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| AMERGEN ENERGY COMPANY, LLC
SURREBUTTAL STATEMENT OF POSITION

I. INTRODUCTION

In accordance with 10 C.F.R. § 2.1207(a)(1) and the Atomic Safety and Licensing
Board’s (“Board™) April 17,2007, and August 9, 2007 Memoranda and Orders,! AmerGen
Energy Company, LLC (“AmerGeh”) hereby submits its SurRebuttal Statement of Position
(“SurRebuttal”) in response to Citizens’ Rebuttal.2 AmerGen’s SurRebuttal is supported by the
attached six-part testimony and Exhibits 37 through 61.

Citizens once again rely solely upon Dr. Hausler .to support their case. His testimony
consists of two new memoranda (Exhibits 38 and 39) and answers to 24 questions. The vast
majority of the information provided by Dr. Hausler repeats arguments from Citizens’ Direct

| Testimony submittal of July 20, 2007. AmerGen is not providing new testimony from its experts

to respond to those recycled arguments. However, AmerGen is providing testimony to respond

1 (Prehearing Conference Call Summary, Case Management Directives, and Final Scheduling Order) (April 17,

2007) (unpublished); (Ruling on Motions in Limine and Motion for Clanﬁcatlon) (August 9, 2007)
(unpublished).

£ “Citizens’ Rebuttal Regarding Relicensing of Oyster Creek Niiclear Generating Station, Rebuttal Statement
Exhibits (August 17, 2006); “Prefiled Rebuttal Written Testimony of Dr. Rudolf H. Hausler Regarding
Citizens’ Drywell Contention” (August 16, 2007).
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to those few allegations that Dr. Hausler raises or clarifies fcr the first time on Rebuttal. As
sumrharized below, and as demonstrated in the attached testimony, Citizens-’ arguments continue
to deserve little consideration and should be given little if any weight.

By negating Citizcns’ arguments, this SurRebuttal continues to demonstrate that Citizens’
cohtention is without merit, and that AmerGen’s Aging:-Management Program (“AMP”) for the
sand bed rcgicn of the Oyster Creek Nuclear Generating Station (“OCNGS”) drywell shell
provides reasonable assurance t.hat the drywell shell will continue to perform its intended
functions throughout the period of extended operaticn in accordance with the current licensing
basis (“CLB”) as required by 10 C.F.R. § 54.29(a).

II. SUMMARY OF AMERGEN’S SURREBUTTAL TESTIMONY

The parties’ testimony is serving its purpose of narrowing and clarifying the issues that

remain to be resolved at the hearing, as discussed in the following discussion of acceptance

. criteria, available margin, sources of water, epoxy coating system, and future corrosion.

A. Acceptance Criteria

" The tesﬁmony submitted to date shows that there is no dispute regarding the general
buckling criterion (i.e., uniform thickness of 0.736™) or the pressure criterion (i.e., 0.490”'ovcr an
area that is 2.5” in diameter). The oﬁly di_spute’ is over the local buckling criterion.

AmerGen has established, through the GE analyses performed in the early 1990s, a local.
buckling criterion concisting of the “tray” conﬁgciratiori shown in Applicants’ Exhibit 11,
“tak[ing] into account factors such as the location of the tray within the bay and configuration.”
The center square foot of the tray is 0.536”, with a transition_back to 0.736” on all sides.

Asis clearly reflected in Part 2 of the attached SurRebuttal Testimony and referenced

exhibits, this local buckling criterion is part of the OCNGS CLB. The NRC Staff concurs that

3 AmerGen Dir., Part 2, A.14.
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this criterion is part of the CLB,?* and that its review of AmerGen’s License Renewal Application

included “a very local criterion of 0.536 inch [as] discussed at SER pages 4-55 to 4-60.”% As the

federal regulator, the Staff’s opinion should govern over the opinion of an anti-nuclear group.®
What appears to be the cause of Citizens’ 'confusioﬁ is that instead of using this local
buckling criterion, AmerGen has evaluated UT thickness data with more conservative,
c_alcﬁlation—speciﬁc val_ues such as 0.693” over a 6” x 6” area, etc.” This is akin to using an
administrative limit, which does nof alter the C.LB.§_
In their Rebuttal, Citizéns do nét accept Applicants’ Exhibit 11 as the CLB local buckling
criterion.2 They attack the derivation of that criterion, indi_rectly argue that it does not meet the

ASME Code,* and because they cannot find a document to support that the criterion is part of

: the CLB,2 they argue that it is not.2 Cltlzens then suggest that the more conservative

calculation—specific values that AmerGen has used in the various revisions to the 24 Calc (e.g.,
0.636” over a 12” x 12” area) ought to govern.* They have even asked the Board to set these

more conservative values as the OCNGS CLB, something the Board does not havé the authority

1

See e.g. NRC Staff Response To AmerGen’s Motion For Summary Disposition, Affidavit of Hansraj G. Ashar,
€ 3 (Apr. 26, 2007) (“it is my opinion that AmerGen has developed three criteria related to acceptance of the
shell thicknesses; . . . (2) a minimum locally thin thickness of 0.536 inch, in an area of one square foot, with a
surrounding one foot transition.area to 0.736 inch™); see also NRC Staff’s Direct Testimony, A.9.

NRC Staff’s Direct Testimony, A.9.

Since the start of this proceeding, Citizens have made their real intentions known by renaming themselves as
“Stop the Relicensing of Oyster Creek” (STROC). See e.g. hitp://www.nirs.org/press/09-26-2006/1 (visited
August 30, 2007).

AmerGen Dir., Part 2, A.19.

1d., A.20. By analogy, the OCNGS Technical Specifications may require the drywell atmosphere during
operation to contain less than 4% oxygen, but the plant may have a lower admmlstratlve limit of 2%. A 2%
administrative limit would not alter the fact that 4% is the CLB. :

Citizens’ Rebuttal Statement at 8.

=  Seeeg,id.at59.

2> See e.g., Dr. Hausler Rebuttal Testimony, A.6.
12 Citizens’ Rebuttal Statement at 8.

L1

Citizens’ “Motion to Cross-Examine Mr: Tamburro,” for example, is based on thexr insistence that O 636”
“should be'the approprlate local buckling criterion.

[{=%

~
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to do.B2
AmerGen believes that the Board has prohibited Citizens from challenging the loeal

buckling cri’eerion (as well as the other established acceptance criteria) with the narrow 'exception
that Citizens may present an argument that the “api)licatioh of aeceptance criteria and analyﬁc '
methodology to the 2006 UT results was inconsistent with past practice.”%¢ Thus, at the hearing,
the Board should address any of Citizens’ arguments that the “applicatio_n of acceptance criteria

. to the 2006 UT results was inconsistent with past practice” and then proceed to the
e-valuat.ion of boundi.ng available margin using the OCNGS CLB acceptance criteria.

B. Available Margin

Here too the issues have been clarified and narrowed. It is undisputed that buckling, due
to the weight of the water and equipment on the drywell shell during an earthquake that 6nly
| occurs during refueling outage condit.ions, is the bounding scenario for failure of the drywell
shell'in the sand bed region.? AmerGen’s position is that the bounding available.margin for
buckling at tﬁe start of the extended period of operations is 0.064”12 This is based on the
thinnest average of the 49 UT thickness measurements from internal grid 19A, which in 1992
was 0.800”, compared to the general buckling criterion of 0.736;’ (0.8007-0.736” = 0.064”).12

What first remains in dispute is whether the internal UT data represent the bounding

This criterion is part of the CLB, and that is not within the scope of the' Board’s jurisdiction in this 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) (“the Commission did not believe it necessary or appropriate to throw
open the full gamut of provisions in a plant's [CLB] to re-analysis during the license renewal review”).

Memorandum and Order (Denying AmerGen’s Motlon for Summary DlSpOSlthn) at 8 (June 19, 2007)
(unpublished).

'+ Failure of the drywell shell in the sand bed region due to internal pressure is not the bounding scenario.
‘AmerGen Dir., Part 2, A.12. Dr. Hausler seems to not recognize this. See e.g. Citizens’ Exh. 38 at6 -
(“structures do not fail by averages....[they] fail where the de_epest pit is located”).

AmerGen Dir., Part 3, A.5.

AmerGen Reb., Part 3, A.26. The fact that external corrosion has been arrested is demonstrated by the
averages from gnd 19A that have varied little over time: -0.800” (1992), 0.806” (1994), 0.815” (1996) and
0.807” (2006) Id at A.26.

f=

e
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conditions. ' Citizens argue they do not,?? but de so by ignoring data that would disprove their
case.”! Part 3 of AmerGen’s SurRebuttal Testimony supplements the record on this issue.

What also remains in dispute is the level of “confidence™ in the internal data required by
the ASME Code. AmerGen uses the average of these UT grid data (i.e., the “sample averag.e"’).
It does so because the sample average is whaf is important from a buckling perspective, not the
extreme Values.Q Moreover, the nuclear industry stendard is to use the average.2

.Citizehs argue thai the level of confidence must be 95%. It is not clear what Citizens
mean by 95%, as they define it in two, significantly different.ways in their R_ebuttal.z“4 Dr.
Hausler admits that 95% (whatever its definition) is not the indusfry standard; rather he believes
that it ought to be.*> Citizens provide no evidence that applicable nuclear industry Codes,
guidance, or regulations require something other than the average. o

The amount of uncertainty (i.e, systematic error) that should be taken into account is also
in dispute. AmerGen does not subtract anything from the averages of the internal UT grid data
to take int_o account systematic error beeause “[it] is negligible for sufficiently large numbers of
measurements collected over time. . . [T]he more measurements you have . . . and the more
126

times you collect those measurements the less significant systematic error becomes.”

Citizens want to subtract 0.010” from the average of the internal UT data to account for

= Citizens’ EXhlblt 12, at 3- 4 (ignoring Bay 17 grid data) Citizens’ Rebuttal, Exh. 39, at 14-15 (1gnonng Bay 13
(Figures 1 and 2) and Bay | data (Figures 3 and 4)).

See AmerGen SurReb., Part 3, A.5; AmerGen Reb., Part 3, A.25-29, A.32-33. .

- AmerGen Reb., Part, A 2 (“[Bluckling is not a phenomenon that is dependent on very local thickness, but
instead on the average thickness over a larger area. Thus, the averages of these data, not the thinnest extremes
are representative of each grid.”).

N

!

[N

]

]

1d. at A 54 (discussing average readings used for evaluating Degraded Piping, Eroswn Corros:on (FAC) Prone
Piping, Pressure Vessel Shells, and Tanks).

AmerGen SurReb., Part 3, A.3-4. _ :
See e.g. Citizens’ Exh. 38, at 8 (“there are currently no standards with respect to the certainty required”).
AmerGen Reb., Part 3, A.7.

(v I

R
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‘over large areas to evaluate a representative average thickness over each area.”

