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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
MINUTES OF ACRS PLANT LICENSE RENEWAL SUBCOMMITTEE MEETING
OYSTER CREEK GENERATING STATION
JANUARY 18, 2007
ROCKVILLE, MARYLAND

On January 18, 2007, the Plant License Renewal Subcommittee held a meeting in Room T2B3,
11545 Rockville Pike, Rockville, Maryland, to review the License Renewal Application (LRA) for
the Oyster Creek Generating Station (OCGS) and the associated Safety Evaluation Report
(SER) with Open ltems.

The meeting was open to the public. Mr. Paul Gunter of the Nuclear Information Resource
Service and Mr. Richard Webster of the Rutgers Environmental Law Clinic made oral
statements following the formal presentations by the applicant and staff. Mr. Michael Junge
was the Designated Federal Official for this meeting. The meeting convened at 8:30 am and
adjourned at 5:31pm on January 18, 2007.

ATTENDEES:

ACRS MEMBERS/STAFE

Otto Maynard, Chairman
John Sieber, Member
Graham Wallis, Member
Said Abdul-Kahlik, Member
Michael Junge, ACRS Staff

NRC STAFF/PRESENTERS

D. Ashley, NRR

L. Lois, NRR

H. Ashar, NRR

D. Shum, NRR

T. O’'Hara, Region |
D. Hoang, NRR
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L. Lund, NRR
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M. Mitchell, NRR

William Shack, Member
Mario Bonaca, Member
J. Sam Armijo, Member
Dana Powers, Member

V. Rodriguez, NRR
G. Cheruvenki, NRR
D. Coe, OCM

S. Tingen, NRR

J. Davis, NRR

J. Ayala, NRR

J. Fair, NRR

S. Burnell, OPA

J. Lamb, OEDO
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L. Tran, NRR

N. Dudley, NRR

M. Morgan, NRR
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T. Le, NRR



W. Bateman, NRR
C. Sydnor, NRR
C.Ng, NRR

D. Nguyen, NRR
R. Li, RES

M. Modes, Region |

OTHER ATTENDEES

J. O'Rourke, Exelon

D. Benson, The Press of Atlantic City
. Quintenz, AmerGen
Kandasamy, Exelon
Hufnagel, Exelon

. Wilson, AmerGen

. Muggleson, Exelon

. Trettel, AmerGen

. Harttraft, AmerGen

. Warfel, Exelon
Corsi, Exelon
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. Ouaou, Exelon

. Ray, Exelon

. Schwartz, Exelon

. Schuster, Exelon

. Tamburno, AmerGen
. Benson, AmerGen

S. Arora, NRR
H. Graves, RES
R. Sun, NRR

A. Pal, NRR

J. Canady, NRR

M. Gallagher, Exelon

. Polonsky, Morgan Lewis
. Cowan, Exelon

. Polaski, Exelon

. Skelskey, AmerGen

. Hutchins, AmerGen
Rafferty-Czincila, Exelon
. Myer, SNC

. Spamer, Exelon

. Krueger, Exelon

. Getz, Exelon

. Barnes, Exelon
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M. Pruskowski, Exelon

T. Rausch, Exelon

B. Meher, Exelon
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Petti, Sandia M. Hessheimer, Sandia

. Ritz, First Energy K. Green, ISL

. Marks, ISL M. Fallin, Constellation Energy

. Rucker, First Energy N, Clunn, Asbury Park Press

. Webster, Rutgers J. Zielinski, Congressman Saxton Staff
J. Laird, Exelon P. Gunter, NIRS

The presentation slides, handouts used during the meeting, and a complete list of attendees are
attached to the office copy of the meeting minutes. The presentations to the Subcommittee are
summarized below.

Opening Remarks

Mr. Maynard, Chairman of the Plant License Renewal Subcommittee, convened the meeting
and made a few introductory remarks. The purpose of this meeting is to review the LRA
submitted by AmerGen for OCGS, the updated SER which closed the open items contained in
the draft SER and. associated documents with focus on questions that were developed during
the October 3, 2006 LRA subcommittee meeting.
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Staff Introduction

Ms. Lund, NRR, introduced members of the staff including Dr. Kuo (Acting Director for the
Division of License Renewal) and Mr. Ashley (License Renewal Program Manager). Ms. Lund
stated that the LRA was submitted in July 2005. Ms. Lund stated that the ACRS Subcommittee
had a number of questions following the October 2006 Subcommittee meeting. The
Subcommittee requested additional information, specifically about the drywell shell from the
applicant as well as results of the inspections that were held in October 2006. Ms. Lund stated
that the applicant will present information to address the questions put forward by the
committee. Additionally, the staff provided a draft and final report of the analysis of the drywell
shell performed at Sandia National Laboratories to support the staffs review. Based on this
work, the staff issued an update to the Safety Evaluation Report on December 29, 2006. Ms.
Lund also stated that the regional inspectors that were present during the drywell inspections
would make a presentation.

Oyster Creek Generating Station License Renewal Application

Introduction

Mr. Gallagher, AmerGen, introduced himself, Mr. Lopriore (Senior Vice President), Mr. Rausch
(Site Vice President), Mr. Polaski (License Renewal Manager), Mr. Hufnagel, (Project Licensing
Engineer), Mr. Quintenz (Site Lead License Renewal Engineer), and other members of
AmerGen staff in attendance.

Agenda

Mr. Polaski, AmerGen, discussed the agenda and stated the focus of the presentation would be
on the drywell shell corrosion. The first item on the agenda would be a brief overview of the
physical configuration of the drywell and the leak path, then a discussion of the cause and
corrective actions of the corrosion, followed by the drywell thickness analysis and descriptions
of the sand bed region; embedded portions of the drywell shell; and the upper shell.

Drywell Shell Corrosion Cause and Corrective Actions

Mr. Polaski, AmerGen, described the cause of, and corrective actions implemented to address
corrosion of the drywell liner. During refueling outages in the mid-1980's the sand bed drains
were clogged and water was found in the sand bed regions. Leaks in the reactor cavity allowed
water to flow through the gap between the drywell and the reactor building to the sand bed
region. Approximately 1000 ultrasonic (UT) thickness measurements were taken to identify the
thinnest locations in the sand bed region and upper elevations. Core samples were also taken
to confirm the UT measurements and that the mechanism was general corrosion. A random
UT inspection plan was implemented to verify the adequacy of measurement locations. The
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staff accepted this program in an SER dated November 1, 1995.

The corrective actions implemented in the early 1990s to address this dryweli corrosion
included: (1) re-analyzing the containment peak pressure to establish additional shell thickness
margin; (2) determining the acceptable shell thickness; (3) taking UT measurements to verify
minimum thickness with margin; (4) reducing the source of water leakage; (5) removing sand
from the sand bed region; (5) clearing the sand bed drains; and (6) coating the drywell shell in
the sand bed region. These corrective actions were determined to be effective in 1994 since
UT measurements take in 1992 and 1994 confirmed that corrosion in the sand bed region was
arrested. Since the UT measurements taken in 1996 contained some uncertainties, additional
testing was performed in 2006 to confirm that corrosion has arrested. Mr. Gallagher added that
visual inspections of the coating were also performed in 1994.

Mr. Polaski stated that during the 2006 refueling outage the leakage from the reactor cavity liner
was estimated to be about 1 gallon per minute and it was captured by the drainage system. UT
measurements of the drywell were taken at 19 monitoring locations for the sand bed region and
indicated no change in thickness. A visual inspection of the entire epoxy coating was performed
and it was determined to be in good condition. No water was found in the sand bed region. UT
measurements were taken in 106 locations in 1992 before the epoxy coating was applied. UT
measurements performed in the same locations during the 2006 outage showed the drywell
shell exceeds design thickness requirements and 13 UT measurements in the upper elevations
of the drywell show only 1 location with minimal ongoing corrosion. Based on the corrosion
rate, that point will meet minimum required thickness through 2029 with margin.

Drywell Thickness Analysis

Dr. Hardayal Mehta (GE) discussed the Drywell Thickness Analysis which was completed in the
early 1990s. Dr. Mehta described the modeling of the drywell including the materials in the
drywell shell, the configuration of piping, and the concrete which embeds the drywell liner. He
also described the finite element models used. He stated that the symmetry of the model was
used so that only a 36 degree section needed to be modeled. The model included the drywell
shell from the base of the sand bed region to the top of the elliptical head and included the vent
and vent header. He stated that the drywell shell thickness in the sand bed region was
assumed to be uniformly 736 mils thick. He described the applied loads as gravity loading
consisting of dead weight loads, penetration loads and live loads; design pressure of 62 psi
which was later changed to 44 psi through a license amendment in 1993; and seismic loads
including inertia loads and relative support displacement.

Using the model described above, Dr. Mehta stated that a bucking analysis was completed and
the following conclusions were drawn; the stress limits and safety factors are in accordance with
the Code requirements; the analysis shows that the drywell shell meets the ASME Code Case
N-284 requirements considering all design basis loads and load combinations; a locally thinned
12 inch by 12 inch area (to 536 mils) was evaluated and determined to have no significant
impact on buckling; and the drywell shell thickness will be monitored using 736 mils as the



acceptance criteria for the minimum required general thickness and 536 mils as the minimum
required local thickness.

Dr. Mehta concluded that the stress analysis of the drywell shell was conducted in accordance
with ASME Code and SRP 3.8.2 using reduced thicknesses due to corrosion; that the stress
limits and safety factors are in accordance with ASME Code requirements; that the drywell shell
meets ASME Code Stress requirements considering all design basis loads and load
combinations; and that the drywell shell thickness will be monitored for corrosion using the
calculated minimum requjred general and local thicknesses as acceptance criteria.

Sand Bed Reaqion

Mr. O’Rourke discussed the background, history and recent inspections of the sand bed region.
He stated that UT measurements were taken between 1983 and 1986 to identify the thinnest
locations. These locations were used to develop the points for the corrosion monitoring grid
points. He stated that at least one grid is located in each of the 10 bays. Mr. O’'Rouke also
stated that two trenches were excavated to determine the extent of the corrosion in the sand
bed region below the drywell interior floor. Mr. O'Rourke stated that in 1992 the sand was
removed from the sand bed region and the shell was cleaned. External UT measurements were
taken in all bays at the thinnest region as determined by visual inspection. The shell was then
coated with an epoxy coating which was designed to be used on corroded surfaces.

Mr. Cavallo (Corrosion Control Consultants and Labs, Inc.) Stated that the OCGS protective
coatings monitoring and maintenance program is consistent with NUREG 1801, Rev. 1 (GALL).
This program includes the coating service level i coatings applied to the exterior of drywell in
the sand bed region. Mr. Cavallo stated that the inspections and evaluation of the coatings is
conducted in accordance with ASME Section XI, Subsection IWE by qualified VT inspectors.
He stated the premise of the Code is that degradation of a steel substrate will be indicated by
the presence of visual anomalies in the attendant protective coating. He concluded that with
periodic condition assessment and maintenance (if required), the OCGS sand bed region
coating system will continue to prevent corrosion on the steel substrate for the period of
extended operation and that a 10 year inspection periodicity cycle is appropriate and
commensurate with the sand bed region environment and industry experience.

Mr. Tamburo discussed the background and history of the UT thickness measurements in the
sand bed region. He discussed the statistical methodology used to determine the inspection
periodicity of future UT measurements. Mr. Tamburo concluded that the corrosion on the
outside of the drywell shell in the sand bed region has been arrested and there is sufficient
margin to the minimum thickness requirement.

Mr. Ray (AmerGen) discussed the 2006 Inspections performed in the sand bed region. He
stated that visual inspection of the coatings occurred in all 10 bays, that UT measurements
were taken of 19 grid locations at the 11' 3" elevation and that 106 UT measurements were
taken at locally thinned single point locations on the outside of the drywell shell. He stated the
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visual inspections of the coating identified no degradation, and the 19 grid location UT
measurements did not identify ongoing corrosion. The 106 external UT measurements taken
were not directly comparable to the 1992 results due to differences in measurement techniques.
Based on these results, Mr. Ray concluded that corrosion on the outside of the drywell shell in
the sand bed region had been arrested, the epoxy coating did not show indications of
degradation, and there is sufficient margin to the minimum thickness requirement.

Embedded Portions of the Drywell Shell

Mr. O’Rourke described the lower drywell support structure including the sandbed, trenches and
sump. He stated that any corrosion of the drywell exterior embedded surface occurred because
of water leakage into the sand bed region. He stated that the corrective actions for the sand
bed region arrested the corrosion of the drywell exterior embedded shell. These corrective
actions included preventing water leakage into the sand bed region, and sealing the joint
between the drywell sheli and floor of the sand bed region. Mr. O’'Rourke stated that the water
identified in the trenches in bays 5 and 17 inside the drywell discovered during the 2006
refueling outage was determined to have originated from equipment leakage inside the drywell.
He stated corrective actions made during the 2006 refueling outage included caulking the joint
between the drywell interior fioor and the drywell shell and repairs were made to the collection
trough in the sub pile room.

Mr. Gordon (Structural Integrity Associates, Inc.) discussed the corrosion of steel embedded in
concrete. He stated the high pH environment created during the concrete pours results in a
passive, protective film on the carbon steel surface that mitigates corrosion in the absence of an
aggressive environment. He stated the chemistry of the water leachate from the sand bed
region measured in 1986 revealed high purity water, and per GALL, this water is not aggressive
to the embedded steel in concrete.

Mr. O'Rourke discussed the 2006 refueling outage visual and UT inspection results. He stated
that the visual inspection of the surface in the trenches showed minor corrosion which was
easily removed with no visible loss of material or degradation of the surface. He stated that UT
inspections were performed on the excavated portion of the trench in bay 5 and 106 individual
measurements were made from the exterior of the sand bed region. Mr. O’'Rourke concluded
that corrosion on the embedded surfaces of the drywell shell, both interior and exterior, is not
significant and is estimated to be less than 1 mil per year which allows the drywell shell to meet
code thickness requirements, with margin, to 2029. He also stated that UT measurements will
be repeated in 2008 to verify these conclusions.

Upper Drywell Shell

Mr. O'Rourke described the upper dryweli shell region and the UT inspections that have been
performed. He stated that over 1000 UT measurements have been taken to locate areas of
corrosion on the exterior surface and based on the results, 13 grid locations were selected for
monitoring every other refueling outage. He stated that the 2006 inspection results showed no
statistically observable corrosion in 12 of the 13 grids; that the location with the minimum margin
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has no ongoing corrosion; and that only one location shows a corrosion rate of 0.66 mils per

year. Mr. O’'Rourke concluded that the measurements taken were lead indicators of corrosion
on the outside of the shell, the corrosion rate of the upper shell is less than 1 mil per year, and
based on current rates there will be enough margin through the period of extended operation.

Overall Applicant Conclusions '

Mr. Polaski summarized the conclusions of the applicants presentation. He stated that the
corrective actions to mitigate drywell shell corrosion have been effective; the drywell shell
corrosion has been arrested in the sand bed region and continues to be very low in the upper
drywell elevations; the corrosion on the embedded portion of the drywell shell is not significant;
the drywell shell meets code safety margins; and that there is an effective management
program in place to ensure continued safe operation.

Staff Presentation

The presentation by Mr. Ashley, NRR, Mr. Ashar, NRR, Mr. Modes, Region I, Mr. Conte, Region
I, and Mr. O'Hara, Region |, provided an overview of the regions inspections during the 2006
refueling outage, staff's updated SER, and followed by a discussion on socket welds.

Region | Inspections

Mr. Conte summarized the scope and results of the inspections the Region performed during
the fall refueling outage with the focus on the in-service inspection program, the visual
examinations of the torus and dryweil. Mr. Conte described the key observations/results as all
UT results are greater than the calculated minimum code required thickness for various plates
that form the drywell shell; no adverse conditions of the epoxy coating on the outside of the
drywell shell in the former sandbed region; repairs in and around the trough within the reactor
vessel pedestal area did not result in any adverse conditions; and water discovered in the
drywell trenches had no adverse impact on the structural integrity of the concrete floor or the
potential for corrosion of the embedded portion of the drywell shell. He concluded that no safety
significant conditions with respect to the primary containment that would prohibit startup existed
and that there was reasonable assurance that the primary containment is capable of performing
its design function throughout the upcoming operating cycle.

Status of Open ltems/Commitments

Mr. Ashley stated that the SER with open items was issued on August 18, 2006 with 5 open
items and no confirmatory items. A new updated SER was issued on December 29, 2006,
which closed the 5 open items with new commitments being incorporated into the updated SER.
Mr. Ashley stated that the staff concluded that with the resolution of the open items and
additional commitments, there is reasonable assurance that the activities authorized by the
renewed license will continue to be conducted in accordance with the current licensing basis.



Structural Integrity Analysis of the Degraded Drywell Containment

Mr. Ashar and Mr. Petti (SNL) discussed the scope and intent of the Sandia National
Laboratories Analysis. Mr. Ashar stated that the intent of this study was to assess the ability of
the degraded drywell shell to withstand the postulated loadings. This study used a 360 degree
model of the drywell and included wall thinning to model degradation. Mr. Ashar stated the
analysis concluded that the degradation of the drywell shell in its current state meets the
requirements of the ASME Code. He also stated that the applicant has committed to future
monitoring of the degradation and evaluation of the integrity of the drywell shell as an going
process.

Public Comments

The presentation by Mr. Gunter, Nuclear Information Resource Service, and Mr. Webster,
Rutgers Environmental Law Clinic, focused on the issue of drywell shell corrosion.

Mr. Webster described his understanding of the outcome from the previous subcommittee
meeting. He stated his understanding to be that the staff must first establish margin for both the
sandbed and embedded regions of the drywell shell, and second determine whether that margin
can be maintained. He described the key issues from the previous meeting to be that less than
1 percent of the sandbed area was measured and the last good measurements were in 1992 or
1994; that data was fitted to a normal distribution by segmenting and editing out the pitted
areas; that acceptance criteria was based on modeling of idealized geometries; that 0.064
inches is a claimed margin, and not real; that the visual assessment of the coating was
inadequate; that there needs to be better detection of corrosive conditions and a faster
response to those conditions; and that no measurements were taken in the embedded region.

Mr. Webster discussed his review of the 2006 external UT results, possible causes of thinning,
how the applicant determines margin and that margin does not exist but if margin did exist, the
applicant could not maintain the margin, and finally the embedded region measurements. He
stated his conclusions were that margin in the sandbed region ranges from 0.04 inches to less
than zero; that there is significant probability that there is no current margin in the sandbed
region; that if margin is 0.04 inches, it is too small to maintain because of the uncertainty in
measurements and corrosion rates; and that the margin in the embedded region is unknown.



Member Comments
General

Dr. Bonaca’s comments: Dr. Bonaca felt the presentation provided an assertion that the
corrosion has been stopped and that the drywell can operate until 2029. He would like to hear
the monitoring program discussed in more detail at the full committee meeting. He would like to
see a more aggressive short term inspection program but aiso thinks waiting for ten years to do
the inspections again is too long a time period to wait. He raised the issue of controlling
sources of water several times. He questioned whether the applicant has done as much as
they can to control the sources of water to ensure there is no further accumulation in the
drywell. He also questioned whether there was any corrosion taking place behind the epoxy
and if the applicant was going to perform UT inspections to identify that there may be some
weakness behind the epoxy. Lastly, he questioned how large an area of thinning could be
tolerated on the drywell shell and still meet its design.

Dr. Shack’s comments: Dr. Shack stated that water in the imbedded region was new
information. He was concerned over this and although he fully agreed with the argument that it's
a fairly benign environment and the corrosion rates are low, and if the containment didn't have
the already substantial corrosion that this one does, he would agree that its probably not a
problem. But this is a containment where there isn't a lot of margin. The estimate based on the
monitoring done thus far was 41 mils lost and that was less than one mil per year. His
calculation shows approximately two mils per year. He felt that there was some data from the
imbedded region that could be looked at to understand the corrosion rates in the imbedded
region a little better. He was comfortable that if the epoxy coating was in good condition, that
the corrosion on the outside of the drywell shell is arrested, and that visual examination is the
appropriate method for monitoring that area. He was not totally convinced with the small
margins that exist that the corrosion in the imbedded region is as negligible. He felt the
legalistic requirements of which buckling analysis, AmerGen/GE or Sandia, to accept needed to
be settled. He would like to hear more discussion on this subject during the full committee
meeting. He also felt that the details of each analysis should be discussed to identify if it was
appropriate to use a modified reduction capacity factor or since the current margin is small, was
it appropriate to use a uniform thinning model.

Dr. Wallis’ comments: Dr. Wallis questioned how good the buckling analysis had to be, how
close to the limit is too close? He felt the buckling analysis was the most important issue and
he wasn'’t sure if it was adequate.

Dr. Armijo’s comments: Dr. Armijo felt the condition of the epoxy was impressive. It has been on
the drywell sheli for 16 years, and was still in good shape. He felt more analysis needs to be
done on the drywell shell using modern methods. This analysis could identify some point at
which there will be a thickness that's acceptable based on area of the thinning. For example,
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would it be acceptable for small areas to be much thinner than large areas. He thought there
was some controversy over the GE analysis and use of the capacity factor reduction. He felt
that should be reassessed by the licensee to determine if that analysis is still valid. Lastly he
stated that identifying the water sources was important and that the sources of water should be
eliminated.

Mr. Sieber’s comments: Mr. Sieber felt it was important to keep the water away from the steel
and that filling in the trench and putting the curb back was important because it's inaccessible.
The only time you get to look at it is during refueling outages. He thought there was confusion
about the differences between the Sandia model and the General Electric models of the drywell
shell buckling analysis. A definitive set of criteria that describes the analysis of record is
needed. He felt a more modern method was the better technique and that the ASME code
needed to be reconsidered during the analysis. He stated that the ASME refers to the
governing authority which is this agency. So the interpretation of the code and the application
of it to a specific example like this situation is the agency's responsibility to make. They have to
write it down and provide the basis for what it is they're doing and why that's the way that it
should be interpreted.

Dr. Abdel-Khalik’s comments: Dr. Abdel-Khalik’s primary concern pertains to the analysis of
record submitted by the applicant and whether it conforms to ASME code requirements
specifically as it relates to the modification of the capacity reduction factors and the buckling
analysis of the refueling case. He pointed out that GE pie section, 36 degree analysis, Mode 1
buckling result corresponds to a Mode 10 buckling result for a 360 degree calculation, and
therefore, one can not expect that result to adequately model the entire behavior of the shell
specifically if the lower modes are much more limiting than the higher modes. He was also
surprised about the discovery of water between the concrete floor inside the drywell and the
inside surface of the drywell, and he felt it would be a good idea not to cover the trench and
make sure it is monitored and find out where that water is from and how much of it is there.

Chairman Maynard’s comments: Chairman Maynard felt the public comments raised a number
of questions and resulted in taking some additional looks at the data and perhaps generated
some additional questions for the staff or for the licensee. He did not feel the differences
between the GE and the Sandia analysis were significant. He felt it was good to approach
some things from different ways. He felt they both showed additional conservatism exist in both
of the analyses. They're still very conservative analyses. He felt that the applicant and staff
needed to resolve whether the GE analysis that took the capacity adjustments into account is
appropriate. His primary concern was that the applicant continued to find water and lived with
some leakage. He understood the discussions and the arguments on how it can be managed,
but the reality is water should be kept out of the drywell shell area that we don't intend to get
there. He felt the trenches should be left open until the staff is sure that water has been
eliminated.
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Subcommittee Decisions and Follow-up Actions

The Subcommittee Chairman will summarize the discussions at the February 2007 ACRS
meeting.

Background Materials Provided to the Committee

1. Updated Safety Evaluation Report Related to the License Renewal of Oyster Creek
Generating Station, December 29, 2006.

2. Safety Evaluation Report with Open ltems Related to the License Renewal of the Oyster
Creek Generating Station, August 18, 2006.

3. Oyster Creek Generating Station- Application for Renewed Operating Licenses, July 22,
2005.

4. Supplemental Information Related to the Aging Management Program for the Oyster
Creek Drywell Shell, Associated with AmerGen'’s License Renewal Application, June 20,
20086.

5. Audit and Review Report for Plant Aging Management Reviews and Programs- Oyster

Creek Generating Station August 18, 2006.

6. Supplemental Response to NRC Request for Additional Information (RAI 2.5.1.19-1),
dated September 28, 2005, Related to Oyster Creek Generating Station License
Renewal Appiication, November 11, 2005.

7. Oyster Creek Generating Station - NRC License Renewal Inspection Report
05000219/2006007, September 21, 2006

8. Oyster Creek License Renewal Project, Drywell Monitoring Program-Information for
ACRS Subcommittee from AmerGen

9. Memorandum dated December 14, 2006 from Louise Lund to John Larkins, Subject:
Review Background Materials for the Meeting of the License Renewal Subcommittee
Scheduled on January 18, 2007, Related to the Interim Review of the License Renewal
of the Oyster Creek Generating Station. ML063470557

10. Memorandum date December 8, 2006 from Michael P. Gallagher to the U.S. Nuclear

Regulatory Commission, Subject: Submittal of Information to ACRS Plant License
Renewal Subcommittee Related to AmerGen’s Application for Renewed Operating
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11.

12.

13.

14.

15.

License for Oyster Creek Generating Station. ML063470532

Sandia National Laboratories Report “Structural Integrity Analysis of the Degraded
Drywell Containment at the Oyster Creek Nuclear Generating Station,” January 2007

ASME Code Case N-284-1, “Metal Containment Shell Buckling Design Methods, Class
MC, Section lll, Division one, March 14, 1995.”

Letter dated January 31, 2007, from Senator Frank Lautenberg, Senator Robert
Menendez, Representative Christopher H. Smith, and Representative Jim Saxton to The
ACRS.

Letter dated January 31, 2007 from Richard Webster, Rutgers Environmental Law Clinic
to the ACRS, regarding the Safety Evaluation Report for Oyster Creek Nuclear Power
Plant.

Oyster Creek Generating Station-NRC In-Service Inspection and License Renewal
Commitment Followup Inspection Report 0500021/2006013, January 17, 2007.

Fhkkkkhhhkkkhikhhkhhkkhhkkhhkhikhhkkkhkikikhkkkihkhhh

NOTE:

Additional details of this meeting can be obtained from a transcript of this meeting available in
the NRC Public Document Room, One White Flint North, 11555 Rockville Pike, Rockville, MD,
(301) 415-7000, downloading on the Internet at http://www.nrc.gov/reading-rm/doc-
collections/acrs/ can be purchased from Neal R. Gross and Co., 1323 Rhode Island Avenue,

NW, Washington, D.C. 20005, (202) 234-4433 (voice), (202)387 -7330 (fax),
nraross@nealgross.com (e-mail).

dhkkkdkhhdkkkkhkkhkhkhkhkhkhkkkkhkhkhkhkkhhkhhkhkhkhkkkkhkhkhkhhkkkk
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, DC 20555 - 0001

December 11, 2006

MEMORANDUM TO: ACRS Plant License Renewal Subcommittee Members
f
FROM. MIChaé|“A JuVri:;Le S/en‘/d’éﬁﬁ Engineer
Technical Support Bfanch, ACRS

SUBJECT: REVIEW MATERIALS FOR THE MEETING OF THE LICENSE
RENEWAL SUBCOMMITTEE ON JANUARY 18, 2007 RELATED TO
THE INTERIM REVIEW OF THE LICENSE RENEWAL OF THE
OYSTER CREEK GENERATING STATION

The purpose of this memorandum is to forward background materials related to the License
Renewal Subcommittee Meeting on January 18, 2007 with staff of the Office of Nuclear Reactor
Regulation and AmerGen Power Company representatives to continue discussion on the
License Renewal Application and Safety Analysis Report of Oyster Creek Generating Station.
To prepare for the meeting, the following documents are attached:

1) Oyster Creek License Renewal Project, Drywell Monitoring Program-Information for
ACRS Subcommittee

A Draft Proposed Agenda and Status Report will be sent in the near future.

For additional information, please contact me at (301) 415-6855 or MXJ2@NRC.GOV.

Attachments: As stated

cc: w/o Attachments: J. Larkins M. Snodderly S. Duraiswamy



UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTCN, D.C. 20555-0001

December 14, 2006

MEMORANDUM TO: John Larkins, Executive Director
Advisory Committee on Reactor Safeguards
and Advisory Committee on Nuclear Waste

FROM: Louise Lund, Branch Chief />
License Renewal Branch A:
Division of License Renewal
Office of Nuclear Reactor Regulation

SUBJECT: REVIEW BACKGROUND MATERIALS FOR THE MEETING OF THE
LICENSE RENEWAL SUBCOMMITTEE SCHEDULED ON
JANUARY 18, 2007, RELATED TO THE INTERIM REVIEW OF THE
LICENSE RENEWAL OF THE OYSTER CREEK GENERATING
STATION

The purpose of this memorandum is to forward background materials that may be of assistance
to the license renewal subcommittee in preparing for the January 18, 2007 meeting with staff
from the Office of Nuclear Reactor Regulation and AmerGen Energy Company representatives.
The meeting is being held to continue discussions on the staff's review of the Oyster Creek

Generating Station license renewal application.

