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AMERGEN'S ANSWER OPPOSING CITIZENS'
FEBRUARY 6,2007 MOTION FOR LEAVE TO ADD

A CONTENTION AND MOTION TO ADD A CONTENTION

Pursuant to 10 C.F.R. § 2.309(h)(1), AmerGen Energy Company, LLC

("AmerGen") hereby files its Answer opposing Citizens'" Motion for Leave to Add a

Contention and Motion to Add a Contention, dated February 6, 2007 ("Motion").2

As discussed below, the Motion should be denied in its entirety because the proposed

contention fails to meet the timeliness requirements set forth in 10 C.F.R. §§ 2.309(f)(2)

Citizens are Nuclear Information and Resource Service, Jersey Shore Nuclear Watch, Inc.,

Grandmothers, Mothers and More for Energy Safety, New Jersey Public Interest Research Group,
New Jersey Sierra Club, and New Jersey Environmental Federation.

The Board previously held that if Citizens elected to file a new contention, then AmerGen and the

NRC Staff could file an answer in accordance with the requirements of 10 C.F.R. § 2.309(h)(1).
See Memorandum and Order, LBP-06-16, 63 N.R.C. 737, 745 (2006). Accordingly, this response
is due within 25 days of Citizens' submission, or by Monday, March 5, 2007,.as required by
Sections 2.309(h)(1) and 2.306 ("Computation of Time").
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and (c)(1), and fails to meet the applicable substantive standards for admissibility set

forth in 10 C.F.R. § 2.309(f)(1).

I. INTRODUCTION

This is Citizens' fourth untimely challenge to the acceptance criteria for the

drywell shell. In this latest iteration, the proposed contention alleges deficiencies in the

acceptance criteria for required thickness of the sand bed region of the Oyster Creek

Nuclear Generating Station's ("OCNGS") drywell shell. General Electric Nuclear

Energy ("GE") developed these criteria in the early 1990s. Citizens now claim that a

recent analysis performed by Sandia National Laboratories ("Sandia") and two AmerGen

documents provide new and material information that call into question the acceptance

criteria identified in GE's analyses. Motion at 2-3, 9. Citizens allege that:

The computer modeling undertaken by General Electric, upon
which the disputed acceptance criteria are based, used unjustified
factors leading to underestimation of the uniform required
thickness by over 0.108 inches and of the small area required
thickness by over 0.082 inches. For this reason, the acceptance
criterion for the average thickness of each bay of the drywell shell
should be increased to around 0.844 inches to ensure the ASME
Code safety requirements are met or should be replaced with a set
of criteria based on accurate and realistic three dimensional
modeling of further degradation in the sandbed. For similar
reasons, the acceptance, criterion for small area thickness should be
increased to at least 0.618 inches or integrated into the acceptance
criteria derived from further three dimensional modeling.

Motion at 6.

This latest Motion should be recognized for what it is: yet another attempt by

Citizens to expand the scope of the proceeding and introduce delay by means of a

pleading laden with repetitive, unfounded, and non-meritorious speculation, and error -

not to mention incomplete information. Substance aside, Citizens are now also using

documents obtained in the mandatory disclosure process to recycle old arguments and
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resurrect a contention that was already incurably late eight months ago, when they

identified alleged deficiencies in the drywell shell acceptance criteria in their "Petition to

Add a New Contention" (June 23, 2006) ("June 23 Petition"). See Memorandum and

Order, LBP-06-22, 64 N.R.C. _, slip op. at 10-14 (Oct. 10, 2006).

As explained below, each item of allegedly "new" information cited by Citizens

in the instant Motion represents a preliminary or incomplete analysis of the purported
technical issues. In some cases, Citizens are, or should have been, aware of the

resolution of these issues. In the remaining cases, the information Citizens cite is

irrelevant to the acceptance criteria. Absent any valid substantive basis for admissibility,

in combination with the absence of any valid justification for late filing, the Board must

reject Citizens' newest proposed contention as a matter of law.

A. Procedural Posture

The procedural history of Citizens' previous attempts to raise allegations

regarding the drywell shell acceptance criteria highlights the repetitive, erroneous, and

non-meritorious aspects of Citizens' Motion. Citizens' "Request for Hearing and Petition

to Intervene" (Nov. 14, 2005) ("Original Petition") did not challenge the acceptance

criteria. Quite the contrary - Citizens' initial drywell contention relied on comparisons of

UT thickness data to the now-disputed general area thickness criterion. Original Petition

at 9. Three months later, however, in a "Motion for Leave to Add Contentions or

Supplement the Basis of the Current Contention" (Feb. 7, 2006) ("Feb. 7 Motion"),

Citizens questioned the acceptance criteria for the first time:

the original acceptance criterion for the thickness measurements
was 0.736 inches, but some measurements taken in 1992 were less
than ... that. Thus, new acceptance criteria must be developed to
ensure that the currently unacceptable areas do not grow to levels
where they threaten the structural integrity of the drywell liner.
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Feb. 7 Motion at 12. The Board rejected Citizens' Motion because it was not based on

new, materially different information. See Memorandum and Order, LBP-06-11, 63

N.R.C. 391, 298 (2006).

Over four months later, Citizens recycled this erroneousa allegation into two

similarly unfounded contentions when they filed their June 23 Petition, this time relying

on AmerGen correspondence with the NRC Staff. See LBP-06-22, slip op. at 10.

Citizens included this argument in the text of the following proposed contention:

AmerGen must provide an aging management plan for the sand
bed region of the drywell shell that ensures that safety margins are
maintained throughout the term of any extended license, but the
proposed plan fails to do so because the acceptance criteria are
inadequate ....

June 23 Petition at 4.

Prior to any Board ruling, Citizens reiterated their challenge to the acceptance

criteria in a July 25, 2006 "Supplement to Petition to Add a New Contention"

("Supplement"). This time, they relied on a report from a new consultant, Stress

Engineering Services, Inc. ("SESI"), which essentially claimed that the GE reports that

developed the acceptance criteria were outdated, and that newer "state-of-the-art"

structural analysis methods are available. Letter, from R. Biel, SESI, to R. Webster,

Rutgers Environmental Law Clinic, at 2 (July 15, 2006) (attached to Supplement as

"Cursory Check of Structural Analyses, Oyster Creek Drywell Vessel"), at 2; see also

Supplement at 17-22.

As Citizens now apparently understand, the 1992 UT thickness measurements below 0.736" still
met ASME Code requirements. See Motion at 9.
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The Board rejected these second and third challenges to the acceptance criteria

because it found that Citizens were well aware of these criteria at the time of their

Original Petition. LBP-06-22, slip op. at 12-14 ("Thus, any challenge to the adequacy of

AmerGen's acceptance criteria should have been made at the time Citizens filed their

initial Petition to Intervene.").

Also germane to the disposition of the instant Motion is the fact that the OCNGS

license renewal application has been the subject of three meetings with the Advisory

Committee on Reactor Safeguards ("ACRS") and its License Renewal Subcommittee:

Subcommittee meetings on October 3, 2006 and January 18, 2007; and a full Committee

meeting on February 1, 2007. See Letter from W. Shack, ACRS Chairman, to D. Klein,

NRC Chairman, "Report on the Safety Aspects of the License Renewal Application for

the Oyster Creek Generating Station," at 1 (Feb. 8, 2007) ("Exhibit 1"). Citizens'

representatives participated in all three of these meetings, listening to the dialogue

between the ACRS, applicant, and NRC Staff. Their legal counsel even provided lengthy

oral presentations, sometimes accompanied by slides, at each of the three meetings.

This level of participation by Citizens is particularly important because Citizens'

Motion relies on the events of the January 18 Subcommittee meeting, but fails to even

mention that a subsequent meeting occurred on February 1. The Motion ignores the

dispositive information that AmerGen and the NRC Staff presented to the ACRS at the

February 1 full Committee meeting - a meeting that counsel for Citizens attended and

even presented at, but did not mention in a Motion filed five days later. Thus, Citizens'
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counsel filed a Motion that he arguably 'should have known was, either all or in part,

without merit.4

B. Legal Standards Governing the Admissibility of Citizens' New
Contentions

The standards governing admissibility of Citizens' new contention are set forth in

the Board's March 22, 2006 Order denying Citizens' Motion to Add or Supplement. See

LBP-06-11, 63 N.R.C. at 395-396; Memorandum and Order (Denying Citizens' Motion

for Leave to Add Contentions and Motion to Add Contention) at 5-6 (Feb. 9, 2007)

(unpublished) ("Feb. 9 Order"). Where, as here, the regulatory time limit has long since

expired for filing a petition to intervene, a petitioner may submit a new contention only

with leave of the presiding officer upon a showing that:

(i) The information upon which the amended or new contention is based was
not previously available;

(ii) The information upon which the amended or new contention is based is
materially different than information previously available; and

(iii) The amended or new contention has been submitted in a timely fashion
based on the availability of the subsequent information.

See 10 C.F.R. § 2.309(f)(2)(i)-(iii).

If a new contention meets the above three criteria, then it is considered "timely"

* and the petitioner is not required to satisfy the requirements of 10 C.F.R. § 2.309(c)(1)

for non-timely filings. LBP-06-11, 63 N.R.C. at 396 n.3; Feb. 9 Order at 5-6. If,

however, the information underlying the proposed contention is not new or materially

In this regard, Citizens appear to have "failed to disclose critical information," the same accusation
they leveled against AmerGen and Exelon in their "Motion to Apply Subpart G Procedures," at I
(May 5, 2006). This failure raises serious questions regarding compliance with counsel's
"manifest and iron-clad obligation of candor." Public Serv. Co. of Okla. (Black Fox Station, Units
1& 2), ALAB-505, 8 N.R.C. 527, 532 (1978) (admonishing counsel for failure to bring relevant

(footnote continued)
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different from previously-available information, then to be admitted, the new contention

must satisfy the eight factor balancing test in Section 2.309(c)(1) as well. LBP-06-1I, 63

N.R.C. at 396 n.3; Feb. 9 Order at 6 n.7.5

Commission precedent makes clear that the eight factors in Section 2.309(c)(1)

are not of equal importance: absence of good cause (factor 1) and the likelihood of

substantial broadening of the issues and delay of the proceeding (factor 7) are the most

telling. See, e.g., Project Mgmt. Corp. (Clinch River Breeder Reactor Plant), ALAB-354,

4 N.R.C. 383, 395 (1976). Factors 5 (availability of other means) and 6 (interests

represented by other parties) are entitled to the least weight. See Private Fuel Storage,

L.L.C., LBP-00-08, 51 N.R.C. 146, 154 (2000) (citing Commonwealth Edison Co.

(Braidwood Nuclear Power Station, Units 1 and 2), CLI-86-8, 23 N.R.C. 241, 244-45

•(1986)).

Even if the temporal criteria established by Section 2.309(f)(2) and (c)(1) are

satisfied, a petitioner also must satisfy the following substantive admissibility

requirements in 10 C.F.R. § 2.309(f)(1): (1) specify the issue to be raised; (2) briefly

explain the basis for the contention; (3) demonstrate that the issue is within the scope of

the proceeding; (4) demonstrate that the issue is material to the proceeding; (5) provide a

evidence to the attention of the Appeal Board); see also Nuclear Mgmt: Co., LLC (Palisades
Nuclear Plant), LBP-06-10, 63 N.R.C. 314, 382-84 (2006) (J. Young, Additional Statement).

Section 2.309(c)(1) sets forth the following factors to be considered in the admission of non-
timely contentions: (1) good cause, if any, for failure to file on time; (2) the nature of the
petitioner's right under the [Atomic Energy] Act to be made a party to the proceeding;
(3) the nature and extent of the petitioner's property, financial, or other interest in the proceeding;
(4) the possible effect of any order that may be entered in the proceeding on the petitioner's
interest; (5) the availability of other means whereby the petitioner's interest will be protected; (6)
the extent to which the petitioner's interests will be represented by existing parties; (7) the extent
to which the petitioner's participation will broaden the issues or delay the proceeding; and (8) the
extent to which the petitioner's participation may reasonably be expected to assist in developing a
sound record.
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concise statement of the alleged facts or expert opinion that support the petitioner's

opinion; and (6) demonstrate that a genuine dispute exists on a material issue of law or

fact, and include specific references to allegedly deficient portions. of the application.

As discussed below, Citizens' new contention fails to meet the requirements of 10

C.F.R §§ 2.309(f)(2), (c), and (f)(1).

II. CITIZENS' CONTENTION IS INADMISSIBLE AND MUST BE
REJECTED AS A MATTER OF LAW AND FACT

A. Background Information

Before the sand was removed from the sand bed region in 1992, GE performed an

engineering analysis of the Oyster Creek drywell shell to determine whether historical

corrosion prevented the drywell from performing its intended functions. GE conducted

this analysis in 1991, based on ASME Code requirements, to establish the minimum

required general thickness, with the sand removed, for both pressure and buckling

stresses.6

The results of GE's analysis show that the minimum required thickness in the

sand bed region is controlled by buckling. Moreover, a general thickness acceptance

criterion of 0.736" will satisfy ASME Code requirements with a safety factor of 2.0

against buckling for the controlling refueling load combination, and 1.67 safety factor for

the post-accident load combination (i.e., flooding of the containment). See ACRS Info.

Citizens' Dec. 20, 2006 Motion to Add Contentions, Exh. ANC-2 at 6-7 ("ACRS Info. Package").

The analysis uses a finite-element model (36 degree slice) of the drywell. Id. The 36 degree slice
derives from the configuration of ten "bays" in the sand bed region created by the torus vent
headers. These vent headers stiffen the shell in these areas. Id. at 6-9.
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Package at 6-8. Locally-thinned areas are evaluated against a minimum local average

thickness acceptance criterion of 0.536".7

GE performed its buckling analysis in conformance with the methodology set forth

in ASME Code Case N-284, "Metal Containment Shell Buckling Design Methods, Section

II, Class MC." The capacity reduction factors in that Code Case, however, do not account

for orthogonal stresses in which one of the stresses is in tension (i.e., the type of loading

considered in the GE analysis). Thus, with involvement and input from the author of Code

Case N-284, Dr. Clarence Miller, GE used a modified capacity reduction factor of 0.340 to

account for the presence of tensile stress. ACRS Tr. at 96-97 (Jan. 18, 2007) ("ACRS Jan.

18 Tr.") available in ADAMS at ML070240433. This factor was based upon the effects of

hoop tension, which would be present in the refueling load combination. Id. at 96.

The NRC Staff approved GE's initial analysis in a Safety Evaluation Report

("SER") dated April 24, 1992 ("Exhibit 2"). The Staff concurred with the conclusion that

the Oyster Creek drywell shell meets ASME Code requirements. The NRC explicitly

accepted use of Code Case N-284 for purposes of the Oyster Creek analysis and accepted

use of the modified capacity reduction factor. See Exhibit 2, at 4. Accordingly, the GE

analysis is the analysis of record for purposes of license renewal, and is part of the plant's

current licensing basis.

On January 18, the ACRS Subcommittee asked AmerGen to discuss GE's use of

this modified capacity reduction factor during the February 1 meeting. AmerGen and the

Staff discussed the issue to the ACRS' satisfaction at the February 1 meeting. See ACRS

_ ACRS Info. Package at 6-8, 6-18. If any local UT measurements reveal thicknesses below 0.736",
a separate evaluation is done to confirm that the locally-thin areas, in the as-found condition, meet
ASME Code criteria.
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Tr. at 215 (Feb. 1, 2007) available in ADAMS at ML070430485 ("ACRS Feb. 1 Tr.");

Exhibit 1, at 2 ("The staff reaffirmed its position that the use of the increased capacity

reduction factor is appropriate for the analysis of the OCGS drywell .shell. We concur with

this position.").

In support of its review of the Oyster Creek license renewal application, the NRC

Staff sponsored Sandia to perform an independent, confirmatory analysis of the Oyster

Creek drywell.-1 Sandia finalized its report before the February 1 meeting, so the final

report uses a capacity reduction factor of 0.207 because the Sandia analysts could not find

a justification for the increased value of 0.340 used by GE. Sandia Report at 67; ACRS

Jan. 18 Tr. at 242-43. Using a 0.207 capacity reduction factor, Sandia generated a

general average thickness criterion of 0.844". Sandia Report at 79. It was not until the

February 1 ACRS meeting that Dr. Miller explained why the use of the 0.340 capacity

reduction factor was appropriate. ACRS Feb 1 Tr. at 205-208, 212-215. The NRC Staff

explained during the February 1 meeting that, had Sandia used 0.340 instead of 0.207,

Sandia's 0.844" general thickness criterion would have been "less than" GE's 0.736"

general thickness criterion. See NRC Staff Presentation to ACRS at 11 (Feb. 1, 2007),

available in ADAMS at ML070440 100. The ACRS accepted this conclusion during its

February I meeting and documented its acceptability in its subsequent letter to the

Commission. See Exhibit 1, at 2.

Jason P. Petti, "Sandia Report: Structural Integrity Analysis of the Degraded Drywell Containment

at the Oyster Creek Nuclear Generating Station" (January 2007), available in ADAMS at
ML070120395 ("Sandia Report').
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A. Bases for the Proposed Contention

The late-filed contention relies on four items Citizens mistakenly claim contain

"significant and material new information." Motion at 2; see also id. at 3, 9. First, they

point to the final Sandia Report, which Citizens claim, "reaches a very different result"

from the GE analysis because its authors "rejected" the use of an increased capacity

reduction factor used in the GE analysis. Motion at 7. Accordingly, Citizens argue that

the existing general and local area thickness criteria need to be modified.

Second, Citizens next put on blinders and cite "comments on the Sandia Study

made at the January 18, 2007 meeting of the ACRS." Id. In doing so, they completely

ignore the subsequent February 1. meeting of the full ACRS. Based on the results of the

Sandia Report, and the NRC Staff and ACRS comments at the January 18 meeting,

Citizens argue that the minimum wall thickness acceptance criteria should be increased.

Id. at 9.

Third, looking back to the fall 2006 refueling outage, Citizens cite a preliminary

report AmerGen recently produced to them via the mandatory disclosure process to

challenge "the latest UT results" taken by AmerGen during October 2006. Id. at 3, 7.

According to Citizens, the new "full information" shows that "worst point" thickness

measurements have decreased by 0.118" since 1992. Id. at 3. Therefore, Citizens argue

that, "it has become even more critical to accurately estimate how much any existing

margin has been reduced." Id.

Finally, Citizens cite Assignment Report ("AR") 00461639, a document they also

recently obtained through the mandatory disclosure process, which allegedly

"acknowledges AmerGen's failure to show that the local wall thickness acceptance

criteria would maintain ASME Code requirements." Id. at 9. Citizens claim that this
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document supports the Sandia Report's "suggestion" that the localarea minimum wall

thickness should be amended to 0.618". Id.

B. The Proposed Contention Does Not Meet the Timeliness Requirements of
10 C.F. R. • 2.309(f)(2) and (c)(1)

1. The Proposed Contention Does Not Meet the Requirements of 10
C.F.R § 2.309(f)(2)

As explained in detail below, Citizens' proposed new contention is untimely

because its first two bases do not constitute information that is materially different from

what was previously available, contrary to 10 C.F.R. § 2.309(f)(2). Moreover, Citizens'

first two bases mislead the Board. As we have seen, Citizens cite to the Sandia Report

and comments on that report at the January 18, 2007 ACRS Subcommittee meeting to

allege fundamental flaws in the GE analysis, without even mentioning that these alleged

flaws were entirely and unambiguously resolved during the subsequent presentations

made by AmerGen and the NRC Staff at the February 1 ACRS meeting.

With respect to Citizens' remaining two bases, the preliminary statistical analysis

of the 2006 UT results and AR 00461639, the first is irrelevant to the acceptance criteria,

and the second is not new information. Thus, Citizens have failed to proffer new,

materially different information to support their new late-filed contention as required

under Section 2.309(f)(2). Rather, Citizens cite these documents in a misguided attempt

*to suggest that AmerGen does not understand the condition of the drywell, as part of their

rhetorical campaign to prevent issuance of a renewed license. Such tactics have no place

before the Board.