[

' systematic error.2l They appear to ignore, among other things, the fact that instrument

uncertainty is not in one direction, but is +/-. Therefore, averaging the data over 49

measureménts makes the instrument uncertainty of +/- 0.010” insignificant.®

As for the eXtémal UT data, these were last collected in.2006 as single points from 106,
mostly small (27 diameter) areas, most of which had been ground smooth to allow UT readings
from the otherwiS¢ uneven, historicélly corroded exterior.2 These points are biased thin
compared té the rest of the drywell shell in the sénd bed region as demonstrated by comparison
to the internal UT gridsE and by Dr. H_ausler’s' own analysis.2!

Any points t’hat are thinn'ef than 0.736” are compared to t_he local buckling criterion.
Because this criterion 1s volumetric, it “is not exceeded when localized corrosion removes a
couple or even tens of cubic inches from the tray. The entire tray, on average, needs to corrode -
away for that loss of metal to be significant from a buckling perspective . . 32 Also, the external
single-point iJT measurements “can tell you that you meet the applicablé ASME Code, but not
by how much. This is the.case because there are an insufficient number of UT measurements

| 33
Citizens evaluate these 106 external points using extreme value statistics.** There is no

precedent for this other-than Dr. Hausler’s desire for it Again, the nuclear industry standard is

Citizens’ Rebuttal Statement at 12 (“Subtracting an allowance of 0.01 inches for systematic error . . .™).
% AmerGen Reb., Part 3, A.6-7.

AmerGen Dir., Part 3, A.20 and A 41.

= AmerGen Reb., Part, A.42.

Citizens’ Exh. 12, at 4 (Dr. Hausler states that “the average outside measurements are signiﬁcantly lower at
“comparable elevations [than the interior measurements). This is probably because the choice of location for
the external measurements was deliberately biased towards thin spots.”).

2 AmerGen Dir., Part 2, A.15.

B AmerGen Reb., Part 3, A.38.

2 - See generally, Citizens’ Exh. 38 at 6-9.
2 [dat8.
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to use the average of the data from UT grids, not extreme value statistics on single points.lﬁ

Thus, the Board need only confirm that AmerGen’s use of the average of the internal UT

_grid data, with no corrections for systematic error, is appropriate under the ASME Code. The

Board need not delve into Dr. Hausler’s computer modeling or other treatment of the UT data.

C. Sources Of Water

The sources and timing of water potentially coming into contact with the external surface
of the drywell shell in fhe sand bed region during the period of extended operation have also
been clariﬁ_edr and narrowed for both outages and normal operatioh.

During outages, water can only come into contact with the external surface if (a) the use
of chillers inside the drywell cools the shell below the dew point temperature of the exterior air
(causing condensation), or (b) the reactor cavity contains water and leakage' exceeds the trough
drain capacity, or the trough drain is blocked, and the water flows down to the sand bed region.

Condensation, while theoretically possible, was not observed during the most recent
refueling outage. So, as explained beloW, condensation remains speculative. AmerGen’s . |

inspection of the trough drain®? and sand bed drains®® during each outage when the reactor cavity

s filled would identify any water. Although the chance of water on the exterior drywell shell

during such outages is-low,2 the Board,' could assume the presence of such water in order to

streamline its inquiry at the heziring.ﬂg

= Citizens also challenge the “Evaluation Thickness” mentioned in all of the revisions of the 24 Calc.
(AmerGen’s Exhibits 16 through 18). See e.g. Citizens’ Exh. 13, at 6-7. AmerGen addressed Citizens’
misunderstanding on this issue in its Rebuttal Testimony, Part 3, A.50 through A. 52 which Citizens could not
have reviewed before they filed new testimony. Citizens’ Exh. 39, at 15-16 (Dr. Hausler’s rebuttal).

I Applicants’ Exh. 10, at 9 (Item #13).

% AmerGen Reb., Part 4, A.19.

¥ Refueling outages occur every other year for up to 30 days. Forced outages when the reactor cavnty must be
filled with water are rare. AmerGen Dir., Part 1, A.17.

U See AmerGen Dir., Part 6, Q&A.14, which assumes, as a conservative analysis, that water—regardless of its
source—is on the exterior surface of an uncoated drywell shell for 30 days, every other year.

1-WA/2816034 ) 7



The Board should conclude, however, that there is no water on the exterior drywell shell
during normal plant operation. Condensation is bhysically impossible because the metal shell is -
hotter than the ambient air.*! And there is no other known source of water othér than the reactor
cavity during outages. Citizens pfovide only speculation that other sources exi;t. AmerGen

supplements the record on this issue in Part 4 of its SurRebuttal testimony.

D. Epoxy Coating System

Of all the issues, this one has been clarified the most. MerGen has provided testimony,
by an eminently-qualiﬁed expert, 2 that the mul.ti'-layered epoxy coating was properly applied, is
in good condition, and can serve its protective function through the period of extended operation.
When the coating does begin to degrade, it will do so gradually, showing initial signs of
degradation over a period of years. Moreover, these signs will be obvious to an ASME-qualified
inspector. ASME Section X1, Subsection [IWE, which is mandated by 10 C.F.R. § 50.55a,
“recognizes that containrﬁehts are coated and requires a visual inspection of the coating to
identify ongoing corrosion of the containment vessel under the coéting. NRC has endorsed
these practices in the GALL Report (NUREG-1801, Vol. 2, Appendix xi.SS)'.”‘E

- Citizens’ proffered expert, whose has little or no experience with epoxy coating systems

like the one covering the exterior drywell shell, has suggested that thé coating could. fail any at
any time, would do so quickly, and that suph failure would not be visible to an ASME-qualified |
inspector. This flies in the face of NRC'regulations and guidance, and is based on an

inappropriate analogy to “oil field experience” of “pressure drops,” high temperatures, and

5N

AmerGen Dir,, Part 4, A.17.

Mr. Jon Cavallo is, among other things, Chairman of the ASTM Committee D-33 (Prbte_ctive Coating and
Lining Work for Power Generation Facilities) and Chairman of the New England Chapter of the Society for
Protective Coatings. See AmerGen Dir., Part 5, A.3.

£ AmerGen Reb., Part 5, A.6

[
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diffusion of corrosive gasses.** AmerGen’s SurRebuttal in Part 5 supplements the record on
these issues.

E. Future Corrosion

This aspect of Citizens’ case, in reality, remains the most speéu_lative. In order to
evaluate .future corrosion of the exterior surface of the drywell shell in thé sound Bed region, one
must first assume degradation of the epoxy coating system over a la_rge enough area to implicate
buckling,® and you need watér in contact with that same iarge area for a significant period of
time, without the water being detected.® Accordingly, AmerGen believes that future corrosion
of a magnitude sufficient to remove 0.064” of metal from the entire shell, or in the precise grid
location _(grid 19A) where 0.064” remains, in the period between AmerGen’s planned UT
inspections, is entirely speculative. The conditions that supported high rates of corrosion no

longer exist. AmerGen offered worst case and unrealistic corrosion rates of 0.039” and 0.017”

for refueling outages to demonstrate that UT inspections every four years are adequate.

Similarly, Citizens have offered no corrosion rate that is re_alistic or expected for the
external surface of the drywell in the sand bed region.ﬂ They argue th.at any future corrosion
would occur at an exponentia.l rate, but they do so with no legitimate support.

As for the interior surface, it is either coated (above the concrete curb) or embedded in
concrete (bélow the curb). Citizens have only challenged the embedded portion.

Citizens first alleged that 0.002” was an appropriate annual corrosion rate for this surface,

# Citizens’ Exh. 39, at 17-18.
Localized coating degradatxon would implicate the pressure criterion (0.490”) for which stgmf cantly more
than 0.064” of margin remains at any UT location. AmerGen Dir., Part 3, A.32.
Even Dr. Hausler agrees that you need the confluence of “aerated aggressive water],] . . .the coating has to
. have failed in some manner at the location where water is present {and] . . the corrosion has to occur at a
location where the drywell has already been damaged.” Citizens’ Exh. 39, at 20.

I Seeeg Citizens’ Rebuttal Statement at 23-24.

See AmerGen Reb., Part 6, A.5 through A.8 (confirming that Dr. Hausler is confusing “pitting” corrosion with
“general” corrosion, and oil field conditions with exterior benign sand bed region conditions).

1-WA/2816034 _ 9



but in rebuttal state that it is as high as 0.010”. Yet basic corrosion science,4—9— and the

~ observations of those engineers who looked at a recently exposed portion of the interior shell,

demonstrate that only insignificant corrgsion has occurred on this internal surface.2? The water

in contact with the interior shell is non-corrosive and is expected to remain so during the period

of extended operation 2* Accordingly, the corrosion determined to have occurred between the

UT readings taken in 1986 and 2006 must have resulted from historic corrosion of the exterior

between 1986 and 1992. Part 6 of AmerGen’s SurRebuttal Testimony supplements the record on

this issue.

Dated in Washington, D.C.

this 14th day of September 2007

15

Id at A.10.
ld at A.13.
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Respectfy nitted,

@//Ql/z/‘

Donald J. Silverman, %q

Kathryn M. Sutton, Esq.

Alex S. Polonsky, Esq.

MORGAN, LEWIS & BOCKIUS, LLP
1111 Pennsylvania Avenue, N.W.
Washington, DC 20004

. Phone: (202) 739-5502

E-mail: dsilvem1an@morg anlewis.com
E-mail: ksutton@morganlewis.com
E-mail: apolonsky@morganlewis.com

J. Bradley Fewell
Associate General Counsel
Exelon Corporation .-
4300 Warrenville Road
Warrenville, IL 60555

Phone: (630) 657-3769

E-mail: Bradley.Fewell@exeloncorp.com
COUNSEL FOR:
AMERGEN ENERGY COMPANY, LLC

Id at A.10 (“Water samples collected from the inside of the drywell shell during the 2006 oﬁtage were

. measured to have a pH of approximately 8.4 to 10.2 and low levels of chloride and sulfate, which is consistent
with NRC [GALL] Report (Vol. 2, Rev. 1, at I1 A.1 through 5) and EPRI embedded steel guidelines for an
environment that poses no aging management concerns.”). ) _

- 1-WA/2816034
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* (License Renewal for Oyster Creek Nuclear

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
E. Roy Hawkens, Chair
Dr. Paul B. Abramson
Dr. Anthony J. Baratta

In the Matter of:. September 14, 2007 . .

AmerGen Energy Company, LLC
- : Docket No. 50-219

Generating Station)

AMERGEN’S PRE-FILED SURREBUTTAL TESTIMONY
PART 1
INTRODUCTION, DRYWELL PHYSICAL STRUCTURE,
HISTORY, AND COMMITMENTS

L :WITNESS BAC_KGROU_ND
Q. 1: | Please stété your names and current titles. The Board knows that a descrii)tion of
* your current responSibiliFies, background and professional experience was
provided in Part 1 of AmerGen’s Pr_e-Filed_ Dire?ct Testimény on July 20, 2007, SO
~ there is no need for you. to repeat that informa_ti:on here. |
A. 1: (JF 0) My name is John F. O’Rourke. I'am a Senior Prbject Manager, License
Renewal, for Exeloﬁ, AmerGen Energy Cofnpany, LLC’s (“AmerGen”) parent |

company.