To prepare for the meeting, the following background materials are enclosed: - -+ - - -

1. Index and publicly available documents related to the Oyster Creek Drywell (1966-
1996). ML063470557

2. Index and publicly available documents related to the inspection of socket welds.
ML063470532

3. Draft Sandia Report, “Structural Integrity Analysis of the Degraded Drywell Containment
at the Oyster Creek Nuclear Generating Station”. ML063480155

These documents are available in ADAMS individually or as package number ML063480014.
For additional information please contact the project manager, Donnie Ashley at 301-415-3191

or via e-mail at djat@nrc.gov.

Enclosures:
As stated
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specified in 10 CFR 20.1402. Because
the proposed action will not
significantly impact the quality of the
human environment, the NRC staff
concludes that the proposed action is
the preferred alternative.

Agencies and Persons Consulted

NRC provided a draft of this
Environmental Assessment to the
Washington State Department of Health,
Office of Radiation Protection for review
on October 31, 2006. On November 6,
2006, the Washington State Department
of Health, Office of Radiation Protection
responded by electronic mail. The State
agreed with the conclusions of the EA,
and provided editorial comments.

The NRC staff has determined that the
proposed action is of a procedural
nature, and will not affect listed species
or critical habitat. Therefore, no further
consultation is required under Section 7
of the Endangered Species Act. The
NRC staff has also determined that the
proposed action is not the type of
activity that has the potential to cause
effects on historic properties. Therefore,
no further consultation is required
under Section 106 of the National
Historic Preservation Act.

IIL Finding of No Significant Impact

The NRC staff has prepared this EA in
support of the proposed action. On the
basis of this EA, the NRC finds that
there are no significant environmental
impacts from the proposed action, and
that preparation of an environmental
impact statement is not warranted.
Accordingly, the NRC has determined
that a Finding of No Significant Impact
is appropriate.

IV. Further Information

Documents related to this action,

Licensing and Related Regulatory
Functions;”

4. NUREG-1496, “Generic
Environmental Impact Statement in
Support of Rulemaking on Radiological
Criteria for License Termination of NRC-
Licensed Nuclear Facilities;”

5. NRC License No. 45-23645-01NA
inspection and licensing records;

6. Department of the Navy,
Termination of Naval Radioactive
Materials Permit No. 46—00253-B1NP
Issued to Naval Undersea Warfare
Center Division, Keyport, Washington,
dated October 11, 2005 (ML052970305);
and

7. Department of the Navy, Final
Status Survey for Naval Undersea
Warfare Center and supporting
documentation, dated December 15,
2004 (ML060390731).

If you do not have access to ADAMS,
or if there are problems in accessing the
documents located in ADAMS, contact
the NRC Public Document Room (PDR)
Reference staff at 1-800-397—4209, 301—
4154737, or by email to pdr@nrc.gov.
These documents may also be viewed
electronically on the public computers
located at the NRC’s PDR, O 1 F21, One
White Flint North, 11555 Rockville
Pike, Rockville, MD 20852. The PDR
reproduction contractor will copy
documents for a fee.

Dated at King of Prussia this 5th day of
December 2006.

For The Nuclear Regulatory Commission.
Marie Miler,

Chief, Materials Security & Industrial Branch,
Division of Nuclear Materials Safety, Region
L

[FR Doc. E6-21355 Filed 12-14-06; 8:45 am]
BILLING CODE 7590-01-P

NUCLEAR REGULATORY

including the application for license : COMMISSION

amendment and supporting
documentation, are available
electronically at the NRC’s Electronic
Reading Room at http://www.nrc.gov/
reading-rm/adams.html. From this site,
you can access the NRC’s Agencywide
Document Access and Management
System (ADAMS), which provides text
and image files of NRC's public
documents. The documents related to
this action are listed below, along with
their ADAMS accession numbers.

1. NUREG-1757, “Consolidated
NMSS Decommissioning Guidance;”

2. Title 10 Code of Federal
Regulations, Part 20, Subpart E,
“Radiological Criteria for License
Termination;”

3. Title 10, Code of Federal
Regulations, Part 51, “Environmental
Protection Regulations for Domestic

Advisory Committee on Reactor
Safeguards (ACRS) Meeting of the
Subcommittee on Plant License
Renewal; Notice of Meeting

The ACRS Subcommittee on Plant
License Renewal will hold a meeting on
January 18, 2007, Room T-2B3, 11545
Rockville Pike, Rockville, Maryland.

The entire meeting will be open to
public attendance.

The agenda for the subject meeting
shall be as follows:

Thursday, January 18, 2007—8:30
a.m. until 5 p.m.

The purpose of this meeting is to
continue discussion on the License
Renewal Application for Oyster Creek
and the associated Safety Evaluation
Report (SER) prepared by the NRR staff
with emphasis on the containment liner

questions raised at the subcommittee
meeting held on October 3, 2006. The
Subcommittee will hear presentations
by and hold discussions with
representatives of the NRC staff,
AmerGen Energy Company, and other
interested persons regarding this matter.
The Subcommittee will gather
information, analyze relevant issues and
facts, and formulate proposed positions
and actions, as appropriate, for
deliberation by the full Committee.
Members of the public desiring to
provide oral statements and/or written
comments should notify the Designated
Federal Official, Mr. Michael Junge
(telephone 301/415-6855) five days
prior to the meeting, if possible, so that
appropriate arrangements can be made.
Electronic recordings will be permitted.
Further information regarding this
meeting can be obtained by contacting
the Designated Federal Official between
6:45 a.m. and 3:30 p.m. (ET). Persons
planning to attend this meeting are
urged to contact the above named
individual at least two working days
prior to the meeting to be advised of any
potential changes to the agenda.

Dated: December 11, 2006.
Antonio F. Dias,
Acting Branch Chief, ACRS/ACNW.
[FR Doc. E6—21366 Filed 12-14-06; 8:45 am]
BILLING CODE 7590-01-P

PENSION BENEFIT GUARANTY
CORPORATION

Required Interest Rate Assumption for
Determining Variable-Rate Premium for
Single-Employer Plans; Interest
Assumptions for Multiemployer Plan
Valuations Following Mass Withdrawal

AGENCY: Pension Benefit Guaranty
Corporation.
ACTION: Notice of interest rates and
assumptions.

SUMMARY: This notice informs the public
of the interest rates and assumptions to
be used under certain Pension Benefit
Guaranty Corporation regulations. These
rates and assumptions are published
elsewhere (or can be derived from rates
published elsewhere), but are collected
and published in this notice for the
convenience of the public. Interest rates
are also published on the PBGC’s Web
site (http://www.pbgc.gov).

DATES: The required interest rate for
determining the variable-rate premium
under part 4006 applies to premium
payment years beginning in December
2006. The interest assumptions for
performing multiemployer plan
valuations following mass withdrawal



Advisory Committee on Reactor Safeguards
Plant License Renewal Subcommittee Meeting

Oyster Creek Generating Station
January 18, 2007

-PROPOSED SCHEDULE-

Rockville, MD

Cognizant Staff Engineer: Michael A. Junge mxj2@NRC.GOV (301) 415-6855

Topics

Presenters

Time

Opening Remarks

0. Maynard, ACRS

8:30am - 8:35 am

Staff Introduction

Louise Lund, NRR

8:35 am - 8:40 am

AmerGen - Oyster Creek Presentation

8:40 pm - 9:30 am

A. Drywell Shell Corrosion Fred Polaski,
Overview
B. Drywell Shell Thickness Dr. Hardayal Mehta (GE), 9:30 am - 10:30 am
Analysis Ahmed Ouaou
Break 10:30 am - 10:45 am
| C. Drywell Sand Bed Region John O'Rourke, Jon 10:45 am - 12:00 pm
Cavallo, Pete Tamburro,
Howie Ray
| Lunch 12:00 pm - 1:00 pm
D. Embedded portions of the John O'Rourke, Barry 1:00 pm - 1:45 pm
Drywell Shell Gordon, Howie Ray
E. Upper Drywell Shell John O’Rourke, Howie Ray | 1:45 pm - 2:15 pm

Break

. 2:15 pm -2:30 pm

NRC Staff Presentation

Donnie Ashley, NRR

2:30 pm - 2:35 pm

A. Introduction/Overview

B. NRC inspection during 2006 Richard Conte, Region | 2:35 pm - 2:50 pm
outage Tim O'Hara, Region |

Michael Modes, Region |

C. Status of Open Items / Donnie Ashley, NRR 2:50 pm - 3:00 pm
Licensee Commitments Hans Ashar, NRR

D. Confirmatory Analysis of Hans Ashar, NRR 3:00 pm - 3:45 pm
Drywell - Sandia Model Jason Petti, SNL

E. Socket Welds Jim Davis, NRR 3:45 pm - 4:00 pm




Public Comment

Paul Gunter (NIRS),
Richard Webster (NIRS)

4:00 pm - 5:00 pm

Subcommittee Discussion

0. Maynard, ACRS

5:00 pm-5:30 pm
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Oyster Creek Nuclear
Generating Station

Unresolved Pv‘r blems With

Outcome of Previous Meeting

» Must put the horse before the cart

* First establish margin for both sandbed and
embedded region
— Significant issues with paucity of data, non-rigorous
statistics, large uncertainty, unrealistic modeling, and
many cumulative unjustified assumptions
+ Second determine whether margin can be
maintained

— Significant issues with equipment failure leading to
ongoing leakage, operator failures, uncertainty in the
measurements, lack of data to predict corrosion rate,
scope & frequency of monitoring




Key Issues from Previous Meeting

» Measured < 1% of Sandbed area, last good
measurements in 1992 or 1994

+ Fitted data to normal distribution by segmenting
and editing out pits

» Acceptance criteria based on modeling of
idealized geometries

* Margin not established, 0.064 inches claimed
 Visual assessment of coating alone inadequate

» Need better detection of corrosive conditions
and faster response

* No measurements in the erhbedded region

What's New

* For sandbed have historic results and new
results taken in October 2006

* For embedded region now have a 42 point
grid taken in a trench in bay 5 in October
2006

* |In October 2006 found water on the inside
of the shell below interior floor to be a
normal operating condition

« Start with discussion with sandbed




Schematic Drawing of Lower Spherical Section of Drywell Liner
(not to size)

Biological Shield Concrete  Drywell Liner Concrete Curb following
Containment Contpurs of Vessel

\ ) ‘ J Sandbed

P Area
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- — $113/4”
10'3 J - 123

Schematic Cross Section through Sandbed Area

(not to size)

Dimensions of Sandbed Area
15” by 3°3 %”

Curb Biological Shield
Elev. 12°3” / Concrete '
« Containment

Cutout to Elev. 11
Only around Vent lines

/ 20 “ Diameter Access Hole
Reactor Floor o through concrete containment
Elev. 10°3” T for Sandhed removal

Area of UT Measurements
Below and to the Side of
Vent Lines about 6” to 8” Sandbed Floor

Elev. 8°11 3%4”
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The Sandia Study

« Sandia model shows:

— locally thin areas are significant and degradation has caused a
43% reduction in safety factor for the buckling in the sandbed
under refueling conditions

— GE model for buckling under refueling conditions was over
optimistic, 0.844 inches uniform thickness needed, not 0.736
inches

— Under accident conditions bending stress at the transition point
at the bottom of the sand bed would be excessive

— Safety factors for buckling under refueling conditions predicted at
1.95 in the upper drywell and 2.15 in sandbed
* Model fails to take account of measured thinning in the
sandbed exterior measurements in October 2006

+ Sandi failed to estimate the uncertainty of the prediction
of the safety factor or its sensitivity and did not attempt to
produce acceptance criteria for future corrosion 7

Claimed Safety Margins Based on
6 By 6 Grids

Small Areas Thickness Mean Measured Thickness
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1969 1992 2006 Accept? 1969 1992 2006 Accept?




1992 External Spot Measurements Bay 1

B > 5% ebove 0.736

Within 5% above 0.736

- < 0.736

1.156”

Bathtub Region 0.965” § gagn

[ == = L=~ T T 0,720

P T o709 \, o Drywell
0-71;_0,_ 2‘3*12:'_--__0;7.25’:_*.--;:2 07167 Shell

0.714”  0.726”
0.805" +0.852"

. 0.890” g.91|7"
. [ 0700
0.805”, S

0.796”
0.850”° *0.860" .

Sand Bed Floor

1992 External Spot Measurements Bay 5

B > 5% above 0.736

Within 5% above 0.736

B <073
Drywell
Shell
1.040” -
- . 0.970”
1.010” 1.060 0910”3 .
*0.900" 0.890” 1.020”

Sand Bed Floor
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1992 External Spot Measurements Bay 9

Bl > 5% above 0.736

Within 5% above 0.738

Bl <073
0.940"
0.825” . e
0832" "+ +0.820” 0.994 0.960" Drywell
0.791" 1.020” Shel
0.980”
0.985"

Sand Bed Floor
1

1992 External Spot Measurements Bay 11

Bl > 5% above 0.738
Within 5% above 0.738

B <073
0.832" 0.705” Drywell
. Shell
0.800”° . ,
0.8317| 0.8317
0.815”

Sand Bed Floor
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1992 External Spot Measurements Bay 13

El > 5% above 0.736
Within 5% above 0.736
Bl <0736

15"

6+ 7 15 14 . 13
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5 . J
8 § 18

12¢ . 10 .9
ikl 19
43" ’

Sand Bed Floor

Drywell
Shell
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1992 External Spot Measurements Bay 13

* 1.170”

07227 o672

B > 5% abovs 0.736

Within 5% above 0.736

B <073
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Pit Depth in Inches

Extreme Value Statistics for 1992
Exterior UT Results in Bay 13
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reduced variate

2.5% chance a single point measurement would give thickness less than 0.536"
At 99% certainty shell thickness at each point is > 0.449 inches
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Significant Thin Areas Existed in

1992

Average Thickness

(linches)

1992 External UT Results Bay 13

0.25

25 3.75 4.48
Area (sq. feet)

Accept?
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Sensi"tivity of Area Below
0.736 Inches to Thinning

Initial radius

Indentation
thickness

For illustration assume constant side slope and conical shape
Use known result that Point 7 in Bay 13 has min thickness of 0.618
inches and area below 0.736 inches of 0.25 sq. ft

17

Areas of Thin Regions Are
Sensitive to Corrosion

Sensitivity of Thin Area to Changes
in Thickness at Bay 13 Point 7

g o8
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- 0

0.536 0586 0.636 0.686 0.736 0.786
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2006 External UT Results

Incomplete results presented in an opaque way in
ACRS information package

Thinnest point measured decreased from 0.618
inches to 0.602 inches

Results indicated general thinning of the drywell
shell by up to 0.039 inches

Likely that shell is thinner than it was in 1992

Even 0.02 inches of corrosion would be significant
because claimed margin was 0.064 inches and thin
areas expand quickly with additional thinning

19

2006 External UT Results: Details
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4 Dov 18,0260 SUd Dew 2113 Std Dev 20.7620 St Dov 303664
Std Error Moan 5.0088 6t4 Error Maen 7.3401 St Error Mean 12.2042 $1d Ermor Mean 16.6608
Upper 95% Msan 1169846 Uppar 06% ke T17.6046 Upper 05% Msan 170603 Upper 05% Mean 708.0678
Lower 25% Maan 5628048 Lower 06% kiean 6842065 Lower 05% Masn 660.4002 Lower 35% Mean 6275702
N £.0000 N 10.0000 N 9.0000 N 6.0000
Sum Waighis 0.0000 Sum Waighta 10,0000 Sum Waigiris B.0000 Sum W eighis .0000
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Possible Causes of Thinning

Systematic measurement error in 1992 —
unlikely, major concern if true

External corrosion occurring despite the
preventative measures taken — all coatings were
visually inspected as satisfactory, would mean
that corrosion could occur when coating is
visually intact

Internal corrosion — water inside the drywell
identified as a normal operating condition in
October 2006

Cause of thinning is probably corrosion

21

No Margin Left

Instead of using area acceptance criterion, Exelon has
applied point acceptance for exterior measurements
without justification

If area acceptance criterion were applied to external and
internal results, the drywell failed in 1992 — worst 0.25 sq
ft area measured externally had average thickness of
around 0.62 inches, 0.12 inches under 0.736

Margin failure has increased by around 0.02 inches
sri]ncke 1992, so worst 0.25 sq ft is now around 0.6 inches
thic

If adjust grid criterion to 0.844 inches, 4 of 12 grids fail
significantly, and margin is insignificant for 2 others

_NO\rl;/ have no valid acceptance criteria except for 0.844
inches

22

11



Operator Approach To Margin

« 1992 average thickness of Bay 13 estimated at
0.800 inches — not clear how

» Margin was assessed as 0.064 inches by
comparing to 0.736 inches uniform thickness
prediction

» Bay 13 is now around 0.02 inches thinner

* NRC documents confirm operator also needs to
track extent of corroded areas e.g. April 4, 1992
- “In order to consider the corroded area as a
discontinuity in NE-3213.10 the extent of the
reduction in thickness due to corrosion should
be known”

« Sandi cautioned area measured is “limited” and
“in many cases, the raw data was not available”

Operator Cannot Show Margin

» Sandia Model shows a uniform symmetric sandbed at
thickness 0.844 inches exactly conforms to code
requirements

» Corrosion in Bays 1, 9, 11 and 13 is widespread, are
many points thinner than 0.844 inches

* 4 Grids in Bays 11, 17, and 19 show average thinner
than 0.844 inches

* In Bay 13, best estimate is that area with average
thickness thinner than 0.736 inches is around 4 sq. ft.

* Area thinner than 0.736 inches has probably expanded
since 1992 ‘

» High degree of uncertainty about the nature of the
corroded surface

24




Operator Cannot Maintain Margin

Even if margin is 0.04 inches, can’t rely on visual
inspection — could have concealed exterior
corrosion or interior corrosion

Worst sand bed exterior corrosion rate was 0.04
inches/year

Worst case interior corrosion rate unknown
Individual measurements have at least 0.02

inches random error, additional location error,
and possible additional systematic error

25

'E-mail from Ryan to Polaski, dated
October 10, 2006

“The equipment used in the past to perform
‘randomly selected’ locations did not function
worth a ‘'sh_t, or it didn’t perform to expectation

“Because the locations were not ‘stamped or
date match marked,’ it wouldn’t be possible to
provide accurate follow up inspections”

“If you wanted to perform baseline inspections

now ...

26
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Embedded Region

Sandbed floor damaged when sand was removed
Floor repaired with epoxy in 1992

“Since 1996 inspections have found indications of epoxy
separating from concrete” and “the separate seams
could potentially allow some water to get under the
epoxy coating repair’ — AmerGen October 25, 2006

Separation “could be caused by concrete swelling”
Bottom of drywell is below the groundwater table
Embedded region corrosion observed at Beaver Valley

Drilled holes in interior concrete floor at Dresden to take
UT measurements

SER - could get a semi-quantitative assessment using
guided wave technology

27

Embedded Region Measurements

First measurements taken in Bay 5 in Oct. 2006

Grid of 42 measurements showed loss in
thickness of 0.041 inches

Corrosion in the embedded region.has occurred

Corrosion in Bay 5 is not bounding - Bay 5 was
one of the least corroded bays in the sandbed
region

Shows need for measurement in most corroded
bays and for monitoring of conditions in the
embedded region

No assurance of margin at present

28
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Conclusion

* Margin in the sandbed region ranges from 0.04
inches to less than zero

* There is a significant probability that there is no
current margin in the sandbed region

* Err on the side of caution — safety at stake and
Exelon has created uncertainty by failing to
monitor adequately

» Even if margin is 0.04 inches, it is too small to
maintain because of uncertainty in
measurements and corrosion rates

* Margin in embedded region is unknown

29

Oyster Creek Nuclear
Generatingg Station

ofrosion:
Outstanding Issues
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1992 External Spot Measurements Bay #1

15
Bathtub Region 2‘§ 10
=== ittt Batin winhd b7
1 3 Drywell
AR R B Shell
......... e
.22
.9 19 18
. 7
8, N 1%
23 °*17 *
I > 5% above 0.736
Sand Bed Floor Within 5% atove 0.736
Bl <073 3
BAY #3 DATA
6'6" >
1
2 .
6 .
I Drywell
8 Shell
B > 5% above 0.736
Sang Bed Floor 3 Within 5% above 0.738

B <073 32
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BAY #3 DATA

6'6"
Weld
0.795”
0.968” 0.898” o.gs7” 1.0007 °
- 0.823”, } :
| -0.826” Drywell
0780 Shell

Sand Bed Floor

B > 5% above 0.736
Within 5% above 0.736
33

R <073

BAY #5 DATA

6'6"

Weld

Sand Bed Floor

Drywell
Shell

M > 5% above 0.736

E=1 Within 5% above 0.736

B <073% 34
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BAY #7 DATA

7 5 P Drywell
) : Shell

Bl > 5% above 0.736

Sand Bed Floor

Within §% above 0.738

M <073 35
BAY #7 DATA
6'6"
1.045” 1.040” 0.954”
1.000” 1.030” 1016» 09200  Drywell
* -t Shell

BR >5%above 0.736

Sand Bed Floor

Within 5% above 0.736

BB <073 36
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BAY #9 DATA

1 ~ Drywell
4 - Shell

Sand Bed Floor

Bl > 5% above 0.738
Within §% above 0.738

B <073 37

BAY #11 DATA

€'6"

6°

Weld

1 Drywell
Shell

Sand Bed Floor

BB > 5% above 0.738

E] within 5% above 0,736

B <073 38
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BAY #15 DATA

6'g"

5 ) Drywell
. 5 Shell
11 10 : 7 4
. . . . «3
9
B >5% above 0.736
Sand Bed Floor Within 5% above 0.738
MR <0736 39
-« 6'6"
0.7.94"
0.786"
0.850” 0.826” Drywell
. -0 Shell
0.825” 0.860” 0.808" 795"
: c. : 07, 0032
0.722”
Sl > 5% abova 0.736
Sand Bed Floor Within 5% above 0.736
Bl <0738 40
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BAY #17 DATA

66" >
Weld
2
Drywell
10 9 Shell
. 1
4 503
8 6 4
8 > 5% above 0.736
Sand Bed Fioor Within 5% ebove 0,736
Il <0736 4
66"
Weld
1.150”
X Drywell
0.830"  0.720” Shell
. : 0.916”
0.870” 0.913”  g'gog”
0.990” 0.992” 0.951”

Sand Bed Floor

B& > 5% above 0.736
Within §% above 0.736

B <073 42
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BAY #19 DATA

86" >

e 6
104 ° Drywell
1 Shell
;| 3
. »5 2-
Bl > 5% above 0.738
Sand Bed Fioor Within 5% above 0.738
Bl <0736 a8
66"
Weld
0.860”
0.790" Drywell
0932” Shell
0.969" 0.940” 0.955”
« |.0.950" 0.924”

Sand Bed Floor

BE > 5% ebove 0.736
[ Within 5% above 0.736

BE <o73s 44
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Advisory Committee on Reactor Safeguards
(ACRS) License Renewal Subcommittee

Oyster Creek Generating Station

Safety Evaluation Report |

January 18, 2007

Donnie J. Ashley, Project Manager
Office of Nuclear Reactor Regulation



Introduction

# NRC Inspections during Fall 2006

Status of Open Items / Licensee Commitments

# Confirmatory Analysis of Drywell - Sandia Model

Socket Welds

January 18, 2007 ACRS Subcommittee Meeting — 2
Oyster Creek Generating Station
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OUTAGE INSPECTION IN OCTOBER 2006

SCOPE OF INSPECTION REVIEW

Non-destructive examination results of the drywell shell and torus and related AmerGen
evaluations.

Visual inspection by NRC staff of epoxy coating on the outside of the drywell shell in 3 of
10 bays (adjacent bays could also be viewed) and NRC staff review of the results of
licensee visual inspection in all 10 bays.

AmerGen’s efforts to identify and mitigate the source of water which accumulated in the
trenches in the concrete floor inside the drywell.

tracer dye testing of the drywell leakage collection trough inside the reactor pedestal
inspection of the drywell sump

inspection and repair of the leakage collection trough

caulking of the joint between the concrete drywell floor and the steel drywell shell.

Structural integrity of the concrete drywell floor and the condition of the embedded
portion of the drywell shell.

# The potential impact from various repairs to the containment on the design and licensing
bases of the drywell.

January 18, 2007 ACRS Subcommittee Meeting — 4
Oyster Creek Generating Station



OUTAGE INSPECTION IN OCTOBER 2006

KEY NRC OBSERVATIONS/RESULTS

# Al UT results are greater than the calculated minimum code required
thickness for various plates that form the drywell shell.

# No adverse conditions of the epoxy coating on the outside of the
drywell shell in the former sandbed region.

2 Repairs in and around the trough within the reactor vessel pedestal
area did not result in any adverse conditions.

The water discovered in the drywell trenches had no adverse impact
on the structural integrity of the concrete floor or the potential for
corrosion of the embedded portion of the drywell shell.

- AmerGen had taken actions to prevent further accumulation of
water in this area.

® No adverse conditions with respect to the drywell or torus structural
integrity that preclude restart.

January 18, 2007 ACRS Subcommittee Meeting — 5
Oyster Creek Generating Station



OUTAGE INSPECTION IN OCTOBER 2006
INSPECTION SUMMARY

& No safety significant conditions with respect to the primary
containment that would prohibit plant startup.

- # Reasonable assurance that the primary containment is
capable of performing its design function throughout the
upcoming operating cycle.

January 18, 2007 ACRS Subcommittee Meeting —
Oyster Creek Generating Station
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5 open items:

& O0l4.7.2-1.1: Drywell Corrosion Sampling in the transition area: Question
on the appropriate number of locations on the drywell for periodic ultrasonic
testing

& 0l4.7.2-1.2: Drywell Corrosion Inaccessible areas embedded concrete:
Question on the possibility of corrosion of drywell liner plates embedded in
concrete between the containment floor and foundation

& 0I4.7.2-1.3: Buckling Analysis: Question on the appropriateness of certain
technical assumptions in AmerGen's analysis of the potential for "buckling"
of the drywell shell

# 0l4.7.2-1.4: Drywell Shell Thickness and the Minimum Available
Thickness Margin: Question on the use of an ASME Code provision to
simulate the behavior in thinned areas

& Ol4.7.2-3: Questions on the implementation of the Protective Coatinfg
Monitoring and Maintenance Program and the extent of inspections o
epoxy-coated drywell surfaces

January 18, 2007 ACRS Subcommittee Meeting — 8
Oyster Creek Generating Station



New Drywell Commitments

Increase sample sizes to 4 in transition area.

UT thickness measurements will be taken from outside the drywell in
the sand bed 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. |

Starting in 2010, drywell shell UT thickness measurements will be
taken from outside the drywell in the sand bed region in two bays per
outage, such that Inspections will be performed in all 10 bays within a
10-year period. The two bays with the most locally thinned areas (bay
#1 and bay #13) will be inspected in 2010. If the UT examinations yield
unacceptable results, then the locally thinned areas in all 10 bays will
be inspected in the refueling outage that the unacceptable results are
identified.

January 18, 2007 ACRS Subcommittee Meeting —
Oyster Creek Generating Station



New Drywell Commitments ...

# Perform visual inspection of the drywell shell inside the trenches in
bay #5 and bay#17 and take UT measurements inside these trenches
in 2008 at the same locations examined in 2006. Repeat (both the UT
and visual) inspections at refueling outages during the period of
extended operation until the trenches are restored to the original
design configuration using concrete or other suitable material to
prevent moisture collection in these areas.

# Perform visual inspection of the moisture barrier between the drywell
shell and the concrete floor/curb, Installed inside the drywell during
the October 2006 refueling outage, in accordance with ASME Section
Xl, Subsection IWE during the period of extended operation.

January 18, 2007 ACRS Subcommittee Meeting — 10
Oyster Creek Generating Station




Structural Integrity Analysis of the
Degraded Drywell Containment at
Oyster Creek

Hansraj Ashar, NRR
Jason Petti, SNL

Presented to ACRS Subcommittee
January 18, 2007



Scope and Intent of SNL Analysis

# The intent of this study was to assess the
ability of the degraded drywell shell to
withstand the postulated loadings

% 360° model of drywell was used to study the
spatial variation of the degradation

. Stress and stability analyses of the drywell for
as-designed and degraded shell conditions
for postulated loads

January 18, 2007 ACRS Subcommittee Meeting — 12
Oyster Creek Generating Station




Degradation Modeling

Wall thinning used to model degradation.

Region by region averages used based on
reported measurements.