(a) The Sandia Report: Citizens argue that, although they have previously

challenged the GE analysis, "they have not previously contended that the GE modeling,

upon which the disputed acceptance criteria are based, used unjustified factors leading to
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systemic underestimation of the required [thicknesses]." Motion at 2. Nothing in this

statement even suggests that the new contention is based on new information not

previously available, nor does it excuse Citizens' earlier failure to mount an adequate

challenge.

It is quite apparent that the GE analyses that developed the acceptance criteria are

not new. Citizens did not challenge them in their Original Petition. The Board already

has excluded Citizens' previous challenges to the GE report for lack of timeliness: "Had

Citizens wished to challenge the methodology used to determine this acceptance criteria

for the sand bed region, it had an obligation - once it became aware of that criteria - to

obtain the information necessary to advance such a challenge." LBP-06-22, slip op. at

12. In LBP-06-22, the Board rejected Citizen's attempt to use its own expert - SESI - to

challenge decade-old acceptance criteria. It is unclear why Citizens believe that using the

NRC's contractor - Sandia - to challenge those same acceptance criteria would be timely

eight months later. Citizens simply recycle their previously-rejected claim under the

cover of the Sandia Report and the partial discussion of that report at the ACRS

Subcommittee meeting.

Citizens allege that the report "reaches a very different result from the GE

modeling upon which AmerGen is relying to justify its acceptance criteria." Motion at 7.

This is incorrect. As Citizens point out, "the Sandia Study predicted no definitive

violations of ASME code requirements," id. at 4 (emphasis in original), and that was by

using a 0.207 capacity reduction factor. The NRC Staff views the results of the Sandia

Report as confirming the GE analysis. ACRS Feb. 1 Tr. at 244 ("We are satisfied that

that analysis confirms the 1992 licensing basis.").
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Moreover, as discussed above, the factors used in the GE modeling analysis have

been available for over a decade, and when the disputed 0.340 capacity reduction factor is

applied to the Sandia analysis, the minimum thickness is less than GE's 0.736" general

area thickness criterion. NRC Staff Presentations to the ACRS at 11 (Feb. 1, 2007),

available in ADAMS at ML070440100.

Thus, the Sandia Report does not provide new, materially different information

that justifies revising this Board's previous conclusion that, "any challenge to the

adequacy of AmerGen's acceptance criteria should have been made at the time Citizens

filed their initial Petition to Intervene. It cannot be submitted at this late juncture." LBP-

06-22, slip op. at 14.

(b) January 18 ACRS Subcommittee Meeting: Citizens also allege that

"comments on the Sandia Study made at the January 18, 2007 meeting of the ACRS" also

justify their new contention. Specifically, Citizens note that ACRS Member Dr. Said

Abdel-Khalik "pointed out that the thickness of 0.736 inches would yield a factor of

safety of 1.27 if the GE model were used without the increased capacity reduction

factor." Motion at 8.

The information from the January 18 meeting is not materially different than

previously-available information, because the ACRS' concerns were resolved at the

February 1 meeting, with information that has been available for years, as documented in

the NRC's 1992 SER. The Sandia Report itself concluded that there were no violations

of ASME Code requirements as a result of its analysis. Motion at 4 (citing Sandia Report

at 13). During the February 1 meeting of the full ACRS, Dr. Clarence Miller, the author

of the applicable ASME Code Case N-284, explained that it was~acceptable to use the
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0.340 capacity reduction factor under the ASME Code. This capacity reduction factor

was derived from tests conducted on metal cylinders. Dr. Miller, however, demonstrated

that the increased capacity factor also could be used for spheres, such as the drywell

shell. ACRS Feb. 1 Tr. at 205-208, 212-215. The NRC Staff concurred with this

conclusion, as it had done 15 years earlier, in its April 24, 1992 SER, which is and has

been publicly available. See id. at 242 ("We had made that same determination in 1992.

We made the same determination again in 2006.") (emphasis added); Exhibit 2, at 4. In

its final report t6 the Commission, the ACRS also concurred with Dr. Miller's opinion

that the increased capacity reduction factor was permissible. Exhibit 1, at 2 ("We concur

with this position.").

Further, the fact that ACRS members sought clarification regarding the GE

analysis hardly provides sufficiently new and material information to support a

contention. This basis can therefore be rejected for the same reason this Board rejected

Citizens' previous attempts to litigate the acceptance criteria:

To the extent Citizens seek to create the impression that, because
the NRC Staff sought clarification of AmerGen's methods for
deriving the acceptance criteria, these methods were previously
unknown to the Staff or were otherwise altered, such an impression
is demonstrably incorrect.... [T]he analyses currently in effect for
Oyster Creek are the same as those documented in the early 1990s.

LBP-06-22, slip op. at 13-14.

Thus, the January 18 ACRS Subcommittee meeting did not reveal new and

materially different information as required by 10 C.F.R § 2.309(f)(2).

(c) The Latest UT Results: Citizens argue that the October 2006 UT results show

"that the sandbed is now 0.02 inches thinner than it was in 1992 on average and over 0.1

inches thinner in certain spots, indicating that ongoing corrosion may be occurring."
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Motion at 3. For support, they cite to a preliminary analysis, dated November 9, 2006,

prepared by an AmerGen consultant analyzing the October 2006 UT data. AmerGen

produced this initial analysis to Citizens as part of the mandatory disclosure process on

January 26, 2007, and the document is Citizens' Exhibit ANC-7.

Citizens do not even attempt to connect this information to their proposed new

contention. Instead, they simply castigate, "[b]ecause the wall thickness is now less than

measured in 1992, it has become even more critical to accurately estimate how much any

existing margin has been reduced." Motion at 3. This statement is completely irrelevant

to the proposed contention: whether "[t]he computed modeling undertaken by General

Electric ... used unjustified factors leading to underestimation" of the required thickness

of the drywell shell. See Motion at 6.

Absent any connection between the latest UT results and the acceptance criteria,

these data are simply irrelevant (as opposed to new and material) to the proposed new

contention and do not meet the requirements of 10 C.F.R. § 2.309(f)(2).

(d) Assignment Report (AR) 00461639: AmerGen also produced this document

on January 26, 2007, identified by Citizens as ANC-8, under the mandatory disclosure

process. The document is an internal critique of a now-superseded 1993 calculation that

analyzed UT data collected during the 1992 refueling outage. The calculation was used

to demonstrate that the 1992 drywell thickness data met design specifications. ANC-8 at

1. Pointing to the statement in Item 4 of this document, Citizens claim that under the GE

calculation, the "ultimate theoretical buckling capacity" is reduced by 9.5% and may not

meet Code requirements. Motion at 5 (citing ANC-8 at 2).
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Some background on ARs is useful to understand why this document does not

constitute new, materially different information. ARs are part of OCNGS' corrective

action program. An employee who identifies a concern with any part of the plant, its

operations, or its processes, programs, or procedures, can author an AR. The first part of

the AR identifies the observed or alleged deficiencies. The second part of the AR verifies

the validity and documents the resolution of the observed deficiencies. ARs are

electronic records and can be printed at any time before, during, or after this resolution.

Citizens' Motion emphasizes the initial observation at issue, but omits any

discussion of its ultimate resolution. The resolution, however, is identified on the last

page of the AR as "Assign # 02" with the following description: "Revise calculation C-

1302-187-5320-024 to address issues ..... " Citizens' Exhibit ANC-8 at 5. AmerGen

produced a copy of the revised calculation referenced in the AR to Citizens on December

12, 2006, and it is appended to this Answer as Exhibit 3. Thus, Citizens had the

resolution of this AR in their possession for nearly 60 days before they filed their

Motion.-

Thus, AR 00461639 is not new, nor is it materially different information as

required by 10 C.F.R. § 2.309(f)(2). Citizens' contention is therefore untimely, and must

meet the requirements of Section 2.309(c).

_ AmerGen submitted the same document to the ACRS on December 8, 2006, as Reference 42 to,
the ACRS Information Package. It is worth reiterating that Citizens submitted this package to the
Board, listing the revised calculation as a reference, as Exhibit ANC-2 in their December 20
Motion to Add Contentions.
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2. The Proposed Contention Does Not Meet the Requirements
of 10 C.F.R § 2.309(c)

Citizens have not met the requirements of the eight-factor test for non-timely

filings under 10 C.F.R § 2.309(c)(1) because they have not shown good cause for failure

to file on time (factor 1). Furthermore, the contention would unreasonably broaden the

issues and delay the proceeding (factor 7), and litigation of the contention would be

unlikely to assist in developing a sound record on this issue (factor 8). Factors 2, 3, and

4, listed in note 5 above, speak to standing issues that are irrelevant to Citizens' Motion.

Because the two most important factors, 1 and 7, weigh strongly against Citizens, as does

factor 8, the balance under Section 2.309(c)(1) strongly favors denial of their Motion.

Citizens have not demonstrated good cause under Section 2.309(c)(1)(i) for

failure to adequately challenge the acceptance criteria in a timely manner. In their

Motion, they claim good cause "because they could not have filed the contention before

the Sandia Study was published." Motion at 13. This statement is simply incorrect. The

text of the proposed new contention does not even reference the Sandia Report. Motion

at 6. The alleged deficiencies discussed in the text of the contention - underestimation of

the uniform and small area required thicknesses - could have been identified with the

information available at the time Citizens filed their Original Petition. See LBP-06-22,

slip op. at 12. Citizens chose not to pursue such a challenge in a timely fashion, and they

should not be permitted to do so now.

Further, the Motion introduces allegations based on.issues raised and resolved

before the ACRS, thereby unreasonably broadening the issues and delaying the

proceeding, contrary to the Section 2.309(c)(1)(vii). As we have seen in Section B.1,

above, AmerGen and the NRC Staff addressed all of the relevant issues from the January
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18 Subcommittee meeting in detail before the full ACRS and counsel for Citizens on

February 1, 2007.

Finally, as discussed throughout this Answer, the Motion demonstrates a lack of

understanding of the technical issues, presents unsupported allegations, and omits

dispositive information known to Citizens. As a result, Citizens' litigation of this late-

filed contention would be unlikely to assist in developing a sound record, as described in

Section 2.3 09(c)(1)(viii).)°

For these reasons, even if the Board finds that Citizens have met the requirements

of 10 C.F.R § 2.309(f)(2), the balance of the relevant factors under Section 2.309(c)(1)

weigh heavily against admission of Citizens' new late-filed contention.

C. The Proposed Contention Does Not Meet the Requirements of 10 C.F.R.
§2.309(f)(1)

In addition to its lack of timeliness, Citizens proposed new contention lacks any

substantive merit, because none of the bases cited by Citizens raises a genuine dispute on

a material issue of law or fact. As discussed in Section A, above, Citizens' first two

bases mislead the Board and omit dispositive information. The remaining alleged bases

are not relevant to the proposed new contention. Also, both of the remaining bases rely

1o Further, theMotion once again highlights broader "concerns . .. regarding the degree to which it

seems Citizens are able to contribute to the formation of a record in this proceeding." Feb. 9 Order
at 21 (J. Abramson, concurring).

__ *The late-filed contention also is arguably outside the scope of a license renewal proceeding

because it challenges the current licensing basis. As discussed above, the GE analysis uses
methods permitted by the ASME code and approved by the NRC's SER in 1992. Thus the
acceptance criteria form part of the current licensing basis, and are not subject to challenge in a
license renewal proceeding. See Florida Power & Light Co. (Turkey Point Nuclear Generating
Plant, Units 3 & 4), CLI-01-17, 54 N.R.C. 3, 8-9 (2001); see also LBP-06-22, slip op. at 32.
AmerGen's continued use of the acceptance criteria derived from that analysis was not open to
challenge at any point during license renewal, much less at this late stage. Thus, Citizens' late-
filed contention also could be dismissed under 10 C.F.R § 2.309(f)(1)(iii).
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on preliminary documents obtained by Citizens under the mandatory disclosure process

for the admitted contention, and AmerGen has resolved the concerns identified in both

documents through its internal processes.

(a) The Sandia Report: Citizens allege that, although the Sandia Report predicted

no violations of ASME code requirements, it "showed that the GE modeling relied upon

by AmerGen had some critical flaws." Motion at 4. Sandia allegedly "reaches a very

different result... primarily because the GE study assumed that [the capacity reduction

factor] should be 0.34, whereas Sandia used a value of around 0.2." Id. at 7. Therefore,

Citizens contend, AmerGen should adopt the Sandia criteria or "replace [the GE analysis]

with a set of criteria based on an accurate and realistic three dimensional modeling ......

Id. at 6.

As discussed above, however, the Sandia Report was intended to, and did,

confirm the earlier GE analyses.L2 While the Sandia analysts did not obtain sufficient

evidence to use a 0.340 capacity reduction factor prior to issuing their final 'report, Sandia

Report at 67, this evidence is now in the record and the Staff has testified that if Sandia

had used the 0.340 capacity reduction factor then it would have resulted in a minimum

general area thickness of less than 0.736." ACRS Feb. 1 Tr. at 242-43. Moreover, the

ACRS has accepted and concurred with the use of the 0.340 value. Exhibit 1, at 2.

Although the Sandia analysis used a different methodology, this study does not

invalidate the GE results, nor does it challenge whether AmerGen's techniques are code-

12 As ACRS Subcommittee Chairman Dr. Maynard observed at the January 18, meeting, "Personally,

I'm not bothered by some of the differences between the GE and the Sandia analysis. I think it's
good to approach things from different ways. I think they both show that there's [sic] additional
conservatisms that are still in both of the analyses. They're still very conservative analyses."
ACRS Jan. 18 Tr. at 369.

1-WA/2704201 20



compliant or satisfy NRC requirements. See ACRS Feb. 1 Tr. at 243. The fact that other

allegedly improved or state-of-the-art methods may exist to meet those requirements does

not raise a genuine dispute of material fact or law under 10 C.F.R § 2.309(f)(1)(vi) -

instead, this argument is an impermissible challenge to the applicable NRC regulations.

See, e.g., Metropolitan Edison Co. (Three Mile Island Nuclear Station, Unit No. 1), LBP-

83-76, 18 N.R.C. 1266, 1273 (1983) (holding that the Intervenor's assertion that a

different analytical technique should be used other than that called for by the NRC

regulations and incorporated ASME Code provisions "does attack the Commission's

regulations and is rejected"). 13

For the above reasons, the Citizens have failed to articulate a genuine dispute of

material fact arising from the Sandia Report.

(b) January 18 ACRS Subcommittee Meeting: As discussed in Section B. 1,

above, Citizens allege that the comments of Dr. Abdel-Khalik and others at this meeting

justify their new contention. AmerGen, however, fully addressed the ACRS members'

questions posed at the January 18 ACRS Subcommittee meeting at the February 1, 2007

meeting. AmerGen Exhibit 1, at 2.

The meeting transcript, moreover, shows that Dr. Abdel-Khalik's question was

hypothetical and speculative. ACRS Jan. 18 Tr. at 292-93 ("Let[']s say you backtrack..

and you ask your experts and they say, no, the ASME code does not allow this ....

What would have been your response... ?"). AmerGen then addressed these concerns

3 Additionally, as was discussed at the February 1 ACRS meeting, and as recommended by the
ACRS, AmerGen recently docketed a commitment to perform a three-dimensional finite-element
analysis of the drywell shell prior to entering the period of extended operation. Letter from M.
Gallagher, AmerGen, to NRC Document Control Desk, "Additional Commitments Related to the
Aging Management Program for the Drywell Shell, Associated with AmerGen's License Renewal
Application (TAC No. MC7624)" (Feb. 16, 2007).
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directly at the February 1, 2007 full Committee meeting by showing that the ASME code

allows the use of the 0.340 capacity reduction factor. ACRS Feb. 1 Tr. at 205-208.

Citizens also point to "acknowledgments" from Sandia and the NRC Staff that

AmerGen's safety margin calculations would be "considerably lower" if Sandia's 0.844"

minimum thickness value were used instead of 0.736" used in the GE analysis. Motion at

8. This also is irrelevant. Sandia developed the 0.844" value without using the increased

capacity reduction factor. As we have seen, if Sandia had used the increased capacity

reduction factor, then they would have reached results very similar to the GE analyses.

Having failed to challenge the resolution AmerGen and the NRC Staff presented

at the February 1 meeting, Citizens also have failed to identify a material dispute of fact

arising from the January 18 ACRS Subcommittee meeting.

(c) The Latest UT Results: As discussed in Section B above, the October 2006 UT

results simply are not relevant to the proposed new contention because Citizens fail to

make a connection between the UT results discussed in Citizens' Exhibit ANC-7 and any

deficiency in the acceptance criteria. Instead, they offer the observation that, "[b]ecause

the wall thickness is now less than measured in 1992, it has become even more critical to

accurately estimate how much any existing margin has been reduced," Motion at 3, and

the even more irrelevant allegation that "the ... 2006 exterior UT results undercut

AmerGen's belief that the proposed aging management program for the sand bed region

will provide reasonable assurance that the loss of intended function would be detected

before safety requirements are violated.. ." Motion at 10.

Even if there were any connection between this information and any alleged

deficiency in the acceptance criteria, the preliminary analysis Citizens cite has been
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superseded by a final analysis, and the technical issues raised in the preliminary analysis

have been resolved. Namely, Citizens' Exhibit ANC-7 is a November 2006 preliminary

report by an AmerGen consultant, George Licina. AmerGen produced this document

through the mandatory disclosure process on January 26, 2007. Mr. Licina completed his

analysis and produced a final report, dated January 4, 2007, that supersedes Exhibit

ANC-7 (the preliminary report cited by Citizens). The final report is appended to this

Answer as AmerGen Exhibit 4; AmerGen collected this document during its January

2007 mandatory disclosure searches, and disclosed it to Citizens in its February 15, 2007

mandatory disclosure update.

Mr. Licina's final report explains that differences in the measurement techniques

implemented in 1992 and 2006 introduced a bias in the 2006 thickness measurements that

would account for the uniform differences between the two sets of data. AmerGen

Exhibit 4, at 5-1 to -2. The report concludes that "the actual mean value of the difference

between 2006 and 1992 thickness measurements is zero or a value very near zero ....

Id. at 5-2.14 Also, because the 2006 visual inspections of the epoxy coating on the

exterior of the drywell shell identified the coating to be in good condition, certain

measurements that appeared to show large thickness losses, such as 0.070" or more,

could only be statistical outliers that must be ignored. Id. at 6-1.

Thus, Citizens' reliance on Mr. Licina's November 2006 preliminary analysis is

inappropriate to meet the requirements of 10 C.F.R § 2.309(f)(1)(vi), as they have once

14 ACRS Member Dr. J. Sam Armijo concurred with this conclusion in comments addressed to

counsel for Citizens at the February 1 meeting. "Independently, I did something very similar to
what Mr. Licina did, and... I saw the same phenomena.. .. [T]here are systematic changes,
systematic bias and there was no way I could conclude that there was continuing corrosion, that
the most reasonable interpretation of the data is that the corrosion had been arrested since 1992."
ACRS Feb. 1 Tr. at 262.
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again failed to identify a dispute of material fact related to the latest UT results.

(d) AR 00461639: As discussed in Section B, above, AmerGen has resolved the

issues identified in this AR, and produced this resolution to Citizens on December 12,

2006. Accordingly, this document cannot provide an adequate basis for the proposed

new contention under 10 C.F.R § 2.309(f)(1) because it tells only half the story.

The revised calculation required by this AR has been completed, and it

demonstrates that the 1992 UT data met ASME Code requirements in 1992. See Exhibit

3, at 4. Furthermore, the UT data collected during the 2006 outage demonstrate that the

monitored areas of the drywell shell have experienced no observable corrosion since

1992. See Exhibit 4, at 6-2 ("Corrosion rate, as defined by physical observation of

coating condition and a thorough analysis of the 106 thickness measurements done in

botlh 1992 and 2006 confirms that the apparent corrosion over that 14 year period is

essentially nil.").