_ 1-wA/2819537 (Part 1 SurRebuttal)
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Q. 3:

(FWP) My name is Frederick W. Polaski. I ar_ii the Manager of License |
Renewal.f(_)'r_ Exelon. ‘

(MPG) My name is Michael P. Gallagher, and I am the Vice President for

" License ReneWal for Exelon.

Would you please summarize the purpose of this SurRebuttal 'l‘estiniony?

‘(All) The purpose of this SurRebuttal Testimony is to respond to the information
provided in Citizens__’ Rebuttal Statement Regarding Relicensing of Oyster Creek
Nuclear Generating -Stétion (“Citizens’ Rébuttal Statement”) and in the Pre-Filed
Rebuttal Testimoﬁy of Dr. Rudolf H. Hausler, reg'ardiné the drywell phyéical '
structure and AmerGen’s regulatory commitments.

DRYWELL PHYSICAL STRUCTURE

Dr. Hausler alleges that “the exterior of the sandbed region . . . has very limited

air exchahge.” (Citizens’ Rebuttal Testimony, A.22). Citizens use this allegation

to question Ed Hosterman’s evaporation calculation in AmerGen’s Direct
Testimony, Part 6, A.19. Is Dr. Hausler correct?
(All) No. Applicant’s Exhibits 4 and 7 show that the drywell vents penétrate the

concrete at the top of the sand bed region. The clearance between the concrete

and the vents is greater than 3”. There are 10 vents. Since the vent lines are
_approximately_4- feet in diameter, the gap between the vent and the concrete

‘provides approximately 5.3 square feet for air flow in each bay. Additionally,_

many piping penetrations from the drywell have similar openings. Thus, there is

substantial area for air flow through the sand bed region. In Part 6, Ed Hosterman

‘will explain Why air flow is expected through the sand bed region.

1-WA/2819537 (Part | SurRebuttal) 20f5
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A. 4.

'REGULATORY COMMITMENTS

Citizens allege that “[t]he plant could be forced into an outage that requires the
fuel cavity to be flooded before there is any chance to apply measures to mitigate
leaks ip the cavity liner”.(Citizens’ Rebuttal Statefﬁent, page 19; Hausler Rebuttal
Testimony, A.23). How do you respond? |

(Al) To clarify Part 1 of AmerGen’s Direct_ Testimony, we did not state, nor did
we imply, that strippable coating and metal tape wouid not be applied during a
forced outage in which the reactor cavity is filled with watér. We merely stated
that, “[t]he reactor cavity rhay be_reqﬁ_ired to be filled with water dufing a fofced
outage when the reactor -véssel must be opened. Such outages are rare.”

AmerGen Dir. Part 1 A.17.

(MPG) My testimony summarized AmerGen’s commitments to perform

future actions related to drywell shell sand bed region corrosion control, including

the commitment that “[a] strippable coating will be applied to the reactor cavity

 liner to prevent water intrusion between the drywell shield wall and the drywell

shell during periods when the reactor cavity is flooded.” (emphasis added.)
Citizens then appear to have assumed that this commitment did not apply to
forced outages, but Citizens ére wrong. The commitment does extend to any non-.
refueling butage that would require the reactor cavity to be filled with water. The
reason that the ir_nplemehtation schedule refers on_ly to “refueling outages” is that

we do not anticipate such an outage in the future,

1-WA/2819537 (Part I SurRebuttal) 3of5 .



| Q.5:  Does this conclude your festimony? _

A.5: (All) Yes.

1-WA/2819537 (Part 1 SurRebuttal) - 40f5



In accordance with 28 U.S.C. § 1746, 1 state under penalty of perjufy that the foregoing is

true and correct:

Q,%Qf Ww 1-(2-07

O Rourke ' Date
%%/ - Vrz/o7
Frederick W. Polaski Date
W W §-12-07
Michael P. Gallagher Date _
1-WA/2819537 (Part | SurRebutal) * -_ 50of5



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
E. Roy Hawkens, Chair
Dr. Paul B. Abramson
Dr. Anthony J. Baratta

-Generating Station)

Iin the Matter of: September 14, 2007

AmerGen Energy Company, LLC . |
Docket No. 50-219

(License Renewal for Oyster Creek Nuclear

L S T g S

AMERGEN’S PRE-FILED SURREBUTTAL TESTIMONY'
PART 2
ACCEPTANCE CRITERIA

I. -~ WITNESS BACKGROUND

Q. 1: Please state your names and current titles. The Board knows that a description of

‘your current responsibilities; background and pfofeésional experience was
provided in Paﬁs 1 and 2 of AmerGen’s Pre-.Filed Direct Testimony on July 20,
2007, and in Part 2 of AmerGen’s Pre—Filed.Rebuttal Testimony on Augus_t 17,
2007, so there is no need for you to repeat that information Here.
A. .1: (MPG) My name is Michael P. Gallagher, and I am Vice President of License

Renewal for Exelon.

1-WA/2820761 (Part 2 SurRebuttal)
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Q. 3:

-. (PT) My name is Peter Tamburro, and I am a Senior Méchariical Engineer
in the Engineering Departméﬁt at the Oyster Creek Nuclear Generéting Station
(“OCNGS™). |

(AO) My name is Ahmed Ouaou, and [ am a registered Pro_feséional

Engineer specializing in civil structural design. I am an independent contractor.

Would you please summarize the purpose of your testimony?

(All) The purpose of our testimony ]S to address the Atomic Safety and Licensing
Board’s (“Boar_d”) questibns asked during the September 5, 2007 pre-hearing
conference call regarding the e.stablished drywell shell thickness acceptance
criteria fo.r fhe sand bed region.

RESPONSE TO BOARD QUESTIONS

Where can the Board find documentation that the .three écceptancé criteria—
general and local 'buck]ing critleria, and the pressure crite_ria—are_ part of the CLB?
(All). In general, the CLB as deﬁned in 10 C..F.R_. § 54.3 includes NRC approvals
as well as design basis infoﬁnation contained in a plant’s Updated Final Safety

Anal.ysis Report (“UFSAR”). “The general buckling criterion (uniform thickness

- of.'0;736”) is part of the CLB as documented in the NRC’s approval-of this

criterion in the April 1992 NRC Safety Evaluation attached as Applicant’s Exhibit
37. | |

The local buckling criterion (0.536” in the tray coﬁﬁguration described in
Part 2 of AﬁlerGen’s' Direct Testimony and as shown in Appliéant’s Exhibit 11)
and the pressure ériterion (0.490” over circular areas of diameters up fo 2.5”) are

part of the CLB as documented in the design basis information contained in the
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’I.

OCNGS UF_SAR. Rele\./ant pages of the UFSAR are aﬂaéhed as Applicaﬁt’s
Exhibit 38. The Table of Contents to the UFSAR shows that Section 3.8
addresses the “DESIGN OF CATEGORY I STRUCTURES.’; Section 3.8.2.1
discusses the drywell shell as part of the containment, which is a Category |
structure. Section 3.82.4.1 , discusses fhe “Drywell.” Section 3.8.2.5, eﬁtitled
“Structural Acceptance Criteria” states, With italics added for emphasis:.

The Structural Acceptance Criteria relating the design and
analysis results for the loads and load combinations given
in Subsection 3.8.2.3 to the allowables, is presented in
Subsection 3.8.2.4 and other referenced documents. The
Basic Design phase of the Containment System is given in ..
Subsection 3.8.2.4 and the references listed in Subsection
3.8.6. These reference documents must be addressed to
obtain complete information.

It is clear, therefore, that the references in Section_ 3.8.6 provide the

- detailed information about the CLB acceptance criteria. Section 3.8.2.8, entitled

~ “Drywell Corrosion” states:

During 14R, UT measurements were taken from the -outside
of the drywell vessel in the sand bed region. Measurements
were taken in each of the ten sand bed bays. The results of .
the inspection and the structural evaluation of the “as
found” condition of the vessel is contained in Reference 44
[TDR-1108]. As documented in the TDR, the vessel was -
evaluated to conform to ASME code requirements given

_ the deteriorated thickness condition.”

Reference 44 is listed in Section 3.8.6 as the “GPUN Technical Data
Report TDR-1108, ‘Summ.ary Report of Corrective Action Taken from Op.erating

Cycle 12 through 14R’, Aprll 28,1993”, which is Apphcant s Exhibit 27 (“TDR-

1108”). Page 17 of TDR-1108 states:

1-WA/2820761 (Part 2 SurRebuttal) "3 0of6



Acceptance Criteria — Local Wall:

If the thickness for the evaluation is less than 0.736 inches,
then the use of specific GE studies is employed (Ref. 2.21).
These studies contain analyses of the drywell using the pie

~ slice finite element model, reducing the thickness by 0.200
inches in an area 12 x 12 inches in the sand bed region,
tapering to original thickness over an additional 12 inches,

~ located to result in the largest reduction possible. This
location is selected at the point of maximum deflection of
the eigen-vector shape associated with the lowest buckling
load. The theoretical buckling load was reduced by 9.5 %
from 6.41 to 5.56. Also, the surrounding areas of thickness
greater than 0.736 inches is [sic] used to adjust the actual
buckling values appropriately. Details are provided in the
body of the calculation.

Note that the TDR’s discussion of the local “wall” criterion. includes only
GE;s modeling of 0'.536” iﬁ the tray configuration as shown Iin Applicant’s
Exhibit 11. It does not include any other_thickness or configuration. -
 As the Quote abdve sh‘owé, the TDR idenﬁﬁes “(Ref. 2.21)” as the basis of
its local buckling critérion. Referénce 2.21, listed on page 5 of the TDR, is the
“GE_Lefter Report, “Sandbed Local Thinning and Raising the Fixity Height
Analyses (line Items 1 and 2.in Contraét # PC-0391407)”, dated December 11,

1992.” This Letter Report contains GE’s analysis of 0.536” in the tray

| conﬂgﬁratio’n. It is attached as Applicant’s Exhibit 39.

Page 18 of TDR-l 108 discusses the pressure criterion, establishiﬁg the
“required minimum thickness” for “Very Logal Wall (2" Inch Diameter)” to be
0.490”. |

In A.16 of AmerGen’s Direct Testirhbny, we provided references for the

Board to find how the CLB is carried through for License Renewal.
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Q; 4:

- A4

Q.5:

A. 5:

Q.6:

.A. 6:

Is there another document that explains the technical basis for the established

acceptance criteria and describes the modeling of the drywell used in the GE

analyses upon which the acceptance criteria were established in the 1990s?
(All) Yes. The presentations AmerGen provided to the Advisory Committee on
Reactor Safeguards (“ACRS”) License Renewal Subcommittee on January 18,

2007, and the full ACRS on February 1, 2007 are attached as Applicant’s Exhibits

40-and 41. Slides 15 through 35 from the January 18 meeting describe the

modeling of the drywell and buckl.ing analysis in GE’s December 11, 1992 Letter

Report (Applicant’s Exhibif 39). Slides 36 through 45 6f Applicant’s Exhibit 40

‘summarize General Eléctri_c’s ASME Section VIII Stress Analysis. Similar

information is also summarized in Applicant’s'Exhibit 3, beginning oﬁ page 6-7.