Localized thinning was modeled in Bay 1 and
Bay 13

January 18, 2007 ACRS Subcommittee Meeting ~
Oyster Creek Generating Station

thickness
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Oyster Creek
Reactor Building and Containment

Reactor Building (one half
removed to view containment)

Gap Between
Concrete
Shield Wall
and Steel
Containment
Shell

Drywell Sandbed Region



Drywell Model — Elevations and Regions

Elevation 107°-9”

— Head

Elevation 94’-9”

..................................... Cylinder
0° Azimuth
90° Azimuth

Elevation 71’-10” 270° Azimuth
Elevation 65’-4” — Knuckle

Elevation 50°-11” Upper Sphere

Middle Sphere

Personnel Lock
Elevation 27°-6’ & Equipment Hatch

................................... Lower Sphere
—

—

Elevation 23’-6”

Elevations Ventlines

(10 at 36°)

Ventlines End at
Ventline Header

Sandbed Region Bottom Sphere



Model and Analysis Development

Sandia Analysis

—>

Assess Effects
of Degradation

Developed 360°
Finite Element

[

Baseline Model
(as-designed)

Degraded Model

L,

Load Combinations : |

Analyzed

i_z
-

Stress Analysis l_

Stability Analysis |

Minimum Uniform
Sandbed Thickness
Analysis

>

Evaluate Analysis
Results with ASME
B&PV Code




Analysis Results Summary

Load Combination

Refueling
Stress
Buckling (FS)

Dead, Seismic, Water

Accident

Dead, Seismic, 44psi Int. Pressure, Stress

292°F
Buckling (FS)
Post-Accident (flooded)
Dead, Seismic, Hydrostatic Stress

Buckling (FS)

Baseline

42%
3.85 (2)

2%

48.3%
3.47 (1.67)

. Stress Ratio: Analysis Stress / Allowable Stress <100%
» Buckling Factors of Safety for Sandbed Region

« ASME B&PV Section lll, Subsection NE

January 18, 2007 ACRS Subcommittee Meeting —

Oyster Creek Generating Station

Degraded

51%
2.15 (2)

93%

63.3%
2.60 (1.67)

Stress plots

17



Conclusion of the Analysis

" = Based on the SNL study, the NRC staff finds
that the degradation in its current state meets
the requirements of the ASME code

® The applicant has committed to future
monitoring of the degradation and evaluation
of the integrity of the Oyster Creek drywell
shell as an ongoing process

Minimum thickness code

January 18, 2007 ACRS Subcommittee Meeting — 18
Oyster Creek Generating Station
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Inspection of Socket Welds in
Class 1 Small-Bore Piping

Issue

# Aging management of socket welds in
Class 1 and Class 2 small-bore piping (less
than NPS 4 inches)

& Should socket welds be Included in the “One-
time Inspection of Small Bore Piping” AMP
(XI1.M35)

January 18, 2007 ACRS Subcommittee Meeting —
Oyster Creek Generating Station
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Socket Welds

No additional examinations will be required
for socket welds in excess of the current
ASME code requirements

January 18, 2007 ACRS Subcommittee Meeting —
Oyster Creek Generating Station
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Conclusions

& The staff has concluded that with the resolution of the
open items and additional commitments, there is
reasonable assurance that the activities authorized
by the renewed license will continue to be conducted
in accordance with the CLB, and that any changes
made to the OCGS CLB in order to comply with

10 CFR 54.29(a) are in accordance with the
Commission’s regulations.

January 18, 2007 ACRS Subcommittee Meeting — 23
Oyster Creek Generating Station
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Minimum Uniform Sandbed Thickness

Effective Factor of Safety

Based on Buckling for the Refueling Load Combination

0.6 0.7 0.8 0.9 1 1.1 1.2
Sandbed Shell Thickness, in




Thicknesses Used in Lower Sphere

Sphere Equator — Elevation 37°-3”

‘Elevation 8'-11.25”

Sandbed Region  Local Bay 1 Region Local Bay 13 Region
| 0.705 0.618



Analysis Results

S, 811
Mid, (traction = Q.Q)
(Ave. Crit.: 75%)
2.422e+01
.600e+01
.467e+Q]
«333e+Q1

. 200e+01
.067e+Q1
.333e+00

. 000e+0QQ
.667e+00
.333e+00
.000e+00
.667e+00
.333e+00

. 000e+Q0
.455e+01

Accident — circumferential stress

Refueling - buckling

<BACK



ASME B&PV Code Case N-284

“-1500 CAPACITY REDUCTION FACTORS

... The influence of internal pressure on a shell
structure may reduce the initial imperfections
and therefore higher values of capacity
reduction factors may be acceptable.
Justification for higher values of a;; must be
given in the Design Report.”




December 11, 2006

MEMORANDUM TO: ACRS Plant License Renewal Subcommiittee Members

FROM:; Michael A. Junge, Senior Staff Engineer
Technical Support Branch, ACRS

SUBJECT: REVIEW MATERIALS FOR THE MEETING OF THE LICENSE RENEWAL
SUBCOMMITTEE ON JANUARY 18, 2007 RELATED TO THE INTERIM
REVIEW OF THE LICENSE RENEWAL OF THE OYSTER CREEK
GENERATING STATION

The purpose of this memorandum is to forward background materials related to the License

Renewal Subcommittee Meeting on January 18, 2007 with staff of the Office of Nuclear Reactor

Regulation and AmerGen Power Company representatives to continue discussion on the License

Renewal Application and Safety Analysis Report of Oyster Creek Generating Station.

To prepare for the meeting, the following documents are attached:

1) Oyster Creek License Renewal Project, Drywell Monitoring Program-Information for ACRS
Subcommittee

2) Proposed Agenda

3) Status Report

For additional information, please contact me at (301) 415-6855 or MXJ2@NRC.GOV.

Attachments: As stated

cc: w/o Attachments: J. Larkins M. Snodderly S. Duraiswamy



Advisory Committee on Reactor Safeguards
Plant License Renewal Subcommittee Meeting

Oyster Creek Generating Station
January 18, 2007

Rockville, MD

-PROPOSED SCHEDULE-

Cognizant Staff Engineer: Michael A. Junge mxj2@NRC.GOV (301) 415-6855

Topics

Presenters

Time

Opening Remarks

O. Maynard, ACRS

8:30am - 8:35 am

Staff Introduction

Louise Lund, NRR

8:35am - 8:40 am

AmerGen - Oyster Creek Presentation

8:40 pm - 9:30 am

A. Dryweli Shell Corrosion Fred Polaski,
Overview
B. Drywell Shell Thickness Analysis | Dr. Hardayal Mehta (GE), 9:30 am - 10:30 am
Ahmed QOuaou
Break 10:30 am - 10:45 am
C. Drywell Sand Bed Region John O’Rourke, Jon Cavallo, | 10:45 am - 12:00 pm
Pete Tamburro, Howie Ray
Lunch 12:00 pm - 1:00 pm
D. Embedded portions of the John O'Rourke, Barry 1:00 pm - 1:45 pm
Drywell Shell Gordon, Howie Ray
E. Upper Drywell Shell John O’Rourke, Howie Ray 1:45 pm - 2:15 pm

Break

2:15pm -2:30 pm

NRC Staff Presentation

Donnie Ashley, NRR

2:30 pm - 2:35 pm

- Sandia Model

Jason Petti, SNL

A. Introduction/Overview
B. NRC inspection during 2006 Richard Conte, Region | 2:35 pm - 2:50 pm
outage Tim O’Hara, Region |
Michael Modes, Region |
C. Status of Open ltems / Licensee | Donnie Ashley, NRR 2:50 pm - 3:00 pm
Commitments Hans Ashar, NRR
D. Confirmatory Analysis of Drywell | Hans Ashar, NRR 3:00 pm - 3:45 pm




E. Socket Welds

Jim Davis, NRR

3:45 pm - 4:00 pm

Public Comment

Paul Gunter (NIRS), Richard
Webster (NIRS)

4:00 pm - 5:00 pm

Subcommittee Discussion

O. Maynard, ACRS

5:00 pm-5:30 pm




ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
SUBCOMMITTEE ON PLANT LICENSE RENEWAL
OYSTER CREEK GENERATING STATION
JANUARY 18, 2007
ROCKVILLE, MARYLAND

- STATUS REPORT -
PURPOSE

The purpose of this meeting is to review the License Renewal Application (LRA) for Oyster Creek
Generating Station (OCGS), and the associated Draft Safety Evaluation Report (SER) December
2006 update, dated December 29, 2006, with focus on questions that were raised during the
October 3, 2006 License Renewal Subcommittee meeting. This updated SER closed the open
items contained in the previous Draft SER with open items dated August 2006. The
Subcommittee will hear presentations by and hold discussions with representatives of the staff and
AmerGen Energy Company.

BACKGROUND

The Qyster Creek Generating Station (OCGS) is a single unit facility. It is located in Lacey
Township, Ocean County, New Jersey, approximately two miles south of the community of Forked
River, about two miles inland from the shore of Barnegat Bay and seven miles west-north-west of
Barnegat Light. The site, about 800 acres, is approximately nine miles south of Toms River, New
Jersey, about fifty miles east of Philadelphia, Pennsylvania, and sixty miles south of Newark, New
Jersey. The reactor is a single cycle, forced circulation boiling water reactor (BWR-2) with a Mark
1 type Containment. The reactor produces steam for direct use in the steam turbine. The primary
containment is of the Mark 1 design that consists of a drywell, a suppression chamber in the shape
of a torus and a connecting vent system between the drywell and the suppression chamber.

Initial criticality was achieved on May 3, 1969 and Oyster Creek Generating Station was placed in
commercial operation on December 23, 1969 under a Provisional Operating License. On July 2,
1991, the NRC issued a Full Term Operating License (Facility Operating License No. DPR-16)
which superseded the Provisional Operating License in its entirety. On August 8, 2000, Oyster
Creek Generating Station was acquired by and the license transferred to AmerGen. The License
permits steady-state reactor core power levels not in excess of 1930 megawatts (thermal) and is in
effect until midnight on April 9, 2009.

DISCUSSION

By letter dated July 22, 2005(ADAMS Accession No. ML052080048), AmerGen submitted the
License Renewal Application (LRA) for OCGS in accordance with Title 10, Part 54, of the Code of
Federal Regulations (10 CFR Part 54).

AmerGen is requesting renewal of the operating licenses for OCGS, (Facility Operating License
DPR-16) for a period of 20 years beyond the current expiration date of April 9, 2009. The staff of
the U.S. Nuclear Regulatory Commission (NRC or the staff) reviewed the license

renewal application (LRA) for Oyster Creek Generating Station in accordance with the NRC
regulations and NUREG-1800, Revision 1, “Standard Review Plan for Review of License




Renewal Applications for Nuclear Power Plants,” dated September 2005. Title 10, Section 54.29,
of the Code of Federal Regulations (10 CFR 54.29) provides the standards for issuance of a
renewed license.

The licensee stated that it had not identified any Technical Specification (TS) changes necessary
to support issuance of the renewed operating license.

The staff used the following Interim Staff Guidance (ISG) in the Oyster Creek LRA review: Station
Blackout (SBO) Scoping, Concrete Aging Management Program (AMP), Fire Protection (FP)
System Piping, and ldentification & Treatment of Electrical Fuse Holders.

The December 2006 update to the Draft SER presents the status of the staff's review of
information submitted through December 15, 2006. It closes the 5 open items contained in the
previous Draft SER, and has no confirmatory items, 3 proposed license conditions, and 65
commitments.

OPEN ITEMS
The following 5 open items have been closed.

1. In RAI 4.7.2-1 dated March 10, 2006, the staff requested that the applicant provide the
following information: For the drywell corrosion (lower portion of the spherical area above
the sand-pocket area) during the late 1980s and the new corrosion found during the
subsequent inspections, provide the process used to establish confidence that the
sampling done to identify the areas of corrosion has been adequate. The staff finds that
the applicant’s actions to include in the program UT measurement of shell areas that may
experience increased rates of corrosion resolves the staff concern. *The basis for this
finding is that the UT measurements should provide an adequate data base to confirm
whether the random sampling program for UT measurements is reasonably
representative.* The staff, however, noted an inconsistency in the license renewal
commitment list (pages 45 and 46, items 10 and 11) where it states that the UT
measurements will be at one location. In a letter dated December 15, 2006, the applicant
noted the editorial error in its letter dated December 3, 2006. The applicant corrected the
error by changing item 10 and 11 from UT measurements at one location to UT
measurements at four locations. Open Iltem Ol 4.7.2-1.1 is closed.

2. In RAI 4.7.2-1 dated March 10, 2006, the staff requested that the applicant provide the
following information: For the drywell corrosion (sand pocket region of the drywell shell)
during the late 1980s and the new corrosion found during the subsequent inspections,
provide the process used to establish confidence that the sampling done to identify the
areas of corrosion has been adequate. Based on review of the applicant’s evaluation of the
condition of the inaccessible portion of drywell shell embedded in concrete, the applicant’s
actions to date, and the enhanced inspection program including a detailed UT
measurement plan to which the applicant committed, the staff concludes with reasonable
assurance that the environment in the region is sufficiently non-aggressive for no
significant progressive corrosion. Therefore, the staff concern is resolved and Open Item
4.7.2-1.2 is closed.



In RAI 4.7.2-1 dated March 10, 2006, the staff requested that the applicant provide the
following information: A summary of the factors considered in establishing the minimum
required drywell thickness. On further evaluation of the applicant’s information, the staff
concluded that the stability evaluation was consistent with the guidelines of ASME Code
Case N-284-1. The staff's concern about use of the same section strength across the
corroded section of the shell is addressed by Code Case N-284-1, which uses conservative
assumptions to determine shell capacity reduction factors (i.e., assumption of imperfection
limit indicated by parameter “e/t” to be 1.0 in the code case) expected to compensate
reasonably for such use of the same section strength. In addition, the applicant
conservatively assumed the local corroded thickness for the entire drywell shell region and
demonstrated that the code-allowable stresses were satisfied consistently with the
guidelines of the code case. Thus, this analysis adds a margin of safety for the drywell
stability evaluation. On this basis, the staff believes that the stability evaluation method is
adequate and acceptable, and the staff's concern is resolved. Open ltem 4.7.2-1.3 is
closed.

In RAI 4.7.2-1 dated March 10, 2006, the staff requested that the applicant provide the
following information: A summary of the factors considered in establishing the minimum
required drywell thickness. After further evaluation of the applicant’s justification, the staff
accepts the use of the NE-3213.10 provisions of Subsection NE of ASME Code Section Ill.
The staff acceptance is based on the the applicant’s conservative approaches to its
determination of the allowable shell capacity. Specifically, the applicant demonstrated
acceptable shell capacity based on a conservative LOCA peak internal pressure (i.e., peak
internal pressure of 62 psi in the evaluation versus the 44 psi peak internal pressure in an
Oyster Creek specific calculation approved by the NRC in 1993), use of a local corroded
thickness for the entire region of the drywell, and compliance with local primary stress code
limits in the corroded condition. In addition, the applicant expects its enhanced actions to
prevent significant additional corrosion in the sand bed region. With this information, the
staff's concern is resolved and Open ltem 4.7.2-1.4 is closed.

In RAI 4.7.2-3 dated March 10, 2006, the staff noted that leakage from the refueling seal
has been identified as one of the reasons for accumulation of water and contamination of
the sand-pocket area. The refueling water passes through the gap between the shield
concrete and the drywell shell in the long length of inaccessible areas. As there is a
potential for corrosion, ASME Code Subsection IWE would require augmented inspection
of this area. The staff requested that the applicant provide a summary of inspections (visual
and NDE) and mitigating actions to prevent water leaks from the refueling seal
components. In a letter dated June 23, 2006, the applicant committed to monitoring of the
coating on the drywell shell exterior in the sand bed region as part of its ASME Section XI,
Subsection IWE 1-18 Program and of its Protective Coating Monitoring and Maintenance
Program. The applicant committed to additional visual inspections of the epoxy coating in
all 10 drywell bays at least once prior to the period of extended operation. In a letter dated
December 3, 2006, the applicant stated that 100 percent of the epoxy coating had been
inspected during the October 2006 outage with no evidence of flaking, blistering, peeling,
discoloration, or other signs of coating distress. The staff finds that these commitments
with the IWE program and the absence of evidence of coating deterioration in the October
2006 inspection resolve the concern over the extent of coatings inspections; therefore, the
staff's concern is resolved and Open Item 4.7.2-3 is closed.
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PROPOSED LICENSE CONDITIONS

1.

The first license condition requires the applicant to include the UFSAR supplement required
by 10 CFR 54.21(d) in the next UFSAR update, as required by 10 CFR 50.71(e), following
the issuance of the renewed license.

2. The second license condition requires future activities identified in the UFSAR supplement
to be completed prior to the period of extended operation.

3. The third license condition requires all surveillance capsules placed in storage to be
maintained for future insertion. Any changes to storage requirements must be approved by
the staff as required by 10 CFR Part 50, Appendix H.

COMMITMENTS

Commitments made by the licensee are listed in detail in Appendix A to the SER. The licensee
made 65 commitments related to the AMPs to manage aging effects of structures and components
prior to the periods of extended operation. The following are a summary:

1.

abbwn

NOo

S ©®

11.
12.

13.

14.
15.

ASME Section Xl Inservice Inspection, Subsections IWB, IWC, and IWD. Existing program
is credited. For the isolation condensers this program also includes enhancement activities
identified in NUREG-1801, “Generic Aging Lessons Learned (GALL) Report,” lines IV.C1-5
and IV.C1-6. These enhancement activities consist of: (1) Temperature and radioactivity
monitoring of the shell-side (cooling) water, which will be implemented prior to the period of
extended operation. (2) Eddy current testing of the tubes, with inspection (VT or UT) of the
tubesheet and channel head, which will be performed during the first ten years of the
extended period of operation.

Water Chemistry existing program is credited.

Reactor Head Closure Studs existing program is credited.

BWR Vessel ID Attachment Welds existing program is credited.

BWR Feedwater Nozzle. Existing program is credited. The Oyster Creek Feedwater
Nozzle Program will be enhanced

BWR Control Rod Drive Return Line Nozzle Existing program is credited.

BWR Stress Corrosion Cracking Existing program is credited. The program will be
enhanced.

BWR Penetrations existing program is credited.

BWR Vessel Internals Existing program is credited. The program will be enhanced.
Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic Stainless Steel
(CASS). Program is new.

Flow-Accelerated existing program is credited.

Bolting Integrity existing program is credited. Program site implementing documents will be
enhanced.

Open-Cycle Cooling Water System Existing program is credited. The program will be
enhanced.

Closed-Cycle Cooling Water System Existing program is credited.

Boraflex Monitoring Existing program is credited.



16.

17.
18.

19.
20.
21.
22.
23.
24
25.
26.
27.

28.

29.
30.
31.
32.

33.
34.

35.

36.

37.
38.
39.
40.
41.
42.
43.

44,
45.
46.

47.

Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling
Systems existing program is credited. The scope of the program will be increased and
enhanced.

Compressed Air Monitoring existing program is credited.

BWR Reactor Water Cleanup System Existing program is credited. Based on Generic Letter
89-10 containment isolation valve upgrades/enhancements, an effective Hydrogen Water
Chemistry program, and the complete lack of cracking found during any of the RWCU
piping weld inspections performed under Generic Letter 88-01, all inspection requirements
for the portion of the RWCU System outboard of the second containment isolation valves
have been eliminated.

Fire Protection existing program is credited. The program will be enhanced.

Fire Water System existing program is credited. The program will be enhanced.
Aboveground Outdoor Tanks is a new program..

Fuel Oil Chemistry will be enhanced.

Reactor Vessel Surveillance will be enhanced.

One-Time Inspection is a new program.

Selective Leaching of Materials is a new program.

Buried Piping Inspection existing program is credited. The program will be enhanced.
ASME Section XI|, Subsection IWE existing program is credited. The program will be
enhanced.

ASME Section XI, Subsection IWF existing program is credited. The scope of the program
will be enhanced.

10 CFR Part 50, Appendix J existing program is credited.

Masonry Wall Program existing program is credited.

Structures Monitoring Program existing program is credited.

RG 1.127, Inspection of Water-Control Structures Associated with Nuclear Power Plants
existing program is credited.

Protective Coating Monitoring and Maintenance Program existing program is credited.
Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements is a new program.

Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements Used in Instrumentation Circuits existing program is credited. The program
will be enhanced.

Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements is a new program.

Periodic Testing of Containment Spray Nozzles existing program is credited.

Lubricating Oil Monitoring Activities existing plant specific program is credited.

Generator Stator Water Chemistry Activities existing program is credited.

Periodic inspection of Ventilation Systems existing plant specific program is credited.
Periodic Inspection Program is a new program.

Wooden Utility Pole Program is a new program.

Periodic Monitoring of Combustion Turbine Power Plant - Electrical A new plant specific
program is credited.

Metal Fatigue of Reactor Coolant Pressure Boundary existing program is credited.
Environmental Qualification (EQ) Program existing program is credited.

New P-T curves Revised pressure-temperature (P-T) limits for a 60-year licensed operating
life have been prepared and will be submitted to the NRC for approval.

Circumferential Weld Exam Relief Apply for extension Reactor Vessel Circumferential Weld
Examination Relief for 60-year operation.



48.

49.

50.

51.

92.

53.

54.
55.

56.
57.

58.

59.
60.

61.

62.
63.

64.

65.

Axial weld Exam Relief Apply for extension Reactor Vessel Axial Weld Examination Relief
for 60-year operation.

Measure Drywell wall thickness Drywell wall thickness will be monitored to ensure minimum
wall thickness is maintained. The ASME Section XI, Subsection IWE Program, will manage
the aging effects.

Fluence Methodology The NRC has issued a SER for RAMA approving RAMA for reactor
vessel fluence calculations. Oyster Creek will comply with the applicable requirements of
the SER.

Bolting Integrity - FRCT. The Bolting Integrity - FRCT Program is a new program.
Closed-Cycle Cooling Water System - FRCT. The Closed-Cycle Cooling Water System —
FRCT Program is a new program.

Aboveground Steel Tanks - FRCT. The Above ground Steel Tanks - FRCT Program is a
new program.

Fuel Oil Chemistry — FRCT. The Fuel Oil Chemistry - FRCT Program is a new program.
One-Time Inspection - FRCT. The One-Time Inspection — FRCT program will provide
measures to verify that an aging management program is not needed, confirms the
effectiveness of existing activities, or determines that degradation is occurring which will
require evaluation and corrective action. The program will be implemented prior to the
period of extended operation.

Selective Leaching of Materials -FRCT. The Selective Leaching of Materials - FRCT
Program is a new program.

Buried Piping Inspection — FRCT. The Buried Piping Inspection - FRCT Program is a new
program.

Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components- FRCT.
The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components -
FRCT Program is a new program.

Lubricating Oil Analysis Program — FRCT. The Lubricating Oil Analysis Program — FRCT is
a new program.

Periodic Inspection Program - FRCT. The Periodic Inspection Program - FRCT is a new
program.

Buried Piping and Tank Inspection — Met Tower Repeater Engine Fuel Supply. The Buried
Piping and Tank Inspection — Met Tower Repeater Engine Fuel Supply Program is a new
program.

AmerGen will commit to perform monitoring of any leakage from the spent fuel pool liner via
the pool leak chase piping.

AmerGen will replace the previously un-replaced, buried safety-related ESW piping prior to
the period of extended operation.

Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements. The Electrical Cable Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements Program is a new program .

Corrective Action, Confirmation and Administrative Controls for Forked River Combustion
Turbine activities. Prior to the period of extended operation, AmerGen will ensure that
procedures are established to implement the program elements of Corrective Action,
Confirmation, and Administrative Controls, as described in Sections A.0.5 and B.0.3 of
Enclosure 1 of AmerGen letter 2130-06-20334, for the Forked River Combustion Turbine
aging management activities.

SCOPING & SCREENING AND AUDIT OF AMPs & AMRs




The staff performed a scoping and screening methodology inspection, AMP inspection, and an
audit of the AMPs and aging management reviews (AMRs).

The staff’s scoping and screening methodology inspection has been completed, with an exit
meeting scheduled September 13, 2006. The report will be issued shortly after the exit meeting.
The audit of the AMPs and AMRs is documented in a report by Brookhaven National Laboratory
dated May 9, 2006. The audit examined 29 AMPs and the associated AMRs in the LRA. The
project team reviewed 28 AMPs and associated AMRs that the licensee claimed were consistent
with the GALL Report. The project team also reviewed one plant-specific AMP. The audit verified
that the AMPs were consistent with GALL. The audit also concluded that the AMRs were
consistent with the GALL Report.

TLAAS

Based on OCGS’s current licensing basis, UFSAR, and design-basis documents, the following
categories of Time Limited Aging Analyses (TLAAs) were considered:

* neutron embrittlement of reactor vessel and internals

» metal fatigue of the reactor vessel, internals, and reactor coolant pressure boundary
(RCPB) piping and components

+ environmental qualification (EQ) of electrical equipment

* loss of prestress in concrete containment tendon

« fatigue analysis of primary containment, attached piping, and components
» reactor building crane, turbine building crane, heater bay crane load cycles
» drywell corrosion

» equipment pool and reactor cavity walls rebar corrosion

» reactor vessel weld flaw evaluations

+ control rod drive (CRD) stub tube flaw analysis

On the basis of its review, the staff concludes, subject to the resoiution Ols 4.7.2-1.1, 4.7.2-1.2,
4.7.2-1.3, 4.7.2-1.4, and 4.7.2-3, that the applicant has provided an adequate list of TLAAs, as
defined in 10 CFR 54.3. Further, the staff concludes that the applicant has demonstrated that (1)
the TLAAs will remain valid for the period of extended operation, as required by 10 CFR
54.21(c)(1)(1), (2) the TLAAs have been projected to the end of the period of extended operation,
- as required by 10 CFR 54.21(c)(1)(ii), or (3) that the aging effects will be adequately managed for
the period of extended operation, as required by 10 CFR 54.21(c)(1)(iii). The staff also reviewed
the UFSAR supplement for the TLAAs and found that the supplement contains descriptions of the
TLAAs sufficient to satisfy the requirements of 10 CFR 54.21(d). In addition, consistent with 10
CFR 54.210)(2), the staff concludes that no plant-specific, TLAA-based exemptions are in effect.

PREVIOUS SUBCOMMITTEE MEETING

Following the License Renewal Subcommittee Meeting on October 3, 2006, several questions were
developed regarding Drywell corrosion. The Subcommittee requested that there be another
Subcommittee meeting to obtain answers to these questions.
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EXPECTED SUBCOMMITTEE ACTION

The Subcommittee Chairman will provide a report to the Full Committee during the February 2007
ACRS meeting.
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March 8, 2007

Dr. William J. Shack, Chairman

Advisory Committee on Reactor Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

SUBJECT: RESPONSE TO ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
REPORT ON THE SAFETY ASPECTS OF THE LICENSE RENEWAL
APPLICATION FOR THE OYSTER CREEK GENERATING STATION

Dear Dr. Shack:

During the 539" meeting of the Advisory Committee on Reactor Safeguards (ACRS or the
Committee) held on February 1-3, 2007, the ACRS completed its review of the license renewal
application (LRA) for the Oyster Creek Generating Station (OCGS) and the associated final
safety evaluation report (SER) prepared by the U.S. Nuclear Regulatory Commission (NRC)
staff. In its final report, the Committee recommends renewal of the OCGS operating license in
conjunction with the recommendations discussed in your letter dated February 8, 2007. The
staff appreciates the Committee’s expeditious, objective, and in-depth review of the LRA and
the staff’s final SER. The staff agrees with the Committee’s recommendations:

1. The staff will impose a license condition to increase the frequency of the drywell inspections
and to monitor the two drywell trenches to ensure that the sources of water are identified
and eliminated.

2. The staff will ensure that the applicant fulfills its commitment to (a) perform an engineering
study prior to the period of extended operation to identify options to eliminate or reduce the
leakage in the OCGS refueling cavity liner, and (b) perform a 3-D (dimensional) finite-
element analysis of the drywell shell prior to entering the period of extended operation.

The staff recognizes the ACRS’s commitment to safety and appreciates the Committee’s
continued support of the license renewal! process.

Sincerely,

/RA/

Luis A. Reyes
Executive Director
for Operations

cc: Chairman Klein
Commissioner McGaffigan
Commissioner Merrifield
Commissioner Jaczko
Commissioner Lyons
SECY
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS ACRSR-2233
WASHINGTON, DC 20555 - 0001

February 8, 2007

The Honorable Dale E. Klein
Chairman

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

SUBJECT: REPORT ON THE SAFETY ASPECTS OF THE LICENSE RENEWAL
APPLICATION FOR THE OYSTER CREEK GENERATING STATION

Dear Chairman Klein:

During the 539th meeting of the Advisory Committee on Reactor Safeguards, February 1-3,
2007, we completed our review of the license renewal application for the Oyster Creek
Generating Station (OCGS) and the updated Safety Evaluation Report (SER) prepared by the
NRC staff. Our Plant License Renewal Subcommittee also reviewed this matter during
meetings on October 3, 2006 and January 18, 2007. During these reviews, we had the benefit
of discussions with representatives of the NRC staff and its contractor Sandia National
Laboratories (SNL), members of the public, and AmerGen Energy Company, LLC (AmerGen)
and its contractors. We also had the benefit of the documents referenced. This report fulfills
the requirements of 10 CFR 54.25 that the ACRS review and report on all license renewal
applications.