Therefore, Citizens also have failed to identify a dispute of material fact related to

this AR.

III. CONCLUSION

Citizens' new late-filed contention fails to meet the procedural requirements for

admission and has no substantive merit. Yet again, Citizens have filed a new contention

based on "unsupported arguments and failures to address facts obviously necessary to

provide a foundation for a proposed contention." Feb. 9 Order at 22 (J. Abramson,
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concurring). Because it lacks an adequate basis and fails to meet the requirements of 10

C.F.R. §§ 2.309(c), (f)(1), and (f)(2), it should be dismissed by the Board in its entirety.

Respectfully submitted,

Koat n M.Suetton, sq
Alex S. Polonsky, Esq.
MORGAN, LEWIS & BOCKIUS, LLP
1111 Pennsylvania Avenue, N.W.
Washington, DC 20004
Phone: (202) 739-5502
E-mail: dsilvermangmorganlewis.com
E-mail: ksuttongmorganlewis.com
E-mail: apolonskygmorganlewis.com

J. Bradley Fewell
Associate General Counsel
Exelon Corporation
4300 Warrenville Road
Warrenville, IL 60555
Phone: (630) 657-3769
E-mail: Bradley.Fewellgexeloncorp.com

COUNSEL FOR
AMERGEN ENERGY COMPANY, LLC

Dated in Washington, D.C.
this 5th day of March 2007

I -WA/2704201 25



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

)
In the Matter of: )

)
AmerGen Energy Company, LLC )

)

(License Renewal for Oyster Creek Nuclear )
Generating Station) )

)

March 5, 2007

Docket No. 50-219

CERTIFICATE OF SERVICE

I hereby certify that copies of"AmerGen's Answer Opposing Citizens' February

6, 2007 Motion for Leave to Add a Contention and Motion to Add a Contention" were

served this day upon the persons listed below, by E-mail and first class mail, unless

otherwise noted.

Secretary of the Commission*
U.S. Nuclear Regulatory Commission
Attn: Rulemakings and Adjudications Staff
One White Flint North
11555 Rockville Pike
Rockville, Maryland 20852-2738
(E-mail: HEARINGDOCKET@nrc.gov)

Administrative Judge
Paul B. Abramson
Atomic Safety and Licensing Board Panel
Mail Stop - T-3 F23
U.S. Nuclear Regulatory Commission
Washington, .D.C. 20555-0001
(E-mail: pbagnrc.gov )

Administrative Judge
E. Roy Hawkens, Chair
Atomic Safety and Licensing Board Panel
Mail Stop - T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001
(E-mail: erhdnrc.gov)

Administrative Judge
Anthony J. Baratta
Atomic Safety and Licensing Board Panel
Mail Stop - T-3 F23
U.S. Nuclear Regulatory Commission

• Washington, D.C. 20555-0001
(E-mail: aib5(@nrc.gov)

1-WA/2707174.1



John A. Covino
Ellen Barney Balint
Valerie Anne Gray
Caroline Stahl
Division of Law
Environmental Permitting and Counseling Section
P.O. Box 093
Hughes Justice Complex
Trenton, NJ 08625
(E-mail: j ohn.covino@d0l.lps.state.ni.us)
(E-mail: Ellen.Balint@lps.state.nj.us)
(E-mail: Valerie.Gray@dol.lps.state.nj .us)
(E-mail: Caroline.Stahl@lps.state.ni.us)

Suzanne Leta
NJPIRG
11 N. Willow Street
Trenton, NJ 08608
(E-mail: sleta@njpirg.org)

Mitzi A. Young
Steven C. Hamrick
Jody C. Martin
Office of the General Counsel, 0-15D21
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
(E-mail: may@nrc.gov)
(E-mail: sch I @nrc.gov)
(E-mail: j cm5 @nrc.gov)

Office of Commission Appellate.
Adjudication**

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

Richard Webster
Rutgers Environmental Law Clinic
123 Washington Street
Newark, NJ 07102-5695
(E-mail: rwebster@kinoy.rutgers.edu)

Paul Gunter
Nuclear Information and Resource Service
1424 16th Street, NW
Suite 404
Washington, DC 20036
(E-mail: pguntergnirs.org)

Debra Wolf
Law Clerk
Atomic Safety and Licensing Board
Mail Stop: T-3F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
(E-mail: dawl @nrc.gov)

* Original and 2 copies
** First Class Mail only

Vphael . kuyler

2



r t;

Exhibit 1

UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
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 MWt 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 results 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 modem
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 2006, 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 rmargin 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 result 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-1 800, 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 ,icense .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 Amer~en

provide reasonable assurance that OCOS can be operated in accordance with its current
licensing basis for the period of extended operation without undue risk to the health and safety
of the public and the NRC should approve the AmerGen application for renewal of the operating
license for OCGS.

Sincerely,

William J. Shack
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EXHIBIT 2

UNITED STATES.
o NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

April 24, 1992

Docket No. 50-219

Mr. John J. Barton
Vice President and Director
GPU Nuclear Corporation
Oyster Creek Nuclear Generating Station
Post Office Box 388
Forked River, New Jersey 08731

Dear Mr. Barton:

SUBJECT: EVALUATION REPORT ON STRUCTURAL INTEGRITY OF THE OYSTER CREEK
DRYWELL (TAC NO. M79166)

The staff has completed the review and evaluation of the stress analyses and
stability analyses reports of the corroded drywell with and without the sand
bed. Our evaluation report is contained in the enclosure. GPUN used the
analyses to justify the removal of the sand from the sand bed region. Even
though the staff, with the assistance of consultants from Brookhaven National
Laboratory (BNL), concurred with GPUN's conclusion that the drywell meets the
ASME Section III Subsection NE requirements, it is essential that GPUN continue
UT thickness measurements at refueling outages and at outages of opportunity
for the life of the plant. The measurements should cover not only areas
previously inspected but also accessible areas which have never been inspected
so as to confirm that the thickness of the corroded areas are as projected and
the corroded areas are localized.

We request that you respond within 30 days of receipt of this letter
indicating yourintent to comply with the above requirements as discussedin
the Safety Evaluation.

The requirements of this letter affect fewer than 10 respondents, and
therefore, are not subject to Office of Management and Budget review under
P.L. 96-511.

Sincerely,

Alexander W. Dromerick, Sr. Project Manager
Project Directorate 1-4
Division of Reactor Projects - I/Il
Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc w/enclosure:
See next page



Mr. John J. Barton
GPU Nuclear Corporation

Oyster Creek Nuclear
- Generating Station

cc:

Ernest L. Blake, Jr., Esquire
Shaw, Pittman, Potts & Trowbridge
2300 N Street, NW.
Washington, DC 20037

Regional Administrator, Region I
U.S. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, Pennsylvania 19406

BWR Licensing Manager
GPU Nuclear Corporation
1 Upper Pond Road
Parsippany, New Jersey 07054

Mayor
Lacey Township
818 West Lacey Road
Forked River, New Jersey 08731

Licensing Manager
Oyster Creek Nuclear Generating Station
Mail Stop: Site Emergency Bldg.
Post Office Box 388
Forked River, New Jersey 08731

Resident Inspector
c/o U.S. Nuclear Regulatory Commission
Post Office Box 445
Forked River, New Jersey 08731

Kent Tosch, Chief,
New Jersey Department of

Environmental Protection
Bureau of Nuclear Engineering
CN 415
Trenton, New Jersey 08625



-0, UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

DRYWELL STRUCTURAL INTEGRITY

OYSTER CREEK NUCLEAR GENERATING STATION

GPU NUCLEAR CORPORATION

DOCKET NO, 50-219

1. INTRODUCTION

In 1986 the steel drywell at Oyster Creek Nuclear Generating Station (OCNGS)
was found to be extensively corroded in the area of the shell which is in
contact with the sand cushion around the bottom of the drywell. Since then:
GPU Nuclear Corporation, (GPUN, the licensee of OCNGS), has instituted a
program of periodic Inspection of the drywell shell sand cushion area through
ultrasonic testing (UT) thickness measurements. The inspection has been
extended to other areas of the drywell and some areas above the sand cushion
have been found to be corroded also. From the UT thickness measurements, one
can conclude that corrosion of the drywell shell in the sand cushion area is
continuing. In an attempt to eliminate corrosion or reduce the corrosion
rate, the licensee tried cathodic protection and found it to be of no avail.
An examination of the results of consecutive UT measurements, confirmed that
the corrosion is continuing. There is concern that the structural integrity.
of the drywell cannot be assured. Since the root cause of the:corrosion in
the sand cushion area is the presence of water in the sand, the licensee has
considered sand removal to be an important element in its program to eliminate
the corrosion threat to the drywell integrity.

In the program, the licensee first established the analysis criteria and then
performed the analyses of the drywell for its structural adequacy with and
without the presence of the sand. The licensee performed stress analyses and
stability analyses for both with and without the sand cases and concluded the
drywell with or without the sand to be in compliance with the criteria
established for the reevaluation. It is to be noted that the original purpose
of the sand cushion is to provide a smooth transition of stresses from the
fixed portion to the free-standing portion of the steel drywell.

II. EVALUATION

The staff with the assistance of consultants from Brookhaven National
Laboratory (BNL) has reviewed and evaluated the information (Refs. 1,2,3,4,5)
provided by the licensee.
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I. Re-Analysis Criteria

The drywell was originally designed and constructed to the requirements of
ASME Section VIII code and applicable code cases, with a contract date of
July 1, 1964. The Section VIII Code requirements for nuclear containment
vessels at that time were less detailed than at any subsequent date. The
evolution of the ASME Section III Code for metal containments and its relation
with ASHE Section VIII Code were reviewed and evaluated by Teledyne
Engineering Services (TES). The evaluation criteria used are based on ASME
Section III Subsection NE Code through the 1977 summer addenda. The reason
for the use of the Code of this vintage is that it was used in the Mark I
containment program to evaluate the steel torus for hydrodynamic loads and
that the current ASME Section III Subsection NE Code is closely related to
that version. The following are TES's findings relevant to Oyster Creek
application:

a) The steel material for the drywell is A-212, grade B, Firebox
Quality (Section VIII), but it is redesignated as SA-516 grade in
Section III.

b) The relation between the allowable stress (S) in Section VIII and
the stress intensity (Smc) in Section III for metal containment is
1.IS - Smc.

c) Categorization of stresses into general primary membrane, general
bending and local primary membrane stresses and membrane-plus
bending stresses is adopted as in Subsection NE.

d) The effect of a locally stressed region on the containment shell is
considered in accordance with NE-3213.10.

In addition to ASME Section III Subsection NE Code, the licensee has also
invoked ASHE Section XI IWE Code to demonstrate the adequacy of the Oyster
Creek drywell. IWE-3519.3 and IWE-3122.4 state that it is acceptable if
either the thickness of the base metal is reduced by no more than 10% of the:
normal plate thickness or the reduced thickness can be shown by analysis to
satisfy the requirements of the design specification.

The staff has reviewed the licensee's adoption of ASME Section III Subsection
NE and Section XI Subsection IWE in its evaluation of the structural adequacy
of the corroded Oyster Creek drywell, and has found it to be generally
reasonable and acceptable.

By adopting the Subsection NE criteria, the licensee has treated the corroded
areas as discontinuities per NE-3213.10, which was originally meant for change
in thicknesses, supports, and penetrations. These discontinuities are highly
localized and should be designed so that their presence will have no effect on
the overall behavior of the containment shell. NE-3213.10 defines clearly the
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level of stress intensity and the extent of the discontinuity to be considered
localized. A stress intensity limit of 1.1 Smc is specified at the boundary
of the region within which the membrane stress can be higher than 1.1 Smc.
The region where the stress intensity varies from 1.1 Smc to 1.0 Smc is not
defined in the Code because of the fact that it varies with the loading. In
view of this, the licensee rationalized that the 1.1 Smc can be applied beyond
the region defined by NE-3213.10 for localized discontinuity without any
restriction throughout the drywell. The staff disagreedwith the licensee's
interpretation of the Code. The staff pointed out that for Oyster Creek
drywell, stresses due to internal pressure should be used as the criterion to
establish such a region. The interpretation of Section XI Subsections IWE-
3519.3 and IWE-3122.4 can be made only in the same context. It is staff's
position that the primary membrane stress limit of 1.1 Smc not be used
indiscriminately throughout the drywell.

In order to use NE-3213.10 to consider the corroded area as a localized
discontinuity, the extent of the reduction in thickness due to corrosion
should be reasonably known. UT thickness measurements are highly localized;
however, from the numerous measurements so far made on the Oyster Creek
drywell, one can have a general idea of the overall corroded condition of the
drywell shell and it is possible to judiciously apply the established re-
analysis criteria.

2. Re-analyses

The re-analysis were made by General Electric Company for the licensee, one
reanalysis considered the sand present and the other considered the drywell
without the sand. Each re-analysis comprises a stress analysis and stability
analysis. Two finite element models, one axisymmetric and another a 360 pie
slice model were used for the stress analysis. The ANSYS computer program was
used to perform the analyses. The axisymmetric model was used to determine
the stresses for the seismic and the thermal gradient loads. The pie slice
model was used for dead weight and pressure loads. The pie slice model
includes the vent pipe and the reinforcing ring, and was also used for
buckling analysis. The same models were used for the cases with and without
sand, except that in the former, the stiffness of sand in contact with the
steel shell was considered. The shell thickness in the sand region was
assumed to be 0.7001 for the with-sand case and to be 0.7360 for the without-
sand case. The 0.70' was, as claimed by the licensee, used for conservatism
and the 0.7360 is the projected thickness at the start of fuel cycle 14R. The
same thicknesses of the shell above the sand region were used for both cases.
For the with-sand case, an analysis of the drywell with the original nominal
wall thicknesses was made to check the shell stresses with the allowable
values established for the re-analyses.

The licensee used the same load combinations as specified in Oyster.Creek's
final design safety analysis report (FOSAR) for the re-analyses. The licensee
made a comparison of the load combinations and corresponding allowable stress
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limits using the Standard Review Plan (SRP) section 3.8.2 and concluded they
are comparable.

The results of the re-analyses Indicated that the governing thicknesses are in
the upper sphere and the cylinder where the calculated primary membrane
stresses are respectively 20,360 psi and 19,850 psi vs. the allowable stress
value of 19,300 psi. There is basically no difference, in the calculated
stresses at these levels, between the with and without sand cases. This
should be expected, because in a steel shell structure the local effect or the
edge effect is damped in a very short distance. The stresses calculated
exceed the allowable by 3% to 6%, and such exceedance is actually limited to
the corroded area as obtained from UT measurements. However, in order to
perform the axisymmetric analysis and analysis of the pie slice model, uniform
thicknesses were assumed for each section of the drywell. Therefore, the
calculated over-stresses may represent only stresses at the corroded areas and
the stresses for areas beyond the corroded areas are less and would most
likely be within the allowable as indicated in results of the analyses for
nominal thicknesses. The diagram in Ref. 6 indicated such a condition. It Is:
to be noted that the stresses for the corroded areas were obtained by
multiplying the stresses for nominal thicknesses by the ratios between the
corroded and nominal thicknesses.

The buckling analyses of the drywell were performed in accordance with ASME
Code Case N-284. The analyses were done on the 360 pie slice model for both
with-sand and without-sand cases. Except in the sand cushion area where a
shell thicknes7 of 0.7" for the with-sand case and a shell thickness of 0.736,
for the without-sand case were used, nominal shell thicknesses were considered
for other sections. The load combinations which are critical to buckling were
identified as those involving refueling and post accident conditions. By
applying a factor of safety of 2 and 1.67 for the load combinations involving
refueling and the post-accident conditions respectively, the licensee
established for both cases the allowable buckling stresses which are obtained
after being modified by capacity and plasticity reduction factors. It is
found that the without-sand, case for the post-accident condition is most
limiting in terms of buckling with a margin of 14%. The staff and its
Brookhaven National Laboratory (BNL) consultants concur with the licensee's
conclusion that the Oyster Creek drywell has adequate margin against buckling
with no sand support for an assumed sandbed region shell thickness of 0.736
inch.

A copy of BNL's technical evaluation report is attached to this safety
evaluation.

111. CONCLUSION

With the assistance of consultants from BNL, the staff has reviewed and
evaluated the responses to the staff's concerns and the detailed re-analyses
of the drywell for the with-sand and without-sand cases. The reanalyses by
the licensee indicated that the corroded drywell meets the requirements for
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containment vessels as contained in ASME Section III Subsection NE through
summer 1977 addenda. This Code was adopted in the Mark I containment program.
The staff agrees with the licensee's justification of using the above
mentioned Code requirements with one exception, the use of 1.1 Smc throughout
the drywell shell in the criteria for stress analyses. It is the staff's
position that the primary membrane stress limit of 1.1 Smc not be used
indiscriminately throughout the drywell. The Staff accepted the licensee's
reanalyses on the assumption that the corroded areas are highly localized as
indicated by the licensee's UT measurements. The stresses obtained for the
case of reduced thickness can only be interpreted to represent those in the
corroded areas and their adjacent regions of the drywell shell. In view of
these observations, it is essential that the licensee perform UT thickness
measurements at refueling outages and at outages of opportunity for the life
of the plant. The measurements should cover not only areas previously
inspected but also accessible areas which have never been inspected so as to
confirm that the thicknesses of the corroded areas are as projected and the
corroded areas are localized. Both of these assumptions are the bases of the
reanalyses and the staff acceptance of the reanalysis results.
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1. "An ASHE Section VIII Evaluation of the Oyster Creek Drywell Part 1,
Stress Analysis" GE Report No. 9-1 DRF #00664 November 1990, prepared for
GPUN (with sand).

2. "Justification for use of Section III, Subsection NE, Guidance in
Evaluating the Oyster Creek Drywell" TR-7377-1, Teledyne Engineering
Services, November 1990 (Appendix A to Reference 1).
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Stability Analysis" GE Report-No. 9-2 DRF #00664, Rev. 0, & Rev. 1.
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ATTACHMENT

BROOKHAVEN NATIONAL LABORATORY

TECHNICAL EVALUATION REPORT

ON

STRUCTURAL ANALYSES OF THE CORRODED OYSTER CREEK STEEL DRYWELL

1. Introduction

An inspection of the steel drywell at the Oyster Creek Nuclear
Generating Station in November 1986 revealed that some degradation
due to corrosion had occurred in the sandbed region of the shell.
Subsequent inspections also identified thickness degradations in
the upper spherical and cylindrical sections of the drywell. The
licensee, GPU Nuclear Corporation, has performed structural
analyses to demonstrate the integrity of the drywell for projected
corroded conditions that may exist at the start of the fourteenth
refueling outage (14R). This outage is expected to start in
October 1992. In an attempt to arrest the corrosion, the licensee
plans to remove the sand from the sandbed region. Consequently,
they have submitted structural analyses of the drywell both with
and without sand for drywell wall thicknesses projected to exist at
the start of 14R outage.

2. Summary of Licensee's Analyses

The analyses performed by the licensee utilized the drywell
wall thicknesses summarized in Table 1.