Applicant’s Exhibits 40 and 41 [ACRS Presentations] also _contain
information rega.rding' the drywell physiéal stfucture, the causes of historical
corrosion in the sand bed region, the actions takén to arrest corrosion, and the
actiéns taken to verify that cofrbsion has b.een érrested.

Do you have anything else to add?

(MPG, PT) Yes. In our Direct Testimony, A.8, we stated that, with respect to the

design and function of the drywell, “AmerGen complies with the [General Design _ |
Criteria] by meeting thé applicable ASME Boiler and Pressure Vessel Code,
standards, and speéiﬁcétions.” The relevant portion of ASME Code Section III is_ :
attached as Applicant’s Exhibit 42.

Does this conclude your testimony?

(All) Yes.
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In accordance with 28 U.S.C. § 1746, I state under penalty of perjury that the forego'mg is

true and correct: -

G-12-07

Michael P. Gallagher : Date
Peter Tambuiro ‘Date
.y 1 waw 9/r2/2)
Ahmed Ouaou \ ' + Date
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In accordance with 28 U.S.C. § 1746, I state under penalty of perjury that the foregoing is -

true and correct:

Michael P. Gallagher Date -

=T s/

Peter Tamburro ‘Date
Ahmed Ouaou ' Date
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges: -
E. Roy Hawkens, Chair
‘Dr. Paul B. Abramson
Dr. Anthony J. Baratta

In the Matter of: .September 14,2007
AmerGen Energy Company, LLC
: _ : Docket No. 50-219
(License Renewal for Oyster Creek Nuclear
Generating Station)

N N N N N N N’ e N’

AMERGEN’S PRE-F ILED SURREBUTTAL TESTIMONY
PART 3 :
AVAILABLE MARGIN
L WITNESS BACKGROUND
Q. 1: Please provide the Licensing Board with your names and current titles.  The
Board knows that a description of your current responsibilities, background and
professional experience was provided in 15arts 1,2 and 3 of AmérGen’s Pre-Filed
Direct Testimony on July 20, 2007, so there is no need for you to repeat that
information here.

A. 1: (FWP) My name is Frederick W. Polaski. | am the Manager of License Renewal

for Exelon.
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Q. 2

A 2:

Q. 3:

A. 3:

(DGH) My name is Dr. David Géry Harlow. [ am a Professor in the
Mechanical Engineering and Mechanics Department at Lehigh University located
in Bethlehem, Pennsylvania. . |

(JA) My name .is Julien Abramovici. I aln a consultant with Enercon
Services, Inc. lncated in Mt. Arlington, New J ersey, but formerly worked for the
Oyster Creek Nuclear Genera_ting Station (“OCNGS™).

(PT) My name is Peter Tamburro. I am a Senior Mechanical Engineer in

- the OCNGS Engineering Department.

Please summarize the purpose of your testimony and overall conclusions.

(All) The purpose of this SurRebuttal Testimony is to respond to the information
provided in Citizens’ Rebuttal Statement Regarding Relicensing of Oyster Creek -
Nuclear Generating Station (“Citizens’ Rebuttal Statement™) and in the Pre-Filed
Rebuttal Testimony of Dr. Rudolf H. Hausier, regarding the topic of available |
mar.gin. Our ovefall conclusions, as explained below, are that Dr. Hausler and
Citizens have presented no new information that would call into question our
previous testimony on available margin.

In their Rebuttal Statement, on page 3, Citizens appear to afgue that “reasonable

. assurance” requires 95% confidence. What is your response to this argument?

(All) Citizens have never clearly explained what they mean by the term “95%

confidence.” In a statistical analysis of UT thickness data, this term could
describe one of two-distinct concepts. It is possible to calculate a lower and upper

95% confidence limit about the mean, i.c., sample average, or a lower and upper

~ 95% confidence limit for the data. The significant difference between these two
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Q. 4.

confidence limits is shown in Appliéant’s Exhibit 43, which displays the Bay 19

internal UT grid measurements from 1992.

In that Exhibit, the short dashed (blue). vertical lines indicate the +30, 20, |

and *1c values for measurements which have an average of 0.800” and a standard

deviation of about 0.059”. The long dashed (red) 'l.ines are the 95% confidence

limits cbmputed for the mean (W) using the student t distribution with 44 degrees
Qf -freedom. The difference between the actual measurements and the confidence
limits for the mean (p) are striking. This is because the distributidﬁ for the
.méasurements (i..e. , the 4.9 points). and the distribution for the mean (p) are
actually différent. The distribution for the meaéurements is “noi'_mal” whereas the
_diétribution for the mean () is the student t distribution. Consequently, describing
the measurements and the confidence interval for the. mean (i) must be done

precisely and carefully.

How do Citizens use the term “95% confidence™?

A.4: (Al Citizens’ Statement and Dr. Hausler’s testimony suggests that Citizens are
interested in the 95% confidence limit for the data. Examples of this argument
include:

e Citizens’ Exh. 39, page 6 (“the 95% confidence limits embrace
95% of all data . . . defined as the mean of the data +/-
approximately two (2) standard deviations”);
o Citizens’ Rebuttal Statement, page 11 (“AmerG_eﬂ bears the burden
of evaluating the current margins using the estimated lower 95%
confidence limits for the various required parameters...”);
l-WA/2819'5.35 (Part 3 SurRebuttai) " 30f15



Citizens’ Rebuttal Statement, page 14 (“the external data do not
comply with the acceptance criteria at the 95% confidence level if
the thinnest measurements obtained are used.”);

Citizens’ Rebuttal Statement, page 16 (“if the lower 95%

confidence limit was compared to the acceptance criterion”™);

Citizens’ Rebuttal Statement, page 18 (“the lower 95% confidence

* limit for the thickness of certain parts of the drywell shell is below

[the pressure] criterion” of 0.490”);

e Citizens’ Exh. 38, page 6 (“structures do not fail by

averages....[they] fail where the deepest pit is located™).

Is it appropriate to analyze UT measurement data in terms of a 95% confidence

level for the data?

(All) No. Citizens’ argument that the internal UT data should be analyzed using a
95% conﬁd_ence Timit for the data is particularly absurd. This would result in an
analysis that focuses on the thinnest UT data pqints from among the 49 iﬁtémal
UT measurements in each grid, effectively ignoring 48 other known '_data poiﬁts

from the same 6” x 6” grid. This approach has no scientific basis. As Dr. Harlow-

stated in his Rebuttal testimony (Part 3, A.22):

AmerGen is primarily interested in the data within a grid
“which are between * two sigma about the sample average
‘because this region accounts for 95% of normally
distributed data. If there is relatively little scatter in these
data, which has been demonstrated elsewhere, so that they
are also reasonably close to the sample average, then the
sample average is the quantity that should be used in
comparison to the general buckling criteridn. The 5% of
‘the data outside + two sigma about the sample average pose
no threat to buckling; however, these data are considered
relative to the pressure criterion.. -
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Q.6:

Q.7

Q. 8:

But AmerGen uses only the averége of the 49 points from an internal grid. Why
doesn’t AmerGeh evaluate the internal UT grid data using a 95% confidence
interval about the mean? |

(PT, JA, DGH) AmerGen dqes evaluate the 95% confidence interval of the

sample -average for e_:ac.h. internal grid after each inspection to understaﬁd the
variability of each calculated average. (Applicant’s Exh. 20 (41 Calc)). The
variability of the sample average demonstrates, however, that the calculated
averages over time are well behaved and repeatable. There is an equal probability
that the true.mean is either greater o.r less than the calculated sample average
within the 95% confidence interval because the internal grid data are no_rmally

distributed. Based on this calculation, and based on the Grand Standard Error

calculation discussed in AmerGen’s Rebuttal Testimony, A.17, it is concluded,

therefore, that the average is the best representation of the thickness over the
inspected area. Therefére, AmerGen uses the sample average to idéntify the
av.ai'labl.e' margin, without adjustment to include the lower 95% confidence limit.
Citizens allege that AmerGen is being inconsistent in that it evaluated future
corrosion rates using a §5% confidence lower limit about the mean, but.does not
do that to evaluate the mean to identify the available margin. What is your

response?

| (PT, JA, FWP) As described above in A.6, there is no discrepancy because this is

a conservative approach.
Citizens argué that AmerGen has “erroneously claimed it has actually calculated

the minimum margins based on the lower 95% confidence limit.” (Citizens’
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Q.9:

Rebuttal Statement, page 4 (citing Applicant’s Exh. 3 at6-15to 6-16; Applicant’s
Exh. 12 at 13-14.)). What is your response?

(PT, FWP) Citizens have identified an error in AmerGen’s documents. The cited.

'margins are not calculated with 95% confidence. Citizens’ first citation is to

Applicant’s Exhibit 3, pages 6-15 and 6-16, which are two tables from a submittal
to the Advisory Committee on Reactor Safeguards (“ACRS”), with titles that use
the term “95% Confidence Level Average Thickness.” These titles are based on

the second document which Citizens cite (Applicant’s Exhibit 12 (pages 13-14)),

- the LRA Supplement submitted to the NRC on December 3, 2006, which sfates,

for example, that “Analysis of the 2006 UT data, at the 19 grid locations,

indicates that the minimum 95% confidence level mean thickness in any bay is

10.807” (Bay #19). This is compared to the 95% confidence level minimum

measured mean thickness in bay #19 of 0.806 and 0.800” measured in 1994 and
1992, respectively.” |

The statement is not correct as written. The values in the tables in
Applicant’s Exhibit 3,. pages 6-15 and 6-16 are simply the calculated averages for
each grid. This .table does not report the upper or lower 95% confidence limits or
the 95% confidence interval. The statement is correct if “95% confidence level”
is deleted iﬁ both locations. As discussed in A.6, above, the .95% confidence
lower limit was evaluated for the sample averages, so this only a cosmetic error.
Citizens state that “AmerGén argues that the external measurements ére not
accurate enough to allow margins to be determined, but Amer_Gen has al.so

maintained that it can use those same measurements to determine whether the
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AL 9:

shell complies with the acéeptance criteria. This position is unsustainable.”
(Citizéns.’ Rebuttal Statement, page 10). Do you agree?
(PT, FWP, JA) No. First, AmerGen does not claim that the “external
measurements are nof accurate enough.” The measurements aré accurate over the
véfy small area covered by the UT probe (less than 3/8” in diameter). Buckling,
however, is a phenomenon that is implicated here when metal is lost over a |
significant érea. The.\'/o_lun-letric nature of the local buckling criterion is based on
this principle: “[t]he enti;e [124.8 cubic iﬁch] tray, on average, needs to corrode
away for that loss of metal to be significant from a buckling perspective and to
exceed the local buckling criterion.” (AmerGen Dir. Part 3, A.15). Thus any
calculation of margin io the local buckling criterion must be expresséd in cubic
inches, not in inches, and there simply are not sufficient external UT data points
to calculate such a volumetric margin.