RECOMMENDATIONS

1. With the incorporation of the conditions described in Recommendations 2, 3, and 4, the
application for license renewal for OCGS should be approved.

2, We concur with the staff's proposal to impose license conditions to increase the
frequency of the drywell inspections and to monitor the two drywell trenches to ensure
that the sources of water are identified and eliminated.

3. The staff should add a license condition to ensure that the applicant fulfills its
commitment to perform an engineering study prior to the period of extended operation to
“identify options to eliminate or reduce the leakage in the OCGS refueling cavity liner.

4. The staff should add a license condition to ensure that the applicant fulfills its
commitment to perform a 3-D (dimensional) finite-element analysis of the drywell shell
prior to entering the period of extended operation.

DISCUSSION

The Oyster Creek Generating Station is located in Lacey Township, Ocean County, New
Jersey, approximately 2 miles south of the community of Forked River, 2 miles inland from the
shore of Barnegat Bay, and 9 miles south of Toms River, New Jersey. The NRC issued the
provisional operating license for OCGS on April 9, 1969 and the operating license on July 2,
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1991. OCGS is a single unit facility with a single cycle, forced circulation boiling water reactor
(BWR)-2 with a Mark 1 containment. The nuclear steam supply system was furnished by
General Electric and the balance of the plant was originally designed and constructed by Burns
& Roe. The licensed power output is 1930 MW1 with a design electrical output of approximately
650 MWe. The applicant, AmerGen requested renewal of the OCGS operating license for

20 years beyond the current license term, which expires on April 9, 2009.

During the 1980s, the licensee discovered corrosion on the outside wall of the OCGS drywell
shell. Although some corrosion had occurred in the upper shell region, the majority had
occurred in a region near the base of the shell where the shell was partially supported by a
sand bed. The licensee determined that water had been leaking through flaws in the refueling
cavity liner during refueling operations. This water had migrated down the outside of the
drywell shell and into the sand bed. As part of the corrective actions, the licensee removed the
sand and applied an epoxy coating to the outside of the shell in the sand bed region. In
addition, repairs were made to the refueling pool liner and the concrete drain trough under the
refueling seal. These repairs reduced the leakage and routed any leakage to a drain line rather
than down the outside of the drywell shell. To further reduce leakage, the licensee applied
strippable coatings to the liner during all but one of the subsequent refueling outages. The
licensee performed ultrasonic testing (UT) to determine the as-found condition of the drywell
shell and performed a structural analysis in 1992 to demonstrate acceptability of the
containment in the degraded condition.

The 1992 structural analysis was reviewed and approved by the NRC staff. This analysis
included a determination of the stresses in the thinned region under the design pressure loads
and an evaluation of the potential for buckling during normal operations and postulated accident
conditions. The buckling analysis utilized American Society of Mechanical Engineers (ASME)
Code Case N-284, Revision 1. The staff accepted the use of this Code Case in the 1992
analysis. In support of the review of the OCGS license renewal application, the staff had SNL
perform a confirmatory structural analysis. Both analyses demonstrated that the drywell shell
met the minimum ASME Code requirements for buckling. However, the amount of margin
above the Code minimum depended on the applicability of the increase in the buckling capacity
due to tensile stresses orthogonal to the applied compressive stresses computed according to
the Code Case. During the January 18, 2007 meeting, the Subcommittee requested additional
justification for using the increased capacity factor. At our February meeting, Dr. C. Miller, the
author of the ASME Code Case, described the technical basis for the Code Case and
presented test results to demonstrate that the increased capacity factor was applicable to
OCGS. The increased capacity factor used in the 1992 analysis provided by the applicant was
based on results for metal cylinders. Dr. Miller showed resulits of tests conducted on metal
spheres which demonstrated that the results for cylinders were conservative for spherical
shells. The staff reaffirmed its position that the use of the increased capacity factor is
appropriate for the analysis of the OCGS drywell shell. We concur with this position.

The 1992 structural analysis was based on the assumption that the shell is uniformly thinned in
the sand bed region. The applicant has committed to perform a 3-D finite-element analysis of
the OGCS drywell to determine the margin of the shell in the as-found condition using modern
methods. This analysis will provide a more accurate quantification of the margin above the
Code required minimum for buckling. The applicant has committed to complete the analysis
prior to the period of extended operation. We commend the applicant for this action and would
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like to be briefed by the staff on the results when they become available. Although it is
anticipated that the analysis will demonstrate additional margin above the Code required
minimum, the applicant should complete this analysis in a timely manner prior to entering the
period of extended operation in order to identify and resolve any unexpected results. The
analysis should include sensitivity studies to determine the degree to which uncertainties in the
size of thinned areas affect the Code margins. The staff should impose a license condition to
ensure that the applicant completes the analysis prior to entering the period of extended
operation.

In 20086, the applicant performed additional UT and visual inspections of the drywell shell. When
compared to the previous UT, the 2006 results confirmed that the corrective actions taken in
the sand bed region had been effective and that the corrosion had been arrested or at least that
the corrosion rates were very low (i.e., within the data scatter). The epoxy coating appeared in
very good condition with no evidence of degradation which is also consistent with the
conclusion that the corrosion has been effectively arrested. These examinations also
demonstrated that the corrosion rate in the upper shell region and the embedded floor regions
remained sufficiently low to demonstrate structural integrity during the period of extended
operation. The applicant has committed to perform UT and visual inspections of the drywell
shell during the period of extended operation. Because of the relatively small margin above the
Code minimum against buckling in the sand bed region shown by current analyses, the staff is
proposing a license condition to increase the frequency of drywell inspections and UT in the
sand bed region to all 10 bays every other refueling outage for the extended period of
operation. Increased inspections will resuit in additional radiation exposure to personnel
involved in the inspections. Therefore, the applicant should be allowed to increase the period
between inspections if it demonstrates increased margin through analysis or if the ongoing
inspections continue to demonstrate that the corrosion has been sufficiently arrested. With this
provision, we agree with this license condition.

The 2006 examinations revealed that when the cavity was flooded for refueling, water leakage
was still occurring. This leakage of approximately 1 gallon per minute is well within the capacity
of the drain as long as the drain system is working properly. The purpose of the drain system is
to catch water that may leak past a failed refueling seal or liner and divert the water to sumps,
and prevent it from coming into contact with the outside of the drywell shell. Leakage is not
expected to occur as part of normal operation with properly maintained equipment and
structures. The applicant has committed to continue monitoring for leakage of the refueling
cavity liner and other water sources associated with the drywell. The applicant has also
committed to complete an engineering study to identify cost-effective repair or replacement
options to eliminate the refueling cavity liner leakage. The engineering study will be completed
prior to entering the period of extended operation. We agree that efforts should be made to
eliminate routine leakage in order to provide increased protection against further degradation.
The staff should impose a license condition to ensure the study is completed by the applicant
prior to the period of extended operation.

During the 2006 refueling outage, the applicant discovered water in two trenches that had been
previously excavated to allow access to and inspection of the inside of the shell in the
embedded region. The applicant determined that the water had come from normal operation
and maintenance activities. The water had migrated to the trenches due to a blocked drain
tube in the sub-pile area and the lack of a seal between the shell and concrete curb. The




4

applicant repaired the drain tube and installed a seal in the gap between the shell and concrete
curb. The applicant intends to fill these trenches after two consecutive outages in which no
water is observed. Having the trenches open is beneficial for identifying drainage issues, but it
increases the risk of additional corrosion because it provides an open area in which water can
be trapped against the shell. The staff is proposing a license condition that would require the
applicant to leave the trenches open and monitor them during each refueling outage until such
time that the applicant can demonstrate that the water sources have been identified and
eliminated. We agree with the monitoring of the trenches to ensure the elimination of the
sources of water. However, leaving the trenches open longer than necessary increases the risk
of future corrosion. Therefore, the applicant should not be unnecessarily delayed in repairing
the trenches. With this provision, we agree with the license condition proposed by the staff.

In the updated SER, the staff documents its review of the license renewal application and other
information submitted by AmerGen and obtained during an audit and inspections conducted at
the plant site. The staff reviewed the completeness of the applicant’s identification of structures,
systems, and components (SSCs) that are within the scope of license renewal; the integrated
plant assessment process; the applicant’s identification of the plausible aging mechanisms
associated with passive, long-lived components; the adequacy of the applicant’s aging
management programs (AMPs); and the identification and assessment of time-limited aging
analyses (TLAAS) requiring review.

The OCGS application either demonstrates consistency with the Generic Aging Lessons
Learned (GALL) Report or documents deviations from the approaches specified in the GALL
Report. The staff reviewed this application in accordance with NUREG-1800, the “Standard
Review Plan for Review of License Renewal Applications for Nuclear Power Plants.”

The applicant identified those SSCs that fall within the scope of license renewal. For these
SSCs, the applicant performed a comprehensive aging management review. Based on the
results of this review, the applicant will implement 57 AMPs for license renewal including

- existing, enhanced, and new programs. In the SER, the staff concludes that the applicant has
appropriately identified SSCs within the scope of license renewal and that the AMPs described
by the applicant are appropriate and sufficient to manage aging of long-lived passive
components that are within the scope of license renewal. With the incorporation of the license
conditions described in Recommendations 2, 3 and 4, we agree with this conclusion.

The staff conducted inspections and an audit of the license renewal application. The purpose of
the inspections was to verify that the scoping and screening methodologies are consistent with
the regulations and are adequately reflected in the application. In addition, the inspectors
personally examined selected areas of the sand bed region to verify the condition of the epoxy
coating. The audit confirmed the appropriateness of the AMPs and the aging management
reviews. Based on the inspections and audit, the staff concluded that these programs are
consistent with the descriptions contained in the OCGS license renewal application. The staff
also concluded that the existing programs, to be credited as AMPs for license renewal, are
generally functioning well and that the applicant has established an implementation plan in its
commitment tracking system to ensure timely completion of the license renewal commitments.

The applicant identified those systems and components requiring TLAAs and reevaluated them
for 20 more years of operation. Affected TLAAs include those associated with neutron
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embrittlement, metal fatigue, irradiation-assisted stress corrosion cracking, environmental
qualification of electrical equipment, and stress relaxation of hold-down bolts. The staff
concluded that the applicant has provided an adequate list of TLAAs. Further, the staff
concluded that in all cases the applicant has met the requirements of the license renewal rule
by demonstrating that the TLAAs will remain valid for the period of extended operation, or that
the TLAAs have been projected to the end of the period of extended operation, or that the aging
effects will be adequately managed for the period of extended operation. With the incorporation
of the license conditions described in Recommendations 2, 3 and 4, we concur with the staff
that OCGS TLAAs have been properly identified and that criteria supporting 20 more years of
operation have been met.

With the incorporation of the license conditions described in Recommendations 2, 3, and 4, no
issues related to the matters described in 10 CFR 54.29(a)(1) and (a)(2) preclude renewal of
the operating license for OCGS. The programs established and committed to by AmerGen
provide reasonable assurance that OCGS can be operated in accordance with its current
licensing basis for the period of extended operation without undue risk to the heaith and safety
of the public and the NRC should approve the AmerGen application for renewal of the operating
license for OCGS.

Sincerely,
IRA/

William J. Shack
Chairman
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January 17, 2007 -

Mr. Christopher M. Crane
President and CEO

AmerGen Energy Company, LLC
200 Exelon Way, KSA 3-E
Kennett Square, PA 19348

SUBJECT: OYSTER CREEK GENERATING STATION - NRC IN-SERVICE INSPECTION
AND LICENSE RENEWAL COMMITMENT FOLLOWUP
INSPECTION REPORT 05000219/2006013

Dear Mr. Crane:

On December 6, 2006, the U.S. Nuclear Regulatory Commission (NRC) completed an
inspection at your Oyster Creek Generating Station. The inspection was a review of
AmerGen’s in-service inspections, including a followup inspection of your license renewal
commitments relevant to the Fall 2006 outage related to the drywell shell and torus. The
enclosed report documents the inspection results, which were discussed on November 16,
2006, and again on January 16, 2007, with Mr. T. Rausch, Senior Vice President, Oyster Creek,
and other members of your staff.

The inspection examined activities conducted under your license as they relate to safety and
compliance with the Commission’s rules and regulations and with the conditions of your license.
In addition, this inspection also examined the plant activities and documents that supported
license renewal commitments of Oyster Creek Generating Station drywell shell and torus. The
inspectors reviewed selected procedures and records, observed activities, and interviewed
personnel.

Based on the results of this inspection, no findings of significance were identified. Also, the
NRC staff determined that there were no safety significant conditions with respect to the
primary containment that would prohibit plant startup and there was reasonable assurance that
the primary containment is capable of performing its design function throughout the upcoming
operating cycle.

For the license renewal commitments reviewed during this inspection, the inspectors
determined that AmerGen was adequately implementing those cornmitments. This inspection
report does not provide an overall NRC conclusion about acceptability of programs for license
renewal; final technical conclusions will be provided by the NRC Office of Nuclear Reactor
Regulation. :
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In accordance with 10 CFR 2.390 of the NRC's "Rules of Practice," a copy of this letter, its
enclosure, and your response (if any) will be available electronically for public inspection in the
NRC Public Document Room or from the Publicly Available Records (PARS) component of
NRC’s document system (ADAMS). ADAMS is accessible from the NRC Web Site at
http://www.nrc.gov/reading-rm/adams.html (the Public Electronic Reading Room).

Sincerely,
/RA/

Richard J. Conte, Chief
Engineering Branch 1
Division of Reactor Safety

Docket No. 50-219
License No. DPR-16

Enclosure: Inspection Report 05000219/2006013
w/Attachment: Supplemental Information

cc w/encl:

Chief Operating Officer, AmerGen

Site Vice President, Oyster Creek Nuclear Generating Station, AmerGen
Plant Manager, Oyster Creek Generating Station, AmerGen

Regulatory Assurance Manager, Oyster Creek, AmerGen

Senior Vice President - Nuclear Services, AmerGen

Vice President - Mid-Atlantic Operations, AmerGen

Vice President - Operations Support, AmerGen

Vice President - Licensing and Regulatory Affairs, AmerGen

Director Licensing, AmerGen

Manager Licensing - Oyster Creek, AmerGen

Vice President, General Counsel and Secretary, AmerGen

T. O'Neill, Associate General Counsel, Exelon Generation Company

J. Fewell, Assistant General Counsel, Exelon Nuclear

Correspondence Control Desk, AmerGen

J. Matthews, Esquire, Morgan, Lewis & Bockius LLP

Mayor of Lacey Township

K. Tosch, Chief, Bureau of Nuclear Engineering, NJ Dept of Environmental Protection
R. Shadis, New England Coalition Staff

N. Cohen, Coordinator - Unplug Salem Campaign

E. Gbur, Chairwoman - Jersey Shore Nuclear Watch

E. Zobian, Coordinator - Jersey Shore Anti Nuclear Alliance

P. Baldauf, Assistant Director, Radiation Protection and Release Prevention, State of NJ
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Distribution w/encl: VIA E-MAIL

S. Collins, RA

M. Dapas, DRA

R. Bellamy, DRP

M. Ferdas, DRP, Senior Resident Inspector
R. Treadway, DRP, Resident Inspector

J. DeVries, DRP, Resident OA

J. Lamb, Rl OEDO

H. Chernoff, NRR

E. Miller PM, NRR

T. Valentine, Backup PM (Interim), NRR
M. Young, OGC

ROPreports@nrc.gov
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P. Kaufman, DRS
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Report No:

Licensee:
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Location:
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Inspectors:

NRR Reviewers:

Approved By:

U. S. NUCLEAR REGULATORY COMMISSION

REGION |
50-219
DPR-16
05000219/20006013
AmerGen Energy Company, LLC
Oyster Creek Generating Station
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SUMMARY OF FINDINGS

IR 05000219/2006013; 10/16/2006 - 12/6/2006, Oyster Creek Generating Station; In-service
Inspection, including License Renewal Commitment Followup inspection activity.

This inspection of in-service inspection activities, including license renewal commitment
followup activities, was performed by four regional office inspectors and one resident inspector.
There were no safety significant conditions with respect to the primary containment that would
prohibit plant startup and there is reasonable assurance that the primary containment is
capable of performing its design function throughout the upcoming operating cycle. The NRC's
program for overseeing the safe operation of commercial nuclear power reactors is described in
NUREG-1649, “Reactor Oversight Process,” Revision 3, dated July 2000.

A. NRC-ldentified and Self-Revealing Findings

No findings of significance were identified.

B. Licensee-identified Violations

None.
Executive Summary

The NRC staff conducted a baseline inspection of in-service inspection (I1SI) activities, as well
as an extensive onsite review of AmerGen’s actions to evaluate: (1) the structural integrity of
the primary containment relative to the existing licensing basis in consideration of any actual or
potential corrosion, and (2) the significance of water that was identified in two trenches located
inside the drywell during the October 2006 outage at the Oyster Creek Nuclear Generating
Station (OCNGS). The NRC review involved a multi-week inspection of AmerGen’s IS
program, and included an assessment of license renewal commitments for the outage and
AmerGen’s technical evaluation and structural integrity reports associated with the design basis
for the primary containment (drywell). In accordance with the NRC's agreement with the State
of New Jersey, state engineers observed portions of the NRC's staff review. Based on the
results of the NRC'’s inspection activities, the NRC concluded that; (1) ISI activities were
adequately performed, (2) there were no safety significant conditions with respect to the
primary containment that would prohibit plant startup, and (3) there is reasonable assurance
that the primary containment is capable of performing its design function throughout the
upcoming operating cycle. The following provided additional background and details pertaining
to the primary containment.

In the mid-1980s, GPU Nuclear (as licensee) identified corrosion of the shell of the OCNGS
containment drywell in the sandbed region. Initial licensee actions were not effective in
arresting corrosion, and in 1992, all sand was removed from the sandbed region and the
accessible exterior surfaces of the drywell shell were cleaned and coated with an epoxy paint.
Ultrasonic test (UT) measurements of the drywell shell thickness were taken in 1992 and 1996.
UT results indicated that the corrosion had been effectively arrested.
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On October 16, 2006, OCNGS shut down for a refueling and maintenance outage. Scheduled
outage work included expanded in-service inspection of the drywell shell thickness (through UT
testing) and material condition of accessible internal and external portions of the drywell (via
visual testing).

During the Fall 2006 outage, AmerGen Energy, LLC (the current licensee) obtained UT
measurements of drywell shell thickness at many of the same locations as previously examined
in the 1990s. UT measurements were taken in the former sandbed region, both inside and
outside the drywell, and in two trenches cut into the concrete floor in two bays inside the
drywell. These trenches permit access to the embedded portion of the drywell shell below the
sandbed region. In addition, UT measurements were taken at various levels of the drywell shell
from the inside (the upper drywell shell is not accessible in these areas from the outside due to
the concrete shield building).

The NRC staff inspection throughout the outage focused on:

1)  Non-destructive examination results of the drywell shell and torus and related AmerGen
evaluations.

2) AmerGen’s efforts to identify and mitigate the source of water which accumulated in the
trenches in the concrete floor inside the drywell. These efforts included tracer dye
testing of the drywell leakage collection trough inside the reactor pedestal, inspection of
the drywell sump, inspection and repair of the leakage collection trough, and caulking of
the joint between the concrete drywell floor and the steel drywell shell.

3) Structural integrity of the concrete drywell floor and the condition of the embedded
portion of the drywell shell.

4) The potential impact from various repairs to the containment on the design and licensing
bases of the drywell.

The overall results of the staff's observations and review were:

1) Al UT results were greater than the AmerGen calculated minimum ASME code required
thickness for various plates that form the drywell shell.

2) There were no adverse conditions associated with the epoxy coating on the outside of
the drywell shell in the former sandbed region.

3) Repairs performed by Amergen in and around the trough within the reactor vessel
pedestal area did not result in any adverse conditions.

4) The water discovered in the drywell trenches had no adverse impact on the structural
integrity of the concrete floor or the potential for corrosion of the embedded portion of
the drywell shell. AmerGen has taken actions to prevent further accumulation of water
in this area.

5) There were no adverse conditions with respect to the drywell or torus structural integrity
that would preclude restart.

Based on a review of the technical information, the NRC staff determined that AmerGen had
sufficient justification to restart OCNGS.
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1R08

REPORT DETAILS

REACTOR SAFETY
Cornerstones: Initiating Events, Mitigating Systems, and Barrier Integrity

In-service Inspection Activities (71111.08G - 1 Sample)

Inspection Scope

The inspectors observed non-destructive examination (NDE) activities and reviewed
documentation of NDE and repair activities. The sampie selection was based on the
inspection procedure objectives and risk priority of those components and systems
where degradation could result in a significant increase in the risk of core damage. The
direct observations and documentation reviews were performed to verify that NDE
activities were performed in accordance with the American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code, Section Xl, 1995 Edition, with the
1996 Addenda, 10CFR 50.55a, Codes and Standards, Boiling Water Reactor Vessel
Internals Program recommendations, and station implementing procedures. The
inspectors reviewed a sample of NDE reports initiated to document the performance and
record results of in-service inspection (ISI) examinations completed during the current
refueling outage 1R21 as well as those since the last refueling outage 1R20. The
inspectors also evaluated the licensee’s effectiveness in resolving relevant indications
identified during ISI activities. Documents reviewed for this inspection are listed in the
attachment.

The inspectors reviewed several NDE examinations, including liquid penetrant (PT), UT,
and radiographic (RT) examination data records, to verify the effectiveness of the
licensee’s program for monitoring degradation of risk-significant piping structures,
systems, and components. The inspectors examined the licensee’s evaluation and
disposition for continued operation, without repair or rework, of non-conforming
conditions identified during ISI activities by review of AR 547617 and General Electric
INR 01R21 IVVI-06-08, which documented some indications during IVVI examinations
on the inside diameter surface of core shroud vertical weld SHD V-09. The indications
are horizontal (transverse to the SHD V-09 weld). These indications had previously
been identified and documented in 1996. Measurements were taken to evaluate the
condition observed this outage (1R21) to those identified in 1996. The inspector verified
that the licensee comparison of the indications found during 2006 correlated closely with
the indications identified and documented in 1996. The indications meet the
requirement of the program.

The inspectors reviewed one ASME Section XI code repair and its associated NDE from
the 1R21 refueling cycle. Specifically, the inspectors reviewed the NDE associated with
the welding repair activities performed per work order C2013778 on 3-inch control rod
drive return line weld NC-2-2, which is a ferritic steel to austenitic steel joint with
austenitic weld material. This categorizes the weld as a dissimilar metal weld. The weld
is located between valve V-15-28 and V-15-29 inside the drywell. AmerGen selected
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this weld for UT examination to support license renewal. The inspectors reviewed initial
UT data examination report number 1R21-217, data sheet number D-218 of weld NC-2-
2, which documented a recordable axial indication during a 45° RL scan in the
circumferential direction during the current 1R21 refueling outage. The indication
started adjacent to the root on the ferritic side of the weld and had an estimated
through-wall height of 50 percent. The inspectors verified that AmerGen implemented
corrective actions to replace a section of the piping between the two valves and sent the
pipe section with the weld flaw indication for failure analysis to determine the failure
mechanism. After the section of piping was replaced and repairs completed, the
inspectors reviewed the liquid penetrant examination and radiographic records of the
new welds NC-2-2A and NC-2-2B. This review was performed to verify that the
activities associated with welding on ASME Class | or Il components were in accordance
with applicable ASME code requirements.

The inspectors performed direct field observations of UT examination of “B” Isolation
Condenser 12-inch pipe welds NE-1-220 and NE-1-221 per work order C2012158, UT
examination of N8 closure head nozzle reactor head vent to shell NR02 5-576 weld per
work order C2012402, documented in UT examination report number 1R21-166, sheet
D-107 and PT examination of N8 nozzle to flange reactor head NR02 6-576 weld,
documented in examination report number 1R21-163, sheet PT-004. The review was
performed to evaluate examiner skills and performance; examination technique; assess
contractor oversight activities; and to verify licensee and contractor ability to identify and
characterize observed indications.

Findings
No findings of significance were identified.,
OTHER ACTIVITIES (OA)

Other - License Renewal Commitment Followup (71003)

License Renewal Commitment Followup Inspections

Inspection Scope

The license renewal portion of this inspection was performed in accordance with the
guidance in IP 71003, which is a part of the NRC Inspection Manual Chapter 2516,
License Renewal Program. The inspectors verified that the license renewal
commitments contained in AmerGen Letters 2130-06-20284 (4/4/06), 2130-06-20358
(7/7/06) and 2130-06-20414 (10/20/06) were met. All of the commitments dealt with
inspections and actions necessary to ensure structural integrity of the primary
containment (drywell and torus) at Oyster Creek.

The following commitments were verified to be completed during the October 2006
1R21 refueling outage:
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(1) Visual inspection of the epoxy coating on the exterior of the drywell in the former
sandbed region.

(2) UT thickness measurements (internal and external) of the drywell shell in the
sandbed region.

(3) The application of a strippable coating to the reactor cavity liner before beginning
refueling operations during the October 2006 1R21 refueling outage.

(4) The reactor cavity seal drains and the drywell sand bed region drains were
monitored for water leakage during the October 2006 1R21 refueling outage.

(5) Visual inspection of the drywell shell in the access trenches. Upon noting water
in the trenches, AmerGen completed a technical evaluation of the unexpected
condition. AmerGen determined that structural integrity was not affected by the
presence of this water.

(6) Visual inspection of the coating on the inside of the torus. A number of shallow
pits were noted in the metal and many were repaired in accordance with plant
specifications and repair procedures.

(7) Conducted UT thickness measurements at the 23'6" and 71'6" elevations of the
drywell at the same locations which had been previously measured.

The inspectors completed confined space training and sandbed bay mock-up training in
preparation for observing the licensee’s inspections in the drywell shell sandbed bays
(Bays 1, 11, and 13). Additionally, the inspectors reviewed inspection data sheets and
video records of the inspections of all 10 sandbed bays. The inspectors verified that the
sandbed bay external conditions were accurately described and measured on the
AmerGen data sheets in the context of the Aging Management Program for the drywell
and torus (see below ASME, Section Xl, Subsection IWE and Protective Coating
Monitoring and Maintenance).

ASME, Section XlI, Subsection IWE Program

Monitoring of the condition of the primary containment drywell is accomplished through
the licensee’s ASME Section XI, Subsection IWE monitoring program. Additionally, if
the plant obtains a renewed license, the Aging Management Program (AMP) for the
primary containment drywell and torus will use the same program.

The ASME, Section XI, Subsection IWE Program is an existing program modified for the
purpose of managing the aging effects in the drywell containment system at Oyster
Creek. ASME Section XI, Subsection IWE provides for inspection of primary
containment components, including steel containment shells. The aging effects are
managed by periodic visual inspections and periodic ultrasonic testing wall thickness
measurements. Additionally, AmerGen will conduct monitoring of leakage from the
drywell sand bed region drains as an additional method to detect conditions which
indicate further corrosion may occur. Analysis and evaluation of the visual and
ultrasonic examinations are given credit for managing the effects of aging.

The inspectors reviewed supporting documentation and interviewed AmerGen personnel
to confirm the adequacy of the license renewal conclusions of this program.
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The inspectors reviewed the licensee’s UT inspection procedures, interviewed NDE
supervisors and observed field collection and recording of UT data in accordance with
the approved procedures. The inspectors also reviewed the UT qualifications of
selected data collection technicians.

Protective Coating Monitoring and Maintenance Program

The Protective Coating Monitoring and Maintenance Program is an existing program
credited with managing the aging effects on the internal and external surfaces of the
torus and the condition of the drywell in the sandbed region. The aging effects are
managed by visual inspections of the protective coatings on each component, and
examination, evaluation and repair of all coating defects observed.

The inspectors reviewed supporting documentation and interviewed applicant personnel
to confirm the adequacy of the license renewal conclusions from the visual inspections
conducted in the drywell and torus.

The inspectors reviewed the licensee’s VT inspection procedures, interviewed NDE
supervisors and observed field collection and recording of VT data in accordance with
the approved procedures. The inspectors also reviewed the VT qualifications of
selected data collection technicians.

The inspectors reviewed the VT inspection data sheets for the drywell shell and torus
inspections conducted during the October 2006, 1R21 refueling outage. The inspectors
reviewed the VT inspection data sheets for the torus internal coating inspections
conducted during the October 2006, 1R21 refueling outage. The inspectors verified that
the VT results for the drywell sandbed regions indicated no degradation of the epoxy
coating.