Table 1
Drywell Wall Thicknesses

Projected 95%
As-Designed Confidence
Thicknesses 14R Thicknesses

Drvwell Region (in.) (in.)
Cylindrical Region 0.640 0.619
Knuckle 2.5625* 2.5625*
Upper Spherical Region 0.722 0.677
Middle Spherical Region 0.770 0.723
Lower Spherical Region 1.154 1.154

Except Sand Bed Area
Sand Bed Region 1.154 0.736

*NOTE: Table 2-1 of both References 1 and 3 indicates that the
knuckle thickness is 2.625". This appears to be a
mistake since the knuckle thickness is shown to be 2-
9/16" in Figure 1-1 of the same report.
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The stress analysis for the "with sand" case is described in
Reference 1. For this analysis- the licensee utilized the as-
designed thicknesses, except for the sandbid region where a
thickness of 0.70" was used. The stress results were obtained from
a finite element analysis which utilized axisymmetric solid
elements and the ANSYS computer program. Later, the stress results
were scaled to address the local thinning in areas other than the
sandbed region (the projected 95% confidence 14R thicknesses in
Table 1). The loads and load combinations considered in the
analysis are based on the FSAR Primary Containment Design Report
and the 1964 Technical Specification for the Containment. Appendix
E of Reference 1 compares the load combinations considered in the
analysis with those given in Section 3.8.2 of the NRC Standard
Review Plan, Rev. 1, July 1981.

The stress analysis for the "without sand" case is described
in Reference 3. For this analysis the licensee also utilized the
as-designed thicknesses, except for the sandbed region where a
thickness of 0.736", was used. In this case, two finite element
models, an axisymmetric and a 360 pie slice model, were used. The
axisymmetric model is essentially the same as that used in
Reference 1; however, the elements representing the sand stiffness
were removed. This model was used to determine the seismic and
thermal stresses. The pie slice model was used to determine the
dead weight and pressure stresses, as well as the stresses for load
combinations. The pie slice model included the effects of the vent
pipes and the reinforcing ring inthe drywell shell in the vicinity
of each vent pipe. The drywell and vent shell were modeled using
3-dimensional elastic-plastic quadrilateral shell elements. At a
distance of 76 inches from the drywell shell, beam elements were
used to model the remainder of the ventline. The loads and load
combinations are the same as those considered in Reference 1.

The code of record for the Oyster Creek drywell is the 1962
Edition of the ASME Code, Section VIII with Addenda to Winter 1963,
and Code Cases 1270N-5, 1271N and 1272N-5. The licensee utilized
these criteria in evaluating the stresses in the drywell, but also
utilized guidance from the NRC Standard Review Plan with regard to
allowable stresses for service level C and the post-accident
condition. The licensee also used guidance from Subsection NE of
Section III of the ASNE Code in order to justify the use of a limit
of 1.lS*. in evaluating the general membrane stresses in areas of
the drywell where reduced thicknesses are specified. Based on
these criteria the licensee has concluded that the stresses in the
drywell shell are within code allowable limits for both the "with
sand" and "without sand" cases.

The licensee also performed stability analyses of the drywell
for both the "with sand" case (Reference 2) and the "without sand"
case (Reference 4). For the "with sand" case the licensee utilized
the as-designed thicknesses shown in Table 1, except in the sandbed
region where a thickness of 0.700 inch was used. For the "without
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sand" case the same thicknesses were used , except in the sandbed
region where a thickness of 0.736 inch was used. The buckling
capability of the drywell for both the "with sand" and "without
sand" cases was evaluated by using the 360 pie slice finite element
model discussed above. For the "with sand" case spring elements
were used in the sandbed region to model the sand support. For the
"without sand" case these spring elements were removed. The most
limiting load combinations which result in the highest compressive
stresses in the sandbed region were considered for the buckling
analysis. These are the refueling condition (Dead Weight + Live
Load + Refueling Water Weight + External Pressure + Seismic) and
the post-accident condition (Dead Weight + Live Load + Hydrostatic
Pressure for Flooded Drywell + External Pressure + Seismic).

The buckling evaluations performed by the licensee follow the
methodology described in ASME Code Case N-284, "Metal Containment
Shell Buckling Design Methods, Section III, Class MC", Approved
August 25, 1980. The theoretical elastic buckling stress is
calculated by analyzing the three dimensional finite element model
discussed above. Then the theoretical buckling stress is modified
by capacity and plasticity reduction factors. The allowable
compressive stress is obtained by dividing the calculated buckling
stress by a factor of safety. -In accordance with Code Case N-284
the licensee used a factor of safety of 2.0 for the refueling
condition and 1.67 for the post-accident condition. The capacity
reduction factors were also modified to take into account the
effects of hoop stress. Originally the licensee based the hoop
stress modification on data related to the axial compressive
strength of cylinders (References 2 and 4). Later the licensee
revised the approach based on a review of spherical shell buckling
data and recalculated the drywell buckling capacities for both the
"with sand" and "without sand" cases (Reference 8). For the "with
sand" case, the licensee reports a margin above the allowable
compressive stress of 47% for the refueling condition and 40% for
the post-accident condition. For the "without sand" case, the
licensee reports margins of 24.5% for the refueling condition and
14% for the post-accident condition.

3. Evaluation of Licensee's Approach

The analyses performed by the licensee as summarized in
Section 2 and discussed more fully in References 1 through 4 have
been reviewed and found to provide an acceptable approach for
demonstrating the structural integrity of the corroded Oyster Creek
drywell. The finite element analyses performed for both the stress
and stability evaluations are consistent with industry practice.
Except for the use of a limit of 1.1S., in evaluating the general
membrane stress in areas of reduced drywell thickness, the loads,
load combinations and acceptance criteria used by the licensee are
consistent with the guidance given in Section 3.8.2 of the NRC
Standard Review Plan, Rev. 1, July 1981. To further support their
position, the licensee has provided two appendices to Reference 1.
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Appendix A provides a detailed justification for the use of Section
III, Subsection NE as guidance in evaluating the Oyster Creek
drywell. Appendix E compares the load combinations given in the
Final Design Safety Analysis Report (FDSAR) with the load
combinations given in SRP 3.8.2 and demonstrates that the load
combinations used in the analysis envelop those given in the SRP.

In the areas of the drywell where reduced thicknesses are
specified, the licensee has used a limit of 1.lS,0 to evaluate the
general membrane stresses. In support of this position the
licensee has cited the provisions of NE-3213.1 of the ASME Code
concerning local primary membrane stresses. In effect, the
licensee's criteria would treat corroded or degraded areas as
discontinuities. For such considerations the code places no limit
on the extent of the region in which the membrane stress exceeds
1.OS,, but is less than 1.1S, 0 . In support of this position the
licensee has provided the opinion of Dr. W.E. Cooper, a well known
expert on the development of the ASME Code. Dr. Cooper concluded
that "given a design which satisfies the general Code intent, as,
the Oyster Creek drywell does as originally constructed, it is not
a violation of Subsection NE requirements for the membrane stress
to be between 1.0S., and 1.1S., over significant distances". The
licensee has also cited the provisions of IWE-3519.3 which accepts
up to a 10% reduction in the thickness of the original base metal.

The licensee's position has merit, but great caution must be
exercised to assure that such a position is not applied
indiscriminately. In the case of the Oyster Creek drywell the
licensee has concluded that "there are very few locations where the
calculated stress intensities for design basis conditions, would
exceed 1.0S.,, and in these cases only slightly" (Reference 7). The
licensee has provided additional information in Reference 9 to
support this conclusion. Based on the information provided by the
licensee which demonstrates that the use of the 1.1S., criteria is
limited to localized areas, it is concluded that the Oyster Creek
drywell meets the intent of the ASME Code.

As discussed in Section 2, the capacity reduction factors used
in the buckling analysis are modified to take into account the
beneficial effects of tensile hoop stress. As a result of a
question raised during the review regarding this matter, the
licensee submitted additional information in Reference 5 to support
the approach. This information included a report prepared by C.D.
Miller entitled "Effects of Internal Pressure on Axial Compression
Strength of Cylinders" (CBI Technical Report No. 022891, February
1991). The report presented a design equation which was the lower
bound of the test data included in the report. It also demonstrated
that the equation used in References 2 and 4 was conservative
relative to the proposed design equation. The report presented
further arguments that the rules determined for axially compressed
cylinders subjected to internal pressure can be applied to spheres.
Subsequently the licensee has submitted Reference 8, which
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indicates that the original approach was not conservative with
regard to its application to spherical shapes and recommends a new
equation. However, the documentation supporting the use of this
equation is not included in Reference 8, but apparently is
contained in a referenced report prepared by C.D. Miller entitled
"Evaluation of Stability Analysis Methods Used for the Oyster Creek
Drywell" (CBI Technical Report Prepared for GPU Nuclear
Corporation, September 1991). This report was subsequently
submitted and reviewed by the NRC staff. As discussed in Section
2, the use of the revised equation still results in calculated
capacities in compliance with the ASME Code provisions; however,
the margins beyond those capacities are reduced from those reported
by References 2 and 4.

It is noted that the licensee may have "double-counted" the
effects of hoop tension, since the theoretical elastic instability
stress was calculated from the finite element model using the ANSYS
Code. The elastic instability stress calculated by the ANSYS Code
may have already taken into account the effects of hoop tensile
stress. However, by comparing the theoretical elastic instability
stress and the corresponding circumferential stress predicted by
the licensee for the refueling and post-accident cases, it appears
that the effect of hoop tension in the ANSYS calculations is small
and there is sufficient margin in the results to compensate for the
potential "double-counting". Furthermore, it is judged that there
is sufficient capacity in the drywell to preclude a significant
buckling failure under the postulated loading conditions since the
licensee's calculations: (a) incorporate factors of safety of 1.67
to 2.0, depending upon the load condition, and (b) utilize a
conservative assumption by considering the shell wall thickness to
be severely reduced for the full circumference of the drywell
throughout the sandbed region.

During the course of the review of the licensee's submittals,
a number of other issues were raised regarding the approach. These
included: (a) the basis and method of calculating the projected
drywell thicknesses, (b) the scaling of the calculated stresses for
the nominal thickness case by the thickness ratio, (c) the effect
of stress concentrations due to the change of thickness, (d)
monitoring of the drywell temperature, (e) sensitivity of stresses
due to variations in the sand spring stiffness, (f) sensitivity of
the plasticity reduction factor in the buckling analysis, (g) use
of the 2 psi design basis external pressure in the buckling
analysis, (h) effect of the large displacement method, (i) the
treatment of the large concentrated loads considered in the
analysis, and (j) the method of applying the seismic loads to the
pie slice model. These issues were adequately addressed by the
additional information provided by the licensee in References 5 and
6.
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4. Conclusions

The licensee has demonstrated that the calculated stresses in
the Oyster Creek drywell (both with and without the sandbed), as a
result of the postulated loading conditions, meet the intent of the
ASME Code for projected corroded conditions that may exist at the
start of the fourteenth refueling outage. However, if the actual
thickness in the sandbed region at 14R is close to the projected
thickness of 0.736", there may not be adequate margin left for
further corrosion through continued operation unless it is
demonstrated that removal of sand will completely stop further
thickness reductions. The licensee has also demonstrated that
there is sufficient margin in the drywell design (both with and*
without the sandbed) to preclude a buckling failure under the
postulated loading conditions.

It should be recognized that the conclusions reached by the
licensee have been accepted for this particular application with
due regard to all the assumptions made in the analysis and the
available margins. The use of the 1.IS., criteria for evaluating
general membrane stress in corroded or degraded areas should be
investigated further by the NRC staff and the ASME Code Committee
and appropriate bounds established before it is accepted for
general use. The licensee's buckling criteria regarding the
modification of capacity reduction factors for tensile hoop stress
and the determination of plasticity reduction factors should also
be investigated in a similar manner.

5. References

1. GE Report Index No. 9-1, "An ASME Section VIII Evaluation of
the Oyster Creek Drywell - Part 1 - Stress Analysis", November
1990.

2. GE Report Index No. 9-2, "An ASME Section VIII Evaluation of
the Oyster Creek Drywell - Part 2 - Stability Analysis,"
November 1990.

3. GE Report Index No. 9-3, "An ASME Section VIII Evaluation of
the Oyster Creek Drywell for Without Sand Case - Part 1 -

Stress Analysis," February 1991.

4. GE Report Index No. 9-4, "An ASME Section VIII Evaluation of
the Oyster Creek Drywell for Without Sand Case - Part 2 -

Stability Analysis," February 1991.

5. GPU Nuclear letter dated March 20, 1991, "Oyster Creek Drywell
Containment."

6. GPU Nuclear letter dated June 20, 1991, "Oyster Creek.Drywell
Containment".
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7. GPU Nuclear letter dated October 9, 1991, "Oyster Creek
Drywell Containment"

8. GPU Nuclear letter dated January 16, 1992, "Oyster Creek
Drywell Containment".

9. GPU Nuclear letter dated January 17, 1992, "Oyster Creek
Drywell Containment".
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1.0 PROBLEM STATEMENT:

The purpose of thiss calculation is to evaluate the Ultrasoniic Test (UT) thickness
measurements taken in the sandbed region during the 14R outage in support of the O.C.
drywell corrosion mitigation project. These measurements were taken from the outside
of the shell. Access-to the sandbed region was achieved by cutting ten holes completely
through the shield wall from the torus room.

2.0 SUMMARY OF RESULTS:

This calculation demonstrates that the UT thickness measurements for all bays meet the
minimum uniform and local required thicknesses.

The .evaluation was performed by evaluating the UT measurements for each bay and
dispositioning them relative to the uniform thickness of 0.736 inch used in the GE
structural analysis reports References 3.2, 3.3 and 3.5. Additional acceptance criteria was
developed to address measurements below 0.736 inch. The results are summarized in
Table 2-1.

UT measurements for bays 3, 5, 7, 9, and 19 were all above the 0.736 inches and
therefore acceptable.

UT measurements for bays 11, 15, and 17 were all above 0.736 inches except for one
measurement for each bay. After further evaluation of these three measurements

-including an examination of adjacent areas, it was determined that they were acceptable
as shown on Table 2-1.

UT measurements for bays I and 13 were evaluated using detailed criteria described in
this calculation and the results are summarized in Table 2-1 below:
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SUMMIARY OF UT EVALUATIONS
TABLE (2-1)

DrOwell Genetal Sandbe4.Shell.Thitkness" • ,. . LocalThicknesTlhiTkness1 1  . Comments
Bay Thickness -Actual Acceptable Thickness Actual. Acceptable

Criteria Thickness. Yes/No Criteria Thicknes,, YesfNo
__._.....__ Inches Inches. Inches ._ _ _.. ,.._.. - . . ."

0.736" whole Bay UTA,.--0.8 22 Yes 0.636" TEv .I2" Yes Sec Pages 14 through 21 for details
over a 12"x 12" area Over a 4"x4i" area of evaluation

. _ TF,.a=0,766 Yes

3 0.736" whole Bay UTA,.g=0.868 Yes 0.636" NIA N/A No locations in bay are below
over a l2"x 12" area 0.736". See Pages 22 & 23

5 0.736" whole Bay UTA~jý-"0.9 86 Yes 0.636" N/A N/A No locations in bay are below
I over a 12"x 12" area 0.736". See Pages 24 & 25

7 0.736" whole Bay UTA^•=l.001 Yes 0.636" N/A N/A No Locations in bay are below
over a 12"x 12" area 0.736" see Pages 26 & 27

9 0.736" whole bay UTA,=0.915 Yes 0.636" N/A N/A No Locations in bay are below
over a 12"x [2" area "_0.736" see Pages 28 and 29

iI 0.736" whole bay UTA,.L0.792  Yes 0.636' N/A NIA One location with a thickness less
T5.&--"0.751 over a 12"x 12" area than 0.736" but not greater than 2"

in Dia. See Pages 30 to 32

13 0.736" whole bay UTA,,=0.810 Yes 0.636" Tt.,,1=0.693"over a yes See pages 33 through 40 for details
Ta_,,r0.767 over a 12"x 12" area 6"x6" area of'evaluation

1 0.736" Whole Bay UTM =0.816 Yes 0.636" N/A NIA One location with a thickness less
Te•,&=0.85 9  over a 12"x 12" area than 0.736" but not greater than 2"

in Dia. See Pages 41 to43
17 0.736" Whole Bay LrTrA,,=0. 9 1 8 Yes 0.636" NIA N/A One location with a thickness less

TaEg-0.87t over a 12"x 12" area than 0,736" but not greater than 2"
1 - .. in'Dia. See Pages 44 to 46

10.736" Whole Bay U'rrA'.=.885 Yes 0.636" N/A N/A No Locations in bay are below
over a 12"% 12" area 1. .0.736" sec Pages 47 and 48

Notes:

0
0

0r-3

1, UTAVg are the average shell thickness readings using a D-Meter in local areas not less than the buckling design thickness of 0.736" these
areas do not exceed 2" in diameter. TE,.a is the average calculated Thickness of the shell surrounding areas not exceeding 2" in diameter that
have UT D-Meter shell thickness readings less than 0.736". See Section 6, Methods of Analysis, Acceptance Criteria - General Wall
(Sandbed Region) for details.
2. Small Areas of reduced thickness 2&V2" or less in diameter have a negligible effect on shell buckling. See Section 6 Methods of Analysis,.
Acceptance Criteria -Very Local Wall (2/2 Inches in Diameter) for details.



GPU NuclearSubject Calc No. Rev. No. Sheet No.

O.C. Drywell Exct. UT Evaluation in Sandbed C-1302-187-5320-024 1 6 of 117
Originator Date Reviewed by Date

Mark Yekta 01/12/93 S.C. Tumminelli

3.0 REFERENCE:

3.1 Drywell sandbed region pictures (Appendix C).

3.2 An ASME Section VIII Evaluation ofthe Oyster Creek Drywell for Without Sand
Case Performed by GE - Part I Stress Analysis, Revision 0 dated February, 1991
Report 9-3.

.3.3 An ASME Section VIII Evaluation of the Oyster Creek Drywell for Without Sand
Case Performed by GE - Part 2 Stability Analysis, Revision 2 dated November,
1992 Report 9-4.

3.4 ASME Section III Subsection NE Class MC Components 1989.

3.5 GE letter report "Sandbed Local Thinning and Raising the Fixity Height Analysis
(Line Items I and 2 In Contract PC-0391407)" dated December 11, 1992.,

3.6 GPUN Memo 5320-93-020 From K. Whitmore to J. C. Flynn "Inspection of
Drywell Sand Bed Region and Access Hole", Dated January 28, 1993.

3.7 Theory of Elastic Stability, by Stephen P. Timoshenko and James M. Gere,
Second Edition, Engineering Societies Monographs, McGraw Hill Book
Company, New York, 1961

4.0 ASSUMPTIONS AND BASIC DATA:

4.1 Raw UT measurements for each bay are presented in Appendix D and
summarized in the body of calculation.

4.2 References 3.2, 3.3 and 3.5 have been design verified and are assumed correct.

5.0 DESIGN INPUTS:

5.1 Observations of the outside surface of the drywell shell indicate a rough surface
with varying peaks and valleys. In order to characterize an average roughness
representing the depth difference of peaks and valleys, two impressions were
made at the two lowest UT measurements for bay 13 using Epoxy putty.

Appendix A presents the calculation of the depth of surface roughness using the
drywell shell impressions taken in the roughest bay. Two locations in bay 13
were selected since it is the roughest bay. Approximately 40 locations within the
two impressions were measured for depth and the average plus one standard
deviation was calculated. A value of 0.200 inch was usedin this calculation as a
conservative depth of uniform roughness for the entire outside surface of the
drywell in the sandbed region. This is defined'as
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5.2 Drywell Design Pressure = 44.0 psig, Oyster CreekUFSAR Revision 13, Section
3.8.2.8, Page 3.8-61

Drywell Design Temperature 292"F, Oyster Creek, UFSAR Revision 13, Table
3.11-1

.5.3 The required sandbed shell thickness for the Design Pressure and Temperature is
defined in paragraph ASME B&PV Code, Subsection NE, paragraph. NE-3324.4,
Spherical Shells, as:

PRt = 2 Where:P = Design Pressure

R = Inside Radius of the Shell 420 inches

S = Maximum Allowable Stress, SA 2.12 Grade B
19,300 psi (From ASME B&PV Code Section VIII

1962 Edition and Reference 3.2, Section 2.2)

Substituting values in the equation we have:

(44.OpsigX420.o") _
t = 4"piX2°) =0.4789•inches

2(1 9,300psi) - 0.2(44.Opsig)

5.3 Drywell Sandbed buckling design thickness is 0.736 inches. Taken from
References 3.3, and 315

5.4 Analytical design inputs are taken from References 3.3, 3.4 and 3.5

6.0' METHODS OF ANALYSIS:

'Development of "Evaluation Thickness".

This detailed evaluation is based, in part, on visual observations of the shell surface plus
a knowledge of the inspection process. The first part of this evaluation is to arrive at a
meaningful value for the general sandbed shell thickness for use in the structural
assessment. This meaningful value is referred to as the thickness for evaluation. It is
computed by accounting for the depth of the spot where the thickness measurement is
taken considering the roughness of the shell surface. The surface of the shell has been
characterized as being "dimpled" as in the surface of a golf ball where the dimples'are
about one half inch in diameter (Appendix C). Also, the surface contains some
depressions 12 to 18 inches- in diameter not closer than 12 inches apart, edge to edge
(Re. 3.6). Appendix A presents the -calculation of the depth of surface roughness using
the drywell shell impress ions taken in the roughest bay. Two locations in bay 13 were
selected since it -is the roughest bay. Approximately 40 locations within: the two
impressions were measured for depth and the average plus one standard deviation was
calculated to be at 0.186 inches. A value of 0.200 inch wasused in this calculation as a
conservative depth of uniform dimples for the entire outside surface of the drywell in the
sandbed region.
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The inspection focused on the thinnest portion of the drywell, even if it was very local,
i.e., the inspection did not attempt to define a shell thickness suitable fo" structural
evaluation. Observations indicate that some inspected spots are very deep. They are
much deeper than the normal dimples found, and very local, not more than I to 2 inches
in diameter. (Typically these observations were made after the spot was surface prepped
for UT measurement. This results in-a wide dimple to accommodate the meter and
slightly deeper than originally found by 0.030 to 0.100 inches). The depth of these areas
was measured with a depth gauge and straight edge at 0', 450, 90' and 135' around these
inspected dimples. The depths obtained were averaged with respect to the tops of the
locally rough areas. These depths are referred to herein as the AVG micrometer
measurements. As these AVG micrometer nmeasurements are very local in nature their
effect on the structural response of the drywell to applied loads is very limited. A more
meaningful shell thickness for the drywell structural response to applied loads is the
general shell thickness near the UT measured indications. This can be obtained on a
smooth shell exterior surface by adding the UT measured thickness at the bottom of the
indication and the AVG micrometer measurements of the indication depth. But because
the exterior of the dryweli shell in the sandbed region- is very rough -and dimpled -the
measurement described above would -give optimistic general shell thicknesses near the
indications (See Figure 6.1). To determine a conservative general shell'thickness at the
locations of interest Design Input 5.1 of this calculation is subtracted from the
combination of the UT measurement and the depth micrometer readings. This thickness
is then used to determine the drywell shell susceptibility to buckling by comparing this
thickness to the buckling design thickness of 0.736 inches. This thickness is referred to
as the evaluation thickness which as described above is computed as:

T (evaluation) = UT (measurement) + AVG (micrometer) Trough

where:
T (evaluation) = General shell thickness used for the evaluation
UT (measurement) thickness measurement at the area (location)
AVG (micrometer) average depth of the area relative to its immediate.surroundings
Tmsgh = 0.200. inches = a conservative value of depth of typical dimple on the shell

surface. See Design Input 5.1.

After this calculation, if the thickness for analysis is greater than 0.736 inches; the area is
evaluated as acceptable.
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Sandbed General Wall Criteria:

The acceptance criteria used to evaluate the measured drywell thickness is based upon.
GE reports 9-3 and 9-4 (Ref. 3.2 & 3.3) as well as other GE studies (Ref.3.5) plus visual
observations of the drywell surface (Ref.3.6 and Appendix C)Q. The GE. reports used a
projected uniform thickness .of 0.736 inches in the sandbed area taken from References
3.3, and 3.5. This area is defined to be from the bottom to top of the sandbed, i.e., El. 8'-
I I Y2" to El. 12'-3" and ext.ending-circumferentially one full bay. Therefore, if all the UT
measurements for thickness in one bay are greater than 0.736 inches the bay is evaluated
to be acceptable. In bays where measurements are below 0.736 inches, more detailed
evaluation is performed.

Local Wall Criteria:

If the thickness for evaluation is less than 0.736 inches, then the use of specific GE
studies is employed (Ref. 3.5). The studies in Reference 3.5 do not reflect actual drywell
shell conditions but are used as assessment tools for areas of the sandbed region that have
reduced thicknesses. The methodology used in these studies is provided in reference 3.3
with a excerpt provided here. The studies contain a two step eigenvalue formulation
procedure to perform linear elastic buckling analysis of the drywell shell with local areas
of reduced thickness. The first step is a static analysis of the structure with all the
anticipated loads applied. The structural. stiffness matrix, [K], the stress stiffness matrix,

[S], and the applied stresses, [a API are developed and saved from this static analysis. A
buckling pass is then run to solve for the lowest eigenvalue or. load factor, A, for the
whole structure at which elastic buckling can occur, This load factor, or eigenvalue is a
multiplier for the applied stress state or applied load at which the onset of elastic buckling
will theoretically occur. All the applied stresses in the structure are scaled equally by the
load factor.

This analysis technique is applied to the drywell pie slice finite element model, with a
reduction in thickness of 0.200 inches (below the design buckling thickness of 0.736") in
a local area of 12 x 12 inches in the'sandbed region, tapering to the original thickness
over an additional 12 inches, located to result in the largest reduction in load factor
possible. This location is selected at the point of maximum deflection of the eigenvector
shape associated with the lowest buckling load. The theoretical load factor / eigenvalue
for thiscase was reduced by 9.5% from 6.14 to 5.56.

It should be noted that this reduction of 0.200 inches is over a 144 square inch area of the
shell while the actual surface area including the tapering of the thickness is 36 by 36
inches or 1,296 square inch area with thicknesses that are below the 0.736 inch buckling
design thickness. This additional tapered area and its reduced thicknesses also.
contributed to the 9.5% reduction in load factor.
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In addition, to the reported result for the 0.536" or a 27% reduction in thickness buckling
analysis, a second buckling analysis was performed for a wall thickness reduction of
13.5% or a thickness 0.636 inches over a one square foot area. The results of this case
reduced the load factor and theoretical buckling stress by 3.9% in Reference 3.5. The
center of the thinned area was located close to the maximum displacement point in the
buckling analysis with uniform thickness 0.736" as per Reference 3.5. Again, although
this reduction of 13.5% or 0.636 inches is over a 144 square inch area of the shell, the
actual surface area- including the tapering ifC the thickness is a 36 by 36 inch or 1,296
square inch area with thicknesses that are below the buckling design thickness. This
additional tapered area and its reduced thicknesses also contribute to the 3.9% reduction
in load factor stated previously.

Very Local Wall Criteria (2V. lnches In Diameter or Less):

All inspected locations with UT measurements below 0,736 inches have been determined
to be in isolated locations less than 2V2 inches in diameter.

Primary Membrane Plus Bending

The acceptance criteria for these measurements confined to an area less than 2 'z inches
in diameter-experiencing primary membrane plus bending stresses is based on ASME
B&PV Code, Section III, Subsection NE, Class MC Components, Paragraphs NE-3213.2
Gross Structural Discontinuity, NE-3213.10 Local Primary Membrane Stress, NE-3332.1
Openings not Requiring Reinforcement, NE-3332.2 Required Area of Reinforcement and
NE-3335.1 Reinforcement of Multiple Openings. The use of Paragraph NE-3332.1 is
limited by the requirements of Paragraphs NE-3213.2 and NE-3213.10. In particular NIE-
3213.10 limits the meridional distance between openings without reinforcement to
2.5/'-t-. Also Paragraph NE-3335.1 only applies to openings in shells that are closer
than2 times their average diameter.

The implication of these paragraphs are that shell failures at these locations from primary
stresses produced by. design pressure cannot occur provided openings in shells have
sufficient reinforcement. The current design pressure of 44 psig for the drywell requires
a thickness of 0.479 inches in the sandbed region of the drywell. A review of all the UT
data presented in Appendix D of the calculation indicates that all thicknesses in the
drywell sandbed region exceed the required pressure thickness by a substantial margin
and there are no openings in the sandbed region of the drywell shell that do not contain
the required design pressure reinforcement for the design code of record. Therefore, the
requirements specified by the referenced code sections in the previous paragraph are not
required for the very local wall thickness evaluation presented in the calculation.
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Buckling

The effect of these very local wall thickness areas on the buckling of the shell requires
some discussion of the buckling mechanism in. a shell of revolution under an applied
axial and lateral pressure load.

To begin the discussion we will describe the buckling of a simply supported cylindrical
shell under the influence of lateral external pressure and axial load. As described in
Chapter I 1 of Reference 3.7, thin cylindrical shells buckle in lobes in both the axial and
circumferential directions. These lobes are defined as half wave lengths of Sinusoidal
functions. The functions are governed by the radius, thickness and length of the cylinder.
If we look at a specific thin walled cylindrical shell both the length and radius would be
essentially constants and if the thickness was reduced locally then this reduction would
have to be significant and over a majority of the lobe so that the compressive stress in the
lobe would exceed the critical buckling stress under the applied loads, thereby causing the
shell to buckle locally. This is demonstrated in Reference 3.5 where a 12 x 12 square
inch section of the drywell sandbed region is .reduced by 200 mils and a local buckle
occurred in the finite element eigenvalue extraction analysis of the drywell.

Now reviewing the stability analyses provided in both References 3.3 and 3.5 and
recognizing that the finite elements in the sandbed region of the model are 3" x 3", it is.
clear that the circumferential buckling lobes for the drywell are substantially larger than
the 2 Y2 inch diameter very local wall areas. This combined with the local reinforcement
surrounding these local areas and the spherical, shell being close to the constraint provided
by the concrete supporting structure indicates that these areas will have no impact on the
buckling margins in the shell.

It is also clear from Reference 3-5 that a uniform reduction in. thickness of 27% over a
one square foot area followed by a transition zone would only create a 9,5% reduction in
the load factor and theoretical buckling load of the drywell. Although this reduction of
27% is only over a 144 square inch area of the shell, the actual surface area including the
transition zone to the 0.736 inch buckling design thickness is a 36 inch by 36 inch or
1,296 square inch area. This area of reduced thickness was located in the portion of the
sandbed considered most susceptible to buckling, the midpoint of a bay between two
vents.

In addition, a second -buckling analysis was performed (Reference 3.5) for a wall
thickness reduction of 13.5% or a thickness of 0.636 inches over a one square foot area
followed by a transition zone from 0.636 inches to 0.736 inches. Again, although this
reduction from 0.736 inches to 0.636 inches is over a 144 square inch area of the shell,
while the actual surface area including the transition zone to the buckling design
thickness is a 36 inch by 36 inch or a 1,296 square inch area. This second buckling
analysis. resulted in a 3.9% reduction in the load factor.

To bring these analyses results into perspective with the inspected very local areas, a
review of the NDE Reports (Appendix D) indicates there are twenty UT measured areas
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all less than 2'" in diameter or less than 4.9 square inches each in area isolated
throughout the entire sandbed region that have thicknesses less than 0.736". Compared
to the analyses presented in Reference 3.5 the twenty areas would have to have a
minimum area of reduced thickness of 144 square inches with a thickness of 0.636 which
represents.a 13.5% reduction in wall thickness that equates to a 72.0 cubic inch loss of
material located in the portion of the drywell sandbed region most susceptible to buckling
to produce a 3.9% reduction in the theoretical buckling load and load factor for the
drywell. The review of the NDE Reports also indicated that the average wailthickness of
the twenty areas is 0.703 inches which represents a 4.5% reduction in wall thickness that
equates to a 3.2 cubic inch loss of material and a total maximum area of 98 square inches
if the twenty measured areas where contiguous with each other. This indicates that the
twenty isolated areas with thicknesses less than the buckling design thickness would not
have a significant effect on the buckling of the OC Drywell Shell.
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7.0 CALCULATIONS:

UT EVALUATION BAY #1:

The outside surface of this bay is rough and full of dimples similar to the outside surface
of a golf bail. This observation is made by the inspector who located the thinnest areas
for the UT examination. This inspection focused on the thinnest areas of the dryweil,
even if it was very local, i.e., the inspection did not attempt to define a shell thickness
suitable for structural evaluation.- The shell appears to be relatively uniform in thickness
except for a band of corrosion which looks like a "bathtub" ring, located 15. to 20 inches
below the vent pipe reintbrcement plate, i.e, weld line as shown in Figure 1. (Figure 1
and other like figures presented in this calculation are NOT TO SCALE). The graphical
presentation in Figure I of measured indications is -extracted from- Appendix D,
Calculation Pages 71 to 76. Based on the inspectors observations the bathtub ring is 12
to 18 inches wide and about 75 inches long located in the center of the bay. Beyond the
bathtub ring on both sides, the shell appears to be *Uniform in thickness at a conservative

* value of 0.800 inches. Above the bathtub ring the shell exhibits no corrosion since the
original lead primer on the vent pipe/reinforcement plate is intact. Measurements 14 and
15 confirm that the thickness above the bathtub ring is at 1.154 inches starting at
elevation I '-00". 'Below the bathtub ring the shell is uniform in thickness where no
abrupt changes in thicknesses are present. Thickness measurements below the bathtub
ring (Locations 6, 7, 8, 9, 16, 17, 18, 19, 22 and 23) are all above 0.750 inches (See Table
I-b) except location 7 which is very local area.'

Bay #1 General Wall (Sandbed Region) Thickness EValuation

Therefore, taking the average of the UT measured thicknesses of locations 6, 7, 8, 9, 16,
18, 19 and 22.gives a average thickness of 0.816 inches for the shell below the bathtub
ring. Based on .this a conservative mean thickness of 0.800 inches, is estimated to
represent the evaluation thickness for this bay outside the bounds of the-bathtub ring.
Given a uniform thickness of 0.800 inches for these areas of the bay, it is concluded that
these areas are acceptable based on the thickness exceeding the buckling design thickness
for the sandbed region of 0.736 inches ýusing the results of Reference 3.3.

Locations 1, 2, 3,'4, 5, 10, 11, 12, 13, 20, anid 21 are confined to the bathtub ring as
shown in Figure L To determine the general shell thickness in the bathtub ring area of
this bay the evaluation thicknesses for each of the locations defined above are averaged
together. An example of a typical calculation of-the general wall thickness defined as the
evaluation thickness is presented below for clarity:
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(AVG Micrometer), =- + D-45 + g-° +

V

4
Where:D,.o° = Micrometer Depth Reading for location I at 0 degrees

taken from Appendix D, Calc:ulation Page 74, etc.

(AVG Micrometer)1 =0.272".0.204"+0.206"+0. 185"
V M=0.217"

4
T(Evaluatoln)l = UT(Meu=,t=,), + (AVG Micrometer), - Trgh

Where:UT(Muruefi, = 0.720" Taken from Appendix D, Calculation
Page 71, Location I

Trough = 0.200" See Design Input 5.1 and Section 6, Acceptance
Criteria, General Wall.

T(Evnluation)l 0.720"+0.217"7-0.200" =0.737"

Bay 1 AVG Micrometer Calculations
Table l-a

.Location _ Azimuth"' AVG.
ou-: 450 0o15

_ _ _ 0.272" 0.204" 0.206'" 0.185" 0.217"
2 0.143" j 0.133" 0.143" 0.154" 0.143"
3 0.397" 0.316" -------- 0.329" 0.347"
5 0.330" 0.290" 0.304" 0.330" 0.313"

.7 0.208 0.281" 0.246" 1 0.330" 0.266"
.11 0.200" 0.211 " 0.225" 0:211" 0.212"

12 0.299" 0.316" 0.261' 0.328" 0.301"
.21 0.222" " 0.202" j 0.238" 0.183" 0.211"

NOTES: L. AZIMUTH DATA TAKEN FROM APPENDIX D. CALCULATION PAGE 74.
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An average value of the evaluation thicknesses presented in Table 1 -c for this band is as
follows;

Location Evaluation Thickness

1 0.737"
2 0.65911

3 0.852"
4 0.760"
5 0.823"

10 0.839"
11 t0.726"
12 0.825"
13 0.792"
20 0.965"
21 0.737"

Average = 0.792"

An average evaluation thickness of 0.792 inches for the bathtub ring may raise concern
given that the bathtub ring is noticeable and that the difference between its average
evaluation thickness (0.792 inches) and the average thickness taken for the entire region
(0.800 inches) is only 0.008 inches. This results from the fact that average micrometer
readings were generally not taken for the remainder of the shell since each reading was
greater than 0.736 inches. In reality, the remainder of the shell is much thicker than
0.800 inches. The appropriate evaluation thickness cannot be quantified since no
micrometer readings were taken.

Again given that the average evaluation thickness of the shell in the bathtub ring area
exceeds the buckling design thickness of 0.736 inches the shell area within the bathtub
ring is also acceptable using the results of Reference 3.3.

Bay #1 Local Wall and Very Local Wall Thickness Evaluation

The individual measured thicknesses must also be evaluated for compliance with the
local wall thickness criteria. Table 1-b identifies 23 locations of UT measurements that
were selected to represent the thinnest areas, except locations 14 and 15, based on visual
examination. These locations are a deliberate attempt to produce a minimum
measurement. Locations 14 and 15 were selected to confirm that no corrosion had taken
place in the area above the bathtub ring.

Eight locations shown in Table I-b (1, 2, 3, 5, 7, 11, 12, and 21) have measurements
below 0.736 inches. Inspectors observations indicate that these locations were very deep
and not more than I to 2 inches in diameter. The depth of each of these areas relative to
its immediate surroundings was measured at 4 locations around the spot and the average
is shown in Table I-a. Using the general Wall thickness acceptance criteria described
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earlier, the evaluation thickness for all measurements of very local areas below 0.736
inches were found to be above 0.736 inches except for two locations, 2 and 11, as shown
in Table I-c.

Locations 2 and I 1 are in the bathtub ring and are about 4 inches apart. This area is
characterized as a local area 4 x 4 inches located at about 15 to 20 inches below the vent
pipe reinforcement plate with an average thickness of 0.692 inches.

In order to quantify the effect of this local region and to address structural compliance,
thleGE study on local effects was used (Ref. 3.5). This study contains an analysis of the
drywell shell using the pie slice finite'element model. The study reduced the thickness of
a :12" by 12" area by 0.100 inches (0.636 inches) and included a transition zone of 12
inches all around from 0.636" to 0.736". When compared to a similar area with a
buckling design thickness of 0.736" the total reduced area of 1,296 square inches
represents a 13.5% reduction in local shell thickness and a material loss of 72.0 cubic
inches. The center of the thinned area was located, close to the calculated maximum
displacement point in the buckling analysis with uniform thickness of 0.736 inch as per
Reference 3.5. For this case the theoretical buckling load factor was reduced by 3.9%.

Based on the buckling design thickness of 0.736 inches the "as found" 4" by 4" area with
a thickness of 0.692" represents a 6.3% reduction in local shell thickness and a material
loss of 0.7 cubic inches. This volumetric consideration provides a quick visualization;.
while shell buckling depends on various parameters as discussed in Reference 3.3 and
3.7.

Comparison of the ."as found" area of 4" x 4" with the "as analyzed" criteria of 0.636"
over a 12" x 12" area, with an additional transition zone of 12", and its associated 13.5%
reduction in shell wall thickness and a material loss of 72 cubic inches leads to the
conclusion that the effect on the theoretical buckling load factor is negligible. Also based
on the location ofthis 4" x 4" area, is almost directly below the vent and vent header
assembly (between 12 to 17 inches to the right of the vent centerline and between 22 and
23 inches down from the vent -weld line). This is in the area where buckling of the shell
is limited due to the stiffening effect .of the vent and vent header assembly. This effect
can be clearly seen in the buckling analyses presented in References 3.3 and 3.5.

Remaining Very Local Areas:

A review of Appendix D, Calculation pages 71, 73 and 75 indicates the.remnaining very
local areas of reduced thickness are isolated from each other and therefore, have a
negligible effect on the shell buckling. See Section 6, Very Local Wall Criteria (2 ½/
inches in diameter or less) for details. Furthermore, the remaining local areas are
centered about the vent which significantly stiffen the. shell. This stiffening effect
combined with the restraint provided by the concrete support structure limits the shell
buckling to a point in the sandbed region which is located at the midpoint between the
two vents.
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Conclusion

In. summary, using a conservative estimate of 0.800 inches for evaluation thickness for
the entire bay (except the bathtub ring).and a 0.792 inch evaluation thickness for the
bathtub ring, plus the acceptance of the local 4" by 4" area with an evaluation thickness
of 0.692" based on the GE study, it is concluded that the bay is acceptable.
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Bay # 1 UT Data
Table 1-b

Location D-Meter Appendix D Average
UT Measurement Micrometer

ona Calculation (See Table l-a)

(inches) Page (inches)
1 0.720 71 0.217
2 0.716 7t 0.143
3 0.705 71 0.347
4 0.760 71 --

5 0.710 71 0.313
6 0.760 71 --

7 0.700 71 0.266
8 0.805 71 ---
9 0.805 71 ---
10 0.839 73 -
11 0.714 73 0.212
12 0.724 73 0.301
13 0.792 73 --

14 1.147 73 ---
15 1.1560 i 73 ---

16 0.796 75 ---
17 0.860 75 --
18 0.917 75
19 0.890 75 ---
20 0.965 75 --

21 0.726 75 0.211
22 0.852 75 --

23 0.850 75
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Summary Of Measurements Below 0.736"
Table 1-c

.Location UTMessurement AVG Micrometer Mean 1 T(Evaluation) .. . R rks
__ _(2) ..__ IDepihNalley . ( (1)+(2)4.3) .

1 0.720" 0.217" •0.200" 0.737" Acceptablc--- 1

2 0.716" * 0.143" 0.200" 0.659" Acceptable

3 0.705" 0.347" .0,200" 0.852" * Acceptable

5 0.710V 0.313" 0.200" 0.823" Accepltible

7 0.700" 0.266" 0.200" 0.766" . Acceptable

12 0.714" 0.212" 0.200" 0.726" Acceptable

12 0.724" 0.301" .0.200" 0.825" Acceptable

21 0.726" 0.2113 " 0.200" 0.737" AcccpalJ
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BAY #1 DATA

NOTES:

1. All 'Location' measurements from Intersection
of the DW shell and vent collar fillet-welds.

2. Pit depts are average of four readings taken at
0/460°J9O'135W- within 1" band surrounding ground
spots. Only measured where remaining Wall thk.
was below 0.736".

15
4, DW

SHELL
9
* .19

6 ý6
23,.41 4

FIGURE (1)
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UT EVALUATION BAY #3:

The outside surface of this bay is rough; similar to bay one, full ofdimples comparable to
the outside surface of golf ball. This observation. is made by the inspector who located
the thinnest areas for the UT examination. The shell appears to be relatively uniform in
thickness except for a bathtub ring 8 to 10 inches wide approximately 6 inches below the
vent header reinforcement plate. The upper portion of the shell beyond the band exhibits
no corrosion where the original red lead primer is still intact. Eight locations were
selected to represent the thinnest areas based on the visual observations of the shell
surface (Fig. 3). These locations are a deliberate attempt to produce a minimum
measurement. Table 3 shows measurements taken to measure the thicknesses of the
drywell shell using a D-meter. The results indicate that all of the areas have thickness
greater than the 0.736 inches.

Bay #3 General Wall (SandBed megion) Thickness Evaluation

Given an average of the UT measurements presented in Table 3 equal toA0868 inches, a
conservative mean evaluation thickness of 0.850 inches is estimated for this bay.
Therefore, it is concluded that the bay is acceptable based on the bay evaluation thickness
exceeding the buckling design thickness for the sandhed region of 0.736 inches using
results of Reference 3.3.

Bay # 3UT Data
Table 3

Location D-Meter UT Appendix DI Average
Measurement on Micrometer

Calculation
(inches) Page (inches)

I 0.795 77 --

2 1.000 77

3" 0.857 77

4 0.898 77

5 0.823 77 --

6 0.968 77

7 0.826 77 -

8 0.780 77 --
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BAY #3 DATA

NOTES:

1. All "Locatian measurements from Intersocdlon
of the DW shell and vent collar fillet welds.

3 2
S56

.7 DW
SHELL

FIGURE (3)
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UT EVALUATION BAY #5:

The outside surface of this bay is rough and very similar to bay 3 except that the local
areas are clustered at the junction of bays 3 and 5, at about 30 inches above the floor.
The shell surface is full of dimples comparable to the outside surface of a golf ball. This
observation is made by the inspector who located the thinnest areas for the UT
examination. The shell appears to be relatively uniform in thickness. Eight locations
were selected to represent the thinnest areas based on the visual observations of the shell
surface (see Fig. 5). These locations are a deliberate attempt to produce a minimum
measurement. Table 5 shows readings taken to measure the thicknesses of the drywell
shell using a D-meter. The results indicate that all of the areas have thickness greater
than the 0.736 inches.

Bay #5 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 5 equal to 0.986 inches, a
conservative mean evaluation thickness of 0.950 inches is estimated for this bay.
Therefore, it is concluded that the bay is acceptable based on the bay evaluation thickness
exceeding the buckling design thickness for the sandbed region of 0.736 inches using the
results of Reference 3.3.

Bay # 5 UT Data
Table 5

Location D-Meter UT Appendix D Average
Measurement on Micrometer

(inches) Calculation (inches)
... .. __ P ag e . . ... ...

1 0.970 80 --
1~~ -I2 j1.040 "1 80 .. --

3 1.020 80 --

4 0.910 80 --

5 0.890 80

6 1.060 80 s-

7 0.990 80 ---

8 1,010 80 --
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BAY #5 DATA

NOTES:

1. In this bay DW shell (butt) weld Is about 68 to the right
of C/L. ol vent tube, Therefore- all measurements
were taken from a line drawn on shel which approx.
coincide with vent tube C/L

DW
SHELL

4 2
5"" "a '

7 S7

FIGURE (5)
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UT EVALUATION BAY #7:

The observation of the drywell surface for this bay showed uniform dimples in the
corroded area, but they are shallow compared to those in -bay 1. The bathtub ring seen in
the other bays was not very prominent in this bay. This observation is made by the
inspector who located the thinnest areas for the UT examination. The shell- appears to be
relatively uniform in thickness. Seven locations were selected to represent the thinnest
areas based on the visual observations of the shell surface (Fig. 7). These locations are a
deliberate attempt to produce a minimum measurement. Table 7 shows readings taken to
measure the thicknesses of the drywell shell using a D-meter. The results indicate that all
of the areas have thickness greater than the 0.736 inches.

Bay #7 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements pres.ented in Table 7 equal to 1.001, a mean
evaluation thickness of 1.00 inch is estimated for this bay. Therefore, it is concluded that
the bay is acceptable based on the bay evaluation thickness exceeding the buckling
design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

Bay # 7 UT Data
Table 7

Location D-Meter UT Appendix D Average
Measurement on Micrometer

(inches) ,Calculation (inches)
Page

1 0.920 84 ---

2 1.016 84 --

3 0.954 84

4 1.040 84 --

5 1.030 84 -

6 1.045 184
7 1.000 84
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BAY #7 DATA

NOTES:

1. All measurements from the Intersection of DW
shell (bull) and vent collar (fillet) welds.

WOD
6~43
0 g DW

7 5 2 1.F R 0(SHELL

FIGURE (7)
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UT EVALUATION BAY #9:

The observation of the drywell shell for this bay was very similar to bay 7 except that the
bathtub ring was more evident in this bay. The shell appears to be relatively unifonn in

,thickness except for a bathtub ring.6 to 9 inches wide approximately 6 to 8 inches below the
vent header reinforcement plate. The upper portion of the shell beyond the band exhibits no
corrosion where the original red lead primer is still intact. Ten locations were selected to
represent the thinnest areas based on the visual observations of the shell surface (Fig. 9). These
locations are a deliberate attempt to produce a minimum measurement. Table 9 shows readings
taken to measure the thicknesses of the drywell shell using a D-meter. The results indicate that
all of the areas have thickness greater than the 0.736 inches.

Bay #9 General Wall fSandbed Region) Thickness Evaluation

Given an average of the .UT measurements presented in Table 9 equal to 0.915, a conservative
mean evaluation thickness of 0.900 inches is estimated for this bay. Therefore, it is concluded
that the bay is acceptable based on the bay. evaluation thickness exceeding the buckling
design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

Bay . 9 UT Data
Table 9

Location D-Meter UT Appendix D Average
J Measurement on Micrometer
I Calculation

(inches) Page ,, inch)
1 0.960 85 -
2 0.940 85 ---
3 0.994 85 ---

4 1.020 85 ---
5 0.985 85
6 0.820 85
7 0.825 85 --

8 0.791 85
9 0.832 85 ---

to 0.980 85 _ _---
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BAY #9 DATA

NOTES:

I. A" msaurmmata from Inlersilon of the
OW shd (butt) MaW vent coll (filne) welds.

£o .7.
DW
MSHELL*8

10

FIGURE (9)
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UT EVALUATION BAY #11:

The outside surface of this bay is rough, similar to bay 1, full of uniform dimples comparable
to the outside surface of a golf ball. The shell appears to be relatively uniform in thickness
except for local areas at the upper right corner of Figure 11, located at about. 10 to 12 inches
below the vent pipe reinforcement plate.

Eight locations were selected to represent the thinnest areas based on the visual observations of
the shell surface (Fig. 11). These locations are a deliberate attempt to produce a minimum
measurement. Table 11 -a shows readings taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the areas have thickness greater than the 0.736
inches, except one location. Location I as shown in Table 11 -a, has a reading below 0.736
inches. Inspectors observations indicate that this location was very deep and not more than I to 2
inches in diameter. The depth of area relative to its immediate surrounds was measured at 4
locations around the spot and the average is shown in Table I 1-a. As described in Section 6,
Methods of Analysis, Very Local Wall Acceptance Criteria, areas of reduced thickness
equal to or less than 2 /2 inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 87) indicates that this area would have a negligible
effect on the shell buckling response.

Bay #11 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 11-a equal to 0.792 inches, a
conservative mean evaluation thickness of 0.790 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of
Reference 3.3.

The calculation of the average depth for Bay 11, Location 1 is as follows:

(AVG Micrometer), = D1 -p + DI1-450 + Dr1-9° + D1-135'
4

Where: D1..0
0 =Micrometer Depth Reading for location I at 0 degrees

taken from Appendix D, Calculation Page 91, etc.

= 0.2891+0.338!'+0.157"+0.200"
(AVG Micrometer) = 0.246"

4

OCLROO014567



GPU Nuclear

Bay # 11 UT Data
•Tablel 11-a

Location UT Appendix D Average
Measurement Presented on Micrometer

Calculation

(inches) Page j (inches)
1 0.705 87 0.246
2 0.770 87 ---
3 0.832 87 ---
4 0.755 87 ---
5 0.831 87 ---
6 0.800 87
7 0.831 87
8 0.815 87 ---

Summary of Measurements Below 0.736 Inches
Table 1 -b

Location UTMeasurement AVG Micrometer Mean Depth/Valley T (Evauatio.) Renrks
075 0.2) 05 A41ca-2-3)---- O.705" 0.246" O.200" 0.751" Acceptable
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BAY #11 DATA

NOTES:

1. All measurmentu from Intersection of the DW
shell (butt) and vent collar Pifilet) welds.

2. Pht depths we average of four readings taken at
0145190135* withini band surrounding the
giound spots. The measurement was only
taken when WIll thickness was below 0.7368.

D

DW
SHELL3

0

.4a
4.

35

*1
4

.7

"11

FIGURE (11)
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UT EVALUATION BAY #13:

The outside surface of this bay is. rough and full of dimples similar to bay I as shown in
Appendix C. This observation is made by the inspector who located the thinnest areas in deep
valleys'thrby biasing the remaining wall measurements to the conservative side- This
inspection focused on the thinnest areas, even if very local, i.e., the inspection did not attempt to
define a shell thickness suitable for stmctural evaluation. The variation in shell thickness is
greater in this bay than in the other bays. The bathtub ring below the vent pipe reinforcement
plate was less prominent than was seen in other bays. The corroded areas are about 12 to 18
inches in diameter and are at- 12 inches apart, located in the middle of the sandbed. Beyond the
corroded areas on both sides, the shell appears to be uniform in thickness at a conservative value
of 0.800". Near the vent pipe and reinforcement plate the shell exhibits no corrosion since the
original lead primer on the vent pipe/reinforcement plate is intact Measuremcnt 20 confimis that
the thickness above the bathtub ring is at 1.154 inches. Below the bathtub ring the shell appears
to be fairly uniform in thickness where no abrupt changes in thickness are present. Thickness
measurements below the bathtub ring (Locations 3, 4,9, 12, 13, 16, 17, 18, and 19) are all 0.800
inches or better (See Table 13-b).

Bay #13 General -Wall (Sandbed Region) Thickness Evaluation

Therefore, given an average of the UT measurements of the locations below .the bathtub ring is
equal to 0.884 inches, a conservative mean thickness of 0.800 inches is estimated to represent the
evaluation thickness for areas of shell -in this bay outside the bathtub ring. Given a uniform
thickness of 0.800 inches for these areas of the bay it is concluded that these areas are
acceptable based on the thickness exceeding the buckling design thickness for the
sandbed region of 0.736 inches using the results of Reference 3.3.

Locations 5,6,.7, 8, 10, 1t, 14, and 15 are confined to the bathtub ring as shown in Figure 13. To
determine the general shell thickness in the bathtub ring area of this bay the evaluation
thicknesses (See Table 13-c) for each of the locations defined above are averaged
together. An example of a typical calculation of the general wall thickness defined as the
evaluation thickness is presented below for clarity:
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(AVG Micrometer) 5
_. D-. +D. .+D +1D 3 5,

4
Where: D5.-0 = Micrometer Depth Reading for Bay 13, location 5 at 0

degrees taken from Appendix D, Calculation Page 98,
etc.

0.15 0"+0.193"+0.230"+0.298"(AVG Micrometer)s = 4= 0.217"
4

-T(Evaluation)5 ' UT(Meas.reenTt)5 + (AVG Micrometer)5 - T¢gh

Where: UT(Mesumwt)5 = 0.718" Taken from Appendix D, Calc Page 93,
Location 5

T~8h = 0.200: See Design Input 5.1 and Section 6, Acceptance
Criteria, General Wall.

T(Evaluation)5-= 0.718"+-0.217"-0.200" = 0.735"

Bay 13 AVG Micrometer Calculations
Table 13-a

Location -_________ Azimuth('.) . AVG
"_ __. ___ ' -45U 135 ..

45" -- 96"-

S0.330 0.382" 0.346" 0.346" 0.351"
2 0.312" 1 0.37T'" 0.360" 0.393" 0.360"
5 0.150" 0.193" 0.230" 0.298" 0.217"
6 0.327" 0.339" 0.290" . 0.247" 0.301"
7 0.241 0.279" 0.260" 0239" 0,255"
8 0.324" 0.245" 0.262" L 0.279" 0.278"

10 0.186" 0.173" 0.255" 0.229" 0.211"
11 0.240" 0.231" 0.271" 0.283" 0.256"
15 0.288" i 0.277" 0.239" 0.288" 0.273"

Notes: 1. Azimuth data taken from Appendix D, Calculation Page 98.
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An average value of the evaluation thicknesses presented in Table 13-c for this band is as

follows;

Location Evaluation Thickness
5 0.735"
6 0.756"
7 0.675"
8 0.796"
10 0.739"
11 0.741"
12 0.885"
14, 0.868"
15- .0.756"
16 0.829"

Average = 0.778"

The inspector suspected that some of the above locations in the bathtub ring were over ground.
Subsequent locations with suffix A, e.g. 5A, 6A, were located close to the spots in question and
were ground carefully to remove the minimum amount of metal but adeqtate enough for UT
examination as shown in Table 13-b. The results indicate that all subsequent measurements were
above 0.736 inches. The average micrometer measurements taken for these locations conflm the
depth measurements at these locations. In spite of the fact that the original measurements were
taken at heavily ground locations they are the ones used in the evaluation.

Again given that the average evaluation thickness of the shell in the bathtub ring -area
exceeds the buckling design thickness of 0.736 inches the shell area within the bathtub
ring is also acceptable based on the results of Reference 3.3.

Bay #13 Local Wall Thicknem -Evaluation

The individual measurements must also be evaluated for compliance with the local wall thickness
criteria. Table 13-b identifies 20 locations of UT measurements that were selected to represent
the thinnest areas, except location 20, based on visual examination.. These locations are a
deliberate attempt to produce a minimum measurement. Location 20 was selected to confirm that
no corrosion had taken place in the area above the bathtub ring.

Nine locations shown in Table 13-b (1, 2, 5, 6, 7, 8, 10, 11, and .15) have measurements below
0.736 inches. Inspectqrs observations indicate that these locations were very deep, overly ground,
and not more than 1 to 2 inches in diameters. The depth of each of these areas relative to its
immediate surroundings was measured at 4 locations around the spot and the average is shown in
Table 13-a. Using the general wall thickness accqtae criteria described earlier, the evaluation
thickness for all measurements below 0.736 inches were found to be above 0.736 inches except
for two locations, 5 and 7, as shown in Table 13-b. In addition, subsequent measurements close
to the locations identified above, were taken and they were all above 0.736 inches.
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Locations 5 and 7 are in the bathtub ring and are about 30 inches apart. These locations are
characterized as local areas located at about 15 to 20 inches below the vent pipe reinforcement
plate with an evaluation thicknesses of 0.735 inches and 0.673 inches. The location 5 is near to
location 14 for an average value of 0.801 inches and therefore acceptable. Location 7 could
conservatively exist over an area of 6 x 6 inches for a thickness of 0.673 inches.

In order to quantify the effect of this local region and to address structural compliance, the GE
study on local effects is used (Ref. 3.5). This study contains an analysis of the drywell shell
using the pie slice finite element model. The study reduced the thickness of a 12" by 12"
area by 0.100 inches (0.636 inches) and included a transition zone of 12 inches all around
from 0.636" to 0.736". When compared to a similar area with a buckling design
thickness of 0.736" the modeled area represents a 13.5% reduction in local shell
thickness and a material loss of 72.0 cubic inches. The center of the thinned area was
located close to the calculated maximum displacement point in the buckling analysis with
uniform thickness of 0.736 inch as per Reference 3.5. For this case the theoretical
buckling load factor was reduced by 3.9%.

Based on the buckling design thickness of 0.736 inches the "as found" 6" by 6" area with
a thickness of 0.673" represents a 8.6%.reduction in local shell thickness and a material
loss of 2.3 cubic inches. The volumetric consideration provides a quick visualization.
While shell buckling depends on various parameters as discussed in References 3.3 and
3.7.

Comparison of the "as found" area of 6" x 6" with the "as analyzed" criteria of 0.636"
over a 12" x 12" area, with an additional transition zone of 12", and its associated 13.5%
reduction in shell wall thickness and a material loss of 72 cubic inches leads to the
conclusion that the effect on the theoretical buckling load factor is negligible. Also based
on the location of this 6" x 6" area, is almost directly below the vent and vent header
assembly (between 20 to 26 inches to the left of the vent centerline and between 14 to 20
inches down from the vent weld line). This is in the areawherc buckling of the shell is
limited due to the stiffening effect of the vent and vent header assembly. This effect can
be clearly seen in the buckling analyses presented in References 3.3 and 3.5.

Remaining Very Local Areas:

A review of Appendix D, calculation pages 93, 94, 95 and 96 indicates the remaining
very local areas of reduced thickness are isolated from each other and therefore, have a
negligible effect on the shell buckling. See Section 6, Very Local Wall Criteria (2&Y2
inches in diameter or less) for details. Furthermore, the remaining local areas are
centered about the vent which significantly stiffen the shell. This stiffening effect
combined with the restraint provided by the concrete support structure limits the shell
buckling to a point in the sandbed region which is located at the midpoint between the
two vents.
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Conclusion

In summary, using a conservative estimate of 0.800 inches for evaluation thickness for
the entire bay (except the bathtub ring) and a 0.778 inch evaluation thickness for the
bathtub ring , plus the acceptance of the local 6" by 6" -area with an evaluation thickness
of 0.673" based on the GE study; it is concluded that the bay is acceptable.
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O.C. Drywell Ext. UT Evaluation in Sandbed
Calc No.

C-1302-187-5320-024
Originator Dute Reviewed by

Mark Yekta 01/12/93 S.C. Turuninelli

Bay # 13 UT Data
Table 13-b

Location D-Meter UT 1 Appendix D Average
Measurement presented on Micrometert t1

(inches) Calculation (Table 13-a)
S Page (inches)

I/IA. -0.672/0.890 93/95 0.351
2/2A 0.722/0.943 93/95 0.360:

3 0.941. 93
4 0.915 93 ---

5/5A 0.718/0.85] 93/95 . 0.217
616A 0.655/0.976 93/95 0.301
7/7A 0.618/0,752 93/95 0.255
8/8A. 0.718/0.900 93/95 0.278

9 0.924 93 ---
10/10A 0.728/0.810 93/95 0.211
11/11A 0.685/0.854 93/95 0.256

12 0.885 93 --
13 0.932 93 --
14 0.868 93 ---

15/15A 0.683/0.859 93/95 0.273
16 0.829 93 ---
17 0.807 93 ..
18 0.825 93 ---
19 0.912 93 -
20 1.170 93 ---

(1)-(1) Average values provided in this column are for locations 1, 2, 5, etc.

(1) (without suffix A) and not for IA, 2A, 5A, etc. The values-are compiled in
Table 13-a
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Summary or Measurements Below 0.736 Inches
Table 13-c

Lcatiou UT Measurement AVG Micrometer Mean DepthIValley T (Evaluation) Remarks
(-) (2) (3 . (4. _ ( II(2 -3)

0.672" 0.35 1" 0.200" 0.823" Acceptable

2 0.722" 0.360" 0.200" 0.882" _ A~ceptable

5 0.718" 0.217" 0.200" 0.735" Acceptable

6 0.655" 0.301" 0.200". 0.756" Acceptable

7 0.618" 0.255" 0.200" 0.673." Acceptable

8 0.718" 0.278" 0.200" 0.796" Acceptable

10 0.728" 0.211" 0.200" 0.739" Acceble

II 0.685" 0.256" 0.200" 0.741" Acceptable

15 0.683" 0.273" 0.200" 0.756" Acceptable
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BAY #13 DATA

NOTES:

1. All measurements from Intersection of the DW shell (butt)
and vent collar (fillet) welds.

2. Spots with suffix (e.g. IA or 2A) were located close to the
spots in question and were ground carefully to remove
minimum amount of metal but adequate enough for UT.

3. Pit depths we average of four readings taken at 014S°!90WI1 35
within 1" distance around ground spot. Taken only where
remaining wall showed below 0.736%.

'20

16 'i7s

12, * ,11

F DDW
,14. SHELL

118 • 3
*10 .9

5
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Figure (13)
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UT EVALUATION BAY #15:.

The outside surface of this bay is rough, similar. to bay 1, full of uniform dimples comparable to
the outside surface of golf ball (Appendix C). The bathtub ring seen in the other bays, was not
very prominent in this bay. This observation is made by the inspector who located the thinnest
areas for the UT examination. The upper portion of the shell beyond the ring exhibits no
corrosion where the original red- lead primer is still intact. The shell appears to be relatively
uniform in thickness.

Eleven locations were selected to represent the thinnest areas based on the visual observations of
the shell surface (Fig. 15). These locations are a deliberate attempt to produce a minimum
measurement. Table 15-a shows readings taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the areas have thickness greater than the 0.736
inches, except one location. Location 9 as shown in Table 15-a, has a reading below 0.736
inches. Inspectors observations indicate that this location was very deep and not more than I to 2
inches in diameter. The depth of area relative to its immediate surrounding was measured at 4
locations around the spot and the average is shown in Table 15-a. As described in Section 6,
Methods of Analysis, Very Local Wall Acceptance Criteria, areas of reduced thickness
equal to or less than 2 %/ inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 99) indicates that this area would have a negligible
effect on the shell buckling response.

Bay #15 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table I5-a is equal to 0.816 inches, a.
conservative mean evaluation thickness of 0.800 inches is estimated for this bay. Therefore, it is
concluded -that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

The calculation of the average depth for Bay 15, Location 9 is as follows:

D 01)+D +D "+
(AVG Micrometer) 9  9- 9-450 9-90 9+-135'

4
Where: D9.0 = Micrometer Depth Reading for location 9 at 0 degrees

taken from Appendix D, Calculation Page 100, etc.

0.356'+0.350"+0.359"+0.282"(AVG Micrometer), = = 0.337"4
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Bay # 15 UT Data
Table 15-a

Location D-Meter UT Appendix D Average
Measurement on Micrometer

Calculation

(inches) Page (inches)
1 0.786 99

.2 0.829 99
3 0.932 99
4 0.795 99 ---
5 0.850 99 --

6 0.794 99
7 0.808 99 --

8 0.770 99 --

9 0.722 99 0.337
1o 0.860 99 ---
'1f 0.825 99 --

Summary of Measurements Below 0.736 Inches
Table 15-b

Location UT Measurement AVG Micrometer Mean Depth/Valley T (Evaluation) Remarks
(1) (2) -(3) (4)=A-)+(2H3)

9 0.722" 0.337" 0.200. 0.859" Acceptable
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I

BAY #15 DATA

NOTES:
1. Al measurements from InterseCtion of the DW

shell and vent collar (fillet) welds.
2. Pit depth. are average of four readinga taken ol

0/450190*1135' within 1' distance around ground

spots. Taken only when remaining wall thickness
shown below 0.736".

6
1 DW

SHELL5 2
4

11 10 8 7
0 a

4
43

FIGURE (15)
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UT EVALUATION BAY #17:

The outside surface of this bay is rough, similar to bay 1, full of uniform dimples comparable to
the outside surface of golf ball. The shell appears-to be relatively uniform in thickness except for
a band 8 to 10 inches wide approximately 6 inches below the vent header reinforcement plate.
The upper portion of the shell beyond the band exhibits no corrosion where the original red lead
primer is still intact.

Eleven locations were selected to represent the thinnest areas based on the visual observations of
the shell surface (Fig. 17). These locations -are a deliberate attempt to produce a minimum
measurement. Table 17-a shows readings taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the areas have thickness greater than the 0.736
inches, except one location. Location 9 as shown in Table 17-a, has a reading below 0.736
inches. Inspectors observations indicate that this location is very deep and not more than .1 to 2
inches in diameter. The depth of area relative to its immediate surroundings was measured at 4.
locations around the spot and the average is shown in Table 17-a. As described -in Section 6,
Methods'of Analysis, Very Local Wall Acceptance Criteria, areas of -reduced thickness
equal to or less than 2 & Y2 inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 103).indicates that this area would have a negligible
effect on the shell buckling response.

Bay #17 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 17-a is equal to'0.918 inches, a
conservative mean evaluation thickness of 0.900 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of
Reference 3.3.

The calculation of the average depth for Bay 17, Location 9 is as follows:

(AVG Micrometer)9 "Dg -D 9 • + D4-0 0 +4

Where:D9 .0
0 = Micrometer Depth Reading for location 9 at 0 degrees

taken from Appendix D, Calculation Page 105, etc.

0.368"+0.407"+0.289"+0.342"
(AVG Micrometer)1 =. = 0.35 1"4
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BaY # 17 UT Data
Table 17-a

Location D-Meter UT Appendix D Average
Measurement on Micrometer

(inches) Calculation (inches)
Page

1 0.916 104

2 1.150 104
3 0.898 104
4 0.951 104
5 0.913 104
6 0.992 104
7 0.970 104

:.8 0.990" 104
9 0.720 103 0.351
10 0.830 103 ---
11 0.770 j 103 " _---

Summary of Measurements Below 0.736 Inches

Table 17-b

Location LIT Measurement AVG Micrometer Mean DepthltValley T (Evaluation) Remarks
9(!0 '.(2) 03) (4) 7(I)(2)-a3l

.. 9 0.720" 0.351" 0.2f)0" 0.871"A epal
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BAY # 17 DATA

NOTES:-
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UT EVALUATION BAY #19:

The outside surface of this bay is rough and very similar to bay 17. Locations 1 through 7 as
shown in Table 19, were groundcarefully to nminimize loss of good metal The shell surface is
full of dimples comparable to the outside surface of a golf ball. This observation is made by the
inspector who located the thinnest areas for the. UT examination. The shell appears to be
relatively uniform in thickness. Ten locations were selected to represent the thinnest areas based
on the visual observations of the shell surface (Fig, 19). These locations are a deliberate attempt
to produce a minimum measurement. Table 19 shows readings taken to measure the thicknesses
of the drywell shell using a D-meter. The results indicate that all of the areas have thickness
greater than the 0.736 inches.

Bay #19 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 19 is equal to 0.885 'iches, a
conservative mean evaluation thickness of 0.850 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of
Reference 3.3.

Bav# 19 UT Data
Table 19

Location D-Meter UT Appendix D Average
Measurement on Micrometer

Calculation

(inches) Page (inches)
I 0.932 109 ---
2 0.924 109 --

3_ _ 0.955 109 -
4 0.940 109 i_ ---
5 0.950 109 -_ -
6 0.860 109 -
7 0.969 109 ---
8 0.753 108 ---

9 0.776 J 108 . "_ "
10 0.790 ] 108 --
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BAY #19 DATA

NOTES:
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Appendix A: Summary Of Measurements Of Impressions Taken From Bay #13 (3 pages total)
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The purpose of this appendix is to characterize the depth of typical uniform dimples on the shell surface.
This depth is used in acceptance criteria to quantify the evaluation thickness for an area where the
micronmeter readings are available.

Two locations in bay 13 were selected since bay 13 is the roughest bay. Impressions of drywelU shell
surface using DMR_503 Epoxy Replication Putty manufactured by Dyna Mold Inc were made. These
impressions were about 10 inches in diameter and about I inch thick. The UT locations 7 and 10 in bay
13 were identified in each of these impression as the reference points. This is a positive impression of.the
drywell shell surface. The depth of the typical dimples were measured as follows;

READING DEPTH #10 DEPTH #7
(Location) (inches) inches)

1 0.150 0.075
2 0.000 0.110
3 0.200 0.135
4 0.140 0.200
5 0.150 0.000
6 0.040 0.000
7 0.150 0.170
8 0.010 0.205
9 0.134
10 0.145 0.145
11 0.118 0.064

12 0.105 0.200
13 0.125 0.045
14 0.200 0.180
15 0.135 0.105
16. 0.100
17 0.175 0.035
18 0.175 0.015
19 0.155 0.190
20 0.175 0.055
21. .0.175 0.305
22 -- 0.135
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Location # 10:

Mean Value = 0.131
Standard Deviation = 0.055

Mean Value +One S.D. 0.186

Location #7:

Mean Value 0.118
Standard Deviation = 0.082

Mean Value + One'S.D. = 0.200

Therefore, a value of 0.200 inches was used as the depth of uniform dimples for the entire outside surface
of the drywell in the sandbed region.
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Appendix B: Buckling Capacity Evaluation For Varying Uniform Thickness Through The Whole Sandbed
Region Of The Drywell (5 pages total)

Based Upon GE Buckling Ana]ysis (Reference 3.3)

Note: Tables on sheets 53 to 56 are not used in this calculation and
are provided for historical purpose only from Rev. 0.
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND -
GE OYCRIS&T UNIFORM THICKNESS t--.736 Inch

LOAD
VALUE FACTORMM~ PARtAM1ETER UNITS

1
2
3
4
5

***.DRYWELL GEOMETRY AND MATERIALS
Sphere Radius, R
Sphere Thickness, t
Material Yield Strength, Sy
Material Modolus of Elasticity, E
Factor of Safety, FS

(in.)
(in.)

(ksi)
(ksi)

420
•0.736

38
29600

2

*** BUCKLING ANALYSIS RESULTS
6 Theoretical Elastic Instability Stress, Ste (ksi)

7
8

9
10
11

'12
13
14

***STRESS ANALYSIS RESULTS
Applied Meridional Compressive Stress, Sm
Applied Circumferential Tensile Stress, Sc
*** CAPACITY REDUCTION FACTOR CALCULATION
Capacity Reduction Factor, ALPHiAJ
Circumferential Stress Equivalent Pressure, Peq
'X' Parameter, X= (Peq/SE) (d/t)^2
Delta C (From Figure -)
Modified Capacity Reduction Factor, ALPHA,1, mod
Reduced Elastic Instability Stress, Se

*** PLASTICITY REDUCTION FACTOR CALCULATION
Yield Stress Ratio, DELTA=Se/Sy
Plasticity Reduction Factor, NUi
Inelastic Instability Stress, Si =NUTi x Se

* ALLOWABLE COMPRESSIVE STRESS CALCULATION
Allowable Compressive Stress, Sail = SI/FS
Compressive Stress Margin, M-(Sall/Sm -1) x 100%

(ksi)
(ksi)

(psi)

(ksi)

46.590

7.588
4.510

0.207
15.806
0.087
0.072
0.326

15.182

0.400
1.000

15.182

7.591
0.0

6.140

5.588
3.300

2.001

2.001

1.000

15
16
170

0
I-

o
00

0

(ksi)

(ksi)
(%)

18
19
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CALCULATION OF BUCKLING MARGIN- REFUELING CASE, NO SAND -
GE OYCRFSTOI - UNIFORM THICKNESS t=- 0.776 Inch

LOAD
ITEM PARAMETER UNITS VALUE FACTOR

*** DRYWELL GEOMETRY AND MATERIALS
1 Sphere Radius, R (in.) 420
2 Sphere Thickness, t (in.) 0.776
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

*** BUCKLING ANALYSIS RESULTS
6 Theoretical Elastic Instability Stress, Ste (ksi) 49.357 6.857

***STRESS ANALYSIS RESULTS

7 Applied Meridional Compressive Stress, Sm (ksi) 7.198 5.588
8 Applied Circumferential Tensile Stress, Se (ksi) 4.248 3.300

CAPACITY REDUCTION FACTOR CALCULATION
9 Capacity Reduction Factor, ALPHAI 0.207
10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.697
11 'X' Parameter, X= (Peq/SE) (d/t)A2 0.078
12 Delta C (From Figure -) 0.066
13 Modified Capacity Reduction Factor, ALPHA, 1, mod 0.316
14 Reduced Elastic Instability Stress, Se (ksi) 15.583 2.165

* PLASTICITY REDUCTION FACTOR CALCULATION
15 Yield Stress Ratio, DELTA=Se/Sy 0.410
16 Plasticity Reduction Factor, NUi 1.000

0 17 Inelastic Instability Stress, Si = NUi x Se (ksi) 15.183 2,165
0

ALLOWAABLE COMPRESSIVE STRESS CALCULATION
C) 18 Allowable Compressive Stress, Sail = SI/FS (ksi) 7.592 1.082

19 Compressive Stress Margin, M-(Sall/Sm -1) x 100% (%) 8.2
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND -
GPUN EVALUATION FOR UNIFORM THICKNESS t--0.800 Inch USING THICKNESS RATIO

LOAD
ITEM PARAMETER .UNITS VALUE FACTOR

*** DRYWELL GEOMETRY AND MATERIALS
I Sphere Radius, R (in.) 420
2 Sphere Thickness, t (in.) 0.800
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus. of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

*** BUCKLING ANALYSIS RESULTS
6 Theoretical Elastic Instability Stress, Ste (ksi) 50.884 7.288

***STRESS ANALYSIS RESULTS

7 Applied Meridional Compressive Stress, Sm (ksi) 6.982 5.588
8 Applied Circumferential Tensile Stress, Sc (ksi) 4.120 3.300

* CAPACITY REDUCTION FACTOR CALCULATION
9 Capacity Reduction Factor, ALPHAI 0.207
10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.697
1 I 'X' Parameter, X= (Peq/8E) (d/t)A2 0.073
12 Delta C (From Figure -) 0.063
13 Modified Capacity Reduction Factor, ALPHA, 1, mod 0.311
14 Reduced Elastic Instability Stress, Se (ksi) 15.824 2.266

*** PLASTICITY REDUCTION FACTOR CALCULATION

15 Yield Stress Ratio, DELTA=Se/Sy 0.416
16 Plasticity Reduction Factor, NUi 1.000817 Inelastic Instability Stress, Si = NUi x Se (ksi) 15.824 2.266

"** ALLOWABLE COMPRESSIVE STRESS CALCULATION
18 Allowable Compressive Stress, Sail = SI/FS (ksi) 7.912 1.133
19 Compressive Stress Margin, M-(Sall/Sm -1) x 100% (%) 13.3
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O.C.'Drywell Ext. UT Evaluation in Sandbed C-1302-187-5320-024 1 56 of 117
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND -
GPUN EVALUATION FOR UNIFORM THICKNESS t= 0.850 Inch USING THICKNESSRATIO

LOAD
ITEM PARAMETER UNITS VALUE FACTOR

* DRYWELL GEOMETRY AND MATERIALS
1 Sphere Radius, R (in.) 420
2 Sphere Thickness, t (in.) 0.850
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

'* BUCKLING ANALYSIS RESULTS
6 Theoretical Elastic Instability Stress, Ste (ksi) 54.063 8.227

***STRESS ANALYSIS RESULTS

7 Applied Meridional Compressive Stress, Sm (ksi) 6.571 5.588
8 Applied Circumferential Tensile Stress, Sc (ksi) 3.878 3.300

*** CAPACITY REDUCTION FACTOR CALCULATION

9 Capacity Reduction Factor, ALPHAI 0,207
10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.697
11 'X' Parameter, X= (Peq/8E) (d/t)^2 0.065
12 Delta C (From Figure -) 0.057
13 Modified Capacity Reduction Factor, ALPHA, 1, mod 0.300
14 Reduced Elastic Instability Stress, Se (ksi) 16.257 2.474

* PLASTICITY.REDUCTION FACTOR CALCULATION
15 Yield Stress Ratio, DELTA=Se/Sy 0.428
16 Plasticity Reduction Factor, NUi 1.000

O 17 Inelastic Instability Stress, Si = NUi x Se (ksi) 16.257 2.474

C)" ** ALLOWABLE COMPRESSIVE STRESS CALCULATION
C 18 Allowable Compressive Stress, Sail = S1/FS (ksi) 8.128 1.237

19 Comprsive Stress Margin, M-(Sall/Sm -1) x 100% (%) 23.7
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Appendix C: Pictures Showing Condition Of The Drywell In The Sandbed Region (9 pages total)
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Send Bed Region - Typical conditino founlPin O initia' enly.

COFFwsion Product on df vwell vessel
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Bay #1 3 - .Nv sthell showing plug. The plug is ,mated in the rmiddle of the worst cor-
roded area (A irne shell The plug showed no sign of cortosion..

Bay 013 - DAM she~l showed less prominent "Tub Ring" than what was seen in other

I
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Bay NI - L.oo+ý'rtg at the worst cnvroded aiea on shall neat ient lube collar~riflg. Tfie
ground spots seen here coattspnnd to UT spot 20..2 , 7

r • * .. . . . .. ..

Bay #13 - Lower Mid ponlion ol t," D!Xv zhe". showing UT spot 5.6 anC 0. This close
up photo shows the roughness ol the co-cudied surfic(- and now each UT spot has been
picked up in the deen valleys :1-rebv ,vasing the ren.arnirbg wal; readings to the con
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Bay ~5 ook~ig owatd$ 8ayf#17 which has been sicsed wiWh toan lor comting work
:r~ Bay #17. Note Iti-e ilipicaj 5srtace of the DAV Ih"" L-'"1 Arl ?o'1 clfeds~pol

Bay #13 - LoOking orward Bay k`15 - Loweyr tel cornei showing UT spol #7,12 & 16.

This close up has captured M.e peaks and valleys of the Cortoded shall in vivid detail

Lae' NMF. insW. urn r -v:1 n,ýt;Ih bet-veev oeCAs arid valleys in the 0-25" - 0.40"
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4ý

Y

VT

Bay #13 Lookinig toward Bay #11. Lower right corner of DtW shelt showing UT spots
9. 1(1. 18 &19 Note the location of these spots- all are Iccated inthe valleyb of the cor-
loded .urface This photo also shows the condition at the concrete floor. It appears

Bay-#13 - Looking toward Bay #15 - This photo captures the concrete floor condition

;nir, n• n ot In..er she'l ca:rid~d strlac -in very great detail. The floor in This area
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Finish.d floor. vessel wAth two top coats - caulking material appited.

Drtan after floor thas been returbished
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Appendix D: NDE Inspection Sheets for the Drywell Sandbed Region (52 pages total)
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1.0 INTRODUCTION

In 1986, Oyster Creek experienced a problem with corrosion of the exterior of their drywell at

the "sand cushion". The problem that was determined at that time was that the sand cushion had

become wet from leakage that dripped along the outside of the drywell, the sand remained wet,

and the exterior of the carbon steel drywell began to corrode.

The plant performed extensive analysis to demonstrate that loading of the drywell would remain

within acceptable limits even without the sand cushion to disperse the loads from the drywell to

the ground. The plant then removed all of the sand and sealed off the steel-concrete interface on

the exterior of the drywell to make sure it remained dry. In addition, several trenches were jack-

hammered into the concrete inside the drywell to permit UT thickness measurements of the steel

to be performed from inside the drywell. In the 1986 time frame, thickness measurements from

the ID and from the OD all confirmed that the minimum thickness of the drywell exceeded

minimum required thickness at all locations.

Now that the plant has applied for license renewal, the issue of the condition of the drywell steel

has been reopened. During the most recent refueling outage (October 2006), the concrete in the

trenches was found to be wet (one trench had 5" of standing water) so the question of the

condition of the steel in the (former) sand bed region, above the sand bed, and embedded in the

concrete was raised again.

SIR-06-482. Rev. 0 1-1 Structural Integrity Associates, Inc.



2.0 BACKGROUND

The drywell (see Figure 2-1) is a huge (30' diameter or more where it intersects the concrete) but

thin steel structure. The portion that is embedded in concrete (much of it has concrete on its

interior as well) is basically a hemisphere. The drywell structure itself is shaped like a light bulb

(upside down) with the reactor vessel, pumps, piping, etc. inside. The drywell is a secondary

containment structure for radionuclides (fuel cladding, then the reactor vessel, then the

containment). Because the containment and drywell are key safety features, the condition of the

containment and drywell receives significant regulatory scrutiny and attention from the public.

2.1 Objective

Plant and corporate personnel from Exelon have indicated that a thorough and statistically based

review of drywell thickness data is required. For example, the UT thickness methods applied in

1986, 1992, and 2006 are all different; the prior examinations (1986 and 1992) were done on

bare steel while the 2006 examination was done with a different technique and was done through

the coating. Questions associated with repeat UT thickness determinations always have some

uncertainty regarding whether the exact locations were examined at the different points in time.

Further, the limited data from Zone 4 (above the 12'4" elevation; an area that should never have

been wet) appears to exhibit a thinning between the 1992 and 2006 inspections. That

observation, as well as the use of the different UT techniques, suggests that a bias may exist

between the 1992 and 2006 measurements. A key objective of this evaluation was to determine

whether there was indeed a bias between those two different time points, to quantify the

magnitude of the bias, and to determine how best to compare the thickness measurements

between 2006 and 1992. For example, is it reasonable to simply subtract the bias from all of the

apparent deltas to account for the technique differences?

SIR-06-482, Rev. 0 2-1 SRStructural Integrity Associates, Inc.



i Drywell

Trenches located in
concrete floor
inside the Drywell
in two locations

Figure 2-1. Schematic of Oyster Creek Drywell
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3.0 APPROACH

A data set including UT thickness measurements from 106 points, measured from the outside of

the drywell in 1992, then repeated in 2006, was received from Wayne Choromanski [1].

A Tech Eval prepared by Oyster Creek [2] was also received. The Tech Eval includes data in

various forms from 1986, 1992, and 2006. It focuses on present thickness with a lesser emphasis

on the trends. Most of the evaluation is for data collected for Bays 5 and 17, where the trenches

are. The Tech Eval concludes that "the Drywell Vessel in the region below the concrete floor at

elevation 10'3" may have been corroding at a rate of .002 to .003 inches per year between 1986

and 2006. UT readings below the concrete floor at Elevation 10'3" confirm that all locations

meet the required thickness criteria."

The data were reviewed from numerous perspectives to ascertain systematic conditions (e.g., any

bias) between measurements, differences among zones, among bays, and any oddities or obvious

outliers. Fits of the data were also developed to test for the most appropriate distribution to use

and to determine coefficients that would enable quantitative analysis of the statistics.

Those evaluations of deltas and thicknesses included graphical and numerical checks for the

proper distribution to describe the variations in the data and included comparisons and

evaluations of means and standard deviations of all values (thicknesses in 1992 and 2006 and the

difference between those two thickness measurements), and creation of cumulative distribution

functions to check for fit to normal or other distributions.

SIR-06-482, Rev. 0 3-1
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4.0 RESULTS

All 106 data points were included in the spreadsheet assembled and checked by Wayne

Choromanski and denoted in this report as Reference 1. This analysis processed those data in an

Excel spreadsheet graphically and numerically with results described below.

4.1 Apparent Deltas

The original focus in the evaluation was on the deltas (2006 thickness minus 1992 thickness).

Those deltas were evaluated as a function of "original" (1992) plate thickness, and the

distribution of delta by zone and by bay (Figures 4-1 through 4-4). Figure 4- 2 clearly shows

that the mean delta varied by bay and by zone and that the distribution of deltas (Figures 4-3 and

4-4) looked very much like a normal distribution centered at a small negative value, implying a

small metal loss. There was no apparent effect of original (1992) plate thickness (Figure 4-1).

The variation of delta among bays was significantly larger than the variation among zones,

despite the fact that the time of wetness among the different zones would be very dramatic. The

lowest zone would be wet the longest, Zone 2 would be wet for a shorter time (as any water

rolled down the drywell), and the upper two zones (Zones 3 and 4) would be expected to be wet

for the least amount of time. Key data are summarized in Table 4-1.

A cumulative distribution of the deltas was created by ordering the deltas from smallest to largest

and applying a look-up table from standard statistical texts to assign a parameter PHI. PHI is

related to where in a normal distribution the point lies, based on the point's rank. For example,

the point that is in the exact middle of the distribution (F = 0.50000) is at the mean (i.e., PHI = 0;

which means 0 standard deviations from the mean). The first (lowest value) point defines the

extreme of the data that is available and will be in the lower tail of the distribution (PHI will be a

relatively large negative number). Similarly, the largest value will correspond to a relatively

large positive PHI. When the data are plotted as PHI vs. delta, the data generate a reasonably

straight line. The better the straight line, the better the fit to the normal distribution. The mean

of the distribution is where PHI 0 and the breadth of the distribution (i.e., how large the

SIR-06-482, Rev. 0 4-1
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standard deviation is) can be determined by how small the slope of the curve is (i.e., a horizontal

line would have a very large standard deviation). For example, if all of the values were at

exactly the same value, that value would obviously be the mean and the standard deviation

would be zero (no variation in the data).

The CDF plot for the deltas (Figure 4-5) produced a very nice straight line over much of the

population, however, the larger negative deltas were the values that destroyed the quality of the

linear fit. The best fit line had an R2 value of 0.83 (a perfect fit has R2 = 1.000); not a bad fit but

not a great one. Figure 4-5 also includes an eyeball best fit to the well behaved data.

Physical observations of the coating condition at the 2006 examination indicated that the coating

was still in excellent condition. The expected corrosion rate for an intact coating would be zero.

That is, the coating provides a barrier between the electrolyte and the metal so that the anodic

and cathodic half-reactions that are critical to any corrosion process would be totally eliminated.

Actual metal losses of a mil or more are not consistent with a coating that is still in good

condition; the condition that was found in 2006. Apparent deltas of 70 mils or more (six such

deltas were reported) are totally unreasonable in view of the physical condition of the coating as

well as examination of the drywell from the inside. Those large negative deltas, like the positive

values of delta (i.e., the drywell was thicker in 2006 than in 1992) indicate that the deltas

determined from the difference between the 1992 thickness (t 19 92 ) and the 2006 thickness (t20o6)

were subject to significant uncertainty and the use of delta only would be misleading.

4.2 Thickness Evaluations

Using the difference between separate measurements as discussed in Section 4.1 clearly

magnifies the potential error. The 1992 and 2006 thickness measurements were each evaluated

as separate populations to determine the appropriate distribution and to assess any systematic

differences between the two measurements such that bias and any corrosion effects could be

separated. As shown in Figures 4-6 and 4-7, the primary attribute that the thickness analyses

determined was that thickness was a strong function of the bay and much less a function of zone.

SIR-06-482, Rev. 0 4-2
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The cumulative distribution functions for the 1992 and 2006 thickness populations were created

as described below.

As was done for the deltas (Figure 4-5), the individual thickness measurements from 1992 and

from 2006 were ordered, from smallest to largest. A look-up table was applied to assign a

parameter PHI, where PHI is related to where in a normal distribution the point lies, based on the

point's tank. For example, the point that is in the exact middle of the distribution (F = 0.50000)

is at the mean (i.e., PHI = 0; which means 0 standard deviations from the mean). The first

(lowest value) point defines the extreme of the available data and will be in the lower tail of the

distribution (PHI will be a relatively large negative number). Similarly, the largest value will

correspond to a relatively large positive PHI. When the data are plotted as PHI vs. thickness, the

data should generate a straight line. The better the straight line, the better the fit to the normal

distribution. The mean of the distribution is where PHI = 0 and the breadth of the distribution

(i.e., how large the standard deviation is) can be determined by how horizontal the curve is. For

example, if all of the values were at exactly the same value, that value would obviously be the

mean and the standard deviation would be zero (no variation in the data).

Figure 4-8 shows that the 2006 thickness data are described well by a normal distribution, with

an excellent straight line fit to the data (R2 = 0.98). Figure 4-8 also shows that the 1992 plate

thickness data were also described by a normal distribution (linear; R2 = 0.98). The cumulative

distribution of the 1992 thickness data also showed that the 1992 measurements were thicker at

all values of PHI than those from 2006 (i.e., the drywell apparently lost thickness between 1.992

and 2006 as might be expected). At the mean (PHI = 0). that difference was about 20 mils of

thinning. At P141= -3 (3 standard deviations below the mean, approximately the 9 9th percentile),

the thickness difference was about 29 mils (29 mils of thinning). At PHI = 3, approximately the

s percentile, the difference was about 12 mils. Those observations suggest that the

measurements made in 2006 were systematically lower than the those in 1992 by 12 to 20 mils.

It can be argued that the actual thickness differences based upon subtracting the 2006 thickness

from the 1992 thickness (and ignoring the error associated with performing the measurements at

SIR-06-482, Rev. 0 4-3
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exactly the same locations in both 1992 and 2006) are actually 12 to 20 mils less than the delta

values that are reported.

Table 4-2 summarizes the comparison between the 1992 and 2006 measurements, including the

means and standard deviations determined graphically and those same parameters determined for

the two populations using the appropriate functions in Excel. The agreement between the

graphical analysis and the computational analysis using Excel is excellent.

Note that this analysis does not say whether the 1992 measurements are better than the 2006

measurements or vice versa; only that the difference between the two has a bias in it.
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Table 4-1

Mean Deltas by Bay

Deltas
Bay Mean S.D. ni n .

1 -19 21.8 23 23
3 -3 6.8 9 9
5 -34 31.1 8 8
7 -13 13.7 5 7
9 -10 9.6 10 10

11 -14 14.7 8 8
13 -17 30.9 15 19
15 -1 15.2 11 11
17 -13 32.0 9 11
19 -24 27.8 8 10

Population -15 23 106 116

Total Population t 1992  t2oo6 Delta

Mean 865 849 -15
Std. Dev 114 112 23

Max 1156 1160 27
Min _ 618 602 -118

'Thickness measurements in 1992 and 2006
2 Thickness measurements in 1992 or 2006

SIR-06-482, Rev. 0 4-5
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Table 4-2

Comparison of Cumulative Distributions of Thickness (1992 and 2006)

Best fits to

CDFs for

1992 and

2006

hicknesses

2006:PHI2oo6 = 0.0086 -7.2708

1992: PH11992 = 0.0084 -7.2742

OR mplying Mean

2006: t2oo= 116.2791 PHIto• 845.4419

19921,1992 = 119.0476 PH1992 865.9762

Delta,

PHI mils3

-3 28.8

-2.5 27T

-2 26.1

-1.5 24.7
-1 23.3

-0.5 21 .9

0 20.5

0.5 19.211

11 17.8

1.5 16.4

2. 15.

2.5_ 13.6

3]12.21

Per Excel (RawData2)

Std. Dev. Mean Std. Dev.

845 116 849 112

866 119 865 114

"Determined from the difference between best fits for thickness distributions from 2006 and 1992. Note that sign is

opposite that for Table 4-I and Figures 4-1 through 4-4.
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Distribution of Thickness Change from 1992 to 2006
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5.0 DISCUSSION

The delta, determined by the difference between separate UT thickness measurements taken at

the same locations in 1992 and 2006, will be the sum of several terms as shown below:

Delta - Any Corrosion + bias (technique and operator) ± random error in measurements (both 1992 and 2006),

Random errors in the separate measurements will result from the inherent uncertainty in each UT

thickness measurement plus the uncertainty associated with placing the transducer on exactly the

same location at both points in time. Standardizing the procedure (e.g., scanning each location

over a small, pre-determined area, and always reporting the minimum or average reading) can

minimize the latter contribution to error. The site reported that different techniques were used in

1992 (done prior to coating; only a single point reported for each location) and 2006. The 2006

measurements were done through the coating, with software corrections to account for the

coating and to adjust for the "air gap" resulting from placement of a flat transducer on a slightly

curved (dimpled to provide a smooth and readily discernible location for repeat measurements)

surface. Perhaps most significantly, the 2006 measurements scanned the defined areas and

reported the minimum thickness. The differences in technique between 2006 would be expected

to introduce some amount of bias (e.g., reporting minimum values vs. a single value) and could

increase or decrease the random error.

Those separate thickness measurements will magnify the error, especially when two separate

measurements at different points in time are intended to define a delta, where the expected delta

is actually very near zero. The result is that some fraction, 21% in this case, of the locations

appear to become thicker while others become thinner. The use of the difference between the

2006 and 1992 thickness measurements suggests that some locations appear to have become

much thinner; clearly in stark contrast to the physical observation of the condition of the coating.

In all cases, the delta is the difference between two thickness values that are very close in value.

The error in individual measurements is clearly greater than the actual difference between

drywell thickness in 1992 vs. that in 2006.

SIR-06-482, Rev. 0 5-1
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The statistical evaluation discussed in Section 4.1.2 clearly demonstrates that there is a bias in

the thickness measurements, where the magnitude of that bias is at least 12 mils and is probably

more like 20 mils. Clearly, that bias should be added to all of the 1992 readings, which defines

the 2006 thickness data as the reference point (i.e., improved technique vs. 1992). Still, random

errors can produce differences between individual measurements that do not correspond to the

physical observation of coating condition.

Combining the statistical analysis with the physical observation of coating condition and the

maximum corrosion rate that could occur beneath an intact coating provides clear evidence that

the actual mean value of the difference between the 2006 and 1992 thickness measurements is

zero or a value very near zero and that the six points (possibly twelve points) that indicate large

negative deltas are actually outliers that should be ignored. That is, the actual differences in

thickness between the 2006 and 1992 measurements have a mean that is essentially zero and a

maximum of four mils or less. Those mean and maximum differences are far less than the bias

introduced by the different techniques.

The most effective use of these data is to define the 2006 thickness measurements as the baseline

as of 2006. Corrosion rate, as defined by physical observation of coating condition and a

thorough analysis of the 106 thickness measurements done in both 1992 and 2006 confirms that

the apparent corrosion over that 14 year period is essentially nil. The latter determination (i.e.,

corrosion or corrosion rate defined by the difference in the thickness measurements at each of the

106 locations) is subject to systematic and random errors that make. the use of the differences less

useful. Those latter measurements should be used with caution. Future determinations of

corrosion of the drywell must be sure to combine physical observation of coating condition and

supplement (but not replace) those observations with the thickness differences.
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6.0 CONCLUSIONS

A statistically based review was performed on Oyster Creek drywell thickness data from 1992

and 2006. That review showed that the variation in individual thickness values varied

significantly by bay and to a lesser extent by zone (i.e., height above or below the drywell floor).

Differences between the 1992 and 2006 UT thickness measurements, taken at the same 106

locations at both times showed that the vast majority of the difference data (deltas) were

distributed around zero. More than 20% of the difference measurements indicated that the

drywell became thicker over time; a few measurements suggested that there were large decreases

in thickness over the 14 year period.

The several differences that suggested that there were very large thickness losses were in sharp

contrast to the physical observation of the coating, which was in good condition. Metal losses

beneath an intact coating would be non-existent or extremely small; clearly not losses of 70 mils

or more.

Evaluation of the thicknesses in 1992 and 2006 showed that the thickness populations at both

times were described well by a normal distribution. The statistical evaluation clearly

demonstrates that there is a bias in the thickness measurements, where the magnitude of that bias

is at least 12 mils and is probably more like 20 mils. Clearly, that bias should be added to all of

the 1992 readings, which defines the 2006 thickness data as the reference point (i.e., improved

technique vs. 1992). Still, random errors can produce differences between individual

measurements that do not correspond to the physical observation of coating condition.

Combining the statistical analysis with the physical observation of coating condition and the

maximum corrosion rate that could occur beneath an intact coating provides clear evidence that

the actual mean value of the difference between the 2006 and 1992 thickness measurements is

zero or a value very near zero and that the six points (possibly twelve points) that indicate large

negative deltas are actually outliers that should be ignored. That is, the actual differences in

thickness between the 2006 and 1992 measurements has a mean that is essentially zero and a

SIR.-06-482, Rev. 0 6-1
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maximum of four mils or less. Those mean and maximum differences are far less than the bias

introduced by the different techniques.

The most effective use of these data is to define the 2006 thickness measurements as the baseline

as of 2006. Corrosion rate, as defined by physical observation of coating condition and a

thorough analysis of the 106 thickness measurements done in both 1992 and 2006 confirms that

the apparent corrosion over that 14 year period is essentially nil. The latter determination (i.e.,

corrosion or corrosion rate defined by the difference in the thickness measurements at each of the

106 locations) is subject to systematic and random errors that make the use of the differences less

useful. Those latter measurements should be used with caution. Future determinations of

corrosion of the drywell must be sure to combine physical observation of coating condition and

supplement (but not replace) those observations with the thickness differences.
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