As we explained in our Direct Testimony, A.29 and A.30, in the “24
Calc.” external single point UT data are averaged as a conservative method of
“.demonstrating compliance with the general buckling acceptance criterion.” It is
sirhp_ly not realistic to average these data for the purpose of quantifying the actual
estimated available margin. | |

As expla.ined.in our direct testimony, in the 24 Calc. AmerGen uses
conservative assumptions to demonstrate zcompliance with the ASME Code.

These assumptions would not be appropriate for quantifying the actual available

~ margin. “In other words, [the 24 Calc.] confirms that you meet the applicable

ASME Code, but not by how rﬁuch.” (AmerGen Dir. Part 3, A.29).
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.Q. 10:

Q. 11:

Please respond to Dr. Hausler’s statement that, “[a] number of AmerGen
evaluations of ‘representative thickness’ admit plainly that the internal grid data

in certain Bays is not representative of the true mean thickness of the Bay because

of the pattern of corrosion.” (Citizens’ Rebuttal Statement, page 12, citing

Citizens’ Exh. 45 at 3 (discussing this issue in Bay 1); Exh. 46 at OCLR29744-5

(discussing Bays 1, 3, 7, and 15).

: (PT, FWP) Dr. Hausler is taking these documents out of context. Citizens’

Exhibit_45 and 46 are documents AmerGen used to develop inputs to a future
containment analysis. Thié analysis is a commitment AmerGen made as
documented in Exhibif 10, page 11 of 13 (Commitment #18); The inputs for
tﬁickness were selected to establish a t.hicknéss profile for the sand bed that was
representative but appropriately conservative in representing the current thickness
conditions. In general, internal grid thickness measurements were used. When
appropriate, more conservative thicknesses were used such as adjacent bay
thickness or UT data from the trenches. In no cases were external UT
measuremeﬁté used since t.hey are not representative of the average thickness in
the bays since they were biased as the thinnest points in the bay.

Citizens allege that Applicant’s Exh. 16, pages 34 ;and 92-93 “shows a 3 foot by 3
foot area that is less than 0.736 inches in average thickness.” (Citizens’ Rebuttal

Statement, page 16). Is this correct?.

: (PT, JA, FWP) No. Dr. Hausler’s statement is incorrect and misleading.

Revision 2 of the 24 Calc. (Applicant’s Exh. 16 at 92-93) concludes that there is a

3’ by 3’ area in Bay 19 that is “af least 0.720” thick.” This is conservatively
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Q.12

based on only two of the lowest external points in this 3’ by 3’ area. The

calculation does not conclude that this area is on average 0.720” thick. First, the

- external point measurements are taken at locations that “are biased thin compared

to their surroundings,” as stated in AmerGen Dir. Part 3, A.42. So even without
more informatioh, we know that the area in question is much thicke;. Second,
there is a third exterﬁal poiﬁt within the 3’ by 3’ area, between thé two thinner
points, that measured 0.736”. Third, internal grids 19B and 19C coincide with the
same 3’ by 3’ area and they have average thicknesses of 0.848” and 0.824”,
respectively. These data conclusively demonstrate that the area in question is
thicker.

Finally, contrary to Citizens’ implication, the 3’ by 3’ area is compared to
thé -loéal buckling criterion, not the 0.736” general‘buckling criterion, so e;/en if.
the area was, on éverage, 0.720” thick, it would not be ,signiﬁcant from a buckling
perspective. |
In the previous Answer; you stated that the internal grids 19B and 19C coincide

with specific external areas. How do you know that?

: (PT, FWP) We first relied upon Applicant’s Exhibit 28, which generally shows

the overlap of the internal grids and trengh UT locations with the external data
points. .That Exhibit, however, is not to scale and shows all ten bays oh a single
sheet of paper. We then preparéd similar maps for the bays identiﬁed asa
concern by Citizens (Bays 1, 13, 17, and 19). Those maps, which are an excellent
representation of the locati.onlof the UT measurement locations.and. are.cs_sen_tially

to scale, are provided as Applicant’s Exhibit 44.
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Q: 13:

Q. 14:

Q. 15:

In Dr. Hausler’s Rebuttal Testimony, A.8 (referencing Citizens’ Exh. 38), he

. states that he “refined [his] calculation of the sample standard deviation.” How

has Dr. Hausler “refined his calculations?

: (DGH) It is unclear exactly how Dr. Hausler has “refined” his calculation. In

footnote 4 of Exhibit 38, he appears to provide more detail: “[t]he standard
deviations derived from repeat measurements shown in.Table 1 differ s_l_i'ghtly
from those previously presented, because I have used a more rigorous calculation
method than previously. [sic]” This sfatement makes very little sense, unless Dr.
Hausler is correcting mathematical errors. The standard deviation for a set of

measurements is defined as follows:

s= \/Zn:(xk —_f)z /(n—1).
k=1

All standard software and all calculators use this as the definition for
standard deviation. Spreadsheets have its computation built into the computation
library so that its computation is simple. I cannot imagine what Dr. Hausler
means by “a more rigorous calculation method than pfeviously” used.

In Dr. Hausler’s Rebuttal Testiﬁlony, A.11, he states:.“the 2006 measurements
showed that. the shell is now approximatély 2 to 3% thinner dyerall than measured

in 1992.” What is the basis for this statement?

: (PT, JA, FWP) We could not identify any basis for Dr. Hausler’s statement other

than the statement “[m]y analysis of the data.”

Do you agree with Dr. Hausler’s statement?
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A:15: (PT,JA, FWP) No. Visual observations and the results of the UT grid readings
over time demonstrate that corrosion has been arr;:sted. |

Q. 16: In Dr. Hausler’s Rebuttal Testimony, A.l4, Citizens quote an OCNGS document
from 1993, attached as Citizens’ Exhibit 44 (on page 2) as follows: “I could not
determine visually which of the thin spots are the thinﬁest.” Does this quote

accurately reflect this document?

| A. 16: (PT, FWP) No, the quote is egregiously taken out of context. The full quotation,

with italics for emphasis, is:

In addition to the dimples, there are spots that appear to be
thinner than the general area. The dimples in the surface
occur in these thin spots to the same degree as in the rest of
the corroded portion of the shell. The “thin™ spots are
typically a foot to 18” in diameter and probably comprise
about 20% of the corroded area. In general, except in Bay .
13, the thin spots are not readily apparent. Therefore, a
more detailed characterization is difficult for the other bays
:... I'could not determine visually which of the thin spots
are the thinnest. However, due to the small differences
between the “thick™ areas and the “thin” areas, and the
amount of metal removed in preparation for the UT
-measurements, it is highly likely that the thickness readings
reported in the UT measurements encompass the thinnest
spots .in the shell.

Thus, Citizens’ Exhibit does not support their conclusion. Instead, it supports the |
opposite conclusion, that the external points are biased thin.

Q. 17: In .Citizens’ Rebtfttal, A.16, Dr. Hausler discusses the alleged “overgrinding” of
metal at the external UT locations. In this discussion, he acknowledges that the
curvature of the prepared area .created én air gap on the exterior shell that may

have created a bias in the 1992 UT data. He then argues that, “If this bias indeed
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exists, the only explanétion offered assumes that the measured points weré not
overground.” What is your response to this argument?
A 17: (P’f) We have previously testified thét “additional good metal” may have been
'removed at some of the external data points, leading to some additibnal
conservatism in AmerGen’s calculations. (AmerGen Dir. at A.42). Dr.
Hausler’s statement éssumes that the metal removal process would have
elihinated any curvature in the prepared surface, thus eliminating th¢ bias. This
is wrong. Ultimately, the question of whether these areas were “overgrbund” or
not is sig.niﬁcantly less important than the fact that they are biased thin when
compared to the rest of the shell. So we béli_eve thaf Dr. Hausler’s argument is a
red herring. |
Q. 18: In Dr. Hausler’s Rebuttal Tes.timony, A.19, he claims that it was “unlikely” that
the corrosion occurred between 1986 and 1992 “because Bays 5 & 17 are the .least
corroded Bays and the estimated corrosion rate in Bay 17 was not significant or
weis very small (no corrosion rate was even estimated for Bay 5).” He does this in
an e_ffqrt to show that significant corrosion is occurring or can occur on the
interior embédded surface of the drywell shell in the sand bed region. Do you
agree? | |
A. 18: (PT, FWP) No. First, with respect to Bay 17, this trench was selected because it
was representative of significant external corrosidn, so Dr. Hausler is simply
wrong. Data from bay 17 show sigrificant external metal loss between 1986 and
1992. For ekample, as shown in Applicant’s Exhibit 3, page 6-15, the éverage |

measurement in grid #17D was 0.922” in February 1987 and 0.817” during the
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Q.19:

1992 refueling outage; the average thickness in grid #17A bottom was 0.999” in
December 1986 and 0.9417 during the 1992 refueling outagé.

Second, with respect to Bay 5, Dr. Hausler’s speculation of significant

interior corrosion is also contradicted by all of the available evidence. We know

from Barry Gordon’s Rebuttal Testimony that any corrosion from the interior
would be expected to be “vanishingly small and of no engineering concern.”
(A_merGen Reb. Part 6, A.10). We also know from visual _inspectio.ns of Bay 5
followiﬁg sand removal that some exterior corrosion was experienced prior to the
1992 refueling outage, This is documented in Applicant’s Exhibit 27, page 27
(the physical condition of bay 5 “was very similar to [the corrosion in] bay 3).
We know that the interior of the trench was observed .visually during the 2006
refueling outage, and the surface was smooth with only minor surface corrosion.

And we know from AmerGen’s Direct and Rebuttal Testimony, Part S, that the-.

epoxy coating is intact with no signs of deterioration, so we know that corrosion

from the exterior has been arrested since 1992.
In Citizens’ Exhibit 38, page 3, Dr. Hausler states that “[d]uplicate & triplicate

measurements were made externally in some bays” in 2006. Is this correct?

: (All) No. In some cases two and three UT thickness values were recorded at

some external locations. However, the multiple measurements were not taken at
the same exact points. T'hey were taken about Y4-inch around the measurement
points, but within the prepared area. This is documented, for example, in the 24 '

Calc., Applicant’s Exhibit 16, on pages 171 and 176, which are the data sheets for
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Q. 20:

A. 20:

Q. 21:

A 21:

bays 5 and 15. In all cases the 24 Ce__llc. used the thinnest value recorded for each
location.