The inspectors reviewed documented evidence that strippable coating of the refueling
channel had been applied during October 2006 1R21 refueling outage. This strippable
coating is used as a measure to limit or prevent water leakage during refueling
operations.

Structural Review

During the planned structural review, AmerGen removed the ternporary grout in the
trenches inside the drywell which were previously dug out to expose the shell in the
sandbed region. The structural review was expanded when water was unexpectedly
discovered in the trenches. Accordingly, the inspectors monitored licensee actions and
reviewed drawings, visually examined the condition of concrete in the drywell floor slab,
and reviewed chemical analysis of the water sampled from one of the trenches. The
inspectors reviewed the 50.59 screen associated with repairs to the drywell floor, trough,
and curb (interface between the concrete floor slab and the drywell shell) and performed
a walkdown of the drywell to ensure that the repairs were made in accordance with
written instructions. The inspectors attended the Station Onsite Review Committee
meeting on November 4, 2006, that discussed AmerGen's technical evaluation of the
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drywell issue. The inspectors performed inspections of the water collection bottles
associated with the sandbed drains on October 19, 23, 27, and November 1, 2006, to
ensure no water was being detected.

Findings and Observations

No findings of significance were identified.
Observations

The inspectors noted that AmerGen commitments for the drywell and torus were met; a
more detailed listing of observations (factual details) are noted below. With respect to
the water in the trenches, the most likely source was found and conditions inside the
drywell as a result of the issue were appropriately evaluated by AmerGen (additional
factual details are noted in Commitment No. (5) below). Overall, the team determined
that there were no safety significant conditions with respect to the primary containment
that would prohibit plant startup and that there is reasonable assurance that the primary
containment is capable of performing its design function throughout the upcoming
operating cycle.

Also, during this inspection, the inspectors noted improvement in AmerGen’s procedure
controls governing VT and UT inspections and data analysis. The documentation of
inspection results, the presence of acceptance criteria, and the disposition and analysis
of the data were significantly improved over past inspections.

Commitments (1), (2) and (7) (Commitment numbers related to the listing at the start of
this report section)

The inspectors reviewed the UT wall thickness data sheets for the drywell shell from
1R21 refueling outage which documented shell thickness measurements. The UT
results indicate that the shell thickness was accurately reported by the licensee. The
inspection procedures contained appropriate criteria for reporting nonconforming
conditions and that all nonconforming data were reported and evaluated by cognizant
engineering personnel. AmerGen subsequently verified that design minimum wall
thicknesses, required for pressure loads and for buckling loads, remain valid until the
next refueling outage in 2008.

The inspectors noted that coating inspections performed on the outside surface of the
drywell shell during 1R21 in 2006 did not identify any blistering or degradation of the
coating. The inspectors determined that AmerGen will perform an inspection of the
drywell shell during the 1R22 Oyster Creek refueling outage scheduled for 2008 based
on review of AmerGen letter 2103-06-20426, dated December 3, 2006.

The AmerGen aging management program, which includes both the ASME Section XI,

Subsection IWE program and the Protective Coatings Monitoring and Maintenance, will
address structural integrity beyond 2008, subject to NRC staff safety evaluation review.
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Commitment (3)

The inspectors reviewed documented evidence that strippable coating of the refueling
channel had been applied during October 2006 1R21 refueling outage.

Commitment (4)

The inspectors reviewed the licensee’s procedure for inspections of the sandbed drains
and the reactor cavity seal drains. The inspectors also reviewed and verified records
which showed that the licensee inspected the sandbed drains and the reactor cavity seal
drains throughout the outage. The inspectors also performed independent inspections
of the water collection bottles associated with the sandbed drains on October 19, 23, 27,
and November 1, 2006, to ensure no water was being detected.

Commitment (5)

Presence of Water in the Drywell Concrete Slab

Water was discovered in the drywell trenches of bay 5 and bay 17 after removal of the
grout by AmerGen during the current 1R21 refueling outage. The grout was being
removed in order to perform a license renewal commitment inspection. The presence of
the water was not expected by AmerGen. The condition was entered in the corrective
action process and AmerGen carried out the following actions:

1) Conducted walkdowns of the structure and examined drawings to determine the
source of the water. The actual source of the water was not positively
determined.

(2) Sampled the water and performed dye tracer testing to determine the source of
the water.

(3) Removed the water from the trenches and conducted the planned UT thickness

A measurements of the drywell shell in the trenches.

(4) Conducted technical engineering evaluations by an industry corrosion expert and
AmerGen engineering personnel to assess the structural integrity of the drywell
concrete slab given the presence of the water.

(5) Installed a seal between the concrete curb and the drywell shell to prevent water
from entering the drywell shell-to-concrete gap.

(6) Made a repair to the drywell trough drain, which eliminated leakage path into the
concrete/drywell liner gap.

(7 Removed an additional 5" of concrete from the trench in Bay 5 and collected
more UT thickness data in a previously unmeasured area.

(8) Performed and documented a VT inspection of the drywell shell in the trenches.

Clearing of the trough drain and repair of the trough routed some leakage away from the
drywell shell. AmerGen’s root cause evaluation did not determine the exact source of
the water in the drywell tfrenches. Operational leakage via the unsealed concrete to
drywell shell interface or control rod drive leakage could not be ruled out. AmerGen had
a technically justifiable logic as to why the major source of the water was the trough with
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concrete flaws, but the associated technical evaluation lacked details with respect to the
basis and elimination of other potential sources of water.

Drywell Concrete Floor

The inspectors observed that the condition of the concrete outside the reactor pedestal
was in good condition, there was no obvious indication of concrete deterioration, e.g.,
disintegration, spalling, chipping and/or erosion.

The floor within the reactor pedestal annulus is overlaid by approximately 7-inch thick
wearing surface to provide a crown for drainage towards the drainage trough around the
pedestal. This wearing slab is textured with exposed rounded gravel which is generally
used to protect surfaces from damaging effects of long time/sustained drip and/or flow
of any liquid/water on structural surfaces. There was a visible crack in this overlay that
appeared to extend the full depth of the overlay; however, the crack did not appear to be
active, and was filled with fine granular material. Such loose, fine materials are not
uncommon and/or unusual in textured finish surfaces. Also, the overlay is not
reinforced, and does not have any structural significance.

Based on observation of the concrete floor, the structural integrity of the concrete is not
impaired or negatively affected by the construction joint in the concrete overlay inside
the pedestal annulus.

During cleaning of the troughs, a glass bottle was found imbedded in the side of the
trough near the drywell sump pumps. The object was removed in pieces from the
concrete. There appeared to be a leakage path from where the bottle was removed.
Based on NRC staff review, the effect of this small void on the strength, durability, and
functionality of slab is negligible.

Drywell Steel Shell Corrosion

The drywell steel shell is embedded between the structural reinforced concrete base
and the drywell floor, which also is reinforced structural concrete. Therefore, the service
environment of the steel liner is similar to embedded rebar or any other carbon steel
embedment.

There is sufficient technical literature and public domain studies available to support a
conclusion that carbon steel embedded in highly alkaline material does not corrode in
general service, unless the alkaline environment is radically altered and a sustained
acidic environment is created. Availability of chloride ions also affects and accelerates
corrosion.

With available information, it appears that the drywell shell is not in a corrosive
environment, thus active corrosion is unlikely. The most likely source of water inside the
drywell during operation is condensate water, which does not contain corrosive
materials.
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Overall, the inspection team did not disagree with AmerGen’s conclusion and reasons
that no significant corrosion of the embedded drywell shell was evident or anticipated:

(1) The water in contact with the drywell shell had a high pH as a result of being in
contact with the adjacent concrete. ’

(2) Water entering the slab-to-shell area will have to migrate through concrete and
will also become high pH water; corrosion is minimal in high pH conditions.

(3) Any exposure of the drywell to an oxygen-rich environment will be limited due to
containment inerting with nitrogen during operations.

Commitment (6)

The VT inspection procedures contained appropriate criteria for reporting
nonconforming conditions and for dispositioning nonconforming conditions. The VT
results for the torus internal coating indicate continuing degradation of the coating. Of
the 959 coating blisters identified by AmerGen, they repaired 881 coating blisters that
exceeded the administrative repair criteria and the others were evaluated as
satisfactory. AmerGen then conducted a structural integrity verification calculation of
the observed conditions, which demonstrated structural integrity until the next refueling
outage in 2008. The AmerGen aging management program will address structural
integrity beyond 2008, subject to NRC staff safety evaluation review.

Other - Identification and Resolution of Problems

Identification and Resolution of Problems - In-service Inspection and License Renewal
Commitment Followup (71111.08 & 71003)

Inspection Scope

The inspectors reviewed the Issue Reports listed in Attachment 1 associated with 1S,
including license renewal commitment followup inspection activities. The inspectors
verified that problems identified by these documents were properly characterized in
AmerGen'’s corrective action reporting system, and that applicable causes and
corrective actions were identified commensurate with the safety significance of the in-
service inspection deficiency.

Findings

No findings of significance were identified.

Observations

During the inspectors’ review of Issue Reports (IRs) written during this inspection, the
inspectors noted that, on several occasions, inspectors questioned AmerGen personnel

on the need to enter specific conditions in the AmerGen corrective action process.
Subsequently, all important conditions were entered into the corrective action process.
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Also, the inspectors provided several technical comments and corrections on the draft
technical evaluations AR A2152754-06 and AR A2152754-09, which evaluated the
unexpected water in the drywell trenches. As a result of these comments provided by
the inspector, AmerGen made substantive changes to the evaluations. This indicated
some missed opportunities for AmerGen supervisory review to impart attention to detail.

The inspectors noted that the presence of water in the bay 5 and bay 17 trenches inside
the drywell had been reported in Structural Inspection Reports in 1992 and 1994. The
Structural Inspection Report from 1994 (dated January 3, 1995) indicates that the
rectification of the situation will require prevention of water from reaching the trenches
with proven material(s). However, this condition and the evaluation were not addressed
by the corrective action process in effect at the time. More importantly, during the
October 2006 1R21 refueling outage, the issue was entered into the IR process using
the current standards for timeliness of identification. The AmerGen resultant evaluation
in 2006 determined no significant effect on primary containment.

Further, AmerGen review of inspection results performed during the October 2006
refueling outage of the internal surface of the drywell shell caused a re-evaluation of the
license renewal application with respect to water in the trenches excavated in the
concrete floor. AmerGen determined that an environment/material/aging effect
combination exists that had not been previously included in the Oyster Creek license
renewal application. AmerGen’s letter to the NRC (2103-06-20426), dated December 3,
2006, addresses this issue along with the results of an extent-of-condition review. Also,
AmerGen has identified additional aging management activities that will be included in
the aging management programs associated with the drywell. This additional
information provided by AmerGen is being reviewed by the NRC Office of Nuclear
Reactor Regulation staff similar to additional information provided by applicants when
the NRC staff issues requests for additional information, that is, subject to review in a
final safety evaluation report.

Meetings, including Exit

The inspectors met with Mr. T. Rausch, Oyster Creek Generating Station Vice President
and other members of the licensee’s staff at the conclusion of the onsite inspection on
November 16, 2006, and again on January 16, 2007, to summarize the inspection
results. The end of the inspection was extended to December 6, 2006, to include a
review of AmerGen’s letter to the NRC (203-06-20426), dated December 3, 2006.
Proprietary information was provided to the inspectors during this inspection, but
licensee representatives indicated that it may be released.
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ATTACHMENT
SUPPLEMENTAL INFORMATION
KEY POINTS OF CONTACT

Licensee Personnel

T. Rausch, Senior Vice President, Oyster Creek

J. Randich, Plant Manager, Oyster Creek

C. Lambert, Vice President, Engineering, Exelon Nuclear

M. Coyne, Vice President, Operations, Exelon Nuclear

M. Gallagher, Vice President, License Renewal

G. Harttraft, 1ISI Program Manager

H. Ray, Engineering Manager, Oyster Creek

T. Quintenz, Site Lead Engineer, LR Project

J. Hufnagel, Licensing Lead, LR Project

F. Polaski, License Renewal Manager

J. Kandasamy, Manager, Regulatory Assurance

K. Barnes, Senior Regulatory Affairs Engineer

M. McAllister, NDE Level Ill Examiner, Oyster Creek

C. Hawkins, NDE Level |ll Examiner, Peach Bottom

F. Ray, Manager Mechanical/Structural Design, Oyster Creek

S. Niogi, Senior Engineer, Mechanical/Structural Engineering, Oyster Creek
P.Tamburo, Senior Engineer, Mechanical/Structural Engineering, Oyster Creek

New Jersey State Department of Environmental Protections

R. Pinney, Nuclear Engineer, Bureau of Nuclear Engineering (BNE)
D. Zannoni, Supervisor, Bureau of Nuclear Engineering (BNE)

LIST OF DOCUMENTS REVIEWED

Section 1R0O8: In-service Inspection and License Renewal Commitments

NDT Examination Reports

UT Examination Report Number 1R21-217, Sheets D-218, D-D219, D-220, D-221, and D-223,
NC-2-0002 C/S Pipe to S/S Pipe

UT Examination Report Number 1R21-166, Sheet D-107, N8 Closure Head Nozzle Reactor
Head Vent to Shell Weld NR0O2 5-576

PT Examination Report Number 1R21-163, Sheet PT-004, N8 Nozzle to Flange Reactor Head
Weld NRQO2 6-576
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QP10.09-OCNGS1R21, Record No.1; 10/28/06; Qualitative Inspection Record & Quantitative
Evaluation of Metal Loss Record
Video Tape; 10/21 - 10/25/06; Before & After Cleaning of Debris in Bay 7 Sandbed bay
Video Tape; 10/19/06; Bay 11 Sandbed drain Partial Blockage
Video Tape; 10/21/06; Bay 15 Sandbed General Condition
Video Tape; 10/21/06; Bay 19 Sandbed General Condition
GPU Memorandum Dated 1/28/93; Inspection Of Drywell Sand Bed Region And Access Holes,
Mr. K. L. Whitmore
Data Sheet 21R-158, VT-1 Drywell Sump, 10/29/06
UT Measurement Data Sheet #1R21LR-001, Page 1 of 5 Internal Drywell UT Inspections
UT Measurement Data Sheet #1R21LR-001, Page 2 of 5 Internal Drywell UT Inspections
UT Measurement Data Sheet #1R21LR-001, Page 3 of 5 Internal Drywell UT Inspections
UT Measurement Data Sheet #1R21LR-001, Page 4 of 5 Internal Drywell UT Inspections
UT Measurement Data Sheet #1R21LR-001, Page 5 of 5 Internal Drywell UT Inspections
UT Measurement Data Sheet #1R21LR-028, Page 1 of 1 Internal UT Inspections
UT Measurement Data Sheet #1R21LR-026, Page 1 of 2 Internal UT Inspections
UT Measurement Data Sheet #1R21LR-026, Page 2 of 2 Internal UT Inspections
UT Measurement Data Sheet #1R21LR-002, Page 1 of 2 Internal UT Inspections
UT Measurement Data Sheet #1R21LR-002, Page 2 of 2 Internal UT Inspections
UT Measurement Data Sheet #1R21LR-033, Page 1 of 1 Internal UT Inspections, 71'6" El
UT Measurement Data Sheet #1R21LR-034, Page 1 of 1 Internal UT Inspections, 71'6" El
UT Measurement Data Sheet #1R21LR-029, Page 1 of 1 Internal UT Inspections, 23'6" El
UT Measurement Data Sheet #1R21LR-030, Page 1 of 1 Internal UT Inspections, 23'6" El
UT Measurement Data Sheet #1R21LR-020, Page 1 of 5 Internal UT Inspections
UT Measurement Data Sheet #1R21LR-022, Page 1 of 2 External UT Inspections, Bay 1
UT Measurement Data Sheet #1R21LR-022, Page 2 of 2 External UT Inspections, Bay 1
UT Measurement Data Sheet #1R21LR-012, Page 1 of 2 External UT Inspections, Bay 3
UT Measurement Data Sheet #1R21LR-012, Page 2 of 2 External UT Inspections, Bay 3
UT Measurement Data Sheet #1R21LR-019, Page 1 of 2 External UT Inspections, Bay 5
UT Measurement Data Sheet #1R21LR-019, Page 2 of 2 External UT Inspections, Bay 5
UT Measurement Data Sheet #1R21LR-005, Page 1 of 2 External UT Inspections, Bay 7
UT Measurement Data Sheet #1R21LR-005, Page 2 of 2 External UT Inspections, Bay 7
UT Measurement Data Sheet #1R21LR-006, Page 1 of 2 External UT Inspections, Bay 9
UT Measurement Data Sheet #1R21LR-006, Page 2 of 2 External UT Inspections, Bay 9
UT Measurement Data Sheet #1R21LR-008, Page 1 of 2 External UT Inspections, Bay 11
UT Measurement Data Sheet #1R21LR-008, Page 2 of 2 External UT Inspections, Bay 11
UT Measurement Data Sheet #1R21LR-010, Page 1 of 2 External UT Inspections, Bay 13
UT Measurement Data Sheet #1R21LR-010, Page 2 of 2 External UT Inspections, Bay 13
UT Measurement Data Sheet #1R21LR-015, Page 1 of 2 External UT Inspections, Bay 15
UT Measurement Data Sheet #1R21LR-015, Page 2 of 2 External UT Inspections, Bay 15
UT Measurement Data Sheet #1R21LR-021, Page 1 of 2 External UT Inspections, Bay 17
UT Measurement Data Sheet #1R21LR-021, Page 2 of 2 External UT Inspections, Bay 17
UT Measurement Data Sheet #1R21LR-020, Page 1 of 2 External UT Inspections, Bay 19
UT Measurement Data Sheet #1R21LR-020, Page 2 of 2 External UT Inspections, Bay 19
IWE Data Sheet #1R21LR-017, Page 1 of 4, Sand Bed External VT Inspection, Bay 1
IWE Data Sheet #1R21LR-017, Page 2 of 4, Sand Bed External VT Inspection, Bay 1
IWE Data Sheet #1R21LR-017, Page 3 of 4, Sand Bed External VT Inspection, Bay 1
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IWE Data Sheet #1R21LR-017, Page 4 of 4, Sand Bed External VT Inspection, Bay 1
IWE Data Sheet #1R21LR-013, Page 1 of 6, Sand Bed External VT Inspection, Bay 3
IWE Data Sheet #1R21LR-013, Page 2 of 6, Sand Bed External VT Inspection, Bay 3
IWE Data Sheet #1R21LR-013, Page 3 of 6, Sand Bed External VT Inspection, Bay 3
IWE Data Sheet #1R21LR-013, Page 4 of 6, Sand Bed External VT Inspection, Bay 3
IWE Data Sheet #1R21LR-013, Page 5 of 6, Sand Bed External VT Inspection, Bay 3
IWE Data Sheet #1R21LR-013, Page 6 of 6, Sand Bed External VT Inspection, Bay 3
IWE Data Sheet #1R21LR-014, Page 1 of 4, Sand Bed External VT Inspection, Bay 5
IWE Data Sheet #1R21LR-014, Page 2 of 4, Sand Bed External VT Inspection, Bay 5
IWE Data Sheet #1R21LR-014, Page 3 of 4, Sand Bed External VT Inspection, Bay 5
IWE Data Sheet #1R21LR-014, Page 4 of 4, Sand Bed External VT Inspection, Bay 5
IWE Data Sheet #1R21LR-004, Page 1 of 6, Sand Bed External VT Inspection, Bay 7
IWE Data Sheet #1R21LR-004, Page 2 of 6, Sand Bed External VT Inspection, Bay 7
IWE Data Sheet #1R21LR-004, Page 3 of 6, Sand Bed External VT Inspection, Bay 7
IWE Data Sheet #1R21LR-004, Page 4 of 6, Sand Bed External VT Inspection, Bay 7
IWE Data Sheet #1R21LR-004, Page 5 of 6, Sand Bed External VT Inspection, Bay 7
IWE Data Sheet #1R21LR-004, Page 6 of 6, Sand Bed External VT Inspection, Bay 7
IWE Data Sheet #1R21LR-003, Page 1 of 6, Sand Bed External VT Inspection, Bay 9
IWE Data Sheet #1R21LR-003, Page 2 of 6, Sand Bed External VT Inspection, Bay 9
IWE Data Sheet #1R21LR-003, Page 5 of 6, Sand Bed External VT Inspection, Bay 9
IWE Data Sheet #1R21LR-003, Page 6 of 6, Sand Bed External VT Inspection, Bay 9
IWE Data Sheet #1R21LR-007, Page 1 of 5, Sand Bed External VT Inspection, Bay 11
IWE Data Sheet #1R21LR-007, Page 2 of 5, Sand Bed External VT Inspection, Bay 11
IWE Data Sheet #1R21LR-007, Page 3 of 5, Sand Bed External VT Inspection, Bay 11
IWE Data Sheet #1R21LR-007, Page 4 of 5, Sand Bed External VT Inspection, Bay 11
IWE Data Sheet #1R21LR-007, Page 5 of 5, Sand Bed External VT Inspection, Bay 11
IWE Data Sheet #1R21LR-009, Page 1 of 4, Sand Bed External VT Inspection, Bay 13
IWE Data Sheet #1R21LR-009, Page 2 of 4, Sand Bed External VT Inspection, Bay 13
IWE Data Sheet #1R21LR-009, Page 3 of 4, Sand Bed External VT Inspection, Bay 13
IWE Data Sheet #1R21LR-009, Page 4 of 4, Sand Bed External VT Inspection, Bay 13
IWE Data Sheet #1R21LR-016, Page 1 of 5, Sand Bed External VT Inspection, Bay 15
IWE Data Sheet #1R21LR-016, Page 2 of 5, Sand Bed External VT Inspection, Bay 15
IWE Data Sheet #1R21LR-016, Page 3 of 5, Sand Bed External VT Inspection, Bay 15
IWE Data Sheet #1R21LR-016, Page 4 of 5, Sand Bed External VT Inspection, Bay 15
IWE Data Sheet #1R21LR-016, Page 5 of 5, Sand Bed External VT Inspection, Bay 15
IWE Data Sheet #1R21LR-011, Page 1 of 6, Sand Bed External VT Inspection, Bay 17
IWE Data Sheet #1R21LR-011, Page 2 of 6, Sand Bed External VT Inspection, Bay 17
IWE Data Sheet #1R21LR-011, Page 3 of 6, Sand Bed External VT Inspection, Bay 17
IWE Data Sheet #1R21LR-011, Page 4 of 6, Sand Bed External VT Inspection, Bay 17
IWE Data Sheet #1R21LR-011, Page 5 of 6, Sand Bed External VT Inspection, Bay 17
IWE Data Sheet #1R21LR-011, Page 6 of 6, Sand Bed External VT Inspection, Bay 17
IWE Data Sheet #1R21LR-018, Page 1 of 6, Sand Bed External VT Inspection, Bay 19
IWE Data Sheet #1R21LR-018, Page 2 of 6, Sand Bed External VT Inspection, Bay 19
IWE Data Sheet #1R21LR-018, Page 3 of 6, Sand Bed External VT Inspection, Bay 19
IWE Data Sheet #1R21LR-018, Page 4 of 6, Sand Bed External VT Inspection, Bay 19
IWE Data Sheet #1R21LR-018, Page 5 of 6, Sand Bed External VT Inspection, Bay 19
IWE Data Sheet #1R21LR-018, Page 6 of 6, Sand Bed External VT Inspection, Bay 19
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IWE Data Sheet #1R21LR-003, Page 3 of 6, Sand Bed External VT Inspection, Bay 9

IWE Data Sheet #1R21LR-003, Page 4 of 6, Sand Bed External VT Inspection, Bay 9

UT Measurement Data Sheet #1R21LR-027, Page 1 of 2 Trench UT Inspections, Bays 5 & 17

UT Measurement Data Sheet #1R21LR-027, Page 2 of 2 Trench UT Inspections, Bays 5 & 17

UT Measurement Data Sheet #1R21LR-025, Page 1 of 4 Trench UT Inspections, Bays 5 & 17

UT Measurement Data Sheet #1R21LR-025, Page 2 of 4 Trench UT Inspections, Bays 5 & 17

UT Measurement Data Sheet #1R21LR-025, Page 3 of 4 Trench UT Inspections, Bays 5 & 17

UT Measurement Data Sheet #1R21LR-025, Page 4 of 4 Trench UT Inspections, Bays 5 & 17

IWE Data Sheet #1R21LR-023, Page 1 of 3, VT Trench Inspection, Bays 5 & 17

IWE Data Sheet #1R21LR-031, Page 1 of 2, VT Trench Inspection, Bays 5 after concrete
removal

IWE Data Sheet #1R21LR-031, Page 2 of 2, VT Trench Inspection, Bays 5 after concrete
removal

Repair-Replacement

C2013778, Replace Pipe CRD Return, dated 10/29/2006
Report No. 05-0209, 2/25/05; Radiation and Design Basis Accident Testing Of Thin Film
Technology’s BIO-DUR 561
WO R2077340,Torus Coating Repair Record Bay 1, 14/14 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 2, 10/13 indications repaired, 10/27/06
WO R2077340,Torus Coating Repair Record Bay 3, 33/33 indications repaired, 10/27/06
WO R2077340,Torus Coating Repair Record Bay 4, 144/160 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 5, 130/130 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 6, 66/66 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 7, 36/36 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 8, 59/61 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 9, 41/47 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 10, 80/80 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 11, 62/71 indications repaired, 10/25/06
WO R2077340,Torus Coating Repair Record Bay 12, 17/24 indications repaired, 10/27/06
WO R2077340,Torus Coating Repair Record Bay 13, 20/41 indications repaired, 10/25/06
WO R2077340,Torus Coating Repair Record Bay 14, 34/34 indications repaired, 10/25/06
WO R2077340,Torus Coating Repair Record Bay 15, 44/44 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 16, 19/19 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 17, 20/27 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 18, 24/24 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 19, 19/19 indications repaired, 10/26/06
WO R2077340,Torus Coating Repair Record Bay 20, 9/16 indications repaired, 10/26/06

Flaw Evaluation

AR 547617 and General Electric INR 01R21 IVVI-06-08, Rev. 0, dated 10/22/2006, Core
Shroud Vertical Weld SHD V-09 Two ID Indications

AR A2143996, 11/1/06; Evaluation of pits in (torus) bays 5,15, and 18

AR A2143995, 11/1/06; Evaluate pits in bays 5, 15, and 18 of the torus
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Technical Evaluations & Design Evaluations

AR A2152754 EO06 Technical Evaluation

AR A2152754 E09 Technical Evaluation

IR 0553792-02; Drywell Structural Integrity Basis From 1R21 Inspections

IR 0553792-03; Torus Structural Integrity Basis From 1R21 Inspections

AR A2152754; 10/25/06; Technical Evaluation for the installation of caulking to the drywell to
concrete gap at the 10'3" drywell elevation

ECR OC-06-00879-000; 10/30/06; Drywell Floor/Trough/Drainage Inspection and Repairs

ECR OC-06-00879-001; 11/5/06; Drywell Floor/Trough/Drainage Inspection and Repairs

EC/ECR - GE # Index 9-3, Revision 1, 1/31/03; An ASME Section VIII Evaluation of OC Drywell
for Without Sand Case Part 1 Stress Analysis

EC/ECR - GE # Index 9-4, Revision 3, 1/31/03; An ASME Section VIl Evaluation of OC Drywell
for Without Sand Case Part 2 Stability Analysis

GE Ltr. Dated 12/11/92; Sandbed Local Thinning and Raising the Fixity Height Analyses (Line
items 1 and 2 in Contract # PC-0391407)

MPR-953, October 1986; GPU Nuclear Corporation, Oyster Creek Nuclear Generating Station
Torus Shell Thickness Margin

SE No. 328227-001, Revision 5, 12/3/86; 50.59 Evaluation of Drywell Core Boring And Repair

. (includes cutting of the trenches)
TDR - 854, Revision 1, 4/22/87; Drywell Sand Bed Region Corrosion Assessment
TDR - 851, Revision 0, 12/27/88; Assessment of Oyster Creek Drywell Shell

Procedures

ER-AA-335-004, Manual Ultrasonic Measurement of Material Thickness and Interfering
Conditions, Rev. 2

GE-PDI-UT-2, PDI Generic Procedure for UT of Austenitic Pipe Welds, Rev. 4

ER-AA-330, Conduct of In-service Inspection Activities, Rev. 5

ER-AA-330-002, In-service Inspection of Section X| Welds and Components, Rev. 5

. ER-AA-330-003, In-service Inspection of Section XI Component Supports, Rev. 4

ER-AA-330-009, ASME Section XI Repair/Replacement Program, Rev. 4

ER-OC-330-1001, ISI Program Plan Document, Fourth Ten-Year Inspection Interval, Oyster
Creek Generating Station, Rev. 2

ER-OC-330-1006, First 10-Year Containment (IWE) In-service Inspection Program Plan and
Basis Oyster Creek Generating Station, Rev. 3

ER-AA-335-018, VT Inspections

TQ-AA-122, Revision 3; Qualification and Certification of Nondestructive (NDE) Personnel

Specifications

1S-328-227-004, Revision 13, 9/15/06; Specification for Oyster Creek, Function Requirements
for Drywell Containment Vessel Thickness Examinations

SP-1302-52-120, Revision 3; Specification for Inspection and Localized Repair-of the Torus and
Vent System Coating

0OCIS-328227-003, Revision 0; Installation Specification for Repair of Concrete Floor Removed
in Drywell for UT Readings
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GPU Nuclear Dwg. No. 3E-153-02-009, Revision 4, 6/9/94; General Arrangement Reactor
Building - Sections C-C, D-D, & E-E

Jersey Central Power & Light Co. Oyster Creek Generating Station Unit #1, Dwg. No. 4059-2,
Sheet 2 of 3; Revision 2; 5/5/70

GPU Nuclear Dwg. No. 3E-187-29-001, Revision 0, 1/16/92; Drywell Pressure Vessel UT Test
Locations

GPU Nuclear Dwg. No. 3B-153-34-1000, Revision 0, 11/1/00; Reactor Building Elev. 10'3"
Repair Of Concrete Floor Removal In Drywell For UT Readings

GE Dwg 4059-1, Sheet 1 of 3, Revision 4, 5/5/70; Oyster Creek Reactor Building First Floor At
El 23'6" Sections and Details, Sheet 1

GE Dwg 4059-2, Sheet 2 of 3, Revision 2, 5/5/70; Oyster Creek Reactor Building First Floor At
El 23'6" Sections and Details, Sheet 2

Calculations

C-1302-187-5320-024, Revision 1, 9/21/06; OC Drywell External UT Evaluation In Sandbed
C-1302-187-5300-016, Revision 0, 4/12/91; OCDW Projected thickness Using Data Thru 3/3/91

Issue Reports

AR-546407 AR-548568 AR-546915 AR-550022
AR-546475 AR-546049 AR-546269 AR-550437
AR-547092 AR-545422 AR-547397 AR-551897
AR-547245 AR-545251 AR-470325 AR-551910
AR-547617 AR-547025 AR-523259 AR-548459
AR-550305 AR-546693 AR-466683 AR-550149
AR-546049 AR-546932 AR-548459 AR-547397
AR-548227 AR-547236 AR-550181

AR-545835

Work Orders & Recurring Tasks

R2091019, Inspect Poly Bottles For Presence of Water
R2088546-01, Chemistry Sampling of Poly Bottles

Miscellaneous

Materials Selection for Corrosion Control, Chawla, S. L., Gupta, R. K., Eds. ASM International,
1993

Atlas Of Electrochemical Equilibrium In Aqueous Solutions, Pourbaix, M., NACE, CEBLOR,
1974

Corrosion Vol. 1, Metal Environmental Reactions, Shreir, L. L., Ed., Newnes-Butterworths,
London, 1978 '

In-service Inspection Program, Health Report 1%, 2", 3 Quarter 2006, and 4" Quarter 2005
Surveillance and Test Programs Audit NOSA-OYS-06-07 (AR 526145) Oyster Creek
September 18, 2006 to September 29, 2006, dated October 4, 2006
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NE! 95-10, Revision 6, June 2005; Industry Guidelines For Implementing The Requirements of

10 CFR Part 54 - The License Renewal Rule

10 CFR 54.13, Completeness and Accuracy of Information

NRC Information Notice 2004-09, April 27, 2004; Corrosion of Steel Containment and

Containment Liner

U.S. Atomic Energy Commission, CO Report No. 219/66-1, 4/15/06; Jersey Central Power &
Light Company License No. CPPR-15, Dates of Visit; March 22 and 23, 1966

NUREG 5214

NUREG 13.82

NRC Generic Letter 87-05

AmerGen Ltr. 2130-06-20358, 7/7/06; Additional Information Concerning FSAR Supplement
Supporting the Oyster Creek Generating Station License Renewal Application (TAC No.
MC7624

AmerGen Ltr. 2130-06-20414, 10/20/06; AmerGen Responses to Open ltems Associated with
the NRC Draft Safety Evaluation for the Oyster Creek Generating Station Application for
License Renewal (TAC No. MC7624)

AmerGen Ltr. 2130-06-20284, 4/4/06; Commitments Associated with Containment (Drywell and
Torus) Condition Monitoring Related to AmerGen Application for Renewed Operating
License - Oyster Creek Generating Station (TAC No. MC7624)

AmerGen Ltr. 2130-06-20426, 12/3/06; Information From October 2006 Refueling Outage
Supplementing AmerGen Energy Company, LLC (AmerGen) Application for a Renewed
Operating License fo Oyster Creek Generating Station (TAC No. MC7624)

NRC Information Notice 97-10, 3/13/97

GPU Nuclear Ltr. C321-95-2235/5000-95-0088, 9/15/95; Qyster Creek Nuclear Generating
Station (OCNGS) Docket No. 50-219, Facility operating License No. DPR-16, Drywell
Corrosion Monitoring Program

GPU Nuclear Ltr. C321-95-22360/5000-95-0098, 9/15/95; Oyster Creek Nuclear Generating
Station (OCNGS) Docket No. 50-219, Facility operating License No. DPR-16, Drywell
Corrosion Monitoring Program

NRC Ltr. Dated 2/15/96; Changes in the Drywell Corrosion Monitoring Program (TAC No.
M92688)

NRC Ltr. Dated 11/1/95; Changes in the Drywell Corrosion Monitoring Program (TAC No.
M93658)

NRC Inspection Report No. 50-219/86-40, Docket No. 50-219, License DPR-16; Drywell
Corrosion Inspections, December 9 - 16, 1986

NRC Ltr. Dated 12/29/86, Docket No. 50-219; Interim Operation For Cycle 12 Following
Corrosion of the Drywell Shell (TAC 64016)

GPU Nuclear Ltr. Dated 5/12/87; Oyster Creek Nuclear Generating Station Docket No. 50-219,
Generic Letter 87-05

NRC Inspection Report No. 219/66-5, 12/6/66
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LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED

Opened

None

Opened and Closed

None
Discussed

None
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123 Washington Street Rutgers, The State University of New Jersey
Newark, NJ 07102-3094 School of Law - Newark
Phaone: (973) 353-5695 Fax; (973} 353-5537

January 16, 2007

VIA E-MAJL AND US MAIL

The Advisory Committee on Reactor Safeguards
Plant License Renewal Subcommitiee

United States Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Committee Members:

I am writing on behalf of STROC, the citizen’s coalition comprising Nuclear Information
and Resource Service, Jersey Shore Nuclear Watch, Inc., Grandmothers, Mothers and More for
Energy Safety, New Jersey Sierra Club, New Jersey Environmental Federation and New Jersey
Public Interest Research Group. Thank you once again for the opportunity I had to present at the
last meeting of the Advisory Committee on Reactor Safeguards Plant License Renewal
Subcommittee (“ACRS”) on October 3, 2006 and for the time you are affording to listen to our
concerns at the next meeting on January 18, 2007. To avoid an overly detailed presentation at
that meeting, this letter provides a brief preview of the main thrust of the material to be
presented, raises significant new issues regarding aging management of the corroding torus
region of the containment, which is related to the drywell corrosion issues already raised, and
answers some questions that were raised by Committee members at the meeting on October 3,
2006.

Key Issues Regarding Drywell Coyrosion

In my presentation on Thursday I will deal primarily with the corrosion of the drywell in -
the sandbed region and will show that AmerGen has failed to establish any margin above code
requirements. This failure stems from reliance on overly optimistic modeling, failure to
adequately measure the extent of the areas that have suffered from serious corrosion, and failure
to take account of the latest results from the October 2006 cutage, which indicate that corrosion
in the sandbed region may be ongoing. Most glaringly, AmerGen stated in an e-mail to NRC
Staff dated April 5, 2006 at 10 (ML0G0960563) that areas corroded to less than 0.736 inches in
thickness “could be contiguous, provided their total area did not exceed one square foot” and
their average thickness was greater than 0.536 inches. This statement was based on modeling
conducted by General Electric (“GE”) which showed that a shell with a general uniform
thickness of 0.736 inches in the sandbed region, but with a one square foot area that was 0.536
inches thick in each bay, would fail code requirements by around 10%. Even if this predicted

Carter H. Strickland, Jr., Esq.+  Julia L. Huff, Esq.*+ Kathleen J. Shrekgast, Esq.# Richard Webster,
Actling Director Staff Attorney Staff Attorney Staff Attorney
cstrickland@kinoy.rutgsers.edu  jhuff@kinoy.rutgers.edu kshrekgast@kinoy.rutgers.edu  rwebster@kinoy.

* Admitted in New Jersey Pursuant io 1:21-3(c) + Also admitted in New York  # Also admitted in Pennsylv
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degree of code failure were acceptable, which we believe it is not, such contiguous areas
measuring more than one square foot probably already existed in 1992 and have probably
expanded since then. In addition, the most recent study by Sandia Laboratories (ML070120395,
“Sandia Drywell Study”) shows that the modeling by GE included an erroneous capacity
reduction factor leading to underestimation of the necessary thickness in the sandbed region.
Sandia Drywell Study at 67, 77. In fact, the uniform thickness required in the sandbed region to
meet the code requirements is 0.844 inches, not 0.736 inches. Id. at 79-80. External
measurements show that Bays 1, 9, 11 and 13 have large areas of average thickness less than
0.844 inches. Id. at 91-100. In addition, grids of points measured from the interior in Bays 11,
17, and 19 have an average thickness of less than 0.844 inches. Thus, if the applicant’s
acceptance criteria were adjusted to reflect the mistake in the GE analysis, the shell would not
meet the corrected criteria. Its serviceability is therefore in doubt.

The safety of the drywell is brought into further question by two other results from the

Sandia Drywell Study that are indirectly related to the sandbed corrosion issue. First, the
predicted stresses at the bottom of the sandbed under accident conditions are “extremely large
exceeding the assumed allowable even for the case with no degradation.” Id. at 59. With
degradation, the degree of exceedance increases. Id. Thus, the Study shows that the
containment could fail under accident conditions, precisely the situation when it is most needed.
Second, the Study shows that the drywell fails to meet the requirement for a safety factor of 2
because bucking could occur in the upper region of the drywell at siresses corresponding to a

~safety factor of 1.95. Id. at 70-71. While Sandia cautioned against using its model as an

~ absolute prediction, this result shows that AmerGen hLas failed to establish that the drywell will
meet safety requirements throughout any extended licensing period.

Torus Corrosion

The torus corrosion issue largely parallels the drywell corrosion issue. Once more,
AmerGen is attempting to age manage a corroding safety-critical component through a
combination of visual inspections of a protective coating and occasional UT measurements of
identified degraded areas. The narrowness of the margins derived from measurements gives rise
to doubts about whether the margin has been established given the uncertainty of the
measurements. In addition, even though the claimed margins in this area are even narrower than
the sandbed region, the proposed inspection regime appears less rigorous. Furthermore, based on
the information available to us, we believe that AmerGen may have already failed to carry out a
committed action regarding revising the torus corrosion acceptance criteria.

Taking the potential missed commitment first, on May 1, 2006, AmerGen committed to
providing “refined acceptance criteria and thresholds for entering torus corrosion coating defects
in the corrective action program for further evaluation . . . prior to the next torus coating
inspection, which is also prior to the extended period of operation.” Letter from Gallagher to
NRC, dated May 1, 2006. NRC staff have confirmed that a torus inspection occurred during the
October 2006 outage. Thus, we believe that to meet this commitment AmerGen should have
provided the refined criteria prior to the last outage. However, the updated SER, issued in
December, failed to contain the refined criteria. Instead, it continued to state that AmerGen
would provide the criteria “prior to the next [torus coating] inspection and prior to the period of
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extended operation.” SER at 3-136. In addition, searches of ADAMS have not yielded the
criteria. When we asked NRC staff for the refined criteria, they indicated that they did not
believe the May 1, 2006 commitment required AmerGen to develop refined criteria for the torus
inspection in October 2006. Because we believe the plain meaning of the commitment is that
refined criteria had to be developed before October 2006 and, despite diligent efforts, we have
been unable to find any refined criteria, we believe AmerGen may have failed to carry out a
committed action. We also question how NRC staff can make a final evaluation of the aging
management program for the torus when the acceptance criteria, which are a critical part of that
program, have not yet been submitted by the applicant.

Moving on to the substance of the torus corrosion issue, the information available
indicates that the margins for general corrosion are 0.004 inches to 0.008 inches, depending on
the exact location. Letter from Gallagher to NRC dated April 7, 2006 at 29. In addition,
individual pits must be less than 0.141 inches or 0.261 inches, depending on the diameter of the
pit and spacing between pits. Id. at 30. At the outset, we question whether the accuracy of UT
measurements is sufficient to be certain any margin exists and note that no estimate of
uncertainty was included in the reporting of the measured thickness of the torus. Id. at 29 In the
sandbed region, AmerGen recently found that a single measurement was incorrect by over 0.4
inches, SER at 3-126, and a whole set of results taken in 1996 were recently found to contain
systematic error of around 0.02 inches. At this time, AmerGen claims that instrument error for
UT measurements in the sandbed is around 0.01 inches. SER at 3-127. Thicknesses in the torus
are around half the thickness of the sandbed, but even if the instrument error were 0.005 inches
and there were also no danger of systematic error, that would lead to-doubt about the existence of
the claimed margins in the torus, which in some areas are the same or less than the instrument
error. '

: Turning to the individual results, the deepest pit measured was 0.069 inches in 1992.
Letter from Gallagher to NRC dated April 7, 2006 at 31. However, it appears that the local
acceptance criteria are based on the nominal thickness of 0.385 inches rather than the measured
thickness of 0.343 to 0.345 inches. Id. at 30-31. If this is the casg, it is hardly surprising that the
local acceptance criteria need to be “refined.” It also remains unexplained how around 0.04
inches of general corrosion has already occurred. A consultant employed by AmerGen has
estimated that corrosion of exposed steel could occur at up to 0.005 inches per year. Id. at 28-29.
Furthermore, the last visual inspection results available to us from 2002 show that “blister count
indicated a general increase in the formation of new blisters [in the protective coating] and the
occurrence of fractured blisters.” Id. at 28. AmerGen's summary fails to indicate how its
coatings consultant concluded from these results that no inspection was warranted in 2004. Id. at
29. On the contrary, it appears that even more frequent inspections should have been required.
As Dr. Hausler pointed out in his letter raising torus corrosion issues with the staff, blistering of
the coating is caused by corrosion occurring below the coating. Letter from Hausler to Paul
Gunter, dated July 26, 2006. Therefore, because blistering is becoming more extensive as the
coating ages, there is a danger of generalized corrosion at a rate of up to 0.005 inches per year.
This means that the claimed margin could be consumed 1n less than a year. To manage this
issue, AmerGen has proposed visual inspection of the torus coating every other refueling outage.
E.g. Letter from Gallagher to NRC, dated October 20, 2006. Even if the claimed margins are
actually present, which we question, this appears insufficient for two reasons. First, as Dr.
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Hausler has pointed out repeatedly corrosion can occur under a coating without being visible
and, unlike in the sandbed region, we have found no commitment to take quantitative
measurements as a backstop to the visual inspection. Second, the narrow margin and potential
corrosion rate seem to indicate that inspection frequency must be increased to less than one year.

Answers to Questions

Finally, at the last meeting I promised to provide you with answers to a few questions.
Most simply, the coating testing standards to which Dr. Hausler refers are as follows:

1. National Association of Corrosion Engineers, International, Standard Test Method TM-
00384: “Holiday Detection of Internal Tubular Coatings of 250 um (10 mils) dry Film
Thickness” ,

2. National Association of Corrosion Engineers, International, Standard Recommended
Practice, RP-0188-90, “Discontinuity Testing of Protective Coatings”

3. National Association of Corrosion Engineers, International, Standard Test Method TM-
0186-94: Holiday Detection of Internal Tubular Coatings of 250 to 760 um (10 to 30
mils) Dry Film Thickness

4. National Association of Corrosion Engineers, International, Test Method TM-0183,
“Evaluation of Internal Plastic Coating for Corrosion Control of Tubular Goods in
Aqueous Flowing Environment”

With regard to Stress Corrosion Cracking; you asked for a citation regarding chloride
stress corrosion cracking in carbon steels. The attached memo from Dr. Hausler discusses this
issue. Overall, Dr. Hausler believes that this failure mechanism must be considered much more
carefully before it can be eliminated as a possibility.

Finally, you asked about the source of the chlorides. Unfortunately, once again this not
certain. However, empirical evidence shows that in the worst areas over 0.5 inches of steel has
corroded from the drywell in the sandbed region and chlorides were observed in the corrosion
products. Because the source of the water has not been totally eliminated, it is prudent to work
on the basis that chlorides could be present, unless they are shown to be absent. '
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Conclusion

We trust you will understand that these matters are of the utmost importance for those

who live close to the plant and in the region. Most of the issues raised here concern both current - -

safety and relicensing. They must therefore be addressed urgently. At present, we are puzzled
how the NRC staff could conclude that the Oyster Creek Nuclear Power Plant currently meets
safety requirements, let alone how the staff could decide that it would continue to meet safety
requirements for twenty years beyond its current license. We therefore respectfully request the
ACRS not to recommend issuance of the SER until the issues raised orally and in this letter are
fully resolved.

Yours sincerely,

LM k"

Richard Webster




CORRO-CONSULTA
8081 Diane Drive Rudolf H. Hausler - Kaufman, TX 75142
Tel: 972 962 8287 (office) rudyhau@msn.com Fax: 972 932 3947
Tel: 972 824 5871 (inobile)

Memorandum
To: Richard Webster, Esq. January 16, 2007
Rutgers University
From: Rudollf H. Hausler
Subject: Oyster Creek Drywell Liner

The Possibility of Stress Corrosion Cracking

Richard,

The ACRS at its last meeting relative to the safety of the Oyster Creek Dry Well Liner
inquired with regards to the possibility of stress corrosion cracking in carbon steels,
A reference relating in a general way to the subject of stress corrosion cracking can
be found in the ASM Metals Handbook, Desk Edition, 1985, Chapter 32, pgs 24 - 26.
Special reference is made to low alloy and high strength carbon steels, cross-
referenced to temperature and aggressive ions. Carbon steels are only listed in the
general overview table of this chapter in connection with caustic and carbonate
cracking.

The particular steel of the drywell liner is said to be ASTM A 285 (no grade specified)
with up to 0.28% carbon and up to 0.9% Mn. As such A-285 is not classified as a
low-alloy carbon steel, even though the Mn content is already falrly high, but is
considered to be a quenched and tempered carbon steel.

For stress corrosi_on to occur there are three simultaneous conditions, which need to
be fulfilled: The material has to be susceptible, there has to be stress (at a certain
level), and the environment has to contain species, which can induce SCC. This basic
three-parameter space is further complicated by the many

metallurgical and environmental variables. Hence, such a complex situation makes
prediction impossible beyond certain general guidelines which have been established
over the years and which are summarized in the referenced paper.

With respect to the specific material of the drywell liner, A-285 is a quenched and
tempered steei with hardness levels generally well below where a steel is known to
become susceptible to SCC. However, there are no specific requirements for this
steel with regards to purity, either chemical or due to inclusions. It is well known
that inciusions, such as carbides and/or oxides may constitute stress risers, and if
they occur at, or near, the surface, are locations for SCC initiation. Furthermore,
uneven temper may also induce local stresses, which can be cause for SCC
origination.



Perhaps the locations most susceptible to SCC are the welds, of which there are
many and some are certainly located in the areas under consideration with regards
to general corrosion attack. Welds constitute complex metallurgical entities and if not
properly heat-treated present many internal stresses high enough for the metal to
become susceptible to SCC.

It might be argued that stress corrosion cracking of the drywell liner is unlikely
because the liner is under compressive load rather than tensile stress. However, it
cannot be assumed that the structure is completely symmetrical. Asymmetries, such
as have been proposed by Stress Engineering can certainly cause linear stresses.
"Furthermore, there may be internal stresses due to heat treatment, welding, etc,
etc, Corrosion pits have been identified as locations where SCC can start,
Additionally we should not forget that the entire structure is subject to vibrations.
Hence SCC may be aggravated by fatigue. '

While at the concrete/metal boundaries the conditions for carbonate induced SCC are
certainly present we also know that chlorides have at various times been identified
both in the corrosion products as well as in the water present in the sand bed or the
former sandbed area. .

Therefore a case can be made that in principle all the conditions for SCC are present,

or potentially present. It would therefore be unwise to totally rule out such

possibilities based on general arguments. We think that detailed studies and

- measurements should be made in the most susceptible areas, such as the former
sand bed and the areas close to the embedded shell wall.

Dr. Rudolf H. Hausler

. | <"E7///Y//M4L
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Oyster Creek Generating Station

License Renewal — ACRS Review

Reference
Material from
January 18,
2007 ACRS
Subcommittee
Meeting

AmerGen.

An Exelon Company
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AmerGen

An Exelon Company

Condition of the Drywell Shell
in the Sand Bed Region After
Application of Epoxy Coating
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AmerGen.

An Exelon Company

Sand Bed Region 1992

Shell with
primer
partially
applied

Floor

Shell and floor undergoing coating and repairs



Sand Bed Region 1992 AmeI'Gen

An Exelon Company

. o,

Shell

Caulk
Seal

Floor

Finished floor, vessel with two top coats — caulking material applied
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An Exelon Company

AmerGen

e

o 5

g " p(!t,*’, A
»’1;’5{/9/#"

Sand Bed Region 2006

Bay 3 Shell
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AmerGen.

An Bxelon Company

Sand Bed Region 2006

Shell — External
UT inspection
location

(Surface prep’d in
1992 before
coating)

Floor

Bay 5 — Drywell shell and sand bed floor s



AmerGen.

Sand Bed Region 2006

Shell

An Exelon Company

Caulking

Floor

Bay 5 — Drywell shell, floor, and caulking
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AmerGen

Sand Bed Region 2006

An Exelon Company
Shell
Caulk
External UT
Inspection locations
Floor

Bay 7 — Drywell shell, caulking, sand bed floor
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Sand bed
floor

An Exelon Company

AmerGen

Bay 11

Sand Bed Region 2006

Caulk
seal

3 _
> 2
DS
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Sand Bed Region 2006 Amel'Gen

An bxelon Company

Shell

Caulking

Sandbed
Floor

Bay 13 — Close-up of shell and caulk seal
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AmerGen

Sand Bed Region 2006

An Exelon Company

Reference for
locating

inspection points

External UT
Inspection
location

Bay 13 Drywell shell
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AmerGen

Sand Bed RegIOn 2006 AnExe]on[Ompany

Floor

Caulk

Bay 19 caulking

Drywell Shell Bay 19
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Figure 2. Sandbed Bay #3D
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Figure 3. Sandbed Bay # 5D
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Figure 4. Sandbed Bay # 7D
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Figure 5. Sandbed Bay # 9A
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Figure 7. Sandbed Bay #11A (
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Figure 8. Sandbed Bay #11C
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Figure 9. Sandbed Bay #11C
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Figure 10. Sandbed Bay #13A
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Figure 11. Sandbed Bay #13D
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| Figure 12. Sandbed Bay #13 D
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Figure 13. Sandbed Bay # 13C
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Figure 14. Sandbed Bay # 15A
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| Figure 15. Sandbed Bay #15 D
1154 Mil Nominal Shell Plate Thickness
1200 - — — - : — - |
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Start Sand Removal and apply ¢ i |
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; : Stnppable !
Strippable Coating oatmg
‘ Added to Rx Cavity ' .I:Iot Used |
|

| Source: Raw Data - Anergen Calculation C-1302-187-5300-021, C-1302-187-5300-028, C-1302-187-8610-030 ‘




Figure 16. Sandbed Bay #17A

Source: Raw Data - Amergen Calculation C-1302-187-5300-021, C-1302-187-5300-028, C-1302-187-8610-030

Top
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: H H Bay7 Bay S
Kay Plan
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Figure 17. Sandbed Bay #17A

Bottom 1154 Mil Nominal Shell Plate Thickness
1200 ‘
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Start Sand Removal aqd apply
Removal Epoxy Coating P
: i Strippable i
: Strippable Coating : Coatlng
4 — Added to Rx Cavity Not Used I
Source: Raw Data - Amergen Calculation C-1302-187-5300-021, C-1302- 187 5300-028, C 1302-187-8610-030




Figure 18. Sandbed Bay #17D
1200
w 1154 Mil Nominal Shell Plate Thickness
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Figure 19. Sandbed Bay #17/19

Frame Top
1154 Mil Nominal Sheli Plate Thickness
1200 + //
a
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2 +/- 4.8 mils
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Removal System Removed
i : Strippable
Strippable Coating i Coating_,f
o —pi :
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Source: Raw Data - Amergen Calculation C-1302-187-5300-021, C-1302-187-5300-028, C-1302-187-8610-030




Figure 20. Sandbed Bays # 17/19
Bottom
1154 Mil Nominal Shell Plate Thickness
1200
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Complete Sand Removal
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. Strippable Coating i Coating , |
'4_ Added to Rx Cawty—Pé“Not Used_’é |
Source: Raw Data - Amergen Calculation C-1302-187-5300-021, C-1302-187-5300-028, C-1302-187-8610-030




Figure 22. Sandbed Bay #19 B
1154 Mil Nominal Shell Plate Thickness
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Figure 21 Sandbed Bay # 19A
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 Source: Raw Data - Amergen Calculation C-1302-187-5300-021, C-1302-187-5300-028, C-1302-187-8610-030
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Figure 23. Sandbed Bay # 19C

1154 Mil Nominal Shell Plate Thickness
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1. Upper Drywell Corrosion Trend and Margin

Elevation 50' 2" Bay 5 - D12 770 Mil Nominal Shetl
Measured Mean Plate Thickness
Shell Thicknes
800 - \ +1.6
D 200 +1.5% 8 L1 % a7 . . S
= 700 +1.5 x =l . . +1.7 +1.4 |
= Margin = 200 Mils |
' 600 -
@ 7
o 500 -
§ 541 Mil Minimum Required
2 400 - Shell Thickness
= 300 -
© i
; 200
D 100 7
0 J—!——T""f" T T T T T — a T
© D o - o i) < T3 © ~ © D o - o i) < [Pr} ©
@ @ o} o3} o L3 » b3} [} » & =1 = =3 = o =4 =1
‘ ] o > > o & & & » & & & = = = =1 = S o
- - - - - - - - - - - - N N N N N N N
T T Bay 15 Bay 17
Strippable Coating Not Used nors o
in 1994 and 1996 T oy 11 ooy
Bay!l\( Bay3
Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006 Bay7 Bawys
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2 Key Plan
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2. Upper Drywell Corrosion Trend and Margin

Elevation 50' 2" Bay 5 - 5H 770 Mil Nominal Shell
Plate Thickness
1.7 *1.7 1.9 /
2.2 1.
800 -
=3 —y 3 3 »
o | . S v +1.5 . \ 1.4 +1.6
2 700 _ 2 Margin = 213 Mils T *"
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@
® 500 - f
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< 400 - :
0 Shell Thickness
L
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e |
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3 8 & > 3 3 8 S 3 8
(2] (<] [+2] (<] (<} (<] (=] (=] (=] (=]
Strippable Coating Not N B
Used in 1994 and 1996 T a.mc )
Bay 9
Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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3. Upper Drywell Corrosion Trend and Margin
Measured Mean Shell Elevation 50' 2" Bay 5 - 5L 770 Mil Nominal Shell
Thickness Plate Thickness

800 - \ 6.6

® 700 - 0—0—04 o . — - —e
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Strippable Coating Not
Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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4. Upper Drywell Corrosion Trend and Margin 770 Mil Nominal Shell
Elevation 50' 2" Bay 13 - 31H Plate Thickness

800 -
9 00 124 124 14 +1 .:/1 2.9 +2.0 . 20
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Bay 15 Bay 17

Strippable Coating Not
Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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5. Upper Drywell Corrosion Trend and Margin
Elevation 50' 2" Bay 13 - 31L 770 Mil Nominal Shell
Plate Thickness
800 - /
T .4 164 280 +6.1 +8.2 +6.9 +8.4
2 700 - -— o o . . . p
‘ . . +0.
| E. 600 | Measured Mean Shell Thickness~”Y Margin = 137 Ml'ST_‘_\‘
’ 0
3 500
£ 541 Mil Minimum
© 400 - Required Shell Thickness
=
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e ;
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z 100 3
o ]
0 | .
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§ &

T
Strippable Coating Not
Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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6. Upper Drywell Corrosion Trend and Margin
Elevation 50' 2" Bay 15 - 23H 770 Mit Nominal Shell
Plate Thickness
800 - /
— v ¥ & —® i
1] | +1.2 1.3 #1.3 +1.0 +1.4 +1.1 ;
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S e e 2 e e S 8 8 S
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Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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7. Upper Drywell Corrosion Trend and Margin

Elevation 50' 2" Bay 15 - 23L 770 Mil Nominal Shell
Plate Thickness

800 - /

(] —— * 4 * *
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T T
I

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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8. Upper Drywell Corrosion Trend and Margin

Elevation 51° 10" Bay 13 - 32H 722 Mil Nominal Shell Plate Thickness

800 - 0.7 0.9 109 +0.8 +1.2 +0.8 / +0.7 +0.6

700 | — v v v v v
Measured Mean Shell Thickness / Margin = 195 Mils t
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500 -
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100 -

518 Mil Minimum Required Shell Thickness

Drywell Thickness - Mils
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1992
1998
2000
2002
2004
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Say 15 Say 17

—> 1994
—> 1996

Strippable Coating Not
Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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9. Upper Drywell Corrosion Trend and Margin
Elevation 51' 10" Bay 13 - 32L 722 Mil Nominal Shell

Plate Thickness
800 1 4.5  +45 460 5.2 /

2 700 - " . . . o
= "“_’7 25 40 +3.6 +3.8
c;) 600 - Measured Mean Shell Thickness Margin = 158 Mils
9 500 - /},
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0 Shell Thickness
S
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$ 200 -
[y
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0 i T T i — T T
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1998
2000
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T

Strippable Coating Not
Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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10. Upper Drywell Corrosion Trend and Margin
Elevation 60' 10" Bay 1 - 50 - 22 722 Mil Nominal Shell

Plate Thickness
_ 4.0 +4.1
800 +3.2 /

9 700 - S * .
= Measured ms e : +4.0 Y
= 600 - Shell Thickness Margin = 171 Mils *39
"
8 500 -
k-
o 400 - 518 Mil Minimum Required
I-E 300 - Shell Thickness
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E 100 -
0 —

1988
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1992

1994
1996
1998
2000
2002
2004
2006

Strippable Coating Not
Used in 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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11. Upper Drywell Corrosion Trend and Margin
Elevation 87' 5" Bay 9 - 20

640 Mil Nominal Shell

800 W Plate Thickness
» 700 | 320 +1.9 £1.8 2.1 o /
= 600 | .37 o6  Measured M * — . R . —e
' 121 +2.0 easured Mean + ; < : +
» ! 17 22 Margin = 152 Mils 20 21
73 Shell Thickness
@ 500 -
k>
© 400 - 452 Mil Minimum Requirec/
|'E 300 | Shell Thickness
]
= 200 -
- :
c ‘
Q 100
0 T T T ! T i T e e |
~ =] - o] n N~ =) - o )
@ @ D o -] =) o o =] ©
] ] <] o ) ] -] =] S S
- - - - - - - N N N

=1

Strippable Coating Not . o e
Used in 1994 and 1996 = -
Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006 -'_, _.-"

Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2 Lt
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12. Upper Drywell Corrosion Trend and Margin
Elevation 87' 5" Bay 13- 28

640 Mil Nominal Shell

800 - Plate Thickness
17 £1.6 1.8 1.7 .31 g £17 £1.7 £1.8 +1.8 +1.7

700 -

. — v *
600 - Measured Mean ¥ % Margin = 177 Mils

Shell Thickness

L 4

500 -

400 - /‘
. 452 Mil Minimum Required

300 - Shell Thickness

200 -

Drywell Thickness - Mils

1987
1989
1991
1993
1995
1997
1999

2001
2003
2005

(R

Strippable Coating Not
Usedin 1994 and 1996

Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006
Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2
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13. Upper Drywell Corrosion Trend and Margin
Elevation 87' 5" Bay 15 - 31
640 Mil Nominal Shell
800 - Plate Thickness
O 700 | 20 £1.9 %19 221 119 1.9 422 1.9 +19 / 2.3 2.1
E hd v v * 4 S r >
1 600 - Measured Mean 5i M . 175 Mil
2 Shell Thickness argin = 1S
o 500 -
c
< 400 -
ﬁ 300 - 452 Mil Minimum Required
= Shell Thickness
S 200
-
aQ 100 -
0 T [ . T T
~ [¢2] - (32 n M~ [+2] - [+ 10
[+ ] © [+2] [+2] [+ 1] [o1} [+2] [=} [=
(<] (<] [+2] (<] [«}] [« (¢} [=} [=} [=]
- - - - Ll - - N N N
Bay t§ Bay 17
n Swn Sy 19
Strippable Coating Not Used T - -
in 1994 and 1996
ay® ay3
Source: Averaged Data - AmerGen Letter 2130-06-20426 dated December 3, 2006 ndd ”:’

Raw Data - AmerGen Calculation C-1302-187-E310-037, Rev 2 4
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Yellow = UT Measurements Between 636 and 736 Mils
Red = UT Measurements Between 536 and 636 Mils 0
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[AViViv]

[AVLVIV]

Verification ot Elimination ot Water Leakage Into Sand Bed Reglon

1) Cavity Liner — Apply Tape & Strippable Coating Yes Yes Yes Yes Yes Y
2) Cavity Drain — Confirm Drain is Clear Yes Yes Yes Yes Yes Yi
3) Cavity Drain — Monitor Flow Rate Daily Daily Daily Daily Daily Dz
4) Sand Bed Drains — Confirm No Water Daily Daily Daily Daily Daity D:
Upper Drywell Shell Monitoring
1) UT Inspections — Upper Drywell Transition Areas inside Drywell @ 71'-6" ion i
2 Areas 2 Areas 2 Areas 2 Areas :;l?yc\)l:rec;ﬂo; Iizcg:iz:\e!
2) UT Inspections — Upper Drywell 13 Locations Inside Drywell @ 87'-5", 60'-10°, 51'-
10°, 50'-2" ProrEvv w 100% 100% 100%
3) UT Inspections — Drywell Transition Areas Inside Drywell @ 23'-6" ion i
2 Areas 2 Areas 2 Areas 2 Areas :;;?;::ﬂo; Cséggﬁz::
Sand Bed Region Shell Monitoring
1) UT Inspections — Sand Bed 19 Locations Inside Drywell @ 11'-3"
100% 100% Subsequent UT inspe:
2) VT Inspection of Sand Bed External Epoxy Coating and Shell to Floor Caulk Seal At Least At Least
All 10 Bays 3 Bays 3 Bays
3) UT Inspections — Sand Bed 106 External Locally Thinned Locations 10
B 10 Bays Bay1&13 2 Bays 2 Bays 2
ays
4) VT Inspection of Drywell Shell in Trench Locations inside Drywell . . .
100% 100% 100% VT Inspections will continue each ou
5) UT Inspection of Drywell Shell in Trench Locations Inside Drywell
626 Points 626 Points 626 Points UT Inspections will continue each oL
6) inspection for Water in Trenches
Yes Yes Yes If water is not observed in trenches |
General Monitoring
1) Structures Monitoring — Visual Inspection of Concrete Floor, Trough & Shell inside
Drywelt Yes Yes Yes Yes Yes
2) Structures Monitoring — Visual Inspection of Sump
Yes Yes Yes
3) Appendix J Test — Pressure Test and Visual Inspection of Accessible Int. and Ext.
Shell Surfaces Test
4) Drywell Service Level 1 Coating Inspection inside Drywell
Yes Yes Yes
5) Structures Monitorina — Visual Inspection of Moisture Barrier between Drvwell Shell
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AmerGen

A g en d ) An Exelon Company

* Drywell Shell Corrosion
— Physical Overview
— Cause and Corrective Actions
— Drywell Shell Thickness Analysis
— Sand Bed Region
— Embedded Portions of the Drywell Shell
— Upper Shell
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AmerGen.

i

4 % ; SEE DETAIL “A°

AnExelon Company

EQUIP,
POOL

SPENT FUEL
POOL

SEE DETAIL "B’

s ‘
| €L 7v'—6 9/32°

EL. 85'-2 7/18"

— = 2 ‘ . | _EL se—11 1787

1 e 37-3°

SEE DETAIL *C’

EL. 23'-6 7/8"

] ez
L -3
T EL 81"




AmerGen

An xelon Company

REACTOR
CAVITY

CONCRETE

SEE DETAIL "B’ \

REACTOR
VESSEL

DRYWELL AND REACTOR CAVITY SECTION
DETAIL "A’




AmerGen

An Exelon Company

2

PROTECTIVE —= z E
SHIELDING /] ——LEAKAGE PATH

=——STAINLESS STEEL LINER

N

CORRECTED IN 1988

g
?
/
7
/
7
Q |
DRYWELL TO REACTOR CAVITY SEAL DETAIL % ﬁg} ~— GUSBET
DETAIL "B’ 7
% -~} REFUELING BELLOWS
7
é"—DRYWELL
Z i
Z INSULATION ;’ BOTTOM PLATE 7
%PRVO%D DAMAGEﬂ;
7

/ ~——DRAIN FOR
STEEL TROUGH (2)
/ °

i!=<—DRANFORCONCRETETROUG{(2')




AmerGen.

S An Exelon Company
LOWER DRYWELL/SANDBED REGION NOTE:

LEAKAGE PATH FROM OUTER

DRYWELL TO OUTER
DETAIL C SANDBED SHELL

SANDBED REGION

EL._12'-3"

/ EL 811" | DRYWELL
’ SANDBED] 7 TN VENT LINE

4

©. L 47-1BOTTOM OF

<‘A___l"“‘ '~. e A .:

“EZ" BRAIN PIPE]- w41, 10 i )

-,
A e Tre T, - .. .
. c.e IR Y S - -
S e ; oA




AmerGen.

REACTOR BUILDING, DRYWELL SUPPORT STRUCTURE ~ Anbelon Company

. 4 -

CONTANMENT SHELL——__  ["3* j el 7] T
o, - - L SR L
R . . ...
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AmerGen

An Exelon Company

RTHK 64¢" | £l 87_s
! UT READINGS IN THIS AREA
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& Cause and Corrective Actions

An Exelon Company

e Water accumulation in the sand bed region
resulted in corrosion of the exterior surface of
the drywell shell

* Corrective actions were completed in 1992
— Prevented water intrusion into the sand bed region

— Eliminated corrosive environment by removing the
sand

‘oated the drywell shell with epoxy in the sand
'd region

11



AmerGen

An Exelon Company

Verification and Monitoring

* |n 2006 refueling outage

— Leakage from the reactor cavity liner, estimated at
about 1 gpm, was captured by the drainage
system

— UT measurements of the drywell at 19 monitoring
locations for the sand bed region showed no
change in thickness

— 100% visual inspection of the epoxy coating
showed it to be in good condition

— There was no water in the sand bed region

12




AmerGen

An Exelon Company

Verification and Monitoring

* In 2006 refueling outage

— 106 UT measurements at locations measured in
1992, before epoxy coating applied, showed the
drywell shell exceeds design thickness
requirements

— UT measurements at 13 locations in the upper
elevations of the drywell show only 1 location with
minimal ongoing corrosion (meets minimum
required through 2029 with margin)

13




DryweII Shell Current Condition

AmerGen.

An Exelon Company

Nominal Minimum Minimum Minimum
Drywell Design Measured Required Available
Region Thickness, Thickness, Thickness, Thickness
mils mils mils Margin, mils
Cylindrical 640 604 452 152
Knuckle 2,625 2,530 2260 270
Upper 722 676 518 158
Sphere
770 678 541 137
1154 1160 629 531
1154 800 736 64

14
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AmerGen

An Exelon Company

Drywell Analysis

e Analysis completed in early 1990s
— Without sand in the sand bed
* Modeling of the drywell
— Loads and Load Combinations
* Buckling analysis
— Controls the required drywell shell thickness in the sand bed
region
— Uniform drywell shell thickness of 736 mils over the entire
sand bed region was used in the analysis

» ASME Section VIII stress analysis based on 62 psi

* Drywell pressure design basis change from 62 psi to
44 psi
— Stress analysis of the drywell shell based on 44 psi
16
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Drywell Configuration Amer Gen

* Oyster Creek Drywell Geometry An Exelon Company
— ltis 105’-6” high
— Drywell head is 33’ in diameter
— Spherical section has an inside diameter of 70’

— Ten vent pipes, 6’-6” in diameter, are equally spaced around
the circumference to connect the drywell to the vent header
inside the pressure suppression chamber

— Drywell interior filled with concrete to elevation 10°-3” to
provide a level floor

— Base of the drywell is supported on a concrete pedestal
conforming to the curvature of the vessel

— Shell thicknesses vary
¢ Drywell shell, i.e., the sphere, cylinder, dome and transitions,

was constructed from SA-212, Grade B Steel ordered to SA-300
spec.

18



AmerGen.

Finite Element Models Used wintongs

e Axisymmetric, Beam and Pie Slice models used

e Axisymmetric drywell model used to evaluate
— Unflooded and flooded seismic inertia loading
— Thermal loading during postulated accident condition

 Beam drywell model used to evaluate stresses due to
seismic relative support displacement

* Pie slice drywell model used for the Code and
buckling evaluations

— Vent lines included in the model
* No sand stiffness considered in any of the models

19




AmerGen.

AnExelon Company

Pie Slice Model and Load Application

e Taking advantage of symmetry of the drywell with 10
vent lines, a 36 degree section was modeled

— The model included the drywell shell from base of the sand

bed region to the top of the elliptical head and the vent and
vent header

— Drywell shell thickness in the sand bed region: 736 mils
uniform

20
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AmerGen

An xelon Company

Applied Loads

» @Gravity loading consists of dead weight loads,
penetration loads, live loads

* Design pressure of 62 psi pressure (at 175°F)

— Note 62 psi criterion was later changed to 44 psi per Tech.
Spec. Amendment #165 (SER dated September 13, 1993)

e Seismic Loads
— |nertia loads

— Relative support displacement (Drywell and Reactor
Building)

22




AmerGen

Seismic Load Definition A

e Axisymmetric finite element model used to determine
inertia loading

— Drywell is constrained at the “reactor building/drywell/ star
truss” interface at elevation 82’-6” and at its base

e Spectra at two locations: At the mat foundation and at
the upper constraint

e Envelope spectrum used in ANSYS analysis

23
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AmerGen

An Exelon Company

Buckling Analysis Conclusion

* The buckling analysis was conducted using a uniform drywell
shell thickness in the sand bed region of 736 mils.

e Stress limits and safety factors are in accordance with the Code
requirements.

* The analysis shows that the drywell shell meets ASME Code
Case N-284 requirements considering all design basis loads
and load combinations.

* Alocally thinned 12”x 12” area down to 536 mils was evaluated
and determined not to have significant impact on buckling.

* The drywell shell thickness will be monitored using 736 mils as
acceptance criteria for the minimum required general thickness
and 536 mils as the minimum required local thickness.

26




AmerGen

BUCkIIng AnaIySIS Detalls An xelon[ompany

» Basic approach used in buckling evaluation followed . % W
the methodology outlined in ASME Code Case N- 5\"* - ;[54 b
al

284
Allowable Compressive Stress = n;a;0;./FS ))@ af’ w}
& oyﬁ ‘
— FSis factor of safety (equal to 2.0 for refueling condition J‘ﬁo\d v Jo s
and 1.67 for post accident condition) wc' '

* Boundary conditions for buckling analysis
— Symmetric at both edges (sym-sym)
— Symmetric at one edge and asymmetric at the other edge
(sym-asym)
— Asymmetric at both the edges (asym-asym)
— This captures all possible buckling mode shapes
e A uniform drywell shell thickness in the sand bed
region of 736 mils was used in the buckling analysis

27




AmerGen

BUCkling AnaIyS|S Details An Exelon Company
Center of
¢ Drywon Tx
g\ XO\F Sphere ’r \_\ Planes Of
%‘ "_f . / Symtry
¢ I \
@ S — 36—,

LRl T

Vent Radial Displacement
No Rotation

tric Buckling of Drywell
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AnExelon Company

Buckling Analysis Details

Center of
Drywel
Sphere FARRN Planes of

Unbuckied Shape

Buckled Shape
Rotation
NoRadalD&sp.)

Asymmetric Buckling of Drywell

29




AmerGen

AnExelon Company

Buckling Analysis Details

e Limiting load combination is the refueling condition

* Loads during refueling condition are
— Gravity loads including weight of refueling water
— External pressure of 2 psig
— Seismic inertia and deflection loads for unflooded condition

30



| | | AmerGen
Buckling Analysis Details -

AMSYS 4.4A
OCT 21 1992
7:44:41
POST1 STRESS
STEP=1

ITER=1
FACT=6.14]1
Ux
0 GLOBAL
OKX -0.883354
SMN ~-0.00193
SMX -0.0€1441

XV =1

&V ==1
*DIST~116.243
SF =35.968
SYF =-1.382
®2F =372.436
ANGZ--90
-0.08192
-3.861556¢
-9.891181 .
~0.807E-03
-0.432€-03
-C.574E-04
0.317E-03
0.6%2£-03
0.8€1066
0.0414412

L

Figure 3-18 Sym-Sym Buc]diug Mode Shape - Refueling Case

OVSTER CREEK DRYWELL ANALYSIS - OCRFREF SYN-SYM (NO SAND, REFUELING)
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An Exelon Company

Buckling Analysis Details

ANSYS 4.4A

T 20 1992
g§sﬁ £SS
s&g@%
RAETo6. 231
Bx

-a 804471

Z0 04856’

——9.8
ﬂ)IST% 23
.26
®ZF =137.989
300025??
-9.002027
478

Figure 3-19 Sym-Asym Buckling Mode Shape - Refueling Case

QYSTER CREEK DRYWELL - ASYM - SYM , NO SAND, REFUELING
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AnExelon Company

Buckling Analysis Details

Summary of Buckling Analysis Results —
Refueling Case

_Parameter value
Theoretical Elastic Instability Stress, o4o (ksi) 46.59
Capacity Reduction Factor, o 0.207
Circumferential Stress, o, (ksi) 4.51
Equivalent Pressure, p (psi) 15.81
*X“ Parameter 0.087
AC 0.072
Modified Capacity Reduction Factor, a4, mod 0.326
Elastic Buckling Stress, %, = ai,mod e (ksi) 15.18
Proportional Limit Ratio, A = 9/ °y 0.40
Plasticity Reduction Factor, 7, 1.00
Inelastic Buckling Stress, 95 = n; 9 (ksi) 15.18
Code Factor of Safety, FS : 2.0
Allowable Compressive Stress, 9,31 = %;/FS (ksi) 7.59
Applied Compressive Meridional Stress, %, (ksi) 7.59
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AnExelon Company

Evaluation of Local Thinning on Buckling
Analysis - Sensitivity Study

* Alocally 12°x12” thin area was modeled in the
sand bed region drywell shell in the highest stress
area, to determine the impact of local thinning on
buckling stress

— Establish minimum required local thickness down to 536
mils

Note: UT thickness measurements taken through 2006 show that
locally thinned areas of the drywell shell are not coincident with
high stress areas. The locally thinned areas are typically
scattered below and near the vent headers. These areas are
not highly stressed because of the additional stiffness provided
by the vent header.
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AmerGen

AnExelon Company

Buckling Analysis Conclusion

* The buckling analysis was conducted using a uniform drywell
shell thickness in the sand bed region of 736 mils.

e Stress limits and safety factors are in accordance with the Code
requirements.

'\ The analysis shows that the drywell shell meets ASME Code
w Case N-284 requirements considering all design basis loads
(¢ " X and load combinations.

g
o g\g * Alocally thinned 12”x 12” area down to 536 mils was evaluated
¥ and determined not to have significant impact on buckling.

Irywell shell thickness will be monitored using 736 mils as
ytance criteria for the minimum required general thickness
336 mils as the minimum required local thickness.

35
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AmerGen
ASME Section VI b oy

Stress Analysis Conclusion

e Stress analysis of the drywell shell was conducted in accordance with
ASME Code and SRP 3.8.2 using reduced thicknesses due to
corrosion.

e Stress limits and safety factors are in accordance with the ASME Code
requirements.

 The analysis shows that the drywell shell meets ASME Code Stress
requirements considering all design basis loads and load combinations.

 To regain margin, a plant specific analysis was conducted that reduced
drywell design basis pressure from 62 psi to 44 psi (Tech Spec
Amendment #165)

e The reduction in pressure resulted in a stress reduction of up to 5200
psi

e The minimum required general and local drywell shell thicknesses were
calculated in accordance with ASME Code based on 44 psi pressure.

* The drywell shell thickness will be monitored for corrosion using the
calculated minimum required general and local thicknesses as
acceptance criteria.

37



An Exelon Company

Drywell — Section VIl
Allowable Stresses

Drywell Allowable Stresses

Stress Allowable Stress Values (psi)
Category All Conditions Except Post-Accident
Post-Accident Condition*
General Primary 19300 38000
Membrane
General Primary 29000 57000
Membrane
Plus Bending
Primary Plus Secondary 52500 70000

* Allowable values based on Standard Review Plan Section 3.8.2, Steel
Containment

39



Code Stress Evaluation Results  AmerGen
(based on 62 psi, 1993)

Primary Stress Evaluation

Drywell Calculated Allowable
Region Stress Category Stress Stress Percent
Magnitude (psi) (psi) Margin
Cylinder Primary 19850 21200* 6
(t=0.619 in.) Membrane
Primary 20970 29000 28
Memb.+Bending
Upper Primary 20360 21200* 4
Sphere Membrane
(t=0.677 in.) Primary 28100 29000 3
Memb.+Bending
Middle Primary 19660 21200 7
Sphere Membrane
(t=0.723 in.) Primary 24610 29000 15
Memb.+Bending
Lower Primary 13940 21200* 34
Sphere Membrane
(t=1.154 in.) Primary 17640 29000 39
Memb.+Bending
Sand Bed Primary 16540 21200* 22
(t=0.736 in.) Membrane
Primary 23130 29000 20
Memb.+Bending

* This is (1.1x19300) and is the threshold for local primary membrane stress per NE-

3213.10

=

An Exelon Company
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AmerGen

Regain Margin through o
Licensing Basis Change

 The drywell pressure of 62 psi was very conservative

* Analysis was conducted in early 1990’s to establish
Oyster Creek specific drywell design pressure.

— Design pressure changed from 62 psi to 44 psi.

* 44 psi is based on conservatively calculated peak drywell
pressure of 38.1 psi plus an added 15% allowance.

— The change was approved by NRC per Technical

Specification Amendment No. 165 (SER dated September
13, 1993).

— The reduction in pressure resulted in a pressure stress
reduction of up to 5200 psi

* Recalculated the required drywell shell thicknesses
based on 44 psi to regain thickness margin.

41
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An Exelon Company

Primary Membrane Stress
Comparison 62 psi vs. 44 psi

As-analyzed Calculated | Allowable | Stress
Drywell Time Thickness Stress Stress Stress Margin
Region | Frame (mils) Category (psi) (psi) (%)
1993 619 Primary 19, 850 21,200 6 L
Cylinder Membrane ‘
2006 604 Primary 14,446 19,300 25 sA
Membrane )
1993 677 Primary 20,360 21,200 4 \
Upper Membrane ?
Sphere | 2006 676 Primary 14,796 19,300 23
Membrane i
1993 723 Primary 19,660 21,200 7
Middle Membrane
Sphere | 2006 678 Primary 15,499 19,300 20 .
Membrane
1993 1154 Primary 13,940 21,200 34
Lower Membrane
Sphere | 2006 1154 Primary 10,660 19,300 45
Membrane
Prima
sand | 1998 736 Mombrae 16,540 21,200 22
Bed Prima
2006 736 Mombrone 11,404 19,300 41
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An Exelon Company

Minimum Required
Drywell Shell Thickness

* Minimum required general thickness for 44 psi

— Calculated based on primary membrane stresses for 62 psi,
adjusted for pressure reduction (62 psi to 44 psi)

* Minimum required local thickness for 44 psi

— Calculated based on ASME Section Il provisions which
allow increase in allowable local primary membrane stress
from 1.0 Smc to 1.5 Smc

— Local thickness criteria is applicable to an area of 2.5” in
diameter and less consistent with ASME Section IlI,
Subsection NE-3332.1

— Extent of Locally thinned areas is evaluated per ASME
Section lll, Subsection NE-3213.10, NE-3332.2, and NE-
3335.1
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AmerGen

Minimum Required Thicknesses o
Based on 44 psi pressure

Drywell Design Minimum Minimum Minimum
Region Nominal Measured Required Required Local
Thickness, | General General Thickness, mils
mils Thickness Thru | Thickness, mils
2006, mils
Cylinder 640 604 452 301
Upper 722 676 518 345
Sphere
Middle 770 678 541 360
Sphere
Lower 1154 1160 629 419
Sphere
Sand Bed 1154 800 479(1) 319(2)
(1) The minimum required general drywell shell thickness in the sand bed region is 736 mils, controlled by buckling.
(2 Acceptance criteria for evaluating locally thinned areas of the drywell shell in the sand bed region is conservatively based on

490 mils instead of 319 mils
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ASME Section VII| AmerGen
Stress Analysis Conclusion |

e Stress analysis of the drywell shell was conducted in accordance with
ASME Code and SRP 3.8.2 using reduced thicknesses due to
corrosion.

e Stress limits and safety factors are in accordance with the ASME Code
requirements.

e The analysis shows that the drywell shell meets ASME Code Stress
requirements considering all design basis loads and load combinations.

* To regain margin, a plant specific analysis was conducted that reduced
drywell design basis pressure from 62 psi to 44 psi (Tech Spec
Amendment #165)

e The reduction in pressure resulted in a stress reduction of up to 5200
pSi

* The minimum required general and local drywell shell thicknesses were
calculated in accordance with ASME Code based on 44 psi pressure.

* The drywell shell thickness will be monitored for corrosion using the
calculated minimum required general and local thicknesses as
acceptance criteria.

45
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AmerGen

An Exelon Company

Sand Bed Region Conclusions

e Corrosion on the outside of the drywell
shell in the sand bed region has been
arrested

* The coating shows no degradation

* There is sufficient margin to the
minimum thickness requirement (64
mils margin above code required
average thickness of 736 mils)

47




AmerGen

BaCkground and History An Belon Company
Sand Bed Internal UTs

e 1983 to 1986 corrosion data 360° at elev.
1 1 !3!!
— When thin locations were identified, UT

measurements were taken horizontally and
vertically to locate the thinnest locations

— UT grid measurements were taken at the thinnest
locations

— 19 locations were selected for corrosion

monitoring based on over 500 initial data points
measured

— At least one grid is located in each of the 10 bays
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An Exelon Company

aRY A5 270

EL. 50'-2" (6.7)
EL. 50'-2" (4,5)

EL. B7'-5" (12)

EL. 51'=10" (8,9)

EL. 60°'—10" (10)

EL. 87'-5" (11)

NOTE:
NUMBERS IN PARENTHESES REFER 1O THE
ATTACHED GRAPH IDENTIFICATION NUMBERS

DRAIN LINE
(TYP OF 5)

BA)/ > 90" Bh‘( 5
EL. 50°=-2" (1,2,3)

KEY PLAN
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AnExelon Company

VIEW FROM INSIDE DRYWELL
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An xelon Company
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Sand Bed Region Ameroe.ny

Background and History

* Trenches in bays 5 and 17 were excavated in
1986 to determine corrosion in sand bed at
elevations below the drywell interior floor

— Bays 5 and 17 were selected because UT
measurements indicated these bays had the least
and the most corrosion, respectively

— The trenches extend to about the elevation of the
bottom of the sand bed

— UT measurements taken in the trenches
confirmed that the corrosion below elev. 11’ 3”
was bounded by the monitoring at elev. 11’ 3”
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AmerGen

An Exelon Company

2006 Inspection Data

General Thickness (mils)

Bay 5 Bay 17
Grid 5D 17A Top | 17A Bottom 17D 17/19 Top 17/13
Bottom
Grid Elev. 11°3”
Above Lower 1185 1122 935 818 964 972
Curb
Trench Lower
Curb to Sand Bed 1074 986
Floor
Trench Below
Sand Bed Floor 1113 N/A
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~ AmerGen
Sand Bed Region -

Background and History

e Sand was removed in 1992 and the shell was
cleaned

e External UT measurements were taken in all
bays at thinned local areas (as determined by
visual inspection)

* The shell was coated with epoxy coating

e UT grid measurements were taken at the 19
monitored locations at elev. 11’3” as a
baseline for the new condition
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AmerGen

An Bxelon Company

Condition of the Drywell
Shell in the Sand Bed
Region After Application of
Epoxy Coating

59



09

Buneos ||pys a10jeq G Aeg

100]4
pagpues

lIdUS

furduio) uopx uy

Wy

2661 uoibay pag pues




. AmerGen.
Sand Bed Reglon 1992 An Exelon Compary

Shell

Floor

o -

oy

'shed floor, vessel with two top coats — caulking material applied
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AmerGen
Sand Bed Region inbnCompn

Background and History

e DEVOE Epoxy coating system (3 part)
— Designed for application on corroded
surfaces
— One coat DEVOE 167 Rust Penetrating
Sealer
* Penetrates rusty surfaces
* Reinforces rusty steel substrates
e Ensures adhesion of Devran 184 epoxy coating
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An Exelon Company

Use of Coatings to Prevent
Corrosion

Jon R. Cavallo, PE, PCS

Vice President
Corrosion Control Consultants and Labs, Inc.
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BaCkg rou nd and H|Story An Bxelon Company

e The OCNGS Protective Coatings Monitoring
and Maintenance Program aging
management program is consistent with
NUREG 1801, Rev. 1 (the GALL Report),
Appendix XI.S8

— NUREG 1801, Appendix XI.S8 only covers
Coating Service Level | coatings
* |n addition, the OCNGS Coating Monitoring
and Maintenance Program includes the
Coating Service Level Il coatings applied to
exterior of drywell in Sand Bed region
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Background and History "™

e |nspection and evaluation of OCNGS external coated
drywell Sand Bed region surfaces (Coating Service
Level Il Coatings) is conducted in accordance with
ASME Section XIl, Subsection IWE by qualified VT
inspectors.

— Areas shall be examined (as a minimum) for
flaking, blistering, peeling, discoloration and other
signs of distress.

e The premise of ASME Section Xl, Subsection IWE is
that degradation of a steel substrate will be indicated
by the presence of visual anomalies in the attendant
protective coatings
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An bxelor Company

How Barrier Coating Systems

Prevent Corrosion

e Barrier coating systems separate the
electrolyte from the anodes, cathodes
and conductors

* A barrier coating system has been
applied to the steel substrate in the
OCGS Sand Bed region
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TeChn|Ca| Rev|ew Of AnExelon Company
OCGS Sand Bed Region
Coating System

e The OCGS Sand Bed region barrier coating
system consists of:

— Devoe Pre-Prime 167 penetrating sealer
— Devoe Devran 184 mid- and top-coat
— Devoe Devmat 124S caulk

and is appropriate for the intended service
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Technical Review of OCGS AmerGenw
Sand Bed Region COating SyStem An Exelon Company

e With periodic condition assessment and maintenance
(if required), the OCNGS Sand Bed region coating
system will continue to prevent corrosion of the steel
substrate for the period of extended operation

* Qyster Creek inspected 100% of the Sand Bed
region coating in 2006 and will inspect at least three
bays every other outage, with all 10 inspected every
10 years

* The 10 year inspection periodicity cycle is
appropriate and commensurate with the Sand Bed
Region environment and industry experience

— EPRI 1003102, “Guideline on Nuclear Safety-Related Coatings”
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AmerGen.

BaCkgl’OUﬂd and H|Story An Exelon Company
Sand Bed Region

 UT grid measurements were taken at
the 19 monitored locations at elev. 11’3”
as a baseline for the new condition in
1992

* In 1992, thinnest grid average thickness \l
800 mils vs. criterion of 736 mils o

* In 1992, thinnest local reading 618 mils
vs. criterion of 490 mils
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AmerGen

BaCkgrOund and Hlstory xelon(ompany 1*”

Sand Bed Region b W
A

e 19 grids repeated in 1994 and 1996 A T

— Statistically, no changes in thickness were v+ v

observed \}\, "
— Basis for corrosion “arrested” in the sand bed " .. ,
region, on outer surface of the drywell VAR } ‘
— Basis for NRC SER concluding that further UT - %M
measurements are not needed and visual e

ﬂif»?

inspection of the coating is sufficient

\ 3)[ \1‘6’
2006 UT measurements confirmed that \»\ ¢ n
)sion has been arrested Q\
\W{ n W
{\ A ’ ‘\Qg 0\/\
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UT Measurements Of 6ux6u Gl’ld An Exelon Company
Sand Bed Region

e Measurement locations are marked on the
inside of the drywell shell

e Use a stainless steel template with 49 holes
to align the UT probe

 UT probe placed perpendicular to the surface
to consistently obtain lowest reading

* A protective grease is applied to the 6”x6”
grid during operation, and removed to take
UT measurements
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AmerGen

An Bxelon Company

Statistical Methodology

49 UT readings are recorded over a 6” by 6” area.

Diameter of each hole between 9/16” and 5/8”.

1”7 (Typ.)

1/16” by 1/4” slit centered

<+ / on middle row or column

A stainless steel template is
17 used to ensure that the readings
(Typ.) are recorded consistently and in

same location (+/- 1/16”) every
time.

For each location, the

mean and standard error
and the thinnest of the 49
readings are calculated after

each inspection.
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AmerGen

StatISthal M ethOdOIOgy An Exelon Company

* Because of roughness of the exterior surface
of the drywell shell in the sand bed, there is
uncertainty in the mean thickness calculated
for each grid location

 The major contributor to the uncertainty in the
means is the variance from point to point due
to the rough surface and not inaccuracy or
repeatability of the UT Instrumentation
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AmerGen

Statlsncal MethOdOIOgy An Exelon Company

For each location the means and thinnest points are trended over time

Today

Thickness

Time
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Statistical Methodology AmerGenw

1) A curve fit based on the regression model is then developed. An Exelon Company

2) The Corrosion “F” Test is performed to determine if the
data meet the curve fit with 95% confidence.

“F” Test of Curve to 95%

4/77/ Confidence

Thickness

Curve Fit

KEY

® - mean value

D - standard error
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Projection Based on Successful Corrosion F tests Amer Gen

Toda n Exelon Compan
Y Jppeross 2029 "

Confidence |

Intczrval /

Curve Fit

Thickness

! o
Minimum | Lower 95%

. i Confidence
Tness | ora
| Margin
/ in 2029
with 95%
Confidence

Time
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2006 Sand Bed Data Summary Amereenw

An Exelon Compan
1992 &

In the case of the 2006

2006

1 9596 : sand bed inspections,
1994 | there are only 4

H inspections per location

mils

i ' with most standard errors
H

between +/-8 and +/-16

There are not enough
o inspections to satisfy the
Minimum Corrosion Test F test with

Re_quired : 95% confidence.
Thicknes i - !

|
1
|
{
|
|
|
|

KEY

® - mean value

Time |:| - standard error
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AmerGen

An Exelon Company

Statistical Methodology

* We then employed a conservative
statistical analysis based on a “Monte
Carlo” type simulation to determine a
minimum statistically observable
corrosion rate for the purpose of
ensuring adequate inspection frequency
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Given only 4 inspections and the standard errors, AmerGen

simulation was required to determine the minimum A lon Company
observable rate with 95% confidence. This is not an
actual rate!

Thickness

The simulation answered the
question: What is the minimum
rate that passes the F Test with
95% confidence given four

inspections and most standard
errors between 8 and 16 mils

82



The simulation used a random number AmerGen

generator based on the normal distribution An Beion Compary

Input Output

Normal
Distribution
Random
Number

49 _> Geneatr

Mean

Standard Error =

An array with 49 randomly
generated values. The array
is normally distributed with a
resulting simulated mean
and a resulting simulated
standard error.
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Simulation — Minimum Observable Corrosion Rate AmerGen

Chose a rate and performed 100 Iterations (Steps 1 through 6) A Company

1) Simulated mean for 1992 based on 49 generated random values.
Input to the generator is the grid 19A, 1992 mean and standard error.

2) Simulated mean for 1994 based on 49 random generated
values. Input to the generator is: the 19A, 1992 mean minus the
selected rate times 2 (1994-1992); and standard error.

3) Simulated mean for 1996 based on 49 random generated
values. Input to the generator is: the 19A, 1992 mean minus
the selected rate times 4 (1996-1992) and standard error.
i \
o ] 4) Simulated mean for 2006 based on 49 random
5) Determine the curve fit generated values. Input to the generator is: the

based on the 4 simulated 19A, 1992 mean minus the selected rate times 14

means and perform the (2006-1992) and standard error.
Corrosmn”F” Test .

. 1 mpy
Thickness

/

)
!
[}
[}
[}
{
[}
[}
I
i
]
[}
[}
[}
1
1
I

(
[}
1
I
]
1
|
I
]
[}
[}
[}
1
1
|
|

6) If the curve fit passes the “F” test than this
iterations counts as a successful iterations.

1992 1994 1996 Time 2006 84




Simulation — Minimum Observable Corrosion Rate Amer Gen

An Exelon Company

The minimum rate which consistently passes the Corrosion “F” Tests 95
out of 100 times is the Minimum Observable Corrosion Rate.

1992 2006 Repeat each 100 iteration
; 1996 | simulation with increasing
; | rates.
. 1994 | ;
E\n n I' Rate Number Successful
. %‘-‘i s ! “F” Test-19A
Thickness n Ny 2 mpy o7
! | , 35mpy 55
L ' oy
A | Gmpy g
! : = ! 6.9 mpy )
! ! = - 96.
i | i ] Tmpy
! ! | i 97
i i E : 8 mpy 98 \ Average -100
! ! | ! Iterations
i i i i were repeated
! ! ! ! 10 times

Time 85




Next Required Inspection Based on the Minimum Observable Rate AmerGen
1994 An xelon Company
. W ' 2016 Based on this statistical

W o 1992: 1996 2006 approach, the next

(}«f o ,,(/ | / inspection shall be
JN o i performed prior to this
o < ' date
Thickness

i Based on this statistical
approach the most

i limiting locations are

i 19A and 17D with

/ required inspection

Minimum Observable dates prior to 2016.

Rate of 6.9 MPY

|
1
Y
t
1
|
|
|
|
i
!

Minimum .
Required Time

Thickness
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AmerGen.

Results of the Statistical
Simulation

 The most limiting locations are 19A and 17D,
with required inspections prior to 2016

* Therefore, the next inspection scheduled for
2010 is appropriate

* Analysis after future inspections will be used
to determine the appropriate inspection
frequency
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AmerGen

2006 Inspections Ao Compar
Sand Bed Region

* Visual inspection of coating in all 10 bays
(external)

 UT measurements of 19 grids at elev. 11’3”
(internal)

* UT measurements 106 locally thinned single
point locations (external)
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AmerGen

An Exelon Company

2006 Inspection Results
Sand Bed Region

e Visual inspection of External Shell
Coating — no degradation




Sand Bed Region 2006

AmerGen.

An Exelon Company

External UT
Inspection locations

Bay 7 — Drywell shell, caulking, sand bed floor
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Sand Bed Region 2006  AmerGen

An xelon Company

Reference for
locating inspection
points

External UT
Inspection
location

Bay 13 Drywell shell
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erGen.

An Exelon Company

Sand Bed Region 2006

Shell

Floor

Caulk

Bay 19 caulking

Drywell Shell Bay 19
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AmerGen.

. An Exelon Compan
2006 Inspection Results
Sand Bed Region

* UT measurements at 19 internal grid
locations

—No ongoing corrosion
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General Thickness at 19 Grid Locations

AmerGen.

Note: Shaded cells indicate thickness value used to conservatively calculate the margin

An Exelon Company
Location '1’;‘;'2 ’:":3’2 Sept. 1992 1994 1996 2006 ';';”q § ?‘,‘:I’:;”a' Margin
Thick Std Error | Thick Std Error | Thick Std Error | Thick Std Error

1D 1115 1101 +10.0 1151 +13.6 1122 +8.4 365
3D 1178 1184 +4.9 1175 +7.5 1180 +5.7 439
5D 1174 1168 +2.6 1173 +2.2 1185 +2 432
7D 1135 1136 +4.3 1138 5.9 1133 +6.5 397
9A 1155 1157 +4.5 1155 +4.8 1154 +4.2 418
9D 992 1000 1004 +10.0 992 +10.4 1008 +10.6 993 +11.2 256
1A 833 842 825 +8.2 820 +7.7 830 +8.7 822 +8.0 84 —
11C Bot 856 882 859 +6.4 850 +4.5 883 +7.4 855 +4.5 114

Top 952 1010 970 +23.8 982 +23.4 1042 +21.4 958 +24.7 216
13A 849 865 858 9.6 837 +7.8 853 +8.8 846 +8.2 101
13D Bot 900 931 906 +9.0 895 8.2 933 +9.6 904 +8.9 159

Top 1048 1088 1055 +14.1 1037 +13.6 1059 +11.2 1047 +13.7 736 1154 301
13C 1149 +1.9 1140 +3.8 1154 +3.2 1142 +3.1 404
15A 1120 1114 +16.3 1127 +10.8 1121 +16.6 378
15D 1042 1065 1058 8.7 1053 +8.0 1066 +8.5 10563 +8.9 306
17A Bot 933 948 941 +11.8 934 +10.7 997 +10.7 935 +10.5 197

Top 999 1125 1125 +7.2 1129 +6.8 1144 +11.1 1122 +7.2 263
17D 822 823 817 +9.2 810 +9.5 848 +8.9 818 +9.5 74 —_
17/19 Top 954 972 976 +4.8 963 +4.9 967 +6.0 964 +4.8 218
Frame Bot 955 990 989 +6.3 975 +7.8 991 +6.2 972 +5.9 219
19A 803 809 800 8.4 806 9.9 815 +93.6 807 +8.9 64 .—
198 826 847 840 8.7 824 +7.8 837 +9.5 848 +8.6 88
19C 822 832 819 +11.0 820 +10.5 854 +11.8 824 +11.3 83
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AmerGen.

An xelon Company

Minimum Available
Thickness Margins

Bay No. 1 3 |5 | 7 9 |11 |13 | 15 | 17 | 19

Minimum
Available 3651439432 397|256 84 |101| 306 | 74 | 64
Margin, mils
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Figure 21 Sandbed Bay # 19A
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Figure 1.Sandbed Bay # 1D
1200 + e . :
1154 Mil Nominal Shell Plate Thickness ~p
w
- e +-13.6mis A -
» +/- 10 mils +/- 8.4 mils
—
i v 1000 -
I
3 Margin = 365 Mils
h"4
L
£
-
2 800~
feal 736 Mil General Required Shell Thickness
600 i T L T Ty T T T T —— — T
! o ! o o o) o o o o VO
g g g g & £ 1 8 g g g | §
& 3 g 3 b ® 2 2 3 ® 'R
] ) ]
I i I Strippable Coating :
Complete Sand i , Added to Rx Cavity g
Drain Lines Removal and apply | E
Cleaned Epoxy Coating E E
Start Sand E i Bay 15 By 17
Removal ! . ! N Bwn Bw®
| Strippable Coating l Strlppgble l
D & P4 Coating ™
! Added to Rx Cavity d i Bay 11 r—
‘ ! NotUsed !
]
Bayo® Bay)
Bay? By
Koy Plan
Source: Raw Data - AmerGen Calculation C-1302-187-5300-021, C-1302-187-5300-028, C-1302-187-8610-

97



AmerGen

An Exelon Company

2006 Inspection Results
External Sand Bed UTs

* 106 individual UT measurements were taken
externally in the sand bed region

e [t was verified that all 106 measurements meet the
local thickness requirements (both buckling and
membrane stresses)

* The 2006 measurements are not directly comparable
to the 1992 results because of differences in
measurement techniques
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i AmerGen

An Exelon Company

Inside Drywell

Outside Drywell

Uncoated 1992
Traditional pulse echo technique

Concave Curvature Effects
1992 vs. 2006 External
UT Data (106) Sand

Inside Drywell Ha - Bed Readings

Outside Drywell

Coated 2006 \

Echo-echo technique Coating
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AmerGen

.
External UT Inspection Results s
Location 1992 UT Measurements 2006 UT Measurements
No. of No. of UTs Thickness in Thickness in | No. of No. of UTs Thickness in Thickness in
UTs <736 mils mils <736 mils >736 UTs <736 mils mils <736 mils >736
Bay 1 23 9 680 to 726 760to 1156 23 10 665 to 731 738to 1160
Bay 3 8 0 780 to 1000 8 0 764 to 999
Bay 5 8 0 890 to 1060 7 0 880 to 1007
Bay 7 7 0 920 to 1045 5 0 964 to 1040
Bay 9 10 0 791 to 1020 10 0 781 to 1016
Bay 11 8 1 705 755 to 850 8 1 700 751 to 830
Bay 13 29 9 618to 728 807 to 941 15 6 (@o 708 741 to 923
Bay 15 11 1 722 770 to 932 11 0 ~ 749 to 935
Bay 17 11 1 720 760to 1150 10 1 681 822 to 970
Bay 19 10 0 776 to 969 9 0 738 to 932
Total 125 21 106" 18

'The locally thinned areas prepared for UT measurements in 1992 were measured in 2006.

However, the inspection team was able to locate only 106 points instead of 125.
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AmerGen

nbxelon Company

2006 Measurement Locations in the Sandbed Region
Color Code for thiciees:
Green =UT Measurements > 736 Mils
Yelow= UT Measurements Between 636 and 736 Mils
Red = UT Measurem ents Between 536 and 636 Mis

Locsion { Type of UT Mosmpesmerd
A Extemal Point UT Measurements

2 Internal Grid UT Measurements
O internal Poirt UT Measurements
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AmerGen

An Exelon Company

Sand Bed Region Conclusions

e Corrosion on the outside of the drywell shell
in the sand bed region has been arrested

* The coating shows no degradation

* There is sufficient margin to the minimum
thickness requirement (maintain 64 mils
margin above code required average
thickness of 736 mils)
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AmerGen

FUtUI’e InSpeCtlonS |n An xeon(ompany
the Sand Bed Region

e Visual inspection of exterior coating in three bays

every other outage, inspecting all 10 bays once every
10 years

e UT measurements at 19 grid locations at elev. 11'3” in
2010, then every 10 years thereafter

e Repeat UT at 106 locally thinned locations from the
exterior in 2008 outage

— In future outages, perform UT in 2 bays every outage
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AmerGen.

An Exelon Company

Embedded Shell Conclusions

e Corrosion on the embedded surfaces of the

drywell shell, both interior and exterior, is not
significant

— The environment of embedded steel in concrete
prevents significant corrosion

o Estimated at <1 mil / year

* Drywell shell meets design basis
requirements, with margin to 2029
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AmerGen

LOWER DRYWELL- An Exelon Company
SANDBED, TRENCH & SUMP
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AmerGen

An Exelon Company

REACTOR BUILDING, DRYWELL SUPPORT STRUCTURE
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AmerGen

An Exelon Company

SAND BED AREA CLOSURE PLATE

0.770" THK PLATE —
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AmerGen.
Embedded She” — EXteI’IOI’ A Exlon Company
Surface

* Any corrosion of the drywell exterior embedded
surface occurred because of water leakage into the
sand bed region

o Corrective actions for the sand bed region arrested

corrosion of the drywell exterior embedded shell

— Water leakage into the sand bed region was prevented

— The joint between the drywell shell and floor of the sand bed
region was sealed to prevent water from contacting the
exterior shell
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AmerGen

Embedded Shell — Interior
Surface

 Water that was identified in the trenches in
bays 5 and 17 inside the drywell when the
foam filling was removed during the 2006

~ refueling outage was determined to have
originated from equipment leakage inside the
drywell (Not from external sources)
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AmerGen

An Exelon Company

Embedded Shell - Interior Surface

* Investigations into the source of the water indicate
that there could have been water below the drywell
interior floor for an extended period

e Additional concrete was removed from the bottom of
the bay 5 trench to expose 6 inches of drywell shell
that was embedded on both sides for UT thickness
measurements of the drywell shell
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AmerGen

AnExelon Company

Embedded Shell — Interior Surface

e Corrective actions during the 2006
refueling outage included

— Caulking the joint between the drywell
interior floor and the drywell shell

— Repairs to the collection trough in the sub-
pile room
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AmerGen.

An Exelon Company

Corrosion of Steel Embedded in
Concrete

Barry Gordon
Structural Integrity Associates, Inc.
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AmerGen

COrrOSiOn Of Steel An Exelon Company
Embedded in Concrete

* Drywell shell was constructed first, followed by pouring
of concrete both on the inside and the outside of the
shell

* The high pH (e.g., 12.5 to 14) environment created
during hydration of the cement in the concrete results in
the formation of a passive, protective film [Fe(OH), +
Ca(OH),] on the carbon steel surface that mitigates
corrosion in the absence of an aggressive environment
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AmerGen.

EXte rlor E m bedded Steel A Felon Company
Environment

* The reactor cavity water that flowed into the embedded
region outside the drywell was affected by the sand bed

 However, the chemistry of the water leachate from moist
sand from the sand bed region was measured in 1986
revealed high purity water:

— pH >7, <0.045 ppm CI- <0.032 ppm SO~
(US Water: 59 ppm CI-, 81 ppm SO,")

— This water is not aggressive to the embedded steel in
concrete per GALL/EPRI
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AmerGen

EXte rlOr E m bedded A Exelon Company
Steel Environment

* The water in the embedded region would have
been the same quality as in the sand bed region,

except the pH would have been greater because

of the interaction with high pH concrete pore
water

e Per GALL NUREG-1801 Vol. 2, Rev.1 and EPRI
1002950, no aging effects are expected since

pH>5.5, <500 ppm CI- and <1500 ppm SO,~
(GALL 11.B1.2-2, 11.B1.2-8)
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AmerGen.

IntenOr Embedded A Exelon Compary
Steel Environment

e Chemistry of the drywell Trench #5 water (from
equipment leakage) shows high pH, low CI-, low
SO,= and high Ca:

— pH 8.4 to 10.2 (despite CO,) (> GALL/EPRI limit)

— CI: 13.6 — 14.6 ppm (<< 500 ppm GALL/EPRI limit)
- SO, 228 - 230 ppm (<<1500 ppm GALL/EPRI limit)
— Ca: 83.5-96.6 ppm (No GALL/EPRI limit)

 Water is characterized as good quality “concrete
pore water” that mitigates steel corrosion

 Trench #5 water complies with GALL/EPRI
embedded steel guidelines
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AmerGen

InterlOr Embedded An Exelon Company
Steel Environment

* Trench #5 water’s high
Ca indicates that the
water slowly migrated
through the alkaline
concrete

* Any subsequent water
Ingress into the concrete
floor will also become
high pH concrete pore
water




AmerGen

Intenor Embedded A Felon Company
Steel Environment

e Corrosion of the steel shell not wetted by high pH
concrete pore water is mitigated by subsequent inerting
of the drywell during operation

* Any possible subsequent steel corrosion could occur
only during brief outages when fresh oxygenated water
can contact with the shell

* Finally, transport of any oxygenated water through the
concrete to the steel is slow, will increase in pH and
must displace oxygen depleted water before any
possible corrosion can occur
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AmerGen.

AnExelon Company

2006 Outage Inspections
Embedded Shell

* Visual inspection of the surface in the
trenches showed minor corrosion which
was easily removed with no visible loss
of material or degradation of the surface
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AmerGen.

An Exelon Company

2006 Outage Inspections
Embedded Shell

e UT measurements in the trenches measure
total corrosion on the inside and outside
between 1986 and 2006

— Corrosion was occurring on the exterior surface
that was not embedded until 1992 when sand was
removed

— Material loss was consistent with the corrosion
rates on the outside of the drywell before the sand
was removed
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AmerGen

An Exelon Company

2006 Inspection Results
Embedded Shell

UT measurements in trenches 5 and 17

1986 1986 Std. 2006 2006 Std. Difference
Thickness Error Thickness Error
Trench 5 1112 mils | £2.59 mils | 1074 mils | +2.66 mils 38 mils
17 | 1024 mils | £2.85 mils | 986 mils | +4.18 mils 38 mils




AmerGen

2006 |nSpeCthn Results A Exelon Company
Embedded Shell

 UT measurements of the 6 inch surface
excavated in the bottom of the trench in bay 5
were performed to determine total corrosion,
both interior and exterior

 Measured thickness is 1113 mils, as
compared to a nominal of 1154 mils

— A change of 41 mils, approximately 1 mil/yr
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AmerGen

An Exelon Company

2006 Outage Inspections
Embedded Shell

* The 106 individual UT measurements made
from the exterior of the sand bed region are a
baseline for monitoring corrosion of the

interior embedded surface of the drywell in
future outages
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AmerGen

2006 Inspecuon ReSUItS An Exelon Company
Embedded Shell

* The joint sealant between the sand bed floor
and the exterior drywell shell was inspected
and found to be in good condition

* No water was identified in the sand bed
region in any of the 10 bays

126



et

AmerGen

An Exelon Company

Embedded Shell Conclusions

* Corrosion on the embedded surfaces of the
drywell shell, both interior and exterior, is not
significant

— The environment of embedded steel in concrete
prevents significant corrosion

e Estimated at <1 mil / year

* Drywell shell meets code thickness
requirements, with margin to 2029
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AmerGen.

Future Inspections on the ——
Embedded Shell

* Repeat UT measurements in both trenches, including
the newly excavated 6 inches in 2008

— If results indicate no significant changes, then fill the
trenches with concrete and restore the curb to original

configuration

e Repeat UT measurements at 106 external points in
2008

— Perform external UT measurements in 2 bays every refuel
outage starting in 2010

— All bays will be inspected every 10 years
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AmerGen

An Exelon Company

Upper Drywell Shell Conclusions

e These measurements are the lead indicators
of corrosion on the outside of the shell

e Corrosion of the upper shell is <1 mil / yr

 Upper Drywell shell has a minimum of 137
mils margin

e Based on current rates, will have margin
through the period of extended operation
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AmerGen.
Upper Drywell Shell

e Starting in 1983, over 1,000 UT measurements
were taken to locate areas of corrosion on the
exterior surface of the drywell shell

* 13 grid locations have been selected for
monitoring

* These locations are measured every other
refueling outage
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AmerGen

An Bxelon Company
Monitored Location Minimum Average Measured Thickness 2 mils Projected
Elevation Required Thickness in
Thickness 2029
mils 1987 1988 1989 1990 1991 1992 19933 1994 1996 2000 2004 2006 mils
Elevation 541
50" 27 Bay 5- 743 742 747 No Observable
Di2 745 745 747 741 748 741 743 747 Ongoing
746 748 Corrosion
Bay 5-5H 761 755 759 No Observable
761 758 759 Ongoing
o 754 757 754 756 760 Corrosion
Bay 5-5L 706 703 703 No Observable
703 705 702 Ongoing
o 702 705 706 701 705 Corrosion
Bay 13- 762 760 765 No Observable
31H 779 758 763 Ongoing
7es 759 766 762 758 762 Corrosion
Bay 13- 687 689 685 No Observable
31L 684 678 688 Ongoing
o8 683 690 682 693 678 Corrosion
Bay 15- 758 762 767
23H 764 762 763 758 760 758 757
765
Bay 15- 726 726 726 749 720
23L 728 729 724 728 724 729 727
725
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AmerGen.

Upper Drywell UT Measurements i

Minimum Projected
Monitored Location Required Average Measured Thickness !'2 mils Thickness in
Elevation Thickness 2029
mils’ 1987 1988 1989 1990 1991 1992 19933 1994 1996 2000 2004 2006 mils
Elevation 518
51’ 107 Bay 13- 716 715 717 No Observable
32H 715 717 714 715 715 713 715 Ongoing
720 Corrosion
Bay 13- 686 683 683 No Observable
32L 683 676 680 684 679 687 685 Ongoing
682 Corrosion
Elevation Bay I- 518 No Observable
60’ 10” 50-22 693 711 693 689 693 691 Ongoing
Corrosion
Elevation Bay 9-20 452 619 622 619 620 614 629 No Observable
87’ 5" 620 612 614 613 613 604 612 617 Ongoing
Corrosion
Bay 13- 643 641 645 643 635 641 No Observable
28 642 629 637 640 636 635 640 642 Ongoing
Corrosion
Bay 15- 638 636 638 642 628 631 No Observable
31 636 627 630 633 632 628 630 633 Ongoing
Corrosion

Notes:
1. The average thickness is based on 49 Ultrasonic Testing (UT) measurements performed at each location.
2. Multiple inspections were performed in the years 1988, 1990, 1991, and 1992,

3. The 1993 elevation 60’ 10" Bay 5-22 inspections was performed on January 6, 1993. All other locations were inspected in December 1992.
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Upper Drywe" She” An Bxelon Company
2006 Inspection Results

e 12 of the 13 locations show no statistically
observable corrosion

* The location with the minimum margin (137
mils) has no ongoing corrosion

e 1 |ocation shows a corrosion rate of 0.66
mils/year

— Projected thickness in 2029 is 720 mils, compared to a
minimum required thickness of 541 mils
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AmerGen

An Exelon Company

Upper Drywell Shell Conclusions

e These measurements are the lead indicators
of corrosion on the outside of the shell

e Corrosion of the upper shell is <1 mil / yr

~» Upper Drywell shell has a minimum of 137
mils margin

 Based on current rates, will have margin
through the period of extended operation
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Ove ra” COﬂCIUS'OnS AnExclon Company

* The corrective actions to mitigate drywell shell
corrosion have been effective

 The drywell shell corrosion has been arrested in the
sand bed region and continues to be very low in the
upper drywell elevations

 The corrosion on the embedded portion of the drywell
shell is not significant

 The drywell shell meets code safety margins

* We have an effective aging management program to
ensure continued safe operation
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