT EVALUATION BAY #1:

The outside surface of this bay is rough and full of dimples similar to the outside surface
of a golf ball. This observation is made by the inspector who located the thinnest areas
for the UT examination. This inspection focused on the thinnest areas of the drywell,
even if it was very local, i.e., the inspection did not attempt to define a shell thickness
suitable for structural evaluation. The shell appears to be relatively uniform in ithickness
except for a band of corrosion which looks like a "bathtub" ring, located 15. to 20 inches
below the vent pipe reinforcementplate, i.e., weld line as shown in Figure 1. (Figure 1
and other like figures presented in this calculation are NOT TO SCALE). The graphical
presentation in Figure 1 of measured indications is- extracted from- Appendix D,
Calculation Pages 71 to 76. Based on the inspectors observations the bathtub ring is 12
to 18 inches wide and about 75 inches long located in the center of the bay. Beyond the
bathtub ring on both sides, the shell appears to be iniform in thickness at a conservative

* value of 0.800 -inches. Above the bathtub ring the shell exhibits no corrosion since the
original lead- primer on the vent pipe/reinforcement plate is intact. Measurements 14 and
15 confirm that the-thickness above the bathtub ring" is at 1.154 inches starting at
elevation 1 '-00". Below the bathtub ring the shell is uniform in thickness where no
abrupt changes in thicknesses are present. Thickness measurements below the bathtub
ring (Locations 6, 7, 8, 9, 16, 17, 18, 19, 22 and 23) are all above 0.750 inches (See Table
1-b) except location 7 which is very local area.

Bay #1-General Wall (Sandbed Relion) Thickness Evaluation

Therefore, taking the average of the UT measured thicknesses of locations 6, 7, 8, 9, 16;
18, 19 and 22.gives a average thickness of 0.816 inches for the shell below the bathtub
ring. Based on this a conservative mean thickness of 0.800 inches, is estimated to
represent the evaluation thickness for this bay outside the bounds of the-bathtub ring.
Given a uniform thickness of 0.800 inches for these areas of the bay, it is concluded that
these areas are acceptable based on the thickness exceeding the buckling design thickness
for the sandbed region of 0.736 inches using the results of Reference 3.3.

Locations 1, 2, 3,4, 5, 10, 11, 12, 13, 20, arid 21 are confined to the bathtub ring as
shown in Figure 1. To determine the general shell thickness in the bathtub ring area of
this bay the evaluation thicknesses for each of the locations defined above are averaged
together. An example of a typical calculation of the general wall thickness defined as the
evaluation thickness is presented below for clarity:
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DI, + D,4 5 o + Dl&+D115
(AVG Micrometer), - 1-90 +-I350

4
Where:D,.00 = Micrometer Depth Reading for location 1 at 0 degrees

taken from Appendix D, Calculation Page 74, etc.

(AVG .0272"+0.204"+0.206"+0. 185" 0217"

(AVG Micrometer), 02-

T(Evasuaio.), = UT(Mý.Urc.I)l + (AVG Micrometer), - T,.ugh

Where:UTU(M .. ru,-,C) = 0.720" Taken from Appendix D, Calculation
Page 71, Location I

Tro,,ghi 0.200" See Design Input 5.1 and Section 6, Acceptance
Criteria, General Wall.

O0.720"+0.2l7'q-0.200" = 0.73T'

Bay 1 AVG Micrometer Calculations
Table 1-a

.Location'.' Azimuth") _ AVG
.______-.0°0 :45' 90" 1350  -

1 0.272" . 0.204" 0.206" 0.185" 0.217"
2 0.143" 0.133" 0.143" 0.154" 0.143"
3 0.397"" 0.316" J --- 0.329" 0.347"
5 0.330" 0.290" 0.304" 0.330" 0.313"

.7 0.208 0.281" 0.246" 0.330" 0.266"
S11 0.200" 0.211" 0.225" 0.' 211" 0.212"
12 0.299" 0.316" 0.261' 0.328" 0.301"

.21 0.222" { 0.202" 1 0.238" 0.183" 0.211"

NOTES: i. AZIMUTH DATA TAKEN FROM APPENDIX D.CALCULATION PAGE 74.
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An average value of the evaluation thicknesses presented in Table 1 -, for .this band is as
follows;

Location Evaluation Thickness

1 0.737"
2 0.659"
3 0.852"
4 0.760"
5 0.823"

10 0.839"
I 1 0.726"
12 0.825"
13 0.792"
20 0.965"
21 0.737"

Average 0.792"

An average evaluation thickness of 0.792 inches for the bathtub ring may raise concern
given that the bathtub ring is noticeable and that the difference between its averageevaluation thickness (0.792 inches) and the average thickness taken for the entire region

(0.800 inches) is only 0.008 inches. This results from the fact that average micrometer
readings were generally not taken for the remainder of the shell since each reading was
greater than 0.736 inches. In reality, the remainder of the shell is much thicker than
0.800 inches. The appropriate evaluation thickness cannot be quantified since no
micrometer readings were taken.

Again given that the average evaluation thickness of the shell in the bathtub ring area
exceeds ihe buckling design thickness of 0.736 inches the shell area within the bathtub
ring is also acceptable using the results of Reference 3.3.

Bay #1 Local Wall and Very Local Wall Thickness Evaluation

The individual measured thicknesses must also be evaluated. for compliance with the
local wall thickness criteria. Table 1-b identifies 23 locations of lUT measurements that'
were selected to represent the thinnest areas, except locations 14 and 15, based on visual
examination. These locations are a deliberate attempt to produce a minimum
measurement. Locations 14 and 15 were selected to confirm that no corrosion had taken
place in the area above the bathtub ring.

Eight locations shown in Table 1-b (1, 2, 3, 5, 7, 11, 12, and-21) have measurements
below 0'736 inches. Inspectors observations indicate that these locations were very deep
and not more than I to 2 inches in diameter. The depth of each of these areas relative to
its immediate surroundings was measured at 4 locations around the spot and the average

.is shown in Table I-a. Using the general Wall thickness acceptance criteria described
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earlier, the evaluation thickness for all measurements of very local areas below 0.736
inches were found to be above 0.736 inches except for two locations, 2 and 11, as shown
in Table I-c.

- Locations 2 and 11 are in the bathtub ring and are about 4 inches apart. This area is

characterized as a local area 4 x 4 inches located at about 15 to 20 inches below the vent
pipe reinforcement plate with an average thickness of 0.692 inches.

In order to quantify the effect of this local region and to address structural compliance, ]
tlieGE study on local effects was used (Ref. 3.5). This gtudy contains an analysis of the
-drywell shell using the pie slice finite element model. The study reduced the thickness of
a :12" by 12" area by 0.100 inches (0.636 inches) and included a transition zone of 12
inches all around from 0.636". to 0.736". When compared to-a similar area with a

-buckling design thickness of 0.736" the total reduced area of -1,296 square inches

-represents a 13.5% reduction in local shell thickness and a material loss of 72.0 cubic
inches. The center of the thinned area was located close to the calculated maximum
displacement point in the buckling analysis with uniform thickness of 0.736 inch as per
Reference 3.5. For this case the theoretical buckling load factor was reduced by 3.9%.

Based on the buckling design thickness of 0.736,inches the "as found" 4" by 4" area with
a thickness of 0.692" represents a 6.3% reduction in local shell thickness and a material.

* loss of 0.7 cubic inches. This volumetric consideration provides a quick visualization;.
while shell buckling depends on various parameters as discussed in Reference 3.3 and
3.7.

Comparison of the -"as found" area of 4" x 4" with the "as analyzed" criteria of 0.636"
over a 12" x 12' area, with an additional transition zone of 12", and its associated 13.5%
reduction in shell wall thickness and a material loss of 72 cubic inches leads to the

.conclusion that the effect on the theoretical buckling load factor is negligible. Also based
on the location of this'4" x .4" area, is almost directly below the vent and vent header
assembly (between 12 to 17 inches to the right of the vent centerline and between 22 and

23 inches down from the vent weld line). This is in the area where buckling of the shellI
is limited due to the stiffening effect.of the vent and vent header assembly. This effect
can be clearly seen in the buckling analyses presented in References 3.3 and 3.5.

Remaining Very Local Areas:

A review of Appendix D, Calculation pages 71, 73 and 75 indicates the remaining very
local areas of reduced thickness are isolated from each other and therefore, have a
negligible effect on the shell buckling. See Section 6, Very Local Wall Criteria (2 ½/

inches in diameter or less) for details. Furthermore, the remaining local areas are I
centered about the vent which significantly stiffen the. shell. This stiffening effect
combined with the restraint provided by the concrete support structure limits the shell
buckling to a point in the sandbed region which is located at the midpoint between the -t

two vents.
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Conclusion

In. summary, using a conservative estimate of 0.800 inches for evaluation thickness for
the entire bay (except the bathtub ring) and a 0.792 inch evaluation thickness for the
bathtub ring, plus the acceptance of the local 4" by 4" area with an evaluation thickness
of 0.692" basedon the GE study, it is concluded that the bay is acceptable.

-s
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Bay # I UT Data
Table I-b

Location D-Meter Appendix D Average
UT Measurement CalcUlation Micrometer

Oinches) Page (See Table 1-a)

...... e Pe (inches)
1 0.720 71 0.217

.-- 2 0.716 71 0.143

• 3 0.705 71 0.347
4 _ 0.760 ___ 71 ..... --
5 0.710 71 0.313
6 0.760 71 1
7 0.700 71 0.2668 0.805 71--
9 0.80.5 ... 71 -
10 0.839 73--
11 0.714 73 0.212

12 0.724 •. 73 0.301
13 0.792 73
14 1.147 73 _ _ ' ---
15 1.156 73
16 .0.796 75--17 0.860 75

18 0.917 75
19 0.890 75
20 0.965 75 --
21 0.726 75 0.211
22 0.852 75
23 1 0.850 75 --
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Summary Of Measurements Below 0.736"
Table 1-c

I I1 I
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•j.BAY #1 DATA

NOTES:

1. AU 'L6caon" measurements from Intersection
of.the OW shell and vent collar fillet-welds.

2. Pit depts ure average of four readings taken at
V145"js'135" withln 1" band surrounding ground
spots. Only measured where remaining Well thk.
was below 0.736m.
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UT EVALUATION BAY #3:

The outside surface of this bay is rough; similar to bay one,full of dimples comparable to

the outside surface of golf ball. This obseivation is made by the inspector who located

the thinnest areas for the UT examination. The shell appears to be relatively uniform in

thickness except for a bathtub ring 8 to 10 inches wide approximately 6 inches below the

vent header reinforcement plate. The upper portion of the shell beyond the band exhibits

no corrosion where the original red lead primer is still intact. Eight locations were

selected to represent the thinnest areas based on the visual observations of the shell

surface (Fig. 3). These locations are a deliberate attempt to -produce a minimum

measurement. Table 3 shows measurements taken to measure the thicknesses of the

drywell shell using a D-meter. The results indicate that .all of the areas have thickness

greater than the 0,736 inches.

Bay #3 General Wall (SandBed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 3 equal to: 0.868 inches, a

conservative mean evaluation thickness of 0.850 inches is estimated for this bay.

Therefore, it is concluded that the bay is acceptable based on the bay evaluation thickness

exceeding the buckling design thickness for the sandbed region of 0.736 inches using

results of Reference 3.3.

Bay # 3UT Data
Table 3

Location D-Meter UT Appendix D Average

Measurement on Micrometer
Calculation

______(inches) Page (inches)

I .I0.795 77

2 1.000 ... _,_77

3" 0.857 77 --

4 0.898 77

5 0.823 77 ....

6 0.968 77 --

7 0.826 77

8 0.780 77 --
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BAY #3 DATA

NOTES:

1. All "Location" measurements from Intersection
of the DW shall and vent collar fillet welds.
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UT EVALUATION BAY #5:

The outside surface of this bay is rough and very similar to bay 3 except that the local
areas are clustered at the junction of bays 3 and 5, at about 30 inches above the floor.
The shell surface is full of dimples comparable to the outside surface of a golf ball. This
observation is made by the inspector who located the thinnest areas for the UT
examination. The shell appears to be relatively uniform in thickness. Eight locations
were selected to represent the thinnest areas based on the visual observations of the shell
surface (see Fig. 5). These locations are a deliberate attempt to produce a minimum
measurement. Table 5 shows readings taken to measure the thicknesses of the drywell
shell using a D-meter. The results indicate that all of the areas have thickness greater
than the 0.736 inches.

Bay #5 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 5 equal to 0.986 inches, a
conservative mean evaluation thickness of 0.950 inches is estimated for this bay.
Therefore, it is concluded that the bay is acceptable based on the bay evaluation thickness
exceeding the buckling design thickness for the sandbed region of 0.736 inches using the
results of Reference 3.3.

Bay # 5 UT Data
Table 5

Location D-Meter UT Appendix D Average
Measurement on Micrometer

(inches) Calculation (inches)
_ _ _ _ _Page

S0.970 80

2 1.040 80

3 1.020 80

4 0.910 80 --

5 0.890 80 ---

6 - 1.060 80 .

7 0.990 80 _____

8 1.010 1 so______ _______
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UT EVALUATION BAY #7:
The observation of the drywell surface for this bay showed Uniform dimples in the

corroded area, but they are shallow compared to those in -bay I. The bathtub ring seen in

the other bays was not very prominent in this bay. This observation is made by the

inspector who located the thinnest areas for the UT examination. The shell- appears to be

relatively uniform in thickness. Seven locations were selected to represent the thinnest
areas based on the visual observations of the shell. surface (Fig. 7). These locations are a

deliberate attempt to produce a minimum measurement. Table 7 shows readings taken to

measure the thicknesses of the drywell shell using a D-meter. The results indicate that all

of the areas have thickness greater than the 0.736 inches.

Bay 97 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 7 equal to 1.001, a mean
evaluation thickness of 1.00 inch is estimated for this bay. Therefore, it is concluded that
the bay is acceptable based. on the bay evaluation thickness exceeding the buckling
design thickness for the sandbed region of 0.736 inches using the results of Reference

3.3.

Bay # 7 UT Data
Table 7

Location D-Meter UT Appendix D Average

Measurement on Micrometer
(inches) Calculation (inches)

._ Page

I_ _ 0.920 84 --

2 l1.016 84

3 0.954 84

4 1.040 84 - --

5 1.030 84 -.

6 1.045 .84

7 1.000 _ ,4. -- _ -
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BAY #7 DATA

NOTES:

1. All measurements from the Intersection of DW
shell (butt) and vent collar (filletq welds.
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UT EVALUATION BAY #9:

The observation of the drywell shell for this bay was very similar to bay 7 except that the
bathtub ring was more evident in this bay. The shell appears to be relatively uniform in
thickness except for a bathtub ring.6 to 9 inches wide approximately 6 to 8 inches below the

vent header reinforcement plate. The upper portion of the shell beyond the band exlubits no

corrosion where the original red lead primer is still intact. Ten locations were selected to

represent the thinnest areas based on the visual observations of the shell surface (Fig. 9). These
locations are a deliberate attempt to produce a minimum measurement. Table 9 shows readings
taken to measure the thicknesses of the drywell shell using a D-meter. The -results indicate that
all of the areas have thickness greater than the 0.736 inches.

Bay #9 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the .UT measuremehts presented in Table 9 equal to 0.915, a conservative
mean evaluation thickness of 0.900 inches is estimated for this bay. Therefore, it is concluded
that the bay is acceptable based on -the bay. evaluation thickness exceeding the buckling
design thickness for the sandbed region of 0.736 inches using the results of Reference

3.3.

Bay 9. 9 UT Data
Table 9

Location D-Meter UT Appendix D Average
Measurement on Micrometer

Calculation
(inches) . Page (inches)

1 . 0.960 85 --

2 0.940 85
3 0.994 85 ---
4 1.020 85 -

5 0.985 85
6 0.820 85
7 0.825 85 -_ _

8 0.791 85 __,__

9 0.832" 85 i f" [4
o10 0.980 85 [

i l i t I ,
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UT EVALUATION BAY #11:

SThe outside surface of this bay is rough, similar to bay 1, full Of uniform dimples comparable
to the outside surface of a golf ball. The shell appears to be relatively uniform in thickness
except for local areas at the upper right .corner of Figure I1, located at about. 10 to 12 inches
below the vent pipe reinforcement plate.

Eight locations were selected to represent the thinnest areas based on the visual observations of

the shell surface (Fig. 1H). These locations are a deliberate attempt to produce a mnimurn
measurement- Table 1I-a shows readings taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the areas have thickness greater than the 0.736
inches, except one location. Location I as shown in Table li-a, has a reading below 0.736
inches. Inspectors observations indicate that this location was very deep and not more than I to 2

inches in diameter. The depth of area relative to its immediate surrounds was measured, at 4

locations around the spot and the average is shown in Table lI-a. As described in Section 6,
Methods of Analysis, Very Local Wall Acceptance Criteria, areas of reduced thickness
equal to or less than 2 V/2 inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 87) indicates that this area would have a negligible

effect on the shell buckling response.

Bay #1.1 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 11-a equal to 0.792 inches, a

conservative mean evaluation thickness of 0.790 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling desigh thickness for the sandbed region of 0.736 inches using the results of
Reference 3.3.

The calculation of the average depth for Bay 11, Location 1 is as follows:

D10 +D"5 +D1_ + D-15
(AVG Micrometer), D + D4 9 + -+ 3504

Where: D,.00 =Micrometer Depth Reading for location I at 0 degrees
taken from Appendix D, Calculation Page 91, etc.

0.289"+0.338"+0.157"+0.200"
(AVG Micrometer), 0.246"

4
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Bay# 11 UT Data
"Table .11-a

Location UT Appendix D Average
Measurement Presented on Micrometer

Calculation

(inches) Page (inches)
1 0.705 87 0.246

.2 0.770 87 ....
3 0.832 87 ---
4 0.755 87 --

5 0.831 87 --
6 0.800 1 87 ___-"_"

7 0.831 87 -

8 0.815 87 _

Summary of Measurements Below 0.736 Inches
Table 11 -b

Location UT Measurement AVG Micromctcr Mean Depth/ValleY T (Evaluation) Remarks

0.705 .246 .

I
I
I
I
I

:I
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UT EVALUATION BAY #13:

The outside surface of this bay it rough and full of dimples similar to bay I as shown in
Appendbi C. This observation is made by the inspector who located the thinnest areas in deep
valleys" thieby biasing the remaining wall measurements to the conservative side. This
inspection focused on the thinnest areas, even if very local i.e., the inspection did not attempt to
define a shell thickness suitable for strctumal evaluation. The variation in shell thickness is
greater in this bay than in the other bays. The bathtub ring below the vent pipe reinforcement
plate was less prominent than was seen in other bays. The corroded areas are about 12 to 18
inches in diameter and are at- 12 inches apart, located in the middle of the sandbed. Beyond the
corroded areas on both sides, the shell appears to be uniform in thickness at a conservative value
of 0.800(. Near the vent pipe and reinforcement plate the shell exhibits no corrosion since the
original lead prim~er on the vent pipelreinforcement plate is intact. Measurement 20 confums that
the thickness above the bathtub ring is at 1.154 inches. Below the bathtub ring the shell appears
to be fairly uniform. in thickness where no abrupt changes in thickness are present Thickness
measurements below the bathtub ring (Locations 3, 4, 9, 12, 13, 16, 17, 18, and 19) are all 0.800
inches or better (See Table 13-b).

Bay #13 General Wall (Sandbed Region) Thickness Evaluation

Therefore, given an average of the UT measurements of the locations below .the bathtub ring is
equal to 0.884 inches, a conservative mean thickness of 0.800 inches is estimated to represent the
evaluation thickness for areas of shell -in this bay outside the bathtub ring. Given a uniform
thickness of 0.800 inches for these areas of the bay it is :concluded that these areas are
acceptable based on the thickness exceeding the buckling design thickness for the
sandbed region of 0.736 inches using the results of Reference 3.3. LI

locations 5, 6,.7, 8, 10, 11, 14,and 15 areconfined to thebathtub ring as shown in Figure 13. To
determine the general shell thickness in the bathtub ring area of this bay the evaluation
thicknesses (See Table 13-c) for each of the locations defined above are averaged
together. An example of a typical calculation of the general wall thickness defined as the
evaluation thickness is presented below for clarity:-

"%.
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D 0 +D' + D +D~1
(AVG Micrometer) 5 = 5s-p 5+135

4
Where:D 5-.00  Mic'rometer Depth Reading for Bay 13, location 5 at 0

degrees taken from Appendix D, Calculation Page 98,
etc.

(AVG Micrometer)5 = 0.150"+0.9+0.23+0.298= 0.217"4

-T(Eivalar6,)5 = UT(M Wumennt)s + (AVG Micrometer),. T.81

Where:UT0•.,,,s 5 =0.718" Taken from Appendix D, Calc Page 93,
Location 5

T ...= 0.200" See Design Input 5.1 and Section 6, Acceptance
Criteria, General Wall.

T(E.uIutim)s.= 0.71 g"+02 1 7"-0.200" =0.735"

Bay 13 AVG Micrometer Calculations
Table 13-a

Notes: 1. Azimuth data taken from Appendix D, Calculation Page 98.
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An average value of the evaluation thicknesses presented in Table 13-c for this band is as

follows;

* Location Evaluation Thickness
5 0335",
6 0.756"
7 -0.675"
8 0.796"
10 0.739"
S 11 0.741"
12 0.885"
14* 0.868"
15. .0.756"
16 0.829"

Average 0.778"

The inspector suspected ihat some of the above locations in the bathtub ring were over ground.
Subsequent locations with suffix A, e.g& 5A, 6A, were located close to the spots in question and

were ground carefully to remove the minimum amount of metal but adequate enough for UT -

examination as shown in Table 13-b. The results indicate that all subsequent measurements were

above 0.736 inches. The average micrometer measurements taken for these locations confirm the

depth measurements at these locations. In spite of the fact that the original measurements were

taken at heavily ground locations they are the ones used in the evaluation.

Again given that the average evaluation thickness of the shell in the 'bathtub ring area-

exceeds the buckling design thickness of 0.736 inches the shell area within the bathtub

ring is also acceptable based on the results of Reference 3.3.

Bay #13 Local Wall Thickness Evaluation

The individual measurements must also be evaluated for compliance with the local wall thickness.
criteria. Table 13-b: identifies 20 locations of UT measurements that were selccied to represent

the thinnest areas, except location 20, based on visual examination.. These locations are a

delibeate attempt to produce a minimum measurement. Location 20 was selected to confirm that

no corrosion had taken place in the area above the bathtub ring.

Nine locations shown in Table 13-b (1, 2, 5, 6, 7, 8, 10, 11, and 15) have measurements below
0.736 inches. Ispectqrs observations indicate that these locations were very deep, overly ground,

and not more than. I to 2 inches in diameters. The depth of each of these areas relative to its

immediate surroundings was measured at 4 locations around the spot and the average is shown in

Table 13-a. Using the general wall thickness acceptance criteria described earlier, the evaluation 7
thickness for all measurements below 0.736 inches were found to be above 0.736 inches except

for two locations, 5 and 7, as shown in Table 13-b. In addition, subsequent measurements close

to the locations identified above, were taken and they were all above 0.736 inches.

L-
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Locations 5 and 7 are in the bathtub ring and are about 30 inches apart. These locations are
characterized as local areas located at about .15 to 20 inches below the vent pipe reinforcement
plate with an evaluation thicknesses of 0.735 inches and 0.673 inches. The location 5 is near to
location 14 for an average value of 0.801 inches and therefore acceptable. Location 7 could
conservatively exist over-an area of 6 x 6 inches for a thickness of 0.673 inches.

In order to quantify'the effect of this local region and to address structural compliance, the GE
study on local effects is used (Ref. 3.5). This study containsan analysis of the drywell shell
using the pie slice finite element model. The study reduced the thickness-of a 12" by 12"
area by 0.100 inches (0.636 inches) and included a transition zone of 12 inches all around
from 0.636" to 0.736". When compared to a similar area with a buckling design
thickness of 0.736" the modeled area represents a 13.5% reduction in local. shell
thickness and a material loss of 72.0 cubic inches. The center of the thinned area was
located close to the calculated maximum displacement point in the buckling analysis with
uniform thickness of 0.736 inch as per Reference 3.5. For this case the theoretical
buckling load factor was reduced by 3.9%.

Based on, the buckling design thickness of 0.736 inches the "as found" 6" by 6" area with
a thickness of 0.673" represents a 8.6%.reduction in local shell thickness and a material
loss of 2.3 cubic inches. The volumetric consideration provides a quick visualization.
While shell buckling depends on various parameters as discussed in References 3.3 and
3.7.

Comparison of the "as found" area of 67 x 6" with the "as analyzed", criteria of 0.636"
over a 12" x 12" area, with an additional transition zone of 12", and its associated 13.5%
reduction in shell -wall thickness and a material loss of 72 cubic inches leads to the
conclusion that the effect on the theoretical buckling load factor is negligible. Also based
on the location of this 6': x 6" area, is almost directly below the vent and vent header
assembly (between. 20 to 26 inches to the left of the vent centerline and between 14 to 20
inches down from the vent weld line). This is in the area where buckling of the shell is
limited due to the stiffening effect of the vent and vent header assembly. This effect can
be clearly seen in the buckling analyses presented in References 3.3 and 3.5.

Remaining Very Local Areas:

A review of Appendix D, calculation pages 93, 94, 95 and 96 indicates the remaining
very-local areas of reduced thickness are isolated from each other and therefore, have a
negligible effect on the shell buckling. See Section 6, Very Local Wall Criteria (2&'A
inches 'in diameter or less) for details. Furthermore, the remaining local areas are
centered about the vent which significantly stiffen the shell. This stiffening effect
combined with the restraint provided by the concrete support structure limits the shell
buckling to. a point in the sandbed region which is located 'at the midpoint between the
two vents.
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Conclusion

In summary, using a conservative estimate of 0.800 inches for evaluation thickness for
the entire bay (except the bathtub ring) and a 0.778 inch evaluation thickness for the
bathtub ring, plus the acceptance of the local 6" by 6" area with an evaluation thickness
of 0.673" based on the GE study, it is concluded that the bay is acceptable.

~*1

I

I .
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Bay # 13 UT Data
Table 13-b

Location D-Meter UT Appendix D Average
•" Measurement ,presented on Micrometerý')

(inches) "Calculation (Table 13-a)

22 0Page (inches)

I/iA. .- 0.672/0.890 93/95' 0.351
2/2A 0.722/0.943 93/95 0.360

3 0.94. 93 _

4 0.915 93 ---

5/5A 0.718/0.851 93/95 0.217
616A " 0.655/0.976 93/95 0.301

7/7A 0.618/0,752 9-3/95 0.255
8/8A. 0.718/0.900 93/95 0.278

9 0.924 93 ---

10/10A 0.728/0.810 93/95 i 0.211

1!/1 IA 0.685/0.854 93/95 0.256
12 0.885 93 -.--
13 0.932 93 ---

14 0.868 93 --

15/15A 0.683/0.859 93/95 0.273

16 0.829 93 " --

17 0.807 93 ---

18 0.825 93 ---

19 0.912 93
20 1.170 93 -

(1)-(1) Average values provided in this column are for locations 1, 2, 5, etc.

(1) (without suffix A) and not for IA, 2A, 5A, etc. The values-are compiled in

Table 13-a
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Summary of Measurements Below 0.736 Inches
Table 13-c

5 0.718" 0.217" 0.200"w 0.735" Acceptable

6 0.655" 0.301" 0.200". 0.756" Acceptable

7 0.618" 0.255" 0.200" 0.673" .. Acceptable

0.718" 01278" 0.200" 0.796" Acceptable

10 0.728" . 0.211" 0.200" 0.739" Acceptable

I I 0.685" 0.256" 0.200" 0.741" Acceptable

15 0.683" ,0.273" 0.200" 0.756" Acceptable

1

, i
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BAY #13 DATA

NOTES:

1. All measurements from intersection of the DW shell (buf)r

and vent colr (fillet) welds.

2. Spots with suffix (e.g. IA or 2A) were located dose to the
* spots in question and were ground carefully to remove
milnimum amount of metal but adequate enough for UT.

3. Pit depths are average ol four reading; taken at 0/45"190"/135°
within 1" distance around ground spot Taken only where
remaining wall showed below 0.736,.

`20
I AI

af
Y g1~6 a

8 6
12~ ~' a

,11

< DW
-.14 ,13 SHELL

,18 3*

.1O .9

o19

5

Figure (13)
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UT EVALUATION BAY #15:.

The outside surface of this bay is rough, similar.to bay 1, full of uniform dimples comparable to
the outside surface of golf ball (Appendix C). The bathtub ring seen in the other bays, was not

very prominent in this bay. This observation is made by the inspector who located the thinnest

areas for the UT examination. The upper portion of the shell beyond the ring exhibits no
corrosion where the original red- lead primer is still intact. The shell appears to be relatively

* uniform in thickness.

Eleven locations were selected to represent the thinnest areas based on the visual observations of

the shell surface (Fig. 15). These locations are a deliberate attempt to produce a minimum

measuremetit.. Table 15-a shows readings taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the areas have thickness greater than the 0.736

inches, except one location. Location 9 as shown in Table 15-a, has a reading below 0.736

inches. Inspectors observations indicate that this location was very deep and not more than I to 2
inches in diameter. The depth of area relative to its immediate surrounding was measured at 4

locations around the spot and the average is.shown in Table 15-a. As described in Section 6,
Methods of Analysis, Very Local Wall Acceptance Citeria, areas of reduced thickness

equal to or less than 2 V2 inches are too small to reduce the shell critical buckling load.

This combined with the location of the very local indication near the vent reinforcement tb

(See Appendix D, Calculation Page 99) indicates that this area would have a negligible
effect on the shell buckling response.

'Bay #15 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 15-a is equal to 0.816 inches, a.

conservative mean evaluation thickness of 0.800 inches is estimated for this bay. Therefore, it is

concluded -that the bay is acceptable based on the bay evaluation thickness exceeding the

buckling design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

The calculation of the average depth for Bay 15, Location 9 is as follows:

D + D +D DeI
(AVG Micrometer) 9 - 9-4e + D9-9° 9-43 ""

Where: D9. = Micrometer Depth Reading for location 9 at 0 degrees
taken from Appendix D, Calculation Page 100, etc.

0.356u+0.350".+0.359"+0.282"
(AVG Micrometer), 0.337"

4
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Bay # IS UT Data
Table 15-a

Location D-Meter UT Appendix D Average
Measurement on Micrometer

Calculation
.. ....... _ (inches) Page (inches)

1 0.786 99
_ 2 0.829 99 ---

3 . 0.932 99
4 0.795 99
5 0.850 99 --

6 0.794 99
7 0.808 . 99 ,. _, __,._---

8 0.770 99 ---
9 0.722 99 0.337

10 0.860 99 t
I 1 0.825 99"

Summary of Measurements Below 0.736 Inches
Table 15-b

Location UT Measurement AVG Micrometer Mean DepthNalley T (Evaluation) Remarks
() (2) -(3) (4)=(I)+(2W3) {

9 0.722" 0.337" 0.200" 0.859" Ac able
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BAY #15 DATA

NOTES:
1. AU measurements from Intersection o0 the DW

shell and vent collar (fillet) welds.

.2. Pit depths are average of four readings taken at
W4661901 35° within 1I distance around ground
spots. Taken oniy when remaining wall thickness
shown below 0.736",

I.-

8
ia

*1
Si

DW
SHELL5 2

,S

'lb 7
9

43
41 0

2

FIGURE (15)
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UT EVALUATION BAY #17:

The outside surface of this bayis rough, similar to bay 1, full of uniform'dimples comparable to

the outside surface ofgolf ball. The shell appears to be relatively uniform in thickness except for

a band 8 to 10 inches wide approximately 6 inches below the vent header reinforcement plate.

The upper portion of the shell beyond the band exhibits no corrosion where the original red lead

primer is still intact.

Eleven locations were selected to represent the thinnest areas based on the visual observations of

the shell surface (Fig. 17). These locations are a deliberate attempt to produce a minimum

measurement. Table 17-a shows readings taken to measure the thicknesses of the drywell shell

using a D-meter.. The results indicate that all of the areas have thickness greater than the 0.736

inches, except one location. Location 9 as shown in Table 17-a, has a reading below 0.736

inches. Inspectors observations indicfite that this location is very deep and not more than .1 to 2

inches in diameter. The depth of area relative to its immediate surroundings was measured at 4.

locations around the spot and the average is shown in Table 17-a. As described -in Section 6,

Methodsof Analysis, Very' Local Wall Acceptance Criteria, areas of reduced thickness

equal to or less than 2 & 2 inches are too small to reduce the shell critical buckling load.

This combined with the location of the very local indication near the vent reinforcement

(See Appendix D, Calculation Page 103).indicates that this area would have a negligible

effect on the shell buckling response.

Bay #17 General Wall (Sandbed Refion) Thickness Evaluation

Given an average of the UT measurements presented in Table 17-a is equal to'0.918 inches, a.

conservative mean evaluation thickness of 0.900 inches is estimated for this bay. Therefore, it is

concluded that the bay is acceptable'based on the bay evaluation thickness exceeding the

buckling design thickness for the sandbed region of 0.736 inches using the results of-

Reference 3.3.

The calculation of the average depth for Bay 17, Location 9 is as follows:

D~0  + D + D

(AVG Micrometer)9 D-° + 4 9 +4.

Where:Dgo° = Micrometer Depth Reading for location 9 at 0 degrees
taken'ifrom Appendix D, Calculation Page 105, etc.

AG "0.368"+0.407"+0.289"+0.342"
(AVG Micrometer) =.0.351 4
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Bay # 17. UT Data
Table 17-a

I

Location D-Meter UT -Appendix D Average
Measurement on Micrometer

(inches) Calculation (inches)
Page

1 .0.916 104
2 1.150 104 --

3 0.898 104 --

4 0.951 104
5 0.913 104

.6 0.992 104
7 0.970 104 --

:.8 0.990 104 ---

9 0.720 103 0-351
10 0.830 103 ---
11 0.770 103 ---

2

Summary of Measurements Below 0.736 Inches

Table 17-b

Lecation UT Measurement AVG Micrometer Mean Depth/Valley T (Evaluation) Remarks

(I) (2) (3) (4)=(!)+(2)-3) .

9 0.720" 0.351" 0.200" 0.871- Acceptable
_1

2

2

2
2OCLROO014582



FIGURE (17)
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UT EVALUATION BAY. #19:

The outside surface of this bay is rough and very similar to bay 17. Locations I through 7 as
shown in Table 19, were groundcarefully to minimize loss of good metal The shell surface is
full of dimples comparable to the outside surface of a golf balL This observation is made by the
inspector who located. the. thinnest areas for the. UT examination. The shell appears to be
relatively uniform in thickness. Ten locations were selected to represent the thinnest areas based
on the visual observations of the shell surface (Fig. 19). These locations are a deliberate attempt
to produce a minimum measurement. Table 19 shows readings taken to measure the thicknesses
of the drywell shell using a D-meter. The results indicate that all of the areas have thickness

greater than the 0.736 inches.

Bay #19 General Wall (Sandlbed Region) Thickness Evaluition

Given an average of the UT measurements presented in Table 19 is equal to 0.885 inches, a
conservative mean evaluation thickness of 0.850 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of

Reference 3.3.

Bav # 19 UT Data
Table 19

Location D-Meter UT Appendix D Average
Measurement on Micrometer

Calculation
* 1 (inches) Page inches)

0.932 109 ---
. I 0.924 o109

* 3. 1 0.955 109 -
4 .. 940 109 -

5 0.950. 109 _ _ _

6 0.860 109 --

7 0.969 109 --

8 0.753 108 f -

9 0.776 108 ,._---
10 0.790 108

2

Irni

4ý

OCLROO014584 2



BAY ý#1 9 DATA

NOTES:

1. All nm9a .Iunwrvl fromn Ilartuslior of the
OW lIhfit (bUttj Anid VOWt 00ltW.1281e) weld..
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FIGURE (19)
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Appendix A- Summary Of Measurements Of Impressions Taken From Bay #13 (3 pages totat)

tNo.

,of 117
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The purpose of this appendix is to characterize the depth of typical uniform dimples on the shell surface.
This depth is used in acceptance criteria to quantify the evaluation thickness for an area where the
micrometer readings are available.

Two locations in bay 13 were selected since bay 13 is the roughest bay, Impressions of drywell shell
surface using DMýR 503 Fpoxy Replication Putty mnanufaetured by Dyna Mold Inc were made. These

impressions were about 10 inches in diameter and about 1 inch thick. The UT locations 7 and 10 in bay
13 were identified in each of these impression as the reference points. This is a positive impression of the

drywell shell surface. The depth of the typical dimples were measured as follows;

READING DEPTH #10 DEPrH #7
(Location) (inches) inches)

1 0.150 0.075
2 0.000 :0.110
3 0.200 0.135
4 0.140 0.200
5 0.150 0.000
6 '0.040 0.000
7 0.150 0.170
8 0.010 0.205
9 0.134
10 0.145 0.145
!1 0.118 0.064"
12 .0.105 0,200
13 0.125 0.045
14 0.200 0.180
15 0.135 0.105
16 0.100
17 0.175 0.035
18 0.175 0.015
19 0.155 0A90
20 0.175 0.055
21. .0.175 0.305
22 - 0.135

OCLROO014587
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Location #10:

Mean Value = 0.131
Standard Deviation = 0.055

Mean Value + OneS.D. =0.186

Location #7:

Mean Value 0.118
Standard Deviation = 0.082

Mean Value + OneS.D. = 0.200

Therefore, a value of 0.200 inches was used as the depth of uniform dimples for the entire outside surface

ofthe drywell in the sandbed region.

j

.14

j
.71

~1

~1OCLROO014588



Appendix B: Buckling Capacity Evaluation For Varying Uniform Thickness Through The Whole Sandbed

Region Of The Drywell (5 pages total)

Based Upon GE Buckling Analysis (Reference 3.3)

Note: Tables on sheets 53 to 56 are not used in this calculation and
are provided for historical purpose only from Rev. 0.

OCLROO014589
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Appendix C: Pictures Showing Condition Of The Drywell In The Sandbed Region (9 pages total)

I
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A>I
f

Sand Bed Regioni -Typical condition foundl oy; initia atniy.

4- 'AA

ilIIIlllI.

COfIosion product on drywel! vessel

OCLROOO1 4595
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',,

-i

BSaV 13- D.W shell showing plug. The plug iso-Wated in the middle of the worst co.-
rodeo area of trie shell The plug showed no sign of coarosion.

J

I
Say 013 - VAN sheo showed less prominent "Tub Ring" than what was seen in other

OCLROO014596 ,2



L

Bay N1 - L.ooinrag at the worst cnrrnded area on shefl near rent lube coltar/ring. The

ground spots seen here corrospnnrd In U1 soOT 20-2:"2.3

Bay #13 - Lower Mid portion o1 the DW s~hell showing UT spot 5.6 anc 10. This close

up photo shows the roughness of the corruded surtacP and ,ow each UT spot has been

picked up in the c:eev valleys t-ereby biasing the ren.amting wall readings to the co"

s~. iliesle

OCLROO01 4597
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Bay #15 Lobking towards Bay#17 which has been !osed wP.t. foarn for coating v,#ork

:;r Bay #17. Note the typical svirlace of the D-A Iv •lvi I .l corroded .dsot

*

- - -

--

-
-

-' u.-. -.

Bay #13 - Looking toward Bay #15 - Lower teft cornet showing UT spot #7.12 & 16.

This close up has captured ?t•e peaks and valleys of the corroded shall in vivid detail.

Later NDF. inspeclurn revj, o.,1 n;,!ttlh h.tween ope.als and valleys in the O.25- - O.4GW

OCLROO014599
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Bay #13 Lookdng toward Bay #11 - Lower right corner of DAW shefl showing UT spots

9. 10l. 18 & 19 Note the location of these spotsl- all are located in the valleyp of the cor-

woded surface This ohoto also shows the condition of the concrete floor. It apears

Bay-#13 - Looking toward Bay #15 - This ph oto captures the concrete floor condition

,nd ci sortion ot tow.t.er she'l cofroaed surface in very great detail. The floor in tMs area

OCLROO014601
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Finishi floor.

SUAded C-1302-187-5320-024 1 65 of 117

Date Reviewed b•y Date

01112193 S.C. Tumninelli

6j

.- ... • . =- . -. .,.jr

7

vessel with two top coats - Caulking material applied.

o2

D~an after floor fhas' been returbished

OCLR00014602
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Appendix D: NDE Inspection Sheets for the Drywell Sandbed Region (52 pages total)
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Reason For Evaluation: Water Found In Drywell Trench 5 UT Data Evaluation

Dpring the 1R21 Refueling Outage, standing water was found in the trench at elevation
10' 3" in Bay 5 of the Drywell. The purpose of this technical evaluation is to develop a
conservative approach to address the worst case concerns associated with the q-found
water in ihe drywell concrete. This evaluation will assess the coridition through
comparisons of the original UT data taken in 1986, and the UT data taken during the
IR21 outage. Note that the sand and water corrosive environment was removed from the
sandbed region in 1992. This evaluation will evaluate these UT results as they relate to *

potential corrosion concerns based on the current plant conIguration with waler exisiing
in the drywell concrete area. This evaluation will address immediate conceris in the as-
found wetted area of the drywell shell to demonstrate adequate design margins exist (in a
worst-case scenario) to support startup of the plant and operation of the plant through the
next cycle of operation.. The complete assessment of all UT data taken in IR21 and
establishing the associated margins to support operating through the period of extended
operation of the plant will be addressed separately.

This Tech Eval was developed in accordance with CC-AA-309-101. Revision 7.

The development of this Tech Eval was reviewed with Howie Ray in accordance with
HU-AA-1212. The risk rank was assessed as a "2". Therefore a third party review will be
performed.

Background:

L In 1986 concrete was removed in two locations (one each in Bays 5 and 17) firom th6
interior Drywell floor at elevation 10' 3". Approximately a I foot wide by 2 foot long
section was removed at each location. These areas have been commonly referenced to as
the "trenches". The purpose-of the "trenches" was to expose the Drywell Vessel below
the concrete inside the Drywell at elevation 10' 3" so that UT readings could be
performed on the vessel.

The bottom of trenches in Bay 5 and 17 are located at approximately elevation 8' 9" and
9' 3" respectively, which generally correspond to the elevation of the sandbed floor
located outside the Drywell. Therefore the UT readings from the original trench areas
correspond to sections of the vessel that are not embedded in outside concrete. The.
results of these UT inspections were documented in TDR 851 and drawing 3E-SK-S-85.
UT readings were taken on 1 inch centers. The results of the 1986 UT inspections show
drywell thicknesses which are indicative of the vessel embedded on the inside of the
Drywell and exposed to the sand environment on the outside, which was eventually
eliminated in 1992 when the sand was removed from the sandbed region.

In 1992, following the removal of the sand from the sandbed region and the removal of
corrosion byproducts, the Drywell Vessel was visually inspected from inside the sandbed,
which is outside the Drywell Vessel. This inspection identified the thinnest locations in
each of the 10 sandbed bays. These thinnest locations were then UT inspected. In some
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cases the area had tobe slightly grinded so that the UT probe could rest flat apaint the
surface of the vessel. The thickness values and the locations of each reading, referenced
from existing welds, were recorded on a series of NDE data sheets. At each locatio~n one
UT reading was performed. "

In 2006, UT readings of the interior Drywell shell were again recorded on I inch centers
in the two trenches. These readings were intended for a comparison with the 1986
readings.

Also in 2006, 106 readings were taken of the external portion of the Drywell Vessel from
within the former sandbed region. These locations were located using the 1992 NDE
Inspection Data Sheet maps. These readings were intended for a comparison with the
1992 readings. 4.

A*dditionally, during the 1R21 outage in 2006 more concrete was removed from the
bottom of the trench in Bay 5 to expose an additional 6" by 12" section of the drj'well
vessel. This newly exposed section of the vessel lies below the sandbed floor on the J
outside of the drywell. Therefore the results of this inspection show drywell thicknesses
that are indicative of the vessel that is embedded on both sides by concrete.

Detailed Evaluation:

Assumptions and Clarifications

1) TDR 851 documents that values initially recorded using "D" meter UT instrumentation
in the Bay 5 trench in 1986 were much less than nominal. ' ,

In order to rule out that these readings did not indicate small or pin-point corrosion cells
additional NDE investigations were performed in 1986 by GPUN and EPRI NDE
personnel. The investigations revealed that the low readings were due to small inclusions
in the steel plate rather than thin steel. This was later confirmed by the removal of a 2"
diameter section of the Drywell Vessel, which contained an inclusion. Lab analysis of the
inclusion characterized it as an "aluminide stringer" at the mid-wall plane of the plate
parallel to the rolling direction (reference TDR 854). The conclusions of this
investigation were also reviewed by the NRC in an SER (dated December 29, 1986,
Docket No.50-219) and found to be acceptable.

However the actual readings were captured in Drawing 3E-SK-S-85.

Inclusions of this nature and size are acceptable in the manufacturing process of carbon
steel plates and do not effect the ultimate strength of the plates,

If Oyster Creek were to perform an inspection of this plate for unacceptable indications
then ASME Section III sub-section NB 2532 (2004),would provide acceptance criteria
for indications is identified by UT inspection..

D
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Subsection NB 2532 provides acceptance criteria as follows:

1) Any area where one or more imperfection produce continuous total loss of
back reflection accompanied by continuous indications on the same plane that
cannot be encompassed with a circle whose diameter is 3 inches or one half
the plate thicknesses, which ever is greater is unacceptable.

2) In addition two or more imperfections smaller than described in I above shall
be unacceptable unless separated by a minimum distance equal to the greatest,
diameter of the largest imperfection, or unless they may be collectively
encompassed by the circle described in (1) above

4

The ultrasonic equipment (Panametrics 37DL) used during IR21 displays both a "digital
thickness readout" and an "A" scan presentation. Small inclusions whether gas or non-
metallic that are flattened during the rolling prgcess create perfect sound reflectors in
plate. The "A" scan presentation gives the operator the ability to distinguish between non-.
relevant signals and true thickness readings. It also gives the operator the ability to adjzst:

the appropriate signal (the one representing the full thickness) either by increasing or
decreasing the gain to change the signal amplitude or by u9ing a feature called "extended
blank" which basically tells the machine not to record readings in a certain area. These
adjustments are made so the correct reading can be obtained from the controlled storage
module of the instrumentation database.

A review of the 1R21 data taken in the Bay 5 trench shows that the operator made several
adjustments to both the gain and the extended blank.

In addition, had any of the inclusions been large enough to block the ultrasonic signal a

reading would not have been recorded. No such readings were observed in 1 R21. The
inspection performed on the Bay 5 Trench during IR21 was for thickness only, however
the fact that we were able to get sound to penetrate through the entire thickness
demonstrates that no area contained inclusions larger than the diameter of the transducer
(0.438"). This would not have been the case due to the different technology used in 1986.
Therefore using the ASME Section III guidance for the 1986 and 2006 inspection led to
the following conclusions.

In 2006 all readings located on 1 inches center were successfully obtained and back
reflection were achieved on all reading. Therefore based on the size of the UT transducer
no imperfections were detected, which approach 0A38 inches in diameter.

UT readings were collected on 1 inch centers with a UT transducer with a head size of

0.438 inches in diameter. Therefore the largest linear distance in the ins'ec io1 area tAht
would not have been scanned is approximately 0.976 inches, which is diagonal distance

between two adjoining inspection points. Therefore any potential lamination
approaching 1" in diameter would have been identified by the inspection and were noL

However oblong indications of up to 0.562 inches wide and that exceed 3" in length and

C are parallel to the grid pattern may not have been observed.
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I The existence ofunacceptable indications is not considered credible for the following
reasons:

' 1) The 1986 data shows that no three continuous I inch grid locations had,
indications of inclusions. J

2) The indication would have to be oblong and parallel to the grid pattern.

3) Any inclusions or indications would have occurred in the manufacturing
process randomly with respect to the location on the plate. Therefore, since
1986 and 2006 thickness readings are normally distributed (see attachment 2),
it can be concluded with 95% confidence that the true condition of the plate is
known in 2006.

Therefore for. the purpose of this evaluation, all readings found to be lower than 0.780 -

inches were discounted from the 1986 readings for the trench in Bay 17. Also the 2006
data showed no similar readings (ess than 0.780) in the lower 5 grids. The discounted
readings are circled in attachment 1. Note that this treatment of the 1986 data is actually
conservative for computing corrosion rate if they were compared to the 2006 data,
because the 1986 values (if included) would have reduced the 1986 average thickness. j
2) The uncertainties of the 1986, 1992, and 2006 UT readings can be as great as +1- .020

() inches based on:

a) The roughness of the inspected surfaces due to the previously corroded surface
.of the shell in the sandbed regions
b) The different UT technologies between the 1986, 1992 and 2006
c) UT Equipment Instrument Uncertainties and
d) The uncertainties in attempting to inspect the exact same location over time

3) Row 7 points 6 and 7 in the Bay 17 trench data for 2006 were discounted because they
were much thicker than the previous readings. These points are located on a much thicker
weld. These readings were re-verified by NDE to be correct, however these values were

discounted to maintain conservative results.

4) The sections of drywell vessel that were exposed by the removal of the concrete in
trenches in 1986 continued to corrode from the exterior at elevated rates between 1986
and 1992 prior to the removal of the sand and epoxy coating application. For example
inspection in 1992 showed that c6rrosion rates in Bay 17 could have been as great as@I
0.0211 inches per year, with 95% confidence (ref. C-1302-187-5300-021). The corrosion
rates in the Bay 5 were estimated to be as great as 0.0113 inches per year, at 95%
confidence (Cl 302-187-5300-028). Therefore the material loss measured by the 2006 UT
inspection would include the corrosion rates that were known to exist from the sandbed
side (exterior) between 1986 and 1992.
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05) Direct point to point comparison of the 1986 and 2006 trench UT data cannot be
preformed since the precise location of the 1986 readings and grids were not marked.

Acceptance Criteria
-I

Drywell Vessel Thickness criteria has been previously established (reference CL-1302-' ,
187-5320-024) as follows: "hi

1) General Uniform Thickness - 0.736 inches or greater. , .

2) If an area is less than 0.736" thick then that area shall be greater than 0.690.1' thick and
shall be no larger then 6" by 6" wide. C-1302-187-5320-024 has previously dispositioned
an area of this magnitude in Bay 13.

3) If an area is less than 0.693" thick then that area shall be greater than 0.490" thick arid
Li shall be no largei then 2" in diameter. C-1302-187-5320-024 calculated an acceptance

criterion of .479 inches however; this evaluation is conservatively using .490 inches,
which is the original GE acceptance criterion. Since the UT readings were taken on I
inch centers and the transducer size is less than 0.5 inch these readings can be
characterized as less than 2 inches in diameter.

Comparison of the Bay S Trench

The 1986 and 2006 data for the Bay 5 trench is located in attachment 1. A Mathcad
spreadsheet that computes the average of each data set is provided in attachment 2.
Please note that zero values are automatically discounted from the average and standard
deviation computation. These are the values that were concluded to be inclusions in the
1986 data (see assumption 1).

The computation shows that a total of 302 readings were considered for 1986 and that the

mean was1.1 12 inches with a standard deviation of 0.045 inches and a standard error of
.00259 inches. This meets the general acceptance criteria of 0.736 inches with a 95%
confidence.

The computation shows that a total of 294 readings were considered for 2006 and that the
mean is 1.074 inches with a standard deviation of 0.0456 inches and a standard error of
.00266 inches. This meets the general acceptance criteria of 0.736 inches with a 95%
confidence.

Assuming the material loss occurred continuously from 1986 to 2006 results in an
apparent corrosion rate of 0.0019 inches per year. However when considering the
aggressive corrosive environment that existed from 1986 to 1992 on the outside of the
vessel, a corrosion rate of 0.0063 inches per year would be expected during this time
frame (1986 to 1992). This rate is well within the range (up to 0.0113 inches per year)
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A MM measured in bay 5 during this period (see assumption/clarification 4). Therefore, it can be

concluded that most of the material loss occurred between 1986 and 1992.

The minimum 2006 reading in this trench was 0.957 inches. This meeti the local .
acceptance criteria of 0.49 inches.

Comparison of the Bay 17 Trench -

The 1986 and 2006 data for the Bay 17 trench is located in Attachment 1. A Mathcad '

spreadsheet that computes the average of each data set is provided in Attachment 3. Note ,
that zero values are automatically discounted from the average and standard deviation
computation. These are the 2006 points, which were much thicker than the previous.
readings (see assumption 3).

The 1986 data consist of fiye, 7 row by 7 column grids and one additional row. The

computation shows that A total of 250 readings were considered for 1986 and that the
mean is 1.024 inches, with 95% confidence, a standarcddeviation of .045 inches, and a
standard errorof.002847 inches. This meets the general acceptance criteria of 0.736
inches with a 95% confidence.

The 2006 data consist of six 7 row by 7 column grids. The initial 2006 computation of the
* considered 290 readings resulted in a 0.963 inch mean with a standard deviation of .0713

inches and a standard error of .004184 inches. This meets the general acceptance criteria
*of 0.736 inches. Statistical review of the data shows that the distribution is skewed and

cannot be considered completely normalized. Therefore the calculated mean for these Ax
grids does not have a 95% confidence level. However closer review of the 2006 data
shows that the top grid has a mean (0.845 inches) which was significantly less than the
mean or the lower 5 grids (0.9852 inches). Statistical review of the 5 lower grids
without the top grid shows that the distribution is completely normalized.

The mean of the lower 5 grids (with a total of 243 readings)'is 0.9856 inches, a standard
deviation of .0412 inches, and a standard error of 0.00266 inches. This meets the general
acceptance criteria of 0.736 inches and is consistent with the standard deviation and
standard error of 1986 data.

This comparison indicates that it is possible that the lower 5 grids of the six measured in
2006 (with a total of 243 readings) correspond to approximately the same area that 5
grids and 1 row (with 250 reading) measured in 1986. However since the mean of all six
2006 grids (with 290 readings) results in a more conservative rate the 6 grid mean will be
used to calculate the maximum potential corrosion rates between 1986 and 1992 and
apparent corrosion rates between 1986 and 2006.

Assuming the material loss occurred continuously from 1986 to 2006 results in anO• apparent corrosion rate of 0.003055 inches per year. However when considering the
aggressive corrosive environment that existed from 1986 to 1992 on the outside, a
corrosion rate of 0.0102 inches per year would be expected during this time frame (1986 *
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to 1992). This rate is well within the range (up to 0.0211 inches per year) mnesured in
bay 17 during this period (see assumption/clarification 4). Therefore, it is expected that
the material loss occurred between 1986 and 1992.

In'addition the minimum 2006 individual reading in this trench was 0.702 inches which is
estimated to be located in an area no larger than 4" in diameter. This meets the.
acceptance of criteria 0.693 inches in an area of 6" by 6" or-smaller for at least an '
additional two years.

Comparison of external Inspection locations correlating to beneath the Interior
Drywell floor at elevation 10' 3" but above the wetted area at elevation 9 2'.

The 1992 and 2006 data for 106 external inspections is provided in attachment 4. This
attachment includes inspections that were perfnrmed above and below the internal
concrete floor at elevation'10' 3".

Review of the 106 locations show 18 areas corresponding to elevations of the drywell
vessel that are beneath the interior Drywell floor at elevation 10' 3" but above the wetted
area at elevation 9' 2" (see attachment 5). The data for the 18 locations is shown in
attachment 6. For each of these 18 readings the 2006 value was subtracted from the 1992
value and divided by 14 years (time between 1992 and 2006). Locations with positive
rates were re-verified by NDE to be correct during the 2006 inspection. However, since
these values would result in positive changes in metal thickness, they were discounted
from the computation to maintain conserv'ative results.

The resulting differences in UT readings based on point-tp-point comparison in this
region vary between 0 and .0065 inches per year. On average the differences for this
region, ignoring the described uncertainties, equate to 0.00228 inches per year.

The minimum 2006 reading of all the areas below the concrete floor was-0.669 inches.
This meets the local acceptance criteria of 0.49 inches even after deducting the worst case
differences including instrument uncertainties.

Comparison of External Inspection Locations correlating to beneath the wetted
elevation of 9' 2" (approximate level at which water was discovered In the Bay 5
trench)

The 1992 and 2006 data for 106 external inspections is provided in attachment 4. This
attachment includes inspections that were performed above and below the internal'
concrete floor at elevation 10' 3Y.

Review of the 106 locations show 22 area corresponding to elevations of the drywell
vessel at an elevation below 9' 2"; which is the approximate level that water was'
discovered in the Bay 5 trench (see attachment 5). The data for the 22 locations is shown
in attachment 6. For each of these 22 readings the 2006 value was subtracted from the
1992 value and divided by 14 years (time between 1992 and 2006). Locations with
positive rates were re-verified by NDE to be correct during the 2006 inspection.

. a
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However, since these values would result in positive changes in metal thickness, ihey
were discounted from the computation to maintain conservative iesults.

Thfie resulting changes based on point to point comparison varied between 0 and .0061
inches per year. On average the changes for this region would equate to 0.00233 inches

per year. These values can be conservatively used to demonstrate that even if the rates
are not due to the expected uncertainties, there is sufficient margin ixisting to account for
these uncertainties.

Bounding Worse Case
The maximum worst case point to point difference between 2006 data and 1992 data was
found at a single location at an elevation above the wetted region but below the floor at
elevation 10' 3'" The difference was found at point 5 in Bay 17 from data collected from
the external inspection (See attachment 6 sheet 2).

a a

This wall thickness difference was computed be subtracting the 1992 value tor this point
from the 2006value without eliminating uncertainties. This point is not located within
either of the trench locations. The difference in thickness at this point equates to an
apparent rate of 0.0065 inches per year, which is not considered-credible given the
physical limitations of the UT inspections taken from the exterior surface. These
limitations include the roughness of the inspected surfaces, the different UT technologies
used between 1992 and 2006, UT Equipment Instrument Uncertainties, and the
repeatability due to trying to locate the exact same location over time.,

However even when considering this worse case difference which was recorded on a
location that is 0.822 inches thick in 2006, and considering it as a loss of wall rate per
year at the thinnest location recorded in 2006 for points located below the concrete floor
(0.669 inches in Bay 13 point 11), and applying 0.020 inch deduction for instrumentation
uncertainty this location would only reduce to 0.636 inches by 2008, which still
demonstrates significant margins compared to the acceptance criteria of 0.49 inches.
Attachment 6 provides a spreadsheet that illustrates the basis for the above discussion.

Also considering a 0.0065 ifiches per year rate of change and applying it to the 2006 Bay
17 trench mean value (0.963 inches) and applying .020 inch deduction for
instrumentation uncertainty would only reduce this value to 0.930 inches by 2008,

Conclusion:

The UT measurement taken on the plates exposed by the two trenches exhibit signs of
material loss. It is concluded- that most of the material loss occurred between 1986 and
1992. Assumed corrosion rates for this mechanism between 1986 and 1992 are
consistent with as found measured corrosion rates previously established for these bays
prior to removing the sand.

,j

2
U
j

j
U
~aij
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Additional concrete was removed from Bay 5 trench and UT readings taken 6, inches
below the previous 1986 and 2006 readings. This newly excavated area represents shell
thicknesses of the embedded yegion (on both sides) of the vessel in Bay 5 of sandbed
region. The average Drywell shell thickness measured was 1.113 inches and the
minimum reading was 1.052 inches. The UT Data Sheet is Attachment 7 to this
evaluation. The shell thickness in this area meets the general uniform thicknesi .criteria
of 0.736 inches with considerable margin. This area.will be used to repeat these UT..*
measurements in IR22,

Evaluation of the NDE examination results at and below the elevation 10'3" concrete
slab concludes that the Drywell shell has sufficient thickness to withstand all O1esiga:
requirements. ,

j Since there is uncertainly associated with the different instrumentation used in 1986 and ,'

1992 and the instrunmentation used in 2006,. additional inspection of both trenches will be*,
performed during the 2008 refueling outage..

References:`

TDR 851, Rev. 0, "Assessment of Oyster Creek Drywell Shell,

TDR 854, Rev. 0, "Drywell Corrosion Assessment"
Drawing 3E-SK-S-85.
C-1302-187-5320-024, "OC Drywell UT Evaluation in Sandbed"

LAttachment 1 - 1986 and 2006 Trench Inspection Data - 10 pages
Attachment 2- Bay 5 Trench Comparison of 1986 and 2006 data -17pages
Attachment 3 - Bay 17 Trench Comparison of 1986 and 2006 data -20 pages
Attachment 4 - 1986 and 2006 Sandbed External Inspection Data -20 pagesAttachment 5 - Plan and Elevation locations of the External Inspection locationsAttachment 6 - Comparison of 1986 and 2006 External Data -2 pages

-82 pages

Attachment 7 - UT Data Sheet 1 R21 LR-032 - 2 pages
Attachment 8 - Third Party Review Documentation - 3 pages
Attachment 9 - MPR Ass. Independent Review Documentation - 2 pages
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0 Prepared by: Tamburro P
I1/ hf1?26

I |

This evaluation was Independently Reviewed by Frank Stulb through out its development
which took approximately 7 days.

Comment resolution and incorporation of the Independent Third Party Review comments
were discussed with Frank Stulb per a telephone convi-sation on 11/3/06 at 10:12 AM.
He provided authorization for documentation and approval of his Independent Review of
this document per this telephone conversation.

Independent Reviewer:. P. Tamburro for F. Stulb by telecon on 11/7/06
(,k -,L_.- I//7/ 6, F. s*.lL , •,+ o..

Manager Comments:
The preparer and multiple reviewers of this technical evaluation had the appropriate
knowvledge and experience and are qualified to perform this task. The Independent Third
Party Review (ITPR) was performed by MPR who was selected as a subject matter expert
based on their expertise and industry experience on this topic. This document has been
rigorously challenged and addiesses the adequacy of the as-found water conditions and
potential impacts to demonstrate the drywell vessel maintains its design and licensing
bases requirements to support restart from 1R21.

The ITPR has been completed and comments adequately resolved'as documented in
Attachment 9.
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'1 -.I General Electdr -
0oyster Cek,

iiepori Nunmer 1121.1 -

I Ultrasonic Thickness Measurement Dote 1012 142006
UTý Procedure. ERAA-3S0*04

• • . %I

~efueling O~ge -iiR2l __J Data Sheet
I

W Punal d I 2 ! Spedilcatlon: ISA28227-004
,% F. -. I ' ro 1

Examiner. Lesie Ridcter Leval: II Instrument TY . Panametric 37DL Plus
Examiner. Matt Wilson Level:. 1' instrument NO: 031125009

Transducer Type: DV 506 Serild t 072581 JSte: (1.38"I _Fr 5maz - X116.- 0.
Transducer Cable Type: Panarmnetcs Length: V' lCouplant Soundsafo Batch No - 19620
Calrao Block Type: cis Step Wedge Block Numbe. CAL-STEP-139

___"'___. SYSTEM CALIBRATION

INSTRUMENT SMIINGS Initial Cal. Tie Ca tion Checks Final CaL Time
Coarse Range: 2.0" - I"M 1 11"32'. 12:05 12:38

Coarse Delay- NIA Calibrated Sweep Range a 0.500" Inches to 1.500" Inches
Delay Calib: WA Thermometer. 246647 = Comp. Temp: 71 IBlock 1emp: ,
Range Caft: NIA W1O Nurnbec. C2013479
Instrument Freq. N/A Total Crew Dose Drywell Containment Vessel Thickness Examination.I

_______ _ lb " .... ... Internal UiT Inspections.

Damping: WA rn~~~
RejcN:. A Trench I:fy

Filter. NZA .

|

V

Thidmess readings taken at holes located In
template.

The UT transducer was positioned In thepsame
orientation at each gdd point..

r

A B C.

0T 0
2 Q9
3000

0

0

E

0
F G

00
I

000
0000
00040.000

PASSPORT#
00546049 07.

AR# A2152754 E09
ATTACHMENT j

PAGE -1 OF .i

50 00 0 000O0
8000,0000
7000-0000
oo .ooo-

I

L COMMENTS:. i

,, Template was placed at the bottom of the trench and forty-nine (49) points were recorded, then template was
relocated above previous location with the centerline of the bottom row V4 +/-1116" from previous grid top row.
AV." was stamped next to each side of each template location and above and below top and bottom.

total of 294 reading were taken.
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Grerrl ElericUltrasonic Thickness Measurement
oyster CreekMasrm ¶
Ref•ulonte- tR21 Data Sheet

Page 2 of 2 12

File Name:j ITT*iL- 2 E
D1W1 1011 81a20

UT Pcd•, jBW 35:0
Grid Pncedure:j Ls•827-M0

Ip~

uouom 01 i renru
Location ID Tren0 2 Bay 17 1 Elev. I 10r

I] f B -I- C ' E I F - -1 0.937 0.970 0.927 0.946 0.32 1 0.018 0.942

2 0. '4 1.059 0.934 0.941 0.08 1 0.924 _ 0.916.
J

.3 0.948 0.948 0.963 1 0.941 O.932 0.37 1 0.967 1
4 .0.771 093 1.032 0.982 o.3 0.997 0.953

0.9721 0.932 0.77 0.973 1.005 0.9591 1.028
6 1.026 1.002 0.968 0.72. 0.953 0.964 0.990
7 60.981 1.00 0.967 0.945 0.98 0.9 78

S 1.26 o.968 0.958 1:02e 0.982 0.988 0.967
9 1.026 0.006 0.915 0.991 1.008 0.984 0.962
10 !0.979 0.933 1.027 0.934 0.989 0.958 1.042

' 1t 0.963 1.003* 1.016 1.062 0.969 01887 1.030

12 1.027 0.977 1.039 0.999 0.998 1.027 .1.039

13 1.023 . 1.001 0.959. 0.997 0.974 1.003 1.090
14 0.938 1.04 1.009 0.946 1.018 1.023 0.995
•16 -0.966 1.089. 1.014. 1.055 0.995 1.002 1.029
16 0.987 0.983 0.942 0.941 1.010 1.023 1.016
17 1.034 1.008 0.971 1.064 0.985 1.022 1.032

18 0.972 1021 0.9850992 1.003 997 1.008
9 0.975 0.951 0.985 1.059 1.047 0.935 0.980

2 0.940 0.9-67 0.895 1.020 1.044 1.075 0.980
21 0.918 0.897 0.934 1.038 %058 0.998 1.009

~-- -r95 - -0 10y2 0.954. 1.004 1.013 1.011 1.043 .0.948
- .T998 0.952 1.007 1.o0 0.963 1.08. 0.951

24 OBST. 0.978 0.979 0.935 1.014 0.981 1.015
25 1.017 1.074 0.968 .0.963 0.968 1.014 1.030
28 1.038 1.o53 1.026 1.008 0.983 0.079 1.039
27 0.;968 1.028 0.998 1.017 1.004 1.030 1.04628 M.28 -0.950 1.047 1.000- 0-.V77- 1,02 1.010

29 0.997 1.023. 1.060 1.015 0.964 0.995 0.997
30 1.061 0.958 1.022 1.044 0.991 0.990 1.001
31 1.008 1.021 1.010 1.010 1.003 0.959 0.963
32 0.988 0.991- 0.961 0.940 -1.029 0.797 0.929
33. 1.005 1.014 1.003 0.898 0.944 1.013 0.885
34 0.990 0.976 0;962 0.909 0.905 0.883 0.923
35 0.9 ,4 O T. 0.885 .-0.487 0.877 -01.3Q
35 0.963 0.972 0.877 0,835 -. 891 0.831 0.8W]

PASSPORT#
00546049 07

AR# A2162754 E09
ATTACHMENT .
PAGE Jit- OF

I
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U
U

37 0.91 I 0.937" 0.U31 I 0.761 0.541
38 0.W5 0.864 i0.853 0.850 10.840 0.14 0.78839_...0_ 2 0.891 -0f.F 0.790 M.r1 OBST. 0.809 _ sr. AWvL

40 14 07 077-6 02 0.75 1.042 0.74 0.660 0.963
41 0.702 OF77I 0.811 0.835 0.723 38 0.837 in ReadIn . Mx. Reading
42 0.726 0.825 =0.878 0.868 OBST. 0.6 0.954 0.702 i,090Top

I
U

41
Examined by Level I

ExainedbWA V N•.. Level
Reviewed by- Lee Stone 'cL- 7 Level a

Date 10121/2006
Date WA
Date 10121=2006

U
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, ZGL Fbe Hame.l IR2ILR- 7-V

22ter cm Ultrasonic Thickness Measurement ets:e " 1w,2voos

u wa 1 R21Data Sheet UT Procedure: ER*iA•135.4
Id 2Spedfchfc~ion:jS382-0

aNlner Jeremy Tuttle Level: I 11itnstmentl Tye *Panametilcs 37DL Plus
xexrk.NA VLevel: WA hinstniment NO: 031125009.

TransducerTTypd: DV506 iSeralt 072362 '1 Size: 0.43" I r. is M ".l Angle: "
Transducer Cable Type: PanametricS Length 5V ICouplant Sondse 1Batch No: '1920
Calibration Block Type: CIS Step Wedge Block Numbe. , CAL-STEP-139

...... __ SYSTEM CALIBRATION

INSTRUME14T SmTiNGS Inmal cal. H[M camration Ctiecs rmal Cat Tune
Coare Range: 20 7:17 0:22 WA 9:05.

Coarse De-lay -WA CalIbted Sweep Range w 0.5=0 n to 1.50". Inches
Delay CaeI WA - Termometer 246672 CoTmpT 7? "BlodkT . "
Range Cslib: WA W1O Number. C2013479 ,

Unstiumentffeq. Tota Crew~ DOSe Deywell Contalnmunt Vessel ThIckness Exminatlon.
Gain: 26r Inal UiT inspt ecnzp

RejIt y, WA. Trench 2 Bay 17

~f,-

A BC 0 E IF

Thickness readings taken at holes located In O-rO 0 0 0. 0-0
ternmplate.

L The Ut transducer was positioned In Ow 9 same "0 0
o-iention, ateach gri poln 30 0 0 0 0 0

005460490 .>000.0000
AR# "2152764 E09 0000

.- 80000000
T0000 00.00 .0 o 0 I

0

COMMENTS:
Grid Template aligned with V-sams.
Template was placed at the bottom of tOe trench and foty-nine (49) points were recorded, then template was relocated
above previous location with the centedine of the bottom row 1" +1- 1/16" from previous grid top row.
A total of 290 readings were taken.

MAn obstructions due to rough surface conditions. Some readings taken as best effort readings due to rough surface.;•nd'flons. ""

Reviewed hur LeMona~ne4 Lee tram .I Dlata lrv,1,n
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General E
Or C•eek Ultrasonic Thickness Measurement,

Per4ouage- 1R2 __ Data Sheetgo ag 2 of 2

File Name:n 1R2LR- Z.M-"
Dete*t . 10121r20

al I I I

UT Procedure,: ER-AA-.33504
Grid Procedure: IS-328227-004

~~~1

.7]

-14 4 I)

-Bottom of Trench
Location ID Trench I Bay." 6 Elev. 103*

- , C D E F G
1 1.059 1 .034 1.036 1.106 1.074 • 1.131 1.07C
2 1.061 1.02 .1.008 .1.051 1.047 1.049 1.024
3 1.062 1,02 1.047 1.026 0.968 1-049 1.032
4 1.01 1.O55 1.026 0.959 1.013 1.061 0.987

Ao- 2 5- Oro

1.02j 1.0461 - 1.001 so9 1.064 1.07C 0.9Z
B 11035 1.021 1.004 0.985 1.013 1.150 0.95,

1.032 1.054 1.023 1.033 .0.962 0.2 0.991
[ 8 1.065 1.023 1.069. 1.043 .1.092 1.028 1.03C

1 1.11 1.037 1.086 1.071 1.044 0.996 0.97C
0 1.0611 1.034 1.00w 1.099 1.036 0.988 1.105

11 .t flu 1.AJ22 . 1.02E 1.14: .1-0O641 1.04C 1.0411

12 1.1265 1148 1.1451 1.125 1.079 1.087. 1.08913 1.101 1.1157• 1.1271 1.155 1.0721 1.1301 1.043
14 1.11 .0I77 1.108 1094 1.087 1.058 1.0,1
15 1.1.27 1.042 1.119 1.126 1.079 1.102 1.075
16 1.109 1.176 1.169 1.112 1.054 1.131 1.113
17 1.106 1.090 1.096 1.079. . 1.073 1.083 1.030
Is 1.094 - 1.115 1.073 1.068 1.065 1.073 1.091
12 1.045 1.117 1.049 1.014 1.082 1.090 1.01.5
20 1.15 1 1.00 1.1170 1.07 1.103 1.090 1.070
27 1.134 1.131 12451 1.082 1.171 1.145 1.17

( 228 1. 1.094 1.159 1.42 1.0 .1 1.116
S 1.20 1.10 1.162 1.0231.096 1.1121.07

24 1.089 1.159 1.137 1.109 1.081 1.033 1.051
25 1.135 1.167 1.099 1.075 1.041 1.122 1.03
28 1.084 1. 1.063 4.074 1.032 1.078 1.070
27 1.134 1.045 1.026 1.052 1.171 1.145 1.178

•28 1.069 1.083 1.102 1.142 .1.-12.0 1. t 1.116

34 10920 1.065 1.0M 1.021 1.040. 1.018 1.076
30 .1.085 1.064 1.0415 1.033 .1.006' 1.033 1.056
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.32 A .064 .1.062 1.063 .1.105 1.A143 109 ..
33 1.107 A .093 - 1 -0571 1 .050 J-1301 1.061 - J.0641
34 1.099 1.066 1.005 1.027. 1.04 1.0181 1.073

3,.j 1.059 1.11 - 4.g 1.023 1.03 1.06 1.081
1_36- 1,067 1.072 1.041 1.035 1.030 1.015 1.047
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ý Q Attachment 2 - Bay 5 Trench

1989 Data

The data shown below was collected in 1986 in the trench in Bay 5

page := READPNC("H:.MSOFFICEVDrywell Program data\! 986 trenches\TrenchS-IAxt")

Points 4 9 := showcclls(page, 7,0)'

Points 4 9 .

1.156

1.16

1.165

1.145

1.123

1.128

1.123

i.i66

0

1.164

1.151

1.151

1.138

1.149

1.182

1.184

!.151

1.158

1.148

1.141

1.13

1.172 1.225 1.181 1.171

1.173 1.175 1.171 1.176

0 0 •1.17 1.17

1.162 1.155 .1.159 1.172

1.167 0 1.139 1.156

1.157 t.158 1.144 1.159

0 0 0 0

XXXS :=convert(POints 49-7)
No DataCells : length(XXXS)

MWX := deletezero CCIS(xxxs.No DataCells)

page := READPRN("H:l.MSOFFICE\Drywell Program data\1986 trencheh\Trem-hS-2.txt")

Points 49 := showcells(page, 7, 0)

Points 4 9 =

1.109

1.064

1.051

1.063

1.047

1.125

1.135

1.121

1.066

1.096

1.1

1.109
1.123

1.091

1.144

1.068

1.041

1.11

1.149

1.09

1.107

1.155

1.115

1.077

1.048

1.13

1.117
1.08

1.156

1.1

1.162

1.101

1.176

1.182

1.084

1.149

1.109

1.078

1.11

1.179

1.2

1.125

!.155'

1.124

01

1.133

1.058

1.182

1.183

xxx :=convert(Pcihts 4 9 , 7) No DataCells := length(XXX)

XXX :=deletezerd cells(XXX. NO DataCel1s)

Cells 6: tack(XXX,XXXS) No DataCells:lengtl(Cells 86)

-I

NO DataCells = 89
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C
page:= READPRN("H:.MSOFFICE3Drywell Program data\1986 trencies\Trenchs-3.txt)

Points 49 := showcells(page, 7,O)

J
J

Points 49 =

1.094

1.043

1.058

1.087

1.18

1.138

1.109

1.064

.1,079
1.055

1.049

1.118

1.071
1.082

1.06i

1.052

L.082

1.058

1.093

1.109

1.158

1.079

1.079

1.044

1.114

1.043

1.137

1.098

0

1.119

1.071

1.083

1.062

1.096

1.166

1.169

1.164

0

1.053

1.178

0
1.134

1.14

0

1.137

1.164

1.156

1.194

1.056

f .

U

XXX :=convcrt(Points 49..7) No Data~ells := engtb(XXX)

XXX,-=eleezeb-Lls(XX-NO DataCells)

Cells 96 = ~stack(cC11s 96,XXX)

a© NO DataCells := length(Cdlls 86)

U
U
U
I
I

No DataCells = 134

page := READPRN(OMH:•MSOFlCEDIIywel Program dataX1986 trenchesf\renchS-4.txt)

Points 4 9 :=showcells(page, 7,0)

Points 4 9 =

1.141

1.159
1.166

1.109

1.089

1.126

1.069

1.128

0

1.127

1.148

1.167

1.092

1.054

1.089

0

1.105

0

0

1.178

1.112

1.154

1.17

1.174

1.166

1.18

0

[.089

1.164

0

1.169

1.171

1.128

1.167

1.146

1.141

1.151

1.105

1.113

1.133

1.124

1.119

1.122

1.105

1.131

1.141

1.106

1.072

1.098

XXX := convcrt(Points 49,7) No DataCells:= Iength(XXX)

XXX :=deletezero celbs(XXX, No DataCells)

Cells 8 6 :=stack(Ceils86.XXX) NODataCes :=lengZth(CeUs86)

I
I
U
I
I
U

.

No DataCells 177
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page'= READPRN("H-kMSOFFICENThywell Program data\1986 trenches\Trench5-5.txt")

Points 49 := showcells(page, 7,0)

1.076 1.056 1.098 0 1.139 1.098 1.077

1:118 1.054 1.1 1.159 1.06 1.062 1.101

1.067 1.073 1.11 1.205 IA49 1.09 1.113

,oints4 9 = 1.088 1.106 1.171 1.193 1.041 1.134 1.093

1.094 1.119 1.115 1.148 1.092 1118 1.109

1.128 1.134 1.125 0 1.147 1.145 1.112

1.065 1.077 1.179 1.168 1.077 1.068 1.073

Sheet No.
3 of 17

P

XXX :I=co.ver(Points 49,7) . No DataCells := length(XXX)

XXX:=d: ltzeo ceiis(XXX. NO DataCells)

Celts 86 -stack(Cudis 86' XXX) No DaaCel•s =1ength(Clls 86)
No DataCells - 224

L 40%lkd
page := READPRN("H:.MSOFFICE\rywell Program dataN1986 grenches\Trench5-6.txt)

Points 49 := showcells(page, 7,0)

Points 49 =

1.062 1.101 0 1.088 1.069 1.074 1.067'

1.1 1.062 1.141 1.059 1.11 1.079 1.078

1.044 1.052 0 1.045 1.083 1.081 1.076

1.031 0 1.057 1.073 1.059 1.109 1.062

1.035 0 1.076 1.06 1.016 1.074 1.037

1.024 1.103 1.03 1.059 1.061 1.062 1.076

0 1.057 1.021 1.015 1.028 1.089 1.08

.XXX := convertQ'oints 49. 7) No DataCells := length(XXX)

XXX :-deltezao cell(XXX No DataCells)

Cells 6 :=stack(Cells 86,xxx

No DataCells :vlength(cels 86)

page :=READPRN( "H.I4SOFF1CEDiywell Program dataN1986 trenches\Trench5-7.txt")

Points 49 :=showcells(page, 7.0)
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1.087 1.11 1.027 1.04 1.07 1.079 1.081

0 1.132 1.049 1.096 1.052 1.093 1.092

1.168 1.112 1.113 1.101 1.056 1.065 1.108

Points 49 1.271 1.138 1.117 1.103 1.152 1.142 1.108

1.211 1.158 1.099 1.133 1.134 1.145 1.108

0 0 0 0 0 0 0

0 0 0 0 0 0 0

XXX := convert(Points 49,7) No DaaCz~h

XXX :=deletezcro ceIjs(XXX, No DataCells)

.J

Li

:=ength( XXX) I
I
U

Cells 86 :=stack(Cells 86' XXX) No DataCells :=tength(Ce~s 86)* No DataCells = 302

C
No DataCells = 302

IThe thinnest point at this location is shown
below

minpoint := min(ClLs 86) minpoint= 1050

I
U

C
J
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Mean and Standard Deviation

p atual:,°, (Ce"ls 86) o8 86 actual :=,Stdev(,ols 86)

Standard Error

086 actual = 45.002

t

Standard086 actual
Standard error :, •o= ta~l

w DataCCIeS

Skewness

Skewn Iess. (N :=el)-:(el 6-p, actual)

(NO Data~lls- 1) (No DataCeils-2) (c86 actual)3

Standard -rrorz2 . 9

Skewness = 0.132

WF J
Kurtosis

No DataCells" No DataCells t 1 Cells 86- p86 actual)'

Kurtosis a=
(No DataCells- ').(No DataClls- 2).(No DataCells- 3).(086 actual)4

+. 3-(No DataCells" 1)2

(No DataCells- 2)-(No DataCells- 3)

Kurtosis = -0.534

Q 1
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0 @ Normal Probability Plot

In a normal plot, each data value is plotted against what its value would be if it actually came

frovn a normal distribution. The expected normal values, called normal scores, and can be

estimated by first calculating the rank scores of the sorted data.

j:=o..,.,st( s86) rt:-so"t(C•",•S86)

Then each data point is ranked. The array rank captures these Ianks .

rank, .

ranIN1

JOWS(Cels 86) t,

The normal scores are the correspondingpth percentile points from the standard
normal distribution:

K :=,I NScore roofcriorm()- (pi).,

1.4
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Upper and Lower Confidence Values

The Upper and Lower confidence values are calculated based on .05 degree of confidence a

No DataCells := length(Cells 86)

Ta: q{(I-2).NO DataCells] Ta= 1.968

Lower 95%Con :1t86 actual- Td 086 actual Lower 95%Con = 1.107"10,

4No DataCells

086 actual
Upper 95%Con g= p86 actual +Ta o actal Upper9 5%0Con = 1.1 17103

4NO DataCells;

These values represent a range on the calculated mean In which there Is 95% confidence.

Graphical Representation

Distribution of the "Cells" data points are sorted In 1/2 standard deviation Increments (bins) within +/-3 standard
deviations

Bins := Make bins(P86 actual. o86 actual)

Distribution := hist(Bins. Cells 86)

The mid points of the Bins are calculated

k:=O-. II Midpoindk L -2

.L
The Malhcad function pnorn calculates a portion of normal distribution curve based on a given
mean and standard deviation

normal '- :=norm(Bins1, 86 act.ul 86,ata)

curve, p"- : rm(BIn ctunal actual)actual)

normal curve := No DataCells-nOrnal curve
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Results For Elevation Sandbed elevation Locatiobn Oct. 2006

The following schematic shows: the the distribution of the samples, the normal curve based on the actual
mean and standard deviation, the kurtosis, the skewness, the number o~f data points, and the the lower and
upper 95% confidence values. Below is the Normal Plot for the data.

Data Distribution

I 1

I
J

I
I
U
U
I
U

Distrludca

C
* 950 1w00 1050 1t00 1150 1200 1250

Midpou.Midpolrnu

Lower 9SmCon = 1.107"103

p86 actual = 1. 112* 103

UPPerq 5%Con= 1.1Il7*l03

096 actual'= 45.002 minpoint= 1.O015I10 b
A Kurtosls value which Is less than +/- 1.0 and approaches 0 Is Indicative of a normal distrubution

U

O U
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Normal Probability Plot

3

2

I

Af x

x
-.

The Normal
Probability Pot.
and the Kurlosis
this data is
normally
distributed.

N..Scoe
xxx

0
*.0

-Il-

I

4
4.

I I a . 11I

3050 1100 1150 1200 1250 1300

A Normal Probability Plot which approaches a straight line is. Indicative of a normal distrubuion

.
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OCT 2006 Data

The data shown below was collected in 2006 in the trench In Bay 5 j

page:= READPRN( "-AMSOFFICEDrywell Program dataV2006 trcnchs\Trench- i.txt" )j

Points 4 9 := showcells(page, 7.00)

1.067 1.072 1.041 1.035 1.03 1.015 1.047'

1.093 1.05 1.099 1.039 1.033 0.992 1.033 ]
1.142 1.094 1.099 1.086 1.086 1.039 1.048

Points 4 9 = 1.151 1.122 1.112 1.074 1.115 1.073 1.049

1.132 1.115 1.103 1.106 1.083 1.052 1.047 '
1.137 1.13 1.139 1.119 .1.106 1.084 1.087

1.113 1.131 1.097 1.122 1.131 1.104 1.063

XXXS:= convertPon497)i

No DataCells := length(XXXS)

0 XXXS :=deletezero cells(XXXS, NO DataCells)

page:= READPRN("H:AMSOFFICE•DIywe1 Program dataVO06 trenchs\Trench5-2.txt)

Points4 9 :=showcells(page,7,0) -

1.02 1.065 1.068 1.021 1.04 1.001 1.066

1.085 1.064 1.045 1.033 1.006 1.033 1.056

1.047 1.059 0.997 1.083 1.018 1.065 1.03

Points49= 1.084 1.062 1.063 1.105 1.143 1.089 1.048

1.107 1.093 1.057 1.05 1.13 1.061 1.064

1.099 1.066 1.005 1.027 1.044 1.018 1.073
1.059. 1.118 1.045 1.023 1.039 1.068 1.087

xxx :z covert(Points 49.7) No DalCel• : th(xOO)

XXXC:o deletezero cells(XXXNO DataCells)

Cells 06 :=tack(XX, XXS) NO DtaCells:= Iength(Cculs 06)

No DataCelis = 98

I-,



I

Passport 0546049 07 Sheet No.
Tech Eval. A2152754 E09 11 of 17LAttachment 2

LO'
page := READPRN(wH:MSOFFICEDrywell Program datak206 Irnchs\Trench5-3.txt")

LPoints 49 := showcells(page,7,0)

1.126 1.094 1.159 1.058 1.088 1.109 1.134 . .4

1.129 1.1 1.162 1.023 1.096" 1.112 1.07

1.089 1.159 1.137 1.109 1.091 1.165 1.124

Points49 . 1.135 1.167 1.099 1.075 1.141 1.122 1.05
1.054 1.05 1.036 1.074 1.032 1.078 1.07

1.134 1.045 1.026 1.082 1.171 1.145 1.178

1.069 1.085 1.102 1.142 1.12 1.061 1.116L!

XXX:=convert.(Points 49.7) . ,O ,ength(Xoc)

XXX:=deletezero cels(XXXNo DataCells)

Cel 06:= stack(Cels 06. Xxx)

No DataCells length(Ce1s 06)
No DataCells 147

page ::READPRN("H:BMSOFFICEDrywell Program data 06 trenchs\Trench5-4.xt")

Points 49 := showcells(page,7,0)

1.127 1.042 1.119 1.126 1.079 1.102 1.075'

1.109 1.176 1.169 1.112 1.054 1.131 1.113
1.106 1.09 1.096 1.079 1.073 1.083 1.03

Points 49 = 1.094 1.115 1.073 1.068 1.065 1.073 1.091

1.045 1.117 1.049 1.114 1.082 1.09 1.095
1.11.1 1.123 1.117 1.086 1.138 1.09 1.091

1.151 1.131 1.145 1.091 1.075 1.116 1.114

XXX :=convat(Poinf.ts 49, 7) No DataCells *length(X)

XXX deetezro ,,XXX, N DataCells)

L Cells 0 6 := stack(Cells 06, xxx)

C)0 No DataCells := Ingth(Cells 06)

No DataCells = 196
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page :=READPRN(*H:-%MSOFF1CE[rywel Program data.2006 trcnchs\Trench5-5.txt")

j
j

Points 49 :=showcells(pagc,7,0) '

Points 4 9 =

1.065

1.111

1.061

i.014

1.125

1.101

1.116

1.023

1.037

1.034

1.022

1.146

1.157

1.077

1.069

1.086

1.009

1.028

1.145

1.127

1.108

1.043

1.071

1.099

1.142

L125

1.155

1.094

1.092

1.044

1.036

1.064

1.079

1.072

1.087

1.028

0.996

0.988

1.04

1.087

1.13

1.056

1.03

0.976

1.105

1.041

1.089

1.043

1.051

.I

.I.

XXXC:=convcrt(Pints 49.7) NO DataCells := Icngth(XXIO)

XXX := deletezero cells(XXX. No DataCells)

j

U
LI

Cells 06:= siack(Ces6. XXX) No DataCells := length(Cel•s 06)

No DataCells = 245

page := READPRN("H:•MSOFFIRCEryweli Program data\2006 trenchs\Trench5-6.txt")

Points 49 := showcells(page, 7,0)

1.059 1.034 1.0I6 1.106 1.074 .1.131
1.061 1.021 1.008 1.051 1.047 1.049

"1.062 1.026 1.047 1.026 0.968" 1.049

1.016 1.055 1.026 0.959 1.013 1.061

1.027 1.046 1.001 0.993 1.064 1.07

1.035 1.021 1.004 0.985 1.013 1.15

1.032 1.054 1.023 1.033 0.962 0.962

Points 49 =

1.078

1.024

1.032
0.987

0.993

0.957

0.991

Fl

U
XXX : convert(Points 49, 7) No DataCells V= length(XXX)

XXX := dcletezero cells(XXX, No DataCells) I
IJCells 06 := stack (Cells 0D6' XXX)

No Dataclts :-=leng#h(CUas 06)

minpoint := rin(XXX)

No DataCells = 294

minpoint = 957

C The thinnest point at this location is shown
below

minpoint := min(Cells 06) minpoint = 957 I
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Mean and Standard Deviation
I

:•o•n(Co) P 6 ata I.,743.,o cO6 .•.:--Stdev(C(ls 06) c ,O -actual 4S.628

S E

Standard Error

.I

.I

Standard actual

ODaaCel4s
Stanidard= 2.661. 1.

Skewness 4 1

Skewness.:ý (No .DataCells) .:(!Celis 06 - P06 actual)l 3 Swns. &7
(No Datatells- 1)(NODataCeIIs-2).(c06.tacj) 3 kwes=-.7

I .

Kurtosla

Kurtosis.:= NODataCtCls(KO DataCclis+1 i) .X(Celis i06- pactual) 4 -

(NO Data~jiJs I)-(NO DataCells- 2)'(No DataCtIls- 3).(o06 Wtia)

(KDataCc~s- 2)-(No DataCcIls- 3)

.Kurtosis a0.432

a
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Normal Probability Plot

In a normal plot, each data value is plotted against what its value would be if it actually came
froin a normal distribution. The expected normal values, called normal scores, and can be
estimated by first calculating the rank scores of the sorted data.

J :=0-: last(Cells 06) srt := sort(Clts 6) L

Then each data point Is ranked. The array rank captures these'ranks

, ' z =j~ 1 +-I

. rank%

m~'I.

rank1

pirows(Ccll~s 06).i+ I.-

m*"0•The normal scores are the corresponding pth percentile points from the standard
normal distribution:

X:= 1. LScore,.:=,,[ro,,,,(X)- (p1 )"]

II

II
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Upper and Lower Confidence Values

The Upper and Lower confidence values are calculated based on .05 degree of confidence "a'

N6o DataClls :=leng2 (Clls6)
,i

or
QIt

a:=.O5 Ta.--q{(I )NO DaiCellS I Tar-1.968

Lower 95%ConB =l.069.J,03

t!

Lower 95%Con :=pata TO

4WO DataCclls
of

UPOUr95%Con r- O8* 10~

These values represent a range on the calculated mean in which there Is 95% confidence.
it

i

Graphical Representation

Distribution of the "Cells data points are sorted In 1/2 standard deviation increments (bins) within +/- 3 standard
deviations

Bins :=Make binms(116 actual- 0 6 actual)

Disuibudion. = hist(Bins, Cells 06)

The mid points of the Bins are calculated

Distr•bution z

M
2
4
13
28
54
51
48

33
14

0.

I .

k:=0. II Midpontsk . ( +2

L
The Mathcad function pnorm calculates a portion of normal distribution curve based on a given
mean and standard deviation

normal• "U :=pnorm(BIns,,pO6 £ctual,o16 actual)

-normalC.M -.v-pnono.(Blf ,,ir,0 6 actaLctua.l)- Pnorm(Binsk,06 aO06 atl)

normal curve :==No DataCells' nrral'curve
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Results For Elevation Sandbed elevation Locatlobn Oct. 2006

Th6 following schematic shows: the the distribution of the samples, the normal curve based pa the actual
mean and standard deviation, the kurtosis, the skewness, the number of data points, and the the lower and
upper 95% confidence values. Below is the Normal Plot for the data.

Data Distribution

6,

DIsr~utIoa
'I-

" minpoint 957

Standa error 2.661

Skewness = -0.071

X Kurtosis -0.432

12001050 1100
W4o0,MS-pob1M

€ I

L'ower 95%Cozi= 1-069* 0o UPPer 95%Con = 1 .08 10~

P06 Actual -I.074a 103 actua = 45.628
minpoint = 957-

A Kurlosis value which is less than +/- 1.0 and approaches 0 is indicative of a normal distrubulion

t I

7
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I
Normal Probability Plot

I
'a

I I I I
,!

2

1

The Notmal
Probabltty Plot
and the Kurtosls
this data is
nornalny
distributed.

.0

N.SCOMj
xxx

0

-! I
G t

x .I I i
.3 I-1~

950 t000 10.0 HOD i 30 1200

A Normal Probability Plot which approaches a straight line is indicative d a normal distrubutlon

Corrosion Rate assuming corrosion occured between 1986 and 2006

2006- 1986

Corrosion Rate assuming corrosion occured between 1986 and 1992

(P169c-uar 0 actual) 6334
1992- 1986

C
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Attachment 3 Bay 17 Trench

1986 Data

The data shown below was collected In 1986 in the trench in Bay 17

page := READPRN("H:WM.SOFFICEVDryweUI Program data\1986 trenches\Trench17-1 ixt")

Points 49 := showcclls(page, 7,0)

.I

Points 49 =

0.93

1.014

0.991

0.995

1.025

1.017

1.041

0.932

0.953

i.005

0.995

1.011

1.036

1.055

0.943 0.958

0.984 0.987

0.951 0.968

1.038 1.031

0.968 1.024

1.029 1.031

1.044 1.047

0.927 0.889 0.913

0.973 0.939 0.956

0.939 0.945 0.956

0.992 1.003 1.0|1

1.004 1.0Q2 1.055

1.084 1.026 1.05

1.043 0 0

h-

XXXS := convcrt(Poins 49,7)
No DataCells:= length(XXXS)

0
F

xxxs := deletezero ~U (XXXs.No DataCells)

Grid Top1986 :=XKXS

page := READPRN( "H:-MSOFFICE llywei Program data\1986 trenches\TrenchI7-2.txt)

Points 49 := showcells(page, 7, 0)

Points 4 9 =

1.045

0.991

1.031

1.087

0.998

0.964

0.906

1.009 1.024

1.012 1.041

1.101 1.081

1.059. 1.069

1.065 1.048

1.019 0.987

1.04 1.019

1.026

1.031

1.077

1.057

1.004

1.055

0.98

1.008

1.017
1.04

1.102

1.014

1.045

1.024

1.07

1.076

1.076

1.088

1.016

1.022

1.01

1.07

1.076

1.072

1.047

1.016

1.061

1.014

;-1

XXX .=-convert(Points 49,7)
NO DataCells := length(XXX) 7

XXX :=deletut=e ze(XXX, No DataCells)

els8 6 : stack(XXX, XXXS) No DataCells := length(Celts 86)C No DataCells = 96
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page :READPRN("H:.MSOF1CE\rywcll Program data\1986 trenchcs\Trinchl7-3.txt")

Points 4 9 :=showcells(page, 7,0) .

0.964 1.105 1.083 1.011 1.047 1.016 1.028

1.063 1.012 1.029 1.047 1.056 0.972 0.907

1.021 1.097 1.071 1.068 1.033 0.911 0.952

Points4 9 = 1.066 1.023 1.006 1.063 1.045 1.035 0.992

1.052 I1037 1.044 1.078 1.05 1.054 1.051

1.037 1.015 1.026 1.064 1.07 1.056 1.044

1.065 1.059 1.026 1.058 1.047 1.067 1.075

Sl'eet No.
2 of 20

XXX Convesi(Points 49, 7)

XiX: deletezero cells(Xxx. No DataCells)

No DataCells .= length(XXX)

86=s S stack(Cetls 86, xxx) No DataCells :I ,engu•C,, s 86)

,L No DataCdls = 145

page := READPRN(H:MSOFMCE'Diy1li Program dataX1986 trenches\Trench 17-4.txt)

Points 4 9 := showcells(page, 7,0)

Points 4 9 =

1.088 1.046 1.019 1.103 0.993 1.086 1.041'

1.056 1.045 0.995 1.044 1.042 1.026 1.116

1.102 1.001 1.044 1.082 1.028 1 1.08

1.106 1.05 1.002 1.017 1.042 1.034 1.037

1.069 0.965 0.988 1.122 1.034 1.032 1.07

1.097 1.028 1.051 0.951 1.059 1.015 1.005

1.135 1.022 1.076 1.058 0.952 0.981 1.023.

XXX :z=convcrt(Pointý 49.7) No DataCels = length( XXX)

XXX :=deletezero ces(-XXX. No DataCells)

1, lý !

L. Cc86 stak(Cl~ls 6 XXX) No DataCells := length (Cells 86)

No DataCells = 194
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page := READPRNC('H:•MSOFFICEDrywel! Program dataN1986 trenches\Trench17-5.t")

Points 4 9 :- showcells(page, 7, 0)

Sheet No.
3 of 20

V

Points 4 9 =

1.023

1.1

1.053

1.005
05972

0.985
0.999

1.049

1.017

1.03

1.049

0.985

0.979

0.987

0.987

0.958.

1.025

1.006

1.012

0.974

1.021

1.085

1.044

0.987

1.058

1.009

0.961

0.958

1.048 1.02

0.991 1.056

1.0311. .059

1.058 1.011

1.067 1.017

1.017 1.008

0.954 1.064

0.98
1.074

1.087

0.992

0.975
0.982
0.942

2
XXX :=convenrt(Pints 49,7) NO Dta~lls=1ength(XOOC)

XXX := deletezero cel(XXX. No DataCells)

Celts8 6 := Stack(Cclls 86' ) t;. Data~ils:= legth (Cells 86) No D~aCells =2 4 3

page :=READPRN("H:-.MSOFFICE'rywelI Program dataX1986 trcnches\Trenchl7-6.txt)

Points 4 9 :=showcells(page, 7,0)
4~. h,.

Points 4 9 =

o.923
0

0

0

0

0

*0

0.981

0O

0

0

0

0

0

0-976

0

0

0

0

0

0

0.97

0

0

0

0

0

0

0.964

0

0

0

0

0

0

0.99

0
0
0
0

0

0

1004

0

0

0

0

0
0

XXX :=convert(Points 49,7)
No DataCells := lenot(XXX)

XXX '%-deletezcw Cells(=-x NO Datalls)

Cells 116 := stack(C-lls S6, XXY

No DaCe1s := lengthfcclls 86

No DataCells = 250 j
The thinnest point at ths location Is shown
below

AWN nminpoint:= min(Cells 86) minpoint x 889
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p86 actual:=

Standard En

Standard error
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andard Deviation

*mcan(Ce,,s 86) p86 actual = 1.o239.10o 3 86 actual :',Sdev(C•ls Q6)
"o86 actual = 45.019

ror

086 actual

, JNo DataCdls
Standard e = 2.847

Skewness

Sees (No DaQ .(Cells S6 - P86 l)

Skenen(No DataCefls- i) (No DataCells -2)-(486 actual)3 . Skewness - -0387

Kurtosis

0

Kurtosis No Data(dlsk(NO DatCells + 1) .X(Cefls 867p86a&ctual) 4(No DataCcl- ) -(No DatgCens- 2) .(No DataCel•s• 3) -. () actual) 4

+(No )DataCells, 1)'

(oDataCells -2) -(No DatCeIs 3)

Kurtosis = -0.033

L
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Normal Probability Plot j
In a normalplot, each data value is plotted against what its value would be if it actually came
from a normal distribution. The expected normal values, called-normal scores, and can be
estimated by first calculating ihe rank scores of the sorted data.

* j:0. iast(Cetls 86) srt :sort(Cclls 86),

Then each data point is ranked. The army rank .aptures these ranks

I) :=j+ 1 rank.

J srt--s-. =6

rci!

pj -- ws Cl(ls• 6) +, -

The normal scores are the correspondingpth percentile points from the standard
normal distribution:

x =! NScorej :roocnorm(x) -'(p,). x]

L~i/'J
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Upper and Lower Confidence Values

The Upper and Lower confidence values are calculated based on .05 degree of confidence $a

tot' NO DataClls :=length(Cels 86)

C:=.10 TV= q I )NODataCels] Ta= 1.969

Lower 95%Con:86 cl-actual- 6ctual Lower 95%Con = 1.018.10
,No DataCells

0"86 actual

UPPer 95%Con :=p86 actual + T Upper 95%Con = .029-10o
rNO DataCells

These values represent a range on the calculated mean in which there Is 95% confidence.

Graphical Representation

L• O Distribution of the "Cells" data points are sorted In 1/2 standard deviation increments (bins) within -- 3 standard• deviations

C
Bins:= Make bins(L86 actual,.86 actual) 5..

133
Distribution := hist(Bins.Cells6 177

Distribution= 4740

The mid points of the Bins are calculateds 44•

28

k(=O. 11 B" ÷Binsk+) 9
: idpoitsk 2 3

The Mathcad function pnorm calculates a portion of normal distribution curve based on a given
mean and standard deviation

normal cu~o .'= mpnorm(Binslp86 actual,e 86 aft a

normalcurv :-pnorm B ,pT6 ,086 ctua pno Binsa,pS6 ,actcurvno-a :=N Dat , curve) • ,= • ,c u v s n n a
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0 Results For Trench 17 1986 Data
The following schematic shows: the the distribution of the samples, the normal curve based on the actual

mean and standard deviation, the kurtosis, the skewness, the number of data points, and the the lower and

upper 95% confidence values. Below is the Normal Plot for the data.

Data Distribution

I

.1

DIsm~aa
.5.
monnal ~

S mipoint = 889

Standard error = 2.847

Skpwncss = -0L387

•Iurtosis = -0.033

1150

I

C 9WO 950. 1000 1050 1100
Ms.MidpoM,

Lower 95%Con = 1.01S.103 Upper 95Co = 1.029* 1

p&86 -tUa = 1.024"10 af6 actual = 45.019 minpoint = 889

A Kurtosis value which Is less than +/- 1.0 and approaches 0 Is indicative of a normal distrubutlon

Normal Probability Plot

3 I I
x

'IXX

I

The Normal
Probability Plot
and the Kurtosis
this data Is
normally
distributed.

xxx
a a

-1

-2

x I

C
-1'-

8"o 900 950 low$5 I=5 1100 11350

A Normal Probability Plot which approaches a straight line Is Indicative of a normal distrubution. Therefore the
1986 Bay 17 trench data had a normal distribution.
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2006 Data

The data shown below was collected in 2006 in the trench in Bay 17

page := READPRN("H:•.SOFFICEU~rywell Program dataU. 0 trencbs\Trench17-1.txt*)

Points 49 :=showcclIs(page,7.0)

Sheet No.
8of 20

Points 49 =

0.963

0.897

0.855

0.802

0.746

0.702

0.726

0.972

0.937

0.884

0.891

0.795

0.779

0.825

0.877

0.903

0.853

0.838

0.776

0.811

0.878

0.835

0.893

0.85

0.79

0.822

0.835

0.868

0.891

0.838

0.84

1.082

0.757

0.723

0

0.831

0.781

0.814

0

1.042

0.7.38

0.864

0.894

0.841

0.788

0.809

0.794

0.837

0.954

30Ms := convert(po6ints 49- 7)

XXXS := deletczero cells (=MSNo DataCe1Is)

No DataCeIls := length(XXXS)

Grid Top2006 := XXXS

page:= READPRN("H:AMSOFFICEMDrywell Program dataV2006 trnch=sTrcnchl7-2.txt)

Points 4 9 := showcells(page, 7, 0)

Points 49

0.997

1.061.

1.008

0.988

1.005

0.99

0.954

1.023
0.958

1.021

0.991

1.014

0.976

0.954

1.06
1.022

I.01

0.961

1.003

0.962

0

1.015
1.044

1.01

0.94

0.896

0.909

0.885

0.964
0.991

1.003

1.029

0.944

0.905

0.887

0.995

0.99

0.959

0.979

1.013

0.863

0.877

0.997

1.001

0.963

0.929

0.885

0.923

0.93

XXX :=convert(POints 49,7) No DataCe1Is := length(XXX)

XXXc:= deletezzro cegbXXX1 No DataCclls)

Cell ~ nstck(XXXXS) NO DataCellt = igti(C-- 06) Grid 2 := XXX

No DataCells u 95
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page := READPRN( "H:\MSOFFICEBDrywelI Program data1 2006 trenchs\Trench17-3.txt")

Points 4 9 := showcells(page, 7,0)

Sheet No.
9 of 20

0

Points 4 9 =

0.973

0.998

0

1.017

1.038

0968
1.028

0.954

0.952

0.978

1.074

1.053

1.o28

0.95

1.004

1.007

0.979

0.968

1.026

0.998

1.047

1.013 1.011

1 0.963

0.935 1.014

0.963 0.966

1.008 .0.983

1.017 1004

1 0.977

1.043

1.006

0.981

1.014

0.979

1.03

1.002

0.948

0.951"
1.61s

.1.03

1.039

1.046

1.01

XXX: zconvert(Points 49.7) No DataCells:= length(XXX)

XIC := deletezero cells (XXX. NO DataCells)

Cells 0 6 :=stack(Cefls 06, XXX) Grid 3 := NXX

NO Data~ells := 'ength(Cels 06)

NODt~cl 143

0 page :=READP RN(pH:\MSOFF OEvDy l Program data\2006 trcnchs\Trenchll-4.txt")

Points 49 := showcclls(page,7, 0)

Points 4 9 =

0.966 1.069

0.987 0.983

1.034 1.008

0.972 1.021

0.975 0.951

0.94 0.967

0.918 0.897

1.014

0.942

0.971

0.985

0.985

0.895

0.934

1.055

0.941

1.064

0.992

1.059

1.02

1.036

0.995

1.01

0.985

1.003

1.047

1.044

1.058

1.002

1.023

1.022

0.997

0.935

1.075

0.998

1.029

1.016

1.032

1.008

0.98

0.98

1.009

XXX :convc-9(Points 497)
No DataCells := length(XXX)

XXX ~deletezero cells()=-. No DMCCIIS)

Ccls 0 6 M-stack"Ils'06xxx)

Grid 4 :=XXX
NO DataCells := length(Cell 06)

611

NO DataCtM -l 9 2
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page,;= READPRN( "H:AMSOFFICEDrywell Program dataX2006 trenchs\Trench I 7-5.At")

Points 4 9 :=showcells(page,7,0)

Sheet No.
lOof 20

Points 4 9 =

1.026

1.b26

0.979

0.963

1.027

1.023

.0.986

0.958

0.906

0.933

1.003

0.977

1.001

1.004

0.958

0915

1.027

1.016

1.039

0.959

1.009

1.026

0.991

0.934

1.062

0.999

0.997

0.946

0.982

1.006

0.969

0.969

0.998

0.974

L.016

0.988

0.984

0.956

0.987

1.021

1.063

1.023

0.967

0.962

1.042

1.03

1.039

1.09

0.995

.0*

10CC:= convert(points 49.7)
!

NO DatiCells :-length(XXX)

XCXC := deletezero ceils(XXX, No DataCells)

Cells 0 6 :=stack(Cells 06, xXX) NODataCells :etClls 06)

Grid 5 := '=C

No DataCells = 241

0
page:= READPRN("H:MSOFFIICEN'Dywell Program dataX2006 trenchs\Trench17-6.lttu)

Points 4 9 :showcells(page,7,0) .

Points 4 9 =

0337

0.924

0.948

0.977

0.972

1.026

0.981

0.97

1.059

0.948

0.983

0.932

1.002

1.006

0.927

0.934

0.963

1.032

0.977

0.968

0.967

0946

0.941

0.941

0.982

0.973

0.972

0.945

0.932

0.968

0.932

0983

1.005

O053

0.968

0.918

0.924

O.937

0.997

0.959
0.964

0.943

0.942

0.916

0.967

0.953

1.028

0.99

0.978

XXX :=Qonvet(Points 49.7) No DataCells : Iength(XXX)

xxx := deletezero ,s(xxx, No nDMaCells) Grid 6 :=XXX

*Cells 0 6 ' =stack(Celts 06-XXX)

No DataCells := length.(Cells 06Y

minpoint :=min(XXX)

No DataCells = 290

minpoint = 916

U0 The thinnest point at this location Is shown
below

inpoint : in(Cel' 0 6 ) minpoint = 702
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Mean and Standard Deviation 2
I

.4

1106 actual:= mean(Celis 06) jOacul9277 actual :iS06(Cel 0) O actual =71259

Standard Error

Standar eor actual

IN° DataCeIls
Standard =4.184

.I r

Skewness

Skewness: (No xa e1)(Ctils 06 -1106 actual) 3

(NO DatCells- 1) -(No DatCelis- 2).-(GM actual)30 Skewness =-1.252"

Kurtosis

Kurtosis: No DataCels (No DataCefs + 1) "X(Cells 06 -i06 actua)

(No DataCells I,).(NoDataCels-2) (No Data,- -3) .(0 actua) 4

3.(NoDataCe,, -1)2

(DNo DataCclis- 2).-(NO DataCells)

Kurtosis ' 1.587

7-1

C
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AVrN Normal Probability Plot --

In a normal plot, each data value is plotted against what its value would be if it actually came
from a normal distribution. The expected normal values, called normal scores, and can be
estimated by first calculating the rank scores of the sorted data.

j := O. last(Cels 06) srt :=sort(CellS06)

Then each data point is ranked. The array rank captures these ranks

Z1 :=j+l-1

ranI¶
:i ro S(Cfs06)1. I

rank s rt'r,.

Esrtu-srt,

L I

The normal scores are the corresponding pth percentile points from the standard
normal distribution:

X := I ltScore, : roojcnorm~x) -'(, ex]
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Upper and Lower Confidence Values j
The Upper and Lower confidence values are calculated based on .05 degree of confidence.'a7

NO DataCells := length(Ceils 06)

a:=.O05 TC:= NoDatacUs] Ta 1.968

Lower 95%•on :p06 actual Ta atual Lower 95%Con =95454

Upperg9 5 %Con := 0actualu-a 0 actual Upper 95MCon 971.025

fNo DataCeils

These values represent a range on the calculated mean In which there Is 95% confidence.

Graphical Representation

Distribution of the TCells" data points are sorted In 1/2 standard deviation increments (bins) within +/-3 standardO " deviations

4

Bins := Makeb ins(06 actual, G06 cUW a.
13 -

12
Distn'bution :=hist(Bins.,Cdls 06) i8

Distnrbution 49

The mid points of the Bins are calculated
74

k~u0.. 11 Mipins = 2 (Bnk 0s,

0-

The Mathcad function pnorm calculates a portion of normal distribution curve based on a given
mean and standard deviation

normal curve. pnorm(Bins1,p06 actual,a06 actual)

normal curve, pnorm(Bit%, . p06 actual, 0 actual) 1p=orm(BinsW N actualso actual) r

normal curve := No DataCe1sllnorna cuv
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Results For Trench 17 2006
The following schematic shows: the the distribution of the samples, the normal curve based on the actual
mean and standard deviation, the kurtosis, the skewness, the number of data points, and the the lower and
upper 95% confidence values. Below Is the Normal Plot for the data.

Data Distribution

Disuibuzioc

Gomm

minpoint.= 702

Standard eror 4.184

Skewn•ss = -1.252

Kurtosis = 1.587

minpoint = 702

a 900 1000
Midpoln.Widpohim

1200

p'6 actual= 962.79 LoWer 95%Con 95.4 006 actual = 71.259 UPPcr95%Con = 971.025

A Kurtosis value which is less than +/- 1.0 and approaches 0 is indicative of a normal distrubution. Therefore

this distribution may not be completely normal. The data Is skewed towards the right.

Normal Probability Plot

3

2

I I

N.Scor0
xxx

-'2 ,~xx

©
C a i a a a a S

~1I

700 750 300 550 900S5 950 1000 1050 1100

A Normal Probability Plot Indicates the distrubution of this data Is not completely normal



..........-....

Tech Eval A2152764 E09
Attachment,3

Review of the 2006 data shows that the first 49 point grid located at the top of the
trench is much thinner than the remaining five 49 point grids lower in the trenchs
/

The mean of the top grid is mean(Grid Top2006) = F45.128

While the mean of the remaining five grids are:

p06 grid.actual0 w= iean(Grid 2) mean(Grid 2) = 972.583.

u neet No.
15 of 20

I

P06 grid.actual1 : man(Grid 3)

Zf6 lidactuai ~Mcan(Ord 4

j*06 grid~acual 3 : mean(Ord 5)

IL0 grid~actual 4 :=tucan(Grid 6)-

mean(Grid 3) =999.75

mean(Grd 4) = 996.51

rnmc(Gri 5 ) = 93.816

mean(Grid 6) = 965.102

0
mean(906 grid.actual) =985.552

Therefore the distibutelon of each of these set of data were Investigated. The follwolng creates an array of the
lower 5 grids

five Cells stack(Grid 3. Grid 2)

five Cells stack (rive cells 1 Gri 4)

five Cells :=stack(rive Cels. rid 5)

five Cells : ack(five Cells Grid 6)

No DataCells : length(five Cells) No DataCells = 243
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. Mean and Standard Deviation

Sgrids-actual £ncan(five els) 0 5giidsactual := Std5v(fuve Celts)

Sgrids.actu= 985.5473 5grids.actual = 4.1A62

Standard Error.

Standard e - 5grids.actual
WIWalIs Standard cnor 2.66

Skewness

, A)
Skewness = (No DataCeils) .I(flve Cells - AL Sgrids.actuaýl)

(NO DataCels- 1)-(No DataCells- 2)-(a 5grids~actual)' Skewness -0-242

Kurtosls

Kurtosis := No Data+cels(No DataCels '1) v¢ Cells Sgrids.actual)

(No Datacel- 1) -(NO DaC ell- 2) '(No DataC es 3) - SgridSactual)w
+" o 3,(NojC.- ),.. ,,1)2

(No DataCefls -2) -(No DataCells=3)

0
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Normal Probability Plot

In a normal plot, each data value is plotted against what its value would be if it actually came
from a normal distribution. The expected normal values, called normal scores, and can be
estimated by first calculating the rank scores of the sorted data.

J :=O°-,l,(f Cells) .st :,o.(five ll) ..

Then each data point Is ranked. The array rank captures these ranks

.1*

Zzi :=j' " I . [.

ranlsEý:=.z
Xsrt-srtj

aan.
rows(fiVC Cels,

The normal scores are the corresponding pth percentile points from the standard
normal distribution:

X := I N..Score, ;roolcnomo~) - (P x]

Jr- I

-~1

CI

i
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Upper and Lower Confidence Values

The Upper and Lower confidence values are calculated based on .05 degree of confidence "U"

NO DataCcolhD:a lesth(fivc c4)
No DataCel ls 243

a :=.05 Ta:=q{(l2 !)No"iaac1
Ta= .1.97

Lower 95%Con 980,308
0 Sgrids.actual

L ow er9 5 % C on:=I A 5 g ri s~actual -T O -
ýINO DataCells

UPW9%Con:ýI'Sifis~acual+a- a ictuat
Uppr ~ ~~o~i Sisatul jTa~FO DataCells Upper 95%Con = 994.552

L
These values represent a range on the calculated mean In whicb there is 95% confidence.

Graphical Representation

Distribution of the "Cells* data points are sorted in 1/2 standard deviation Increments (bins) within +1-3 standas
deviations

• 2 .

Bins :MAkebins (P 5gdids.actual' 4 Strids.actual)6

2S

Distribution : hist(BinsfieCe) 32

Distribution- 47

The mid points of the Bins are calculated
42
23: =

k:=0 11 -o (Bins.+ :Bins.".) 9

2 3 I

The Mathcad function pnorm calculates a portion of normal distribution curve based on a given
mean and standard deviation

normal CUVe:pnorm(Bins,,p Sgrids~actual' 0 5grids.actua!)

normal P norni(BinSk i -IA Sgrids~actual' 6 Sgridsactual) pnorm'(1Binsk-P Sgids~Actual,'u Sgridsactual)

C normal curve :=No DataCdels-noral curve
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C Results For Trehcn 17 ower 5 grids Oct. 2006

The foflowing schematic shows: the the distribution of the samples, the normal curve based on the actual

mean and standard deviation, the kurtosis, the skewness, the number of data points, and the the lower and
upper 95% confidence values. Below is the Normal Plot for the data.

Data Distribution
J

j
minpoint = 702

Standard error = 2.66

Skewness = -0.242

Kurtosis = -0.082

1'W=

0 OGdM IM) "q0 1W MA i vWn

IAOwer 9S%Con = 980.30t dpoi~ms.iaoiUpperq 5 %C~n = 994.552 q
-ii

P 5grids.actual = 985.547 05grids.actual = 41A62

A Kurtosis value which is less than +1- 1.0 and approaches 0 is Indicative of a normal distrubution.

Normal Probability Plot

3

2

1

0

,I I
x

19

NSxx1
XXX

-I!F

-21-

x x

0
I I i

-'A - -- - -

850 950 Ii0t 1050 1100

A Normal Probability Plot Indicates the distrubution of this data Is not completely normal

j
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-UPI Therefore when considering the entire 2006 data (all 6 grids) set which is skewed, the corrosion rate from
1986 to 1992 was

(l,86,ctP-O6ct,) 10.1,8

.992- 1986

Thereforewhen considering the entire 2006 data (all 6 grids) set whichis skewed, the apparent corrosion
rate from 1986 to 2006 was

(i186 actual- j06 actual) = 3.054
2006- 1986

.1,

When considering only the 5 lower grids of te 2006 data set which is normally diFtributed, the corrosion
rate from 1986 to 1992 was

( a86 ,al - 5Fgrds.actual) 6387

1992- 1986

This Is very consistent with the Bay 5 trench results

When considering only the 5 lower grids of the 2006 data set which is normally distributed, the apparent
corrosion sate from 1986 to 2006 was"

(,86o tual- A 5grids• c•ual) = 1.9,16

2006- 1986

This Is very consistent with the Bay 5 trench results
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':e -Ultrasonic Thickness Measurement

• ,m t~naot- . . Data Sheet I

F Name: WA

ltff Pmcedure ERAM1354004

w~-L ~A*~A i~ 1 I.
I" PeOffication1==?-004

Pargei I , of
h ...... e • - m "-c-ter IOrs• Lev: U II s txenL T W . Pename- -cs 37DL. PKu

Ex... .. WA Levet NIA khnmnnt NO: 031124900

Trn•du,,,Tyd: 07,98 • Serdat#- 104012 ' e 0M200" rQ= IM S ,t j- e:0,

TransdU.er.Cable Type: Pafametrlm Lengc ._ COIant Soundab Batch No: 1__20

Calibration Block Tye=ISSe WdeBor-k Nwnber CAL-4TEP.08

_______SYSTEM CALIBRATION

INSTRUMrNT SE"lN: S n•i.til CA .ine oC rawnCha, -s FMia- Cat .. •. -

coaw Rage&* Ur. 13:30 14:30

Co0arse De~a WA -C8%iraW t"P ftfG Rang 0"*O~ lodme to1:00 Inc hes

DelayCl WA nof mmt 24,47 41 .com .Temn - IW 1,t•r'Wp -
. Rarg Ca, W wO Ni=... .. .-.

Insname,, Frq. WA Tta Crew Dose , 2o- I$y,1roml Carft-Im"ment Vee TMIdck,-ms E•umInaft

Gaf- 714 db 4(j '1P ExtRUal MTrPctO

.11

'.9

I
I Il

Danilna4 WA
Reje•l: _!EA
Ff04

-l.. -. I
- -Th~

Polnt
Ti 14 ý I'l-

ver*cllocation + Location

PASSORT#S

.4 F 2.-

."Wow I

n

3, AtJ

TI 1
-. -- - --.- ~ t -

i 

in.

-4-

* LiI
I-

"-I
- I

j

- j
See Aftached for Locations and Thickness

Readinis
I.

- . -
- a ~
-3-

- --I-i -1

HIM
-~ 

rr~
7p

- I. - -4 f2~ ~I I
- L -9- ~1-1

- I I'-'
~" .1~ -~

L L117,

II
COMMENTS:,Coated surface Is rough'atail reading POInts. Unable to slide off of best measuremnt spot. .Pot
measurement numbers are more accurate If measuVng tape Is.lhaced 13" to the drgt fom he center of the weld on t

z, tn W~OW down passIng fthrouh pol -#

Reved by: Leesto Level U Date 1012100
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r~ ~7 t.-7 r< rzir

'U'-
'2006 c m ePoint Vertical Horizontal 1992 value Value Comments

1 1 016 IR27 0.720 .0710
0-022 JR17' 67161 0.690 1 _ _ .

SD23 L3 0.705 0.665 "
4 024 33 0.7. 0 0.738 Ver Rough Surface
5 024 L45 .0.710 0.680
6048 R19 0.76o 0731 . _ ''____ ..... __ ,__ ... 7 039 RT...." ; ' -.. 0.., ;06 0

, 8 048 Ro. 6060 0.783
S 9 036 L38 0.805 0.754

10.. 16 ' .. 0839 0.824 __ ' __... ...
11D23' R12. 0.714 0.711
12 024 . L5 " 0724 0.722 .

13 D241 40 0,92 079 •_._.... _"

14 D2 R35 1.147 1.157
15 D8 1.51 1.156 1.160 .... ..... .
16o' MY R40 .. .7. 0.795
17 040 R16 0.860 0.846 ._.
18 D38 L2 0.917 0.899
19 D38 .. 24 0.89 0.865 ,__ _ ,
20 D18. R13: 0.965 0..91221T D15 72'• 0.712 __.. _,_,

22 032 M 3 0.821 0.854 ............ .. ..
23D48 71 R0. 0.828......_

Data t
ND.DataSheeta02.072.12pagop of I
NDE Data ShetS 92072-18 pagO I Of* N0E Data Sheets 92,,072o19 page.1 of 1

All horio) m ewrmnts taken 13' to the dght of the centerline of the reforoenemet AV (Boss).
A verticl measurements, taken from bottom of vent noccle at doe 1' refeenc INs.,
Surface roughimes pmJ~hibW haatrbto of all rmeIJjp
Noter Per discussion with Engineering, single pointrafdings w" taken In Oe of 8, basecd

on surfase curiure.
" ... . ,.- . • ,..• --

Ed
* .t't



I.Rl iA- /.1
- MIA iflaewnnw WA

General Electic

Oyster Creek

RefuetinaOutg" - I R21

I

Ultrasonic Thickness Measurememoi
Data Sheet UT Pme4u* ERA104

i -a ft I, Snecfica~tonl M-U27-4

Sxmnr con Ericksonl~ Lewel N linstnirnent Pmnarnetrics 3701 PikeExaraer V,- FLv. WA- llm,"~f -,

TmrmdL•-_u _Type: D7gM ,- r SeRw I Si om 1 ".I Fro "7.Mhz Angle: 0'.

Trans•um Cable Type: PamMlUdC Lengft. 5' Coutant sou"dab 1oat1

Calibration Block Type: C/S Step Wedge Block Number. CAL-STEP-138

SYSTEM CAUBRATION
INSTRUMENT SETTINGS Initial Cal. The - Caeibraon Chedcks ' Ir- CaL This ,

Coarme Range: 2.0r 22.05 WA ". WA 230

Coa-me DeaTy. WA Calibrated Sweep Range a 0.61V Ind*e to, 1.500r Inches

eay f WA thnn .et 2484 caM.T&W_ • V .l1odc 756
Range Calub WA W/O Number. C2013477 -

Insumxenit Req. WA TOtal Crew Dose Dytwll Conb ul lnVnnie Thcknems Eaminatlto. •

54,b iN. WIkup ct I

17

I ",Lj

U

o
I

Reject'
WA
WA
WA

O
i

Bay - 3

I

rn

COMMENTS: WA

-Xfw{,d1/lL 4ývL /O-zz-v(

Reviewedb. LeeSton Leved IN Dte 1e1,•1200.
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BAY 3
.2006

Point VerticaJl .Horizontal 1992 value Value Comments
-.. .. . - -- , - -. .. I -

I D16 R63 0.795 0.795 tA
_ 2 D18 R48 1 0.999

3 D17.- R33 0.857 0.850
"-_...... 4 D13 L5 " 0.898 0.903

5 D25 L80.823 0.819
6 D15 L56'. 0.968 o.972
7- D29 R4 _0.826 0.816
1,8 D34 L4 0.78 0.764

Data obtained from
NDE Data Sheets 92.072-14 page 1 of I
Note: Per discussion with Engineering, single point readings ywere taken In lieu of 6, based
on surface curvature.

0

b • I

)
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m

enera1 F.Iect File Name: MA

Ultrasonic Thickness Measurement cDnt 10,•0w

M IR21 Data Sheet __ Prm' dum: R435-No4

F n g o I fS 
p e d i lc w ln r 1 42 = 27 - 0 04

mf;: ekFLevel: U1 lnstmrumn Panamefrlcs 37DL. Pbs
M WALevel: WA linsftrment No: 031124909

ansducer TyPe:"1 D795 Serial t 104012 S1e 1 I -F 5 Mhz - Angle: (r

Transdu,•r Cable Type: Panatr•crfi Leng1Lh 5' iCouplaw:I S Bat No: 1__NO

Calbt.o'n, Black Type: CIS Step Wedge Block Numer. CAL-,TEP-136

SYSTEM CALuBRATION

INSTRU-EN sErnNGs inTual Calibraon Chedca I Fina Cal T I
Come Range: 5.0 15:38 15:51t 16:45 17:28

Coag-e Dela i NiIA Calibraled Sweep Range 0 0.500W Inches fa" 1.500 IndhM

Deay Calib:. WA rmwMteie 246647 JCm.Tm 8 0ok1ep 7
Range C•ai: WA W/O Number. C201 34I7

Instnmnt Freo. WA Total Crew DoMee DrOywli Containment Vessel ThEicmknes

Gain , Um I t.tralUln'Ipeclon&

.4 J

..i

DapniN/AReMf". WA

Bay-5
Fifter. WA _

U0oi
L

~*1

I

COMMENTS: NIA

Reviewed by, Scoff Erfckso dN\-i~ Level a DatO 1011912006
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BAY 5 a.

2006
point Vertical Hoizont l I IvaIu Value CoI ments

_I D38 R12 0.97 0.948 up.97 dn .97
2 D38 R7 1.04 0.955 Rough•rfide- up.:99 dn .99
3D42 RO 31.02 0.989 up 1.0dn 1.04

.4 D41- L7 0.97 "0.948 Rough-burfae, teo dished
* 5 D42 L11 0.89 0.88 Rouqh surface..

6 D47 R5 1.08 0.981 u 'I.018-dn 1.014-
_ _ 7 D48 L18 0.99 0.974 Rough eurfaeileft.99 right N/A

81D46:" 1.31 7 1.01 1.007 Rbugh irfa•ce .
Note: up, dn, left &,tight readings were taken 118" from recorded 2006 value-reading.
Rough surface limited taking additional readings. Reference above.

*=Vertical and horizontal measurements taken from top of coating on long sram 62" to right
R=Vertical and horizotal measurements taken from bottom of nozzle-at 8 o'clock position
Reference NDE Data Sheets-92-072 16 page 1 of 1

I- Reference off the weld 62" tothe right of the cent~rlne of the boy;
2The original data sheet Is not dlear as to whether this point Is to the right or left of the weld.

Therefore NDE shag verify this dimension.

Note: per discussion Wtth Ehgn.eerIng, single point readings were taken In lieu of 8. based
on-surface curvature.

AIP11% (O..~OC~
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Vie c Ultrasonic Thickness Measuremen
*Data Sheet

Do - FkMamj W

UT Procedure: ER-AA-335-004
Speddflctio LS-428W401-XO* j

E•,•-k-r Lee oneLevet II InstrumeniT• Pananercs 37X. Pkl9"mw.W~jLeet WA -lfnsftrumnc~o 031124NO0

Tasdm .••, Type: v795 edl 1130 i o orFm s= Anw(
Tnanmd ,_uc r.Cable T yW .Pe: rwrnetic$ Leng h:. VS S~ulsloundsaft IBVtch Nww 19M 2

CGl&bratonfodkType: CS SVp Wedge - 8Olok Nwbw.r. CAL-STEP-log

SYSTEM CALIBRATION
WTRUMENT SETIINGS Initial CaO TOM r Calibratmn Qhedcs Final CaL This

oarad Range: W5. 14:20 WAWA 15:10

Coanme Delay WA Calirated S1weep Range w 0.5i 1.05" lhdf - ,
* Delay Ceffb: NWA 246737 IComp. Tang 7? .JBlock TenW 740

Range Calb: WA WJQ Nwube:. C2013477

Insbut Freq. AWA Total Crew Dose Orye"U ContalnmeM Ve5,1 Thiknes ExmlnaUdo,.

Ga•m 67 dt .! . - ., Exernl 1 S,
tt

MDanwVnj WA
R~eleal WA~ Bay-7

Fl~terj WAe

a
77.BAY

Vertical Hodzonal
Location Location

it. t
0

Cal
gee Attached for Locations and Thickness

Readings!

a-0! -III - I -

-9- - I- - I-

COMMENT8:J&~

- -
.iJi

Reviewed by: Imberly Wedt~ ~ 1 1 Lemi I Date 101191200 Iý
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BAY7.
2006

__ _Point Vertical Horizontal 1992valu Value Comments
1___ I D21 'R39 0.92 IA Could not locate area
2 D21 R32 1.016 NIA Could not locate area
3 DIO R20 0.984 0.964 up/dn ranged from 0.956.to 0.980

____4D10 RIO 1.04. Q4 w
...... * 5 D21 L B..1.03 1.003 up/dn ranged from 1.000 to 1.049

6 D10 L23, 1.045 1.023 upfdn ranged from 1.020 to 1.052
7 D21 L12 1.003 lupdn ranged fro• 1.002 to 1.026

Data obtained from
NDE Data Sheets 92.072-20 page1 of I.
Note: up, dn readingswere taken 118" from recorded 2006 value reading.

PASSPORT#
00546049 07

AR# A2152754 E09
ATTACHMENT

PAGE OF" t2)

N

-1

'I Cp pq
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II

Gej~ralEI• ... Ha- r •.: WA

rCekUltrasoni Thickness Measurement Dew. 0o1o26

t n'- -- o -- ' -- ' 2D ata S h e et ur Dt e _________i P_.•_ s_____., _______• 18-,2827-004
... . II of 12

Examrn~in Scof Eeockson ~ .0 ktkf- Levei aI InanMint Tywe Ponamnetrcs 37131. Plus
1 Levet WA Instument No: 031120700

VTa.nssduwTY6" 079M06 Se r 3 sb= 0.2WI, 7. I •t ,w ...... 0

Trmnsduwc C•r Type: pmnametrics Lengkh.. 5" Icouiant Smnsb joatch NO: ,6 0
Calibration oTye: C/S Step Wedge I Block Nunmber. CALSTE.P-00

SYSTEM CAUBRATION
INSTRUMENT SErTINGS initial Coa. nma I Caliration Checits Fimna Cat Thna

Coasse Range: 2.r 22:05 1 NA * N.A 23:50

Coarse Delay. WA Calibrated Sweep Range. a 50 i2 0.5 1.500s toinches
Delay C.ffi- NIA h 246737 T 74" Block T 72"

Range Ca--. WA W/o NUmw C20134771

Insftrment Freq. WA Total Crew Dose Driywll Contament Vas Thckness Examlason.

SGaln 61 db I , EII UT InSpeclous.
Danvh*• WA , ';" ".. . ."" ' " . " " 'Rti IV

Point Vermcatl Hortzonad I 'Tlk

DAYNube LoatonLocationedh

See Attached for Locations and ThIckneso ',
_ ~~~Reading& .'

COMMENTS: NIA

.. qw au, e z•/--'20 p

RevIew Lee Stone Level 1l Date 1011912006

|
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Arl ý t'-1 r-01 9-1 it'l , r,-1 Týl rn, ".I., k-ý 4,CZM= ..., C,- :, - - J=, ý ý I k,'. -- . 1. 1
rl--"l AM

*BAY 9
2006

Point Vertical Horizontal 1992 value Value Comments

1 D29 R32 0.96 0.968
2 R17 0.94. 0.934

D320 R8 0.994 0.989 -

4D27 RIS 1.02 1,016
35 1.5 0.985 0.964 _ _ _ __

6 D13 L30 _ 0.82 0.802 - __ _

7 D16. L35 0.825 0.82
8 D21 L38 0.791 0.781
_9 ,020ý 153 0.832 0.8231 -"-

I'D10D30 1..8 , 0.98 0.955 "__

Data obtained from
NDE Data Shets 92-072-22 page 1 Of 1

Note: per discussion with Engineering, single point readings were taken in lieu of 6, based

on surface curvature. ..

kA'
rb

C7

90
a1
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I

* File Name.I WA

ce& Ultrasonic Thickness Measurement : Datei: Ioiam'
ou - 1 Data Sheet . orr Ptodr .A& C4

I .. spedrfatonq IS-3 ii

Eane.Graham McNajbbbb 4 Leve: I linsinimeit Tye Panamnebics 370L Plus
NI ' Level: NIA ,nstaMentNA : '03112490Q 77E x a m i- o -r. N I A l

Trasducer TyM D795 ISenalf. 104010 sc '0200'1 Fnx 5 6MhzW P

Transducer Cable Type: -Pananietdcs Length 5V Couptant, Soudsaw Batch No: ) 19020

Carbratfn Block Type: CISStepWedge Block Number. CAL-TEP.-00

._ _ SYSTEM CALIBRATION

INSTRUMENT SETINGS Initial CaL Time Calibration Checds Final CaL Thw

Coarse Range. 6.0" NI4 A WA :15

Coarse Def WA caribted Sweep Range z 0.5W, kid"e to 1.50or Indim

Delay C•ft" N/-A thermoete. 246534 Comp.Temp 74. TrOZ -,MA 7r

Rtaie Calft WA WIO Number: C20134TY

Instum•rt Freq. N/A TOtal Crew Dose DrywU Cont tnmont V*eIe -,h clnesE3mlnatAn. ,

_ _ _ __ _ _ Ur _ _ _ _ __ _ _ _

~mj

vow

U
ii"

* Reject
Fiter,

WA
WNA

Bay-Il1

@

,

* K

*,
I Point Vertical -

Location
Hoizonlu IThickness
Location adn

p
d* **fl**"~~~ --r ________

- I

-t *1-
s2.4 .1

4
4-i in

L MOM

I !... :.i I.
1 - ' I l

- £ 1 4~igj6~~n~U L ~

See Attached for Locations and Thicknes
Readings

-1
siii

44s

1
I-I

- I. -
-q -- *.*-**-

-f -
- '6~ Li:

iiI
A~.M

- -

• .=,
-4- -. 9-I __

o@
-4-

-9-

rf M- M. i

I

- I

U.

________________________ t _________________________

I. I

COMMENT8: N/A

Reviewed by. Scott Ericksonl a90 t .Fi t ~Lg(L LeVel 0 Date U012012008
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r r7 _7- r" z.ri

BAY .11
•_- 1 2006

Point Vertical Horizontal 1992 valu Value Comments

- 1 iD20 R9 .0.705 0.700
2 _ D25 R32 0.77 W0 760
3 D21 L4 0.832 0.830 , .....

4D24 L6 0.755 0.751
5 D32 L14 0.831 0823
6 D27 0.8 0.756

-. 7 D31 R20 .0,31 0.817•
81D40 R13 0.85 0.825-i-i-i- -

Data obtained from
NDE Data Sheets 92-072-10 page 1 of I
Note: per discussion with Engineering, single point readings were taken in lieu of 6, based
on . .urface curvature. ~-orD

N.
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/,*2,LC-0-10 *

-.-- ~--- I. - - I. - -. a - -
7 .

Genera,.l Bcric •.
,I , osee ... Ultrasonic Thickness Measurement

_ _ _ _ __Oo - I' Data Sheetqw, of 1

rim nWrm.1 *,we% ..

UT procednc ER4W3912000

U., Speclfoctnl 1325221-004v

emrrner: Scod Erldkson §w LT3 ý A evel: a InstiumniTye Pmnarnemk2 37DL Mes
r WA. Level: WA IlntumeM No: 0311=0706

Transducer Type: 0799 Serial t. 104044 Sm 0.31? F.. 5 Mhz - n--(

a cansducer Cable Type: Panametric LergOC 9 CP ± Smoundsab 041208
Calibration Block Type: CJSStepWedge "" fo" Nwtnbe. CAU-SE.,o, I

_____ SYSTEM CAUBRATION4
INSTRUMENT sErTINGS Initial Cal. Thne Caflbatidh Chedcs Final CaL T"khw

coarse Ra S.o" 3.± .. WA " J A 4:15 • - .

Coarse Delay. WA Calibrated Sweep Range= 0.5W Inc" 1.500t Inches
Delay ,a,, ,/A Themmtw. . 24673t .Tep 7r -.BlodkTe 70

Ra.nge Cafl WA W/O NumdberI C201347Y .
Instrument Freq. WA Total Crew Dose DrIwe Contalnment Ve"el ThIckf l ExamInatiom. •

Galn: ___b•I External UT Inspectlon.
,ah 51 db - I" P" I o

Damplnr: N/A

MEE:-
.e* ay -.13 ..

~~1

'~~1

D
__i- 1"

• i•_• •"-06

0.i

j

m

Li

U
F)
~IJ

I
COMMENTS: WA

Revkwed by. LeeSoe L e , .. ,101191200
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BAY 13
2006

Point Vertical Horizontal 1992 valu Value Comments

1 U1 R45 0.672 NIA Could not locate area
-2 UI R38 0.729 NIA Could not locate area
3 021 R48 ' 0.941 0.F23 .... ' " '
4 D12 R36 0.915 0.873
5 D21 RB 0.718 0.708 ' " -"

26 24 L8 o.6 0.858 0 .
7 D17 L23 0.618 0.602 "'
8 D24' L20 0.718 0.704
9 D28 R41 0.924 0.915

10 028 R12 0.728 0.741 .
11 D28 L15 0I85 0.669. ._ _
12 D28 1.23.. 0 885 0.886
. .11 018 D40, 0.932 0.814 " " ",, .. ..-. .- - --. -

14 D18 R8 0.868 0.870 - -

15 020 L9 0.683 0.688 w
-16 020 - L29 - 089 0.814. ,,,_....._ .. _ _

17 D9 . R38 0,807 NIA Could.not locate amra
18 022 R38 0.825 WACould not locate area
19 D37 - R38 0.912 0.916

I
jq

Data obtained froi . .
NDE Data Shbetifi2,72.24 page 1 "of2
Not: per dnscuso vAtM. Engi., single point. eadng were taken In Ou of 6, based
on surface ctrvature.ý _________
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Ultrasonic Thickness Measuremeni
Data Sheet

I File N~ame: WA
Datef 10/20120(m

UT Procedunx.1 ER*AA435004 j

-7

I .. Smedficition] Wr 28227004

Ecmmlner. WAl Leel A nvsonM03 240

frrarsd-ucer Type 13075_ Sie'rial t. 1030 I-woos S o020' ro s MhzI Answo
Transducer Cable Type: Panametrcs tengthE V "Couplant . ;oun."*• Batch No:1 19620
Calitration Bock Type: CiS Step Wedge.. • Block N.nbec. CAL-STEP-088

______________SYSTEM CALIBRATION
INSTRUMENT SET17INGS Inital CaL ThWr - Calibraton CDefts FmaICaL Time

Coarse Range: 5.0" 10.30 12.10 12:33 13.V5
Coarse Delay. WA Cnitn-ted Sweep Range a 0.500" Inct" 1.500" Inches

Delay CB: NIA e 246484- I B T 70-
Range Cv! 1  NA wIo e J C211347 T

knstru Feq. WA Total Cre* Dose.I Dryl Conbanment Vasxal Thickness ExamInation.
_____._ a ., r. Extenul UT bIrpecfonm.

a- 67 "_ b._:IiI II II

.2,j

I
I

Damping: WA

FRejcl -WA
m III I II I --

I Bay-15 - I

BAY Number -. Location Localon Reading

..- .. . ...•

So* Attached fro Locstlo~ns and Thicknesis
Readings

i M

~1

I
(L0

4
.-- .i f

- I t I ~

- I -
U I

. .- .- 004I __

*1-I 2. :: •.'•..-'.:..'. i
- . ~ h B

-ICOMMENTS.: MIA

I
RevL-wed by. Lee Stew . Level u it 1042012006 J

I
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BAY 15
2006

• Point " Vertical Horizontal 1992valul Value Comments

-_....I12 R2D 0.786 0.779 0.711 to 0.779
2 D22 R21 0.829 0.798 0.777 to 0.798
3 D33 R17 0.932 0.935
41D30 R7 0.795 0.791
5 026 !3 0.85 0.855 0.817 to 0.855

60D6 L8 0.794 0.787 0.715 to 0.787
7 D26 0.808 0.805. "
8 D20 L36 0.77 0.760 - -

9 0D36 L44 0.72 0.749 0.720 to 0.749
i10 D24 L48 0.86 0.852 0.837 to 0.852
.011D24 L.65 0.825 0.843 0.798 to 0.843

Data obtained from.
NDE Data Sheets 92-072-21 page 1 Of I
Note: scanned 025" area around recorded 2006 value number - see comments for ranges.
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Genral EleCtrk='
0 0Met Crek _Ultrasonic

PfE5l:T Ou8jfe- IR2M
Thickness Measuremeni

Data Sheet

I r2l. U.-I MIA
• • lltiilll;I Pvfl

Dow. lo27004

5 pedffA: I!S-32a22-00

IExaminer. MAW Levet U instumn T Panametdc 370L P="-
Extw.W evet WA Ynstzumont No: . 031124709

Transducer Type: 0795 - SerWaf. 104010 Sbze: 0.200" Feq SO M I - Le:

Transducer Cable Type: _P anatntik Lwngth 5' __________se BachNO 1 192

C lbaton Blod Type: CIS StepWedge - F odckNurnber. CAL-STEP-C

SYSTEM CALIBRATION
INSTRUMENT SETTINGS InI Il Cat. 11mie Calibration ChecksI Fmnal'C Thw

coame.Rae,: 5.fr 15:3 NW/A • t liA 17:18
Coarse Delay. WA Cairated Sweep Range - 0.500" nchmes to 1.500 Inchs

Delay Calb. WA Thenemle. 24854 Ca. Te. W" IWod .- 7V

Range Ca.ib WA W/o Numnb. C2013477 ! . . • ..... " •..
Isrmert Ff". WA Total Crew Dose I Drjw,, ContativeVn Thckss Examlualon.

. . ..L* 67 .- t Exter

Danfor WA
Rejecl4 WAI

FlIter NZA - BI - .1Bay-I17
W

*8

U

* U
I,

* Fl

Li

UI

2

I
COMMENTS: WIA

Reviewed by. Scott ErIckson .. ... "r & &Vs 1 Level II Date 10/11=2006 LJ
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BAY 17 )
tdote: meesuremenf~?oni vent o1o~t to floor 60'

°.

2006
* Point Verical: Horiontl 1992 value Value Comments

1 D12 R50 0.916 0.909
2 D9 : R40 1.150 0.681 up.705 dn .663
3 DIB R26 0.898 0.894,
4_ _ 34 R2 .... .0.951 0.963

. D0 R20 0.913 0.822
6 D17 R7 0.992 0.909

_ 7 D18 L14 0.970 0.970
8 D34 .L46 0.990 0;960 . .. ... . .. ..... ._ __ ... ......
9 D21 "L29 0.720 0.970 '" _'_....

____10 D3 L2 0.830 0.844
• 11 N/A NIA NIA N. A

Note: Down menasurements taken from bottom. of boss which Is 18" below vent line.
Locations 8,9, & 3look to be un-prepped flat areas of the original surface.
An) left.- rightmeasurements taken from 8" left of liner long seam
Data obtained from
NOE Data Sheets 92-072.,08 page 1 o I

' Note: Per discussion vwt Enginierlng, single point readings were Ukken In lieu of 6, based
* * OQ-ourrace curature.

bt,
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General ElediiC

Oyster i * Ultrasonic Thickness Measurementi_
Sw11121 Data Sheet

Fle N~am:. WA
Date:J 10J22J2O

VT~~7 j ER-AA35.00

Ii

Emneri: Mat on Level: U instrumentT FPnameblcs 3701X Plus
Examnerm: WA Levelt WA . !lnstmr4 ft . . 031124700 "

ransducer Type D795 • Sea 104010•

ranur Cable Type: p•rnelrsfc Length V Couplant Soundsafe IBatch ft: • ________

-Mrarmton Block Type: CS SteP Wedge.. - B-lck Number CAL- STP-088 '

SYSTEM CALIBRATION

NSRUMENTSETrINGS Initil lCaLTlime Calbution Chedw Fi.- l Cal. Th"
Coarse Range: ,SO 14226 15:38 WA 16.0

Coame Deler. WA Calbated Sweep Range a C.500 Indies to 1.500( . nWes

DelayE!E: WA Onmeter. 24o53 ý,J.4 .,-. C afp.T Or IBodkTemF O
Range Car NIA W1O0wNuber.

Instrument Fmq. NIA Total Crew Dose 2,013q7 DraweiU Contalinment Yes.i TIcknu IExamndnatio..

Gain: 67 d• ZI - . , :PT.,,,'e,,,•,
Damp,, , WA __... ... _ _

Reject. Bay-W19 "
Ffter WA __

point. vertical. HorLonald l~cnN

DAY Location: Location

See Attached for Locatlon and Thickness - ,

Readings

4 i0
- , ... . . . ..

COMMEMT: MA

Rev~ewed byLee Store Level 1 Date 10I22m20O
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BAY 19
-..-.- 2006"

........ Point Vertical Horizontal 1992 value Value Comments

I D30 R60 .. 0.932 0.904 up ,897 dn,.867
2 D52 R58 0.924 0.921 u2 .850 dn .907
3 D33 R40 0.955 .0.932 up .894 dn'.905
4D32 Rl1 0.94 NIA Could not locate area
5 D31 R3 "0.95. 0.932 up .883 dn .897
6 052 L605.. 0.86 NIA Could not locate area

..... D054 L10o 0.69 0.89.1 up .821 dn.912
-A .8 D16 R64 0.793/0.953 0.745 up .721 dn .747

9 01`8 R12 0.778 0.780 up .728 dn .745
10D19 R 0.79 0.791 up .736 dn.846,

11i20D IL18 INIA 0.7381up.738 dn .712

Data obtained from
NDE Data Sheets 92-072-05 page l of I
NDE Data Sheets 92-072-07 page 1 of I
Note: Per discussion with Engineering. single point readings-were taken i0 lieu of 6, based

on6urtaos cunrature.
- This value Is not-dear form the original datasheet-NDE to vedly this vaiue.-

Note: per discussion with Engineering, singla wý e WOtakeo.jgieu of 6, based
on surface curvature. ,
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PoA 1

1512s ý
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*CROSS SECTION AREA
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undw cmrodm
a" m Vw*!d tomfsbnf wtm e o MDM x0Vo Cm . R teto Rut• ctd.t Cou I.Ratf•e In

LM" Shed 191 2006 fli nw at* Wietd Am.
CmmaWetted An

1 - 6 D4O RIG YV 'Yes 0.76 I3U33.0422 0.731 -2071 2373

1 7 I3t s . Y .. Yes 0.7 - 3I P.R .022 0.669 2.214 2214

4 - , 94 .0 YO V yes a." 112.3.022 0.7*3 3.71 15..

1 9 D36 UlI Y.. "" 'I21LR,22 '.254 3A43 3.43

1 16 DS0 R40 Ve -Va 0.796 3121l.14.22 0.95f 001 03 I

3 17 48 R1"6 Yes .. Ys 03 " I3321LR3.'2 0346 33S" 13 I0

I Is D93 L2 Yes 0.917 I3213R4.022 0"99 13216 1.214

1 19 D03 3.24 Yes 0.9 . I323l.. 0.65 1.786 1.736
S22 D 3 R13 Yes 03L52 R12•IA.02 0.854 A.143

1 23 D48 5 . Yes Yes OA IRZILA.022 0T28 i..71 1fil

I5 40 Do R13 Yn Yes 0.9 IR211R.419 0.941 .511 1371

5 D2 i R3*I , YVa Yes . IN4 IRI2I.1.9 0.955 417. 6.710

5 3 D44 RI0*I Yes Y- . I3M2 IR211.3.3l9 O09 2.2H4 2.214
4 "" 'M $10 Ye'"0" I2L-1 921111

5!)44 M.7 *1 *2 Yes Ys 097 IR21LA.019 0.M941 0 73 IL.71

5 6 4 .LA • Yes Yes .06.. IR321..019 03831 SA43 543

13 7 0O48 .24 Y*C es , 0.99 I321L I...01 0-974 1.143 1.143

S 2 044 1.28 Yes Yes 3i3 IR23lt.039 I=07 .0214 0.214

9 5 936 LA Y" 0.9' 9'o s.o.nPmpI p 964 I0 A 3.s5 LO

9 a 022 LB yet Yes 0791 92.O7242.Po 1 0673 06714 0.714

!1 5 932 1.4 Yes 0-333 92472.10pwuul 0323 0371 ... 71
0(4

It 6 027 V22 Yes 0.8 9 72.10 pq 1 0.756 '.243 3.. 43

II 7 i 933 It20 ' 'Yes :" 0.33 92,2-Iop u 0.837 1O00 330

I'1 8. 904 • 3I3 " yes "• ,• .1! 92J2t ipm 035.786- 3.786

133 9 925 1143 Yes . 0,.94 !93.Qf44.4 p3•' 0+135 0,M3.•

-.-.-. - . . atlO .. ... .___

ýp"I

Lw L. 17 il Lw ni 21. 121. 11 [1111 ii - 21 -21 UI L- w
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c•etd Alrm.

'13 O12 Yo 0O.72n 924i.-4pop I 0.741 .0"29

13 II D28 u. s. Ya 's 0*, 9 .24O p imgI 0.A69 1.143 1.143

33 DU R7 Yes 0.0)2 1321L.015 9035 .'4214
-2 -S - -01 -1R-1 -os -US-

is 5 9 6 U . Yes 0.5 112l 415 0.7u4 90.35 .
7 9 5 D36 2 Yeso 0.913 I2•t.0l ' o.49' . .. 29 ..

17 6 05 IA If -y III IR"-2 0.0

17 3 D36 L26. Yes 0.397 IR21L.21-Ml 09 0236 0.256

17 4 D52 L30 Yes Yes 0'.59 121LR421 0363 .135 Z14
17 5 0)36 112l . ... Y l.. .. .• ' 0.91 31 ' 'I 21I . 242U OJ• fl 6.500 630"

17 62 DS2 R6 Ye Yes ).92•" I31L;.21 0.09 5.92914 021417 7/ 034 1.I. Yes '0.97 "' J211.2.,021 ' 0.37 J0oi300I IlI

17 , 8 D*1 I)1. ,40 Y es, Yes . . 0.39 ... . I 211. 2.02 03 2.143 2.14 1

0.000

29 2 Dii 366 ... - Yes ' Yes 0.924 1R22LA-2.0 .... 0.921 . 0.214 0.4

19 3 033 R49 Yes 0.9s tR21.2.0 • O'32 IA1. S143

19 4 D32 RII 0.94 CA I211,R,20 Hti Lacm

19 5 D$3 22 Y"s Yes 0.405 IR21LR.020 01932 1.236 1.36

19 6 D'2i 1 Yes Yes 0 -6 12211.2.20 NoLtmd

1-19 7 7 3 U" Ye Ys 02 .9 a" IR21..020 0891 ' $571 S571

Cm 0) elhoM.

oJRm _-4

*1 O-. k =

• Mhhtemm Rite
Muhnum PRate
A.mvv Rate

0.256

2.236

3.071
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I General Electic
jOyster Creek

! I.M Report Ntnhber.I 1tIR1LIA- 5-

Ultrasonic Thickness MeasurementE
Data Sheet

DatJ 0251W2008

'Refueling Outffl- IR21 1FF Probedutw ERA~-AA435
m

Pag6 I of I 2 I *I Se-cificatlonl1 M15 S422700 IL;
Examlner. Leslie Richter Level: I1 lnstuet Type: Panametrics 37DLPusExamin. A m- IV Leve,1 NA lIIstnuent.o .031125409 !
ransducerTy%: DV06 ,Seria 072561 Stze: Frqi 5MAz
ransducer Cable TYpe: Panamebtics Length 5'. Icoupai:t Soundsafe IBatch No:.

Cafmb;ron Block Type: .CISStep Wedge ,_Blod Nuwnber CAL-TFP-36 I
____ --____" ___SYSTEM CALIBRATION

INSTRUMENT SETTINGS Initial Cal Tim Cal~bration Chedc Final Cat. Tif f
orae Range: 0" 9;20 9:35 9:38 10.00

Coarse Diery WA Calibrated Sweep Range- 0.500" Inches to 1.600" Inches
eay Cam;_ WA The2mometer4 .647 .. 8Tem 6 IBlock Tem 65
Range Ca.. WA W/ONum:be. G2C9149 eco137,17-iozInstnimerFqo A Total Crew -ose Voe Tdckne Examination.

Gab.: " •• 545 dab) " -ntarnal UT 6pectlop.o"
Dampkn0: WA

_____: ____ WA Trench I Bay 6 Extended Grid Data -

Filter. .NIA -

The UT Itansducer was positioned In the same Locallon.
. Iocitentaffon at each Grid point.

• Ma extended deepr Into Trench
ti o ID i Trench 1 Bay S Elev. 10'3u

a 1.182 1.145 1.088 1 1.085 1.088 1.083. 1.060 6.1.142 1.108 1.070 1.105 1.04 1.077 1084 -
4 1.147 -.1.070 .1.083 1.085 1.125 1:087 1.059 44
3 1.181 .4.13 3  1.131 1.1271 1.094 1.060 1.052 3 3
2 1851 .1.152 1.148 1.138 1.130 1.113 1.06 ocajon.0
1 1.151 1.142 1.142 1.125 1.144 1.138 1.148 1
- O. F A. D I C a A.- : . TOMt . AVG. "

._ 0.660 11.1113Min R l tg x. Reading
• 1.52 _1.182*~ a oil~~ a edn

U

*1

*~1

I
'1

I
*1COMMENTS:The removal oconcrete from bench exposed six more Inches of liner. The template Was placed below

previous grid location with the centerline of the top row 1V +. 1/16" from previous grid bottom row. The holes Were painted
on the iner using the Sx 8" template, readiags were then taken with template removed.
An area approximatety 14"x 6" of.extended bench area was scanned 100% with the minimum reading of 1.04.,,and a
maxImum reading of.1.150" recorded.,
The 100% scan Inspection was performed using a 0799 (Serial 104141) Itansducer and the grid points Inspection was
preform.edusing a DV 506 ansducer.

V" was stamped above grd pbint 6D. I
Reviewedb . Lee Stone J
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NudearMemorandum

Asset Management # AM-2006-01t
•Revision J

a •6 6i

Date: November 6, 2006 I

To:

cc:

From:

Howle Ray
Peter Tamburro

Roman Geslor
Richard Hail

Steve Leshnoff

Subject: Final Report of the Third Party Independent Review of Oyster Creek
Drywell Containment Corrosion Evaluation in Bay 5 and Bay 17 Trenches

The purpose of this memo is to document the independent third party review (ITPR)
of the Oyster Creek (OC) Drywell Containment Corrosion Evaluation in Bay 5 and
Bay 17 Trenches arid to provide you with the results related to that review. The
review was performed in accordance with Training & Reference Material (T&RM)
HU-AA-121Z Revision 1, Technical Task Risk/Rigor Assessment, Pre-Job Brief,
Independent Third Party Review, and Post-Job Brief..

Purpose of the Review

Ultrasonic Testing (UT) measurements of the drywell thickness at and below the
Interior floor at the elevation of the sand bed were obtained during OC I R21
Refueling Outage. The intent was to complete the assessment of the potential for on-
going corrosion both above and below'the drywell floor. The purpose of this review Is
to establish that the appropriate statistical methods were used to evaluate the data
and that the correct conclusions were drawn from the statistical evaluation of the,
data.

Scope of Review

I performed a detailed review of the statistical methods that were used in the
evaluation of the UT measurements. The evaluation included the following steps,.
each of whichwas reviewed:.

" Establish that'the UT data from a measurement template was normally
distributed using the kurtosis tests

" Derive the standard deviation and standard error for each of the data
distributions

" Derivation of the 95% confidence intervals for the data.

Page I of 2
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/

* Determination of the lower range of the calculated mean thickness for which
there is 95% confidence.

0 Calculation of the apparent corrosion rate on an average basis in the trench
in Bay 5 and in the trench in Bay 17.

Limitations

There were no limitations to this review.

Conclusions

All of the statistical tests and steps were appropriate and necessary and were
applied correctly. The apparent corrosion rate is minimal. Revision D to Technical
Evaluation A2152754 E09 impacts only the narrative dbscription of the UT data
collection activities and includes added detailed discussion In the conclusion without
modification.

Revision G to Technical Evaluation A2152754 E09 concerns the data collected in the
trench in Bay 17. The revision aligns the lower 5 grids of 6 grids, in a single row,
taken in 2006 with the 5 grids, In one row, taken In 1986. The alignment develops
two comparable normal distributions such that a basis Is established to determine an
apparent average corrosion rate in the trench In Bay 17.

Comments

Refer to Attachment A for technical comments and resolution to those comments on
Revision G of the technical evaluation. The comments did not warrant an Issues
Report.

Page 2 of 2
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PASSPORT#
00546049 07

AR# A2152754 E09
ATTACHMENT 6.

PAGE 3. OF 3.

ATTACHMEtJTA

I

REFERENCE DOCUMENT NO. /REV: OC Drywell Containment Corrosion Evaluatign In Bay S hnd Bay

17 Trenches j
ACCEPTANCE OF

COMMENTS RESOLUTION RESOLUTION.
1 No comments on Revision G to Technical

Evaluation A2152754 E09 c
-2

.34

.5
6• .

.5

-7

9o
-10 -_ 

_ _ _ _ _ _ _ _ _

END _ _ _ _ __ __
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Mr. F. Howie Ray -2- November 3, 2006

- The corrosion of drywell steel surfaces in contact with gap water is expected to
occur only during outages when oxygen is present. Corrosion during operation

is expected to be almost nil since the drywell operates inerted and no oxygen is
present to drive the corrosion reaction. During outages, shell corrosion losses

in the gap are expected to be small since-the exposure time is very limited and

the water pH is expected to be relatively high.
- The expected low corrosion losses in the concrete-to-drywell gap area have

been conffinred by examination of steel surfaces in the trenches which has
revealed only superficial corrosion of the drywell shell ).

I With the resolution of these concerns, we consider that the Technical Evaluations and

attachments successfully address:

The structural integrity of the concrete and drywall shell,

-? :, The adequacy of repairs, and the effect of the repairs on the assumptions.or inputs

3 used for safety and other analyses, and

* The impacts ofpast water migration and current repairs on design and the licensing

|bases.

We also reviewed the technical bases for the Technical Evaluation and conclude that all inputsu are accurate or conservative, assumptions are conservative, chemical analysis results are used
appropriately, and corrosion evaluations are correct and results used accurately. .

u Please let.me know if you have any questions about this letter.

Sincerely,

* *I" .E. Nestell, PhD
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