But Dr. Hausler then uses these “duplicate and triplicate” measurements to
generate an uncertainty value for the external data: “It was théﬁ possible to’
estimate the measuring error form [sic] these repeated measurements.” Dr.
Hausler’s assumption that the differences in these values can be attributed to the
“error in 'meésurenlent only” is wrong because these data are not from the exact
same points. So Dr. Hausler’s calculations are stafistically improper.. N
Do you have anything else to add? |
(PT, JA) Yes. In our Rebuttal Testimony, A.54, we referenced ASME Code Case
N513, NRC Bulletiﬁ 87-01, “Thinning of Pipe Wall in Nuclear Power Plants,”
NRC Generic Letter 89-08, “Erosion/Corrosion-Induced Pipe Wall Thinning”
ASME Code Section XI, and API 653 iﬁ our answer t§ the Board’s question on
the statistical analysis of UT thickness measurements. Relevgnt portions of these
documents are attached as Applicant.’s' Exhibits 45 through 49.

Does this conclude your testimony? -

(All) Yes.
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AMERGEN’S PRE-FILED'SURREBUTTAL TESTIMONY
PART 4 : o
SOURCES OF WATER

L WITNESS BACKGROUND

Q. 1:  Please state your names and current titles. The Board knows that a description of -
youf current responsibilities, background and professional experience was
provided in Parts 1 and 4 of AmerGen’s Pre-Filed Direct Testimony on July 20,

2007, so there is no need for you to repeat that information here.

A. 1: * (JFO) My name is John F. O’Rourke. [ am a Senior Projeét Manager, License

.Renewal, for Exelon, AmerGen Energy Company, LLC’s (“AmerGen”) parent

company.

1-WA/2819807 (Part 4 SurRebuttal)



II.

Q. 2:

A.2:

Q. 3:

A. 3:

(AO) My néme is Ahmed Ouaou. 1 am.la registered Professional Engineer
specializing in civil/structural design and an indépendent contractor.

(FHR) My name is Francis H.. Ray. I am the Engineering Programs
Manager at the Oyster Creek Nuclear Geﬁerating Station (“OCNGS”).

KN OWN SOURCES OF WATER IN THE SAND BED REGION

Pleaée summarize the purpose of this SurRebuttal Testimony and your
conclusions. |

(All) The purpose of this SurRebuttal Testimony is tb respond to the information
provided in Citizens’ Rebuttal Statement Regarding Relicensihg of stter Creek
Nuclear Generating Station (“Citizens’ Rebuttal Statement”) and in the Pre-Filed
Rebuttal Testimony of Dr. Rudo_lf H. Hausler, régarding the sources 6f water in
the sand bed r_egion; Our overall conclusions, as explained below, are that Dr.
Hausler and Citizens have presented no new. information that would call into
question our previous testimony (;11 the sources of water in the sand bed region.
Citﬁzeﬂs have alleged that the reactor cavity concrete “trough is still subject to
high temperatures that could cause the concrete to detgrioraté and the condition of

the trough was seen to be far from ideal in the most recent outage.” (Citizens’

Rebuttal Statement, page 20 (citing Citizens’ Exhs. 48 & 49)). How do you

respond to this allegation?

- (All) Citizens’ Exhibits provide no support for thefr_conclusion that the condition

of the trough was seen to be far from ideal in the “most recent” outage. The
exhibits are from 1986 and 1996, not 2006. And there was no evidence of any |

defects in the trough drain during. the 2006 refueling outage. The trough
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Q. 4:

A.4:

functioned as designed by convey'ing any water to the trough drain and, thereby,

preventing water from entering the external sand bed region.

Citizens allege that “{t]he plant could be forced into an outage that requires the

fuel cavity to be flooded before there is any chance to apply measures to mitigate
leaks in the cavity liner.” (Ciﬁzens’ Rebuttal Statement, page 19; Rebuttal
Testimony, A.23, citing AmerGén Dir. Part 1, A.17). How do you respond to this
allegation? | _ N

(AO, JFO, FHR) As stated i.n Paﬁ 1 of this SurRebuttal Testifnony, A4, -'
AmerGen has committed to apply a strippable coating “to the reactor cavity liner
to prevent water intrusion between the drywell shield wall and the drywell shell
during periods when the reactor cavity is flooded.” This includes forced outages.
Further, as stated in AmerGen’s Direct Testimony, Part 4, A.6, “forced outages
when the reactor cavity had to be filled with water are rare, and OCNGS has not
experienced such an outége since at least 1990.”

Citizens allege that AmerGen has failed to account “for other forced outages that
could lead to condensation on the exterior of the drywell surface.” (Citizens’.
Rebuttal Statement, page 23; Rebuttal Testimony, A.23). How do you respond?
(All) Citizené are wrong. Mr. Gordon’s analysis aséumed that the exterior
surface of an uncoated drywell shell is exposed to water for 30 days every.two
years. The average duration of OCNGS’s past four refueling outages, since
Amer.Gen took over management, however, has been 26 days. Thus, Mr.-
Gordon’s analysis contains margin to account for potential drywéll entry time

during forced outages during which condensation is assumed to be present. -
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Q. 6: Do you have anything else to add?

A.6: (All) Yes. .In our Direct Testimony, A.9, we discussed the results of the._reactor
cavity liner leakage inspections during the 2006 refueling outage, and in our
Direct Testimony, A.10, and Rebuttal Testimony, A.6, we discussed the results of

 the daily ahd quarterly po_ly bottle inspections. from the Torus Room since March

2006. Relevént portions of the completion documentation for these inspections
;are attached as Applicant’s Exhibits 50 through 56.

Q. 7: Does this conclude your testimony?

A. 7: (All) Yes.

1-WA/2819807 (Part 4 SurRebuttal). : 4 of 5

Nevertheless, such condensation remains highly speculative. Citizens fail to

recognize that, as described in AmerGen’s Direct Testimony, Part 4, A.16, there

* was no evidence of condensation on the exterior of the drywell shell in the sand

bed region at any time during the 2006 outage, even while the drywell chillers
were in operation. Thus, even if there is a theoretical potential_for condensation,
there is no evidence that it has actually taken place. Citizens present no evidence
that it has, or even that it is likely. As a result, .“the potential for condensation is

entirely speculative.” (AmerGen Dir. Part 4, A.17).
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AMERGEN’S PRE-FILED SURREBUTTAL TESTIMONY
| PART 5
THE EPOXY COATING

L WITNESS BACKGROUND

Q. 1: Please state your name and current tit_le_. The Board knows that a description of
your current responsibilities, background and p;ofessional experience was
provided in Part 5 of AmerGen’s pre-filed Direct Testimony on July 20, 2007, so

 there is no need for you to repeat that information here. - |

A. 1:  (JRC) My name is Jon R. Cavallo. I am Vice President of Coﬁbsion Control

Consultants and Labs, Inc., and Vice-Chairman o_f Spdnge-J et, Inc.

- Q.2: Pléase summarize the purpose of this SurRebuttal Testimony and your overall

conclusions.

1-WA/2819812 (Part 5 SurRebuttal)



II.

Q.3:

A3

(JRC) The purpose of this SurRebuttal Testimony is to respond to the information
provided in Citizens’ Rebuttal Statement Regarding Relicensing of Oyster Creek

Nuclear Generating Station (“Citizens’ Rebuttal Statement™) and in the Pre-Filed

" Rebuttal Testimony of Dr. Rudolf H. Hausler, regarding the epoxy coating system

installed on the exterior of the OCNGS drywell shell in the sand bed region. My

overall coﬁclusions are that Citizens havé presented no new information that
would call into question my previous conclusion that the epoxy coatihg system
should preclude further cor_rosi‘on of the exterior drywell shell in the sand bed
region, and that Dr. Hausler’s expertise appears to be fundamentally inapplicable
to thét epoxy coating system. | |
RESPONSE TO CITTZENS’ REBUTTAL
Do_ you agree with Dr. Hausler’s statement that “tests \yith the wet sponge
technique . . . as standardized by NACE afe quite simple to carry out and it is
unclear why these tests were not done.”? (Citizens’ Exh. 39, pagé 17).
(JRC) No, I do not. Discontinuity (holiday) testing using the wet sponge
technique is not required for a coating system in atmospheric service when benign
exposure conditions exist, such as in the sand bed region of OCNGS. The NACE
standard that Dr. Hausler refers to is SP0188-2006, _“Standard Praptice /
Discontihuity (Holiday) Testing of New Protective Coatings on Cbnductive
Substrates.” In the Forward to the NACE standard, _the following statement
apbears, with italics added for emphasis: |

This standard was originally pfepafed in 1988 b‘y Task

Group T-6A-37, a component of Unit Committee T-6A on
Coating and Lining Materials for Inmersion Service. It

1-WA/2819812 (Part 5 SurRebuttal) 2 of 7



Q. 4

was reaffirmed in 1990, revised in 1999, and reaffirmed in
2006 by Specific Technology Group (STG) 03. This
standard is issued by NACE International under the
auspices of STG 03 on Protective Coatings and Linings:
Immersion and Buried.

It is evident from this Forward that discontinuity (holiday) testing using the wet
sponge technique is intended for use in aggressive corrosion environmenfs, such
as encountered in buried or underwater service, and not for benign atmospheric
conditions such as those fouﬁd in the OCNGS sand bed region.

Dr. Hausler has stated that “Residual stresses . . . can lead to spontaneous
cfacking, particularly under conditions of constant vibration and fatigue and

elevated temperatufe.” (Citizens’ Exh. 39, pége 17). What is your response to this

statement?

(JRC) Dr. Hausler’s statement demonstrates a lack of understanding of the
exposure conditions of the three-coat epoxy coating system applied to the drywell
e.xterior in the OCNGS sand bed region. The exterior surface of the OCNGS
drywell in the sand bed region is not subject to vibration or flexure (fatiguej
during normal plant operations, and as stated in AmerGen’s Direct Testimony,
Part 6, A.19, the reasonable operating internal temperature in the sand bed region
of 130°F is far below the maximum allowable conti‘nuous temperature limit of the
three-coat epoxy coating system (250°F). Applicant’s Exhibit 35 (Devran 184

data sheet).

Dr. Hausler also warns that “epoxy coatings are subject to spontaneous

delamination as a consequence of abrupt pressure drops.” (Citizens’ Exh. 39 at

17). Does this warning apply to the coating on the exterior sand bed region?
1-WA/2819812 (Part 5§ SurRebuttal) 3 of7
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Q.6:

(JRC) No, it does not. The only pressure chénges that will be encountered in the
OCNGS exterior sand bed region will be as a result of changes in environmental
conditions wifhin fhé reactor building that would result-in slow inéreases and
decreases of pressure. Small, slow ﬂué.tuations in atmbspher_ic pressure will not
cause the “sp‘ohtaneéus delamination” phenbménon proposed by Dr. Hausler.
Please respond to Dr. Hausler’s allegation in A.18 that “areas of the shell in the
S_andbed region were not coated with cpéxy because they are inaccéssible._”
(JRC) Citizens’ A.18 makels clear that Dr. Hausler bases his allegation on two
documents: Citizens’ Exhibits 40 and 41. As discussed below, nei_th_er of these
documeﬁt_s supports Dr. Hausler’s allegation..

Exhibit 40 is a Novembér 2006 AmerGen e-mail discussing the possé‘bility
that parts. of the exterior dry_wel_l shell in:the sand bed regibn are not coated with

epoxy. It states that “[a]ssuming there are areas that could not be accessed and/or

 protective coating applied. . .” And its discussion is based entirely on a historical

document that pre-dated the cleaning and coating of the exterior shell. Therefore,

this historical source cannot possibly provide reliable evidence of whether areas

of the shell were not coated because it was written before the coating was applied.

Exhibit 41 also does not support Dr. Hausler’s allegation, for the same

~ reasons as Exhibit 40. Exhibit 41 is a two—pag’e- excerpt from a GPUN evaluation

written in December 1992. The evaluation similarly talks about the coating of the
exterior of the drywell shell in the future tense, for exémple: “some patches of the

drywéll exterior may be left uncleaned and/or uncoated.”

1-WA/2819812 (Part 5 SurRebuttal) 40of 7



II.

Q.7

" The workers who inspected the external coating in all ten bays during the

2006 refueling outage confirmed that all of the areas were coated. These actual

visual observations clearly trump Dr. Hausler’s speculation, which is based on

‘documents that pre-date application of the epoxy coating.

DR. HAUSLER’S EXPERTISE

Are you aware of any new information about Dr. Hausler’s expertise with regard
to the OCNGS epoxy coating system?

(JRC) Yes. Citizens submitted additional information about Dr. Hausler’s

qualifications and the papers he has authored in their response to AmerGen’s
Mbtion in Limine of July 27. Dr. Hausler identified some articles that are

attached as Applicant’s Exhibit 57 (R. H. Hausiér, et al., “Corrosion_Manégement
in the Arun Oil Field,” 1996), Applicant’s Exhibit 58 (R.H. Hausler, et al.,
“Development of a Corrosion Inhibition Médel [: Laboratory Studies,” 1999), and
A]Splicant’s Exhibit 59 (R.H. Hausler, et al., “Development of a Corrosion
Inhibition Model II: Verification of Model by Continuous Corrosion Rate
Measurements Under Flowing Conditions with a Novel Downhole Tool,” 1999).

I was not able to retrieve these documents in time to incorﬁorate ahy comments oﬁ
them into AmerG¢n’s Rebuttal Testimony. I have now reviewed these papers and

the topics discussed in them confirm that Dr. Hausler’s expertise is primarily in

-oil field applications that have very little in common with OCNGS epoxy coating

system and the benign sand bed region environment that the epoxy coating system

is éxposed to.
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In closing, my review has identified no evidence that Dr. Hausler serves
on any NACE or EPRI or other technical committees, or has any experience
rélated to coatings in atmospheric .service. i |

Q. 8: Does this conclude your testimony?

A.8: (JRC) Yes.

1-WA/2819812 (Part 5 SurRebuttal) 6 of 7
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AMERGEN’S PRE-FILED SURREBUTTAL TESTIMONY
PART 6
FUTURE CORROSION

I.  ~ WITNESS BACKGROUND

Q. 1: Please state your names and current titles. The Board knows fhat a description of your
current responsibilities, background and professional experience was provided in Parts 1,
2 and 6 of AmerGen’s Pre-Filed Direct Testimony on July 20, 2007, so there is no need

_for you to repeat that information here.

"A. 1:  (BG) My name is Barry Gordon. | am an Associate with Structural Integrity Associates,

Inc. (“SIA™), located in San José, Califqmia. :
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Q. 2:

IL.

Q. 3:

(EWH) My name is Edwin Hosterman, and I am a Senior Staff Engineer in th_é
Corporate Engineering Programs Group in Exelon’s Headquarters in Kennett Square,

Pennsylvania.

Please summarize the purpose of this SurRebuttal Testimony and your overall

conclusions.

' (All) The purpose of this SurRebuttal Testimony is to respond to the information

-provided in Citizens’ Rebuttal Statement Regarding Relicensing of Oyster Creek Nuclear

Generating Station (“Citizens’ Rebuttal Statemgnt”) and in the Pre-Filed Rebuttal
_Testimohy of Dr. Rudolf H. Hausler, regarding the potential for future corrosion of the
exterior drywell shell in the sand bed region. Our overall conclusions are that Dr.
Hausler’s Testimony, once again, is based on inapplicable analyses and mistaken
assumptions, and that D.r. 'Hausler’.s expertis_e appears to be fundamentally inapplicable to
the-actuél conditions of the drywell shell in the sand bed region.

POTENTIAL CORROSION RATE

Dr. Hausler has opined that sand bed region “corrosion could be as rapid as it was in the

presence of the sand.” (Citizens’ Exh. 39, page 17). Do you agree with this statement?

(BMG) No. There are three main reasons why this would not be the case. F irst, the

drywell corroston mitigation steps as described throughout AmerGen’s testimony, such

~ as applying a strippable coating to the reactor cavity liner, removing the sand, clearing

the drains, and installing a three-layer epoxy coating system on the exterior drywell shell

- surface, will prevent this high rate of corrosion.

Second, as described in my Rebuttal Testimony, A.14, due to the above mitigation

steps, the expected time of wetness, Tw, on the drywell shell has been dramatically
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A. 4.

‘reduced to the point where the coated drywell exterior could be dry all of the time. If
there i§ no moisture, there is no corrosion.

Thifd-, as described in my Rebuttal Testimony, A.7, the rate of general corrosion
decreases wifh time due to the formation of corrosion products/films on the metal surface.

Therefore, any subsequent corrosion on a freshly-wetted, previously corroded surface

would not corrode at the same rate as measured previously. General corrosion rates

typically decrease with the square root of time.
With respect to potential corrosion from the interior, Dr. Hausler has testified that
“[c]onsiderably higher short term [interior] corrosion rates have probably occurred. In
the absence of any good information on this issue, I believe it would be prudeﬁt to allow
for an interior corrosion rate that i.s a multipl_é of 0.002 inches per year, if new water is
iﬁtroduced into, the interior floor by repairs to control rod drives, use of the containment
spray, or other sources.” (Rebuttal Testimony, A.19). Is this realistic?
(BMG) No, for the reasons provided in Part 6 of AmerGen’s Rebuttal Testimony, A.9
and A.10. “Any corrosion [in the interior embedded drywell surface] would be
vanishingly small and of no engineering concern.” This is due to the high pH of any
water in contact with the interior surface of the embedded drywell shell, the lack of
measurable corrosion on the new.ly'-exposed shell surface during the 2006 refueling
outage, and the inerted air environment inside the drywell during oper;itions.

Any new water introduced oﬁ to the _cc')'ncrete floor by “repairs to control rod
drives, the use of containment si)ray, or other sources” will have its pH subsequently
increased due to the high solubility of calcium hydroxide, Ca(OH),, ie., the most solublé

cement paste compound, from the concrete. This phenomenon is document in L.
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Q. 5:

Bertolini, et al., Corrosion bf Steel in ancrete — Prevention, Diagnosis, Repair, Wiley-
VCH, Weinheim, Germany, 2004, page 57. Relevant excerpts are attached as
Applicant’s Exhibit 60.

Apparently b_aséd on the interior corrosion rate of 0.002” per year postulate_d in Dr.
Hausler’s Testimbny, A.19, Citizens’ argue that, “[i]n the ébsence of any good
information on this issue, it is prudent to-allow for a corrosion rate of up to 10 mils pef

year after new water is introduced onto the interior floor by repairs to control rod drives,

the use of containment spray, or other sources.” (Citizens’ Rebuttal Statement, pége 23)

Do you agree with this statement?

(BMQ) There is absolutely no justiﬁcatibn for multiplying this assumed general
corrosion rate of 0.002” per year by a factor of five to derive an even a more_dubious
general corrosion rate Qf 0.010” per year. It is important to noté that normal corrosion
engineering practice is to conservatively double the general corrosion rate to provide
éxtra margin, not to multiply the general corrosion rate by a factor of five.

The general corrosion rate of carbon steel embedded in clean concrete, i.e., no

chlorides or carbon dioxide, is negligible (<0. 000008” per year). This value is based on

L. Bertolini, et al., Corrosion of Steel in Concrete — Prevention, Diagnosis, Repair,
Wiley-VCH, Weinheim, Germany, 2004, page 74. (Applicant’s Exh. 60). Even in the

presence of aggressive substances such as chlorides or carbon dioxide, which degrade the

| passive film formed on the carbon steel surface, at a high relative humidity (RH) of 80%

and 90%, respectively, the general corrosion rate of steel is approximately only 0.0006”

per year, as described in Applicant’s Exhibit 60, page 74.
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Q.6:

Thus, Citizens’ postulated internal surface proposed corrosion rate is
unreas__onable and the added margin multiplier factor lacks aﬁy engineering basis.
Citizens state that thé total (annual) éorrdsion rate could be 0.050” per year. (Citizens’
Rebuttal Statement, page 11).- This is based on their estimate that “[f]ufure corrosion
rates after refueling outages are up to 0.01 inches per year from the interior and 0.39
inches per year from the exterior. The total corrosion rate could therefore be
approximately 0.05 inches per year.” Is this a reasonable estimate of the potential
corrosion rate?

(BMG) No. The highest historical general corrosion rate ever measured in the OCNGS

sand bed region of 0.039” per year took place in a corrosion system consisting of water-

saturated sand in direct contact with an uncoated carbon steel drywell. That corrosion

system no longer exists, so the corrosion rate value is no longer valid. The corrosion

system has changed as follows:

. The water-retaining and ion-containing sand has been removed
. The ingress of additional water has been mitigated
. The carbon steel drywell has been coated

Nevertheless, as I described in my Rebuttal testimony, A.15, even “if | assumed
that the highest levels of corrosion ever experienced in the sand bed region pould recur,
the total potential corrpsion rate,” when accounting for the time of wetness (“T,,”), is
only 0.007 over two years. |

Citizens’ estirﬁat'e of the interior corrosion rate of 0.010” per year is unjustified,
for the rea.sons described ih A.S, above. Citizens also add 0.001” per year’, for no

apparent reason. Thus, there is no basis for a total corrosion rate of 0.50” per year.
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IIL.

Q. 8:

A. 8:

Q.9:

Dr. Hausler éités the “Handbook of Cherﬁistw and Physics” to counter AmerGen’s
position that “corrosion product occupies from 7 to 10 times the vplume of the iron from
which-it originates.” (Citizens’ Exh. 39, page 18). Please respond to Dr. Hauslf':r’-s
statemenf.

(BMG) In the information cited by Dr. Hauslér from the “Handbook of Chemistry and

Physics,” the relative densities of iron and its common corrosion products are based on

theoretical values of pure oxides. In reality, oxides are not pure and usually occupy much

larger volumes due to defects in the oxide/hydrate structure such as vacancies and voids.

AIR FLOW IN THE SAND BED REGION

Is Dr. Hausler correct when he says that “the exterior _Of the sandbed region . . . has very
limited air exchange”? (Citizens’ Rebuttal Testimony, A22).

(EWH) No. While the exterior of the sand bed region is not served by forced ventilation,
air exchange will occur in the sand bed region in response to temperature changes in the
drywell shell and the surrounding air. As explained in AmerGen’s SurRebuttal
Testimony,'Part 1, A3, A_pplicant’s Exhibits 4 and 7 show that the drywell vents | .
penetrate the concrete at the.top of the sand bed region. The gaps between the vent

headers and the concrete provide substantial area for air flow, as do many piping

penetrations from the drywell. All of these openings combined with the air gap between

the drywell liner and the concrete shield wa-lls create a “chimney” which will tend to
promote airflow in this area. In particular, as the drywell liner heats up follolwing an
outage, the resulting terﬁperatur_e differential between the drywell shell and the
surrounding air will induce natural circulation air flow in the sand bed region.

Citizens have alleged that AmerGen’s testimony ﬁses the incorrect equation to determine

the evaporation rate of water from the drywell shell surface following an outage.

1-WA/2819833 (Part 6 SurRebutal) 6 of 10



A.9:

Q. 10:

Q. 12:

Specifically, Dr. Hausler states that because the air in the sand bed region is “totally
stagnant,” the equation used “describes a steady state, while the rate of evaporatidn in the

confined space of the sand bed area would have to be described by a transient equation.”

. (Citizens' Exh. 39, page 19). Is Dr. Hausler correct?

'(EWH) No. As I stated in my response above (A.8), the air in the sand bed region is not

stagnant. Since air can, and does, flow through this afea, the evaporation in this region
would not have to be described by a transient equation.
In your direct testimony (A.19), how did you account for the potential low velocity of air

across the shell surface?

: (EWH) I conservatively accounted for the low velocity of air across the shell by setting

the wind velocity equal to zero. At this point, the evaporation is strictly governed by
differences in saturation pressure between the water film assumed on the drywell |

exterior, and the air in the sand bed region.

. Please explain why it is acceptable to use a velocity of zero in this equation, rather than

using a different equation altogether.

: (EWH) Because air is free to be exchanged in the sand bed region, but the velocity is not

known, setting_ the Qalue equal to zero conservaﬁ.vely limits evaporation to differences in
saturati.()n pressure, which are temperature-driven. Because air is free to flow through the
area, the air will ndt saturaté and steady state equations will adeciuat_ely describe
evapofation in this are'a..

Do yoﬁ agree with Dr. Hausler that, “[i]t is therefore likely that in the event of water
leakage into the region, the air in the sandbed region would become fully saturated during

the outage (transient phenomenon). It would then have very limited capacity to absorb

1-WA/2819833 (Part 6 SurRebuttal) 70of 10



moisture as the temperature increased with plant start up.”? (Citizens’ Rebuttal -
Testimony, A22). |
A. 12: (EWH) No. Once again, because air is free to circulate through this region, the air in the
sandbéd region will not become fully saturated, so Dr. Hausler is..vs./rongﬁ
Q. 13: Do yoﬁ agree with Dr. Hausler that “[t]he ability of new aif_to reabh the sand pocket has
| been reduced by the placement. of tubés leading to po.lyéty_rene bottles in the sand bed
_drains. Thus, it'is likely that ény- moisture on the éxterior of the shell would evaporate
slowly.”? (Citizens’ Rebuttal Téstimony, A22).
A.13: (EWH) No. Asl stated in A8 above, significant air flow area exists in the sand bed
region, even with the drainage tubes installed in the sand bed drains. |

IV. DR.HAUSLER’S EXPERTISE

regard to the potential corrosion rate in the OCNGS sand bed region?

A. 14: (BMG) Yes. Citizens submitted additional informétion about Dr. Hausl¢r’s qualifications
and the papers he has authored in their response to Amergen’s Motion in Limine of July
27. Dr. .Ha.usler identified .some érticles that are attached as Applicant’s Exhi_bits 57, 58,
and 59. I was not able to retrieve these documents in time to incorporate any comments
on theni into AmerGe.r'l’s Rebuttal Testimohy. 1 have now revieWed these papers and the
topics discussed in them copﬁr_m that Dr. Hausler’s expertise is pr.imaril'y_ in oil field
applicétion’s that have very ﬁttle in éommén with the OCNGS sand bed régiqn.

Q. 15: Do you have anything else. to add? | |

A:1S: -(BMG) Yes. In my Rebuttal Testimony, A.10, I compared the chemistry saxﬁplg: results

of water from the drywell shell interior to the guidelines in NRC Generic Aging Lessons

1-WA/2819833 (Part 6 SurRebuttal) - 8 of 10

l Q. 14: Mr. Gordon, are you aware of any new information about Dr. Hausler’s expertise with



Leamed (GALL) Report (Vol. 2, Rev. 1, at IT A.1 through 5). Relevant portions of the
GALL Report are attached as Applicant’s Exhibit 61. |
Q. 16: Does this conclude your tesfimony?

A.16: (All) Yes.

1-WA/2819833 (Part 6 SurRebuttal) 9 of 10



In accordance with 28 U.S.C. § 1746, I state under penalty of perjury that the foregoing is true

and correct: -
N~ /Lﬂ/\/ 7 / /
i _ 1/12)oF
Barry Gofdon Date {
Edwin Hosterman ' Date
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l In accordance with 28 U.S.C. § 1746, I state under penalty of perjury that the foregoing is trué
. and correct: -
l Barry Gordon Date
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l Edwin Hosterman Date
l 1-WA/2819833 (Part 6 SurRebuttal) 10 of 10



' DOCKETED
USNRC _
'UNITED STATES OF AMERICA . September 17, 2007 (7:45am) -
NUCLEAR REGULATORY COMMISSION OFFICE OF SECRETARY .
_ . - RULEMAKINGS AND
ATOMIC SAFETY AND LICENSING BOARD ~ ADJUDICATIONS STAFF

Before Administrative Judges:
E. Roy Hawkens, Chair
Dr. Paul B. Abramson
Dr. Anthony J. Baratta

In the Matter of:

* AmerGen Energy Company, LLC

September 14, 2007

: Docket No. 50-219
(License Renewal for Oyster Creek Nuclear
Generating Station)

R e T W U g S

AMERGEN’S PRE-FILED SURREBUTTAL TESTIMONY EXHIBITS

EXHIBITS 37-61



: e DocketcFiTe” ACRS (10)

T S NRC &=Local PDRs _ CWHeh1, RI
John Jd. Barton e Coo o oPDUI-4 Prant '
‘President -and:Director . - . SVarga

0
GPU Nuclear Corporation . - © o+ JGalvo -
er-Creek-Nuclear: Generating Station . - SNorris
Post OfficeBox 388 .~ - ... . ADromerick
Forked River, New Jersey 08731 R .-gg%-
....... S an -

Dear M. Barton' 'f;

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

The staff has comp]eted the review and evaIuation 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
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In 1986 the stee] drywe11 at Oyster Creek Nuc1ear Generating Station (OCNGS)
was found to be exténsivaly /corroded in the area of the shell which is in
contact with the~sand: cushion argyng.the bottom of-the drywelli—=Since- then
6PU Nuclear Corporation;’ (GPUN;+“the~1icensee 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:¥iFrom the UT thickness measurements, one ..
can ‘conclude that: -corrosion of the ‘drywell:shell.in theisand cushion:area is
continuing.iw:In"an. attempt to eliminate: corrosion ‘or.reduce.the corrosion
rate,:the .1icensee’ tried Cathodic’ protection and. found~it;to be of no-avail.
An examination of the'results of consecutive. UT: measurements, ‘confirmed ‘that -
the corrosion s tontinuing . There-Isiconcern”that the structural integrity -
of the drywell cannot be assured.:‘Since the root cause of the corrosionin . i~
the 'sand. cushion-area“is:‘the:presence-of. water -in-the :sand,~the-1icensee-has-—..-
considered sand removal to:be an:important elementlin its program to e11m1nate .
the corrosionith .to_the dr Lin :

nh- “1c
performed the ana]yses of :the; drywe11qfor Jts structural: adequacy with and
viza-without-the: presenco ‘of :the" .sand.=:The:licensee. performed,stress analyses and .
r; %stability ana1yses ‘for both with ‘and without:the;sand cases and ‘concluded the:
drywel1 with or without:the sand to.be'in’ complidnce with:the criteria = = . -
established forithe reevaluition.:~It is to be noted that’the.original purpose -
of .the sand cushioniis to provide a smooth transition of .stresses from the
fixed portton t the‘free-standtng portion of the stee] drywell

Laboratory (BNL) has reviewed and evaluated the 1nformation (Refs. 1, 2 3,4,5)
,provided_by the Ticensee.: >




1. Re-Analysis Criteria - :f

The drywell was origina]iy destgned and constructed to the requirements of

. . ASME Section VIII code and appiicable code cases, with a contract date of . _._ .
S July 1, 1964, The Section VIII -Code-requirements “for nuclear-containment
~ - vessels at that time were less detailed than at any subsequent date.” The

e evolution of the ASME Section 111 Code for metal-containments-and-its relation

7 with ASME Section VIII Code were reviewed and evaluated by Teledyne
... Engineering Services (TES). :The evaluation criteria used are based on ASME
- "Section 111 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
i containment program to evaluate the steel torus for hydrodynamic loads and

5"5f¢that the current ASME Section JI1 Subsection NE Code 1s closely related to-

<~ that version. The foiiowing'are TES’s findings relevant to Oyster Creek
f:‘app]ication. '

:ﬂ;_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 - S

- ‘the stress intensity (Sme) in Section 111 for metal” containment is
- 1.1S = Smc, )

c) Categorization of stresses into generai primary membrane, general
" bending and local primary membrane stresses .and membrana pius
bending stresses is adopted as’ in Subsection NE.

d). The effect of a 1oca11y stressed region on the containment shell is
_considered in accordance with NE- 3213.10,

In addition to ASME Section_ll} Subsection NE Code, the 1icensee has also
Anvoked ASME Section XI IWE Code to demonstraté the adequacy of the Oyster
Creek drywell.::-IWE-3519.3 and IWE-3122.4 state-that it 1s acceptable if

either the thickness of the base metal is reduced by no more than 10% of the

normal plate thickness or.thg reduced, thickness can_ be shown. by analysis_to_. ...

ti fy he requirements of the esig ; pecification._

The staff has reviewed the 1icensee s adoption of ASME Section 111 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
reasonabie and acceptab]e. Vo _

T N T : )
y 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 kontainment sheil ~ NE-3213. 10 defines ciear]y ‘the ™

b)- The relation between the. ai]owab]e stress (s) “Tr-Section v111 and-'"‘-*'4 i,

- ) -

A e .
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'level of stress intensity and the extent of the discontinuity to be considered

“localized. A stress intensity limit~of 171 Smc-is specified at-the-boundary -
of the region within which the membrane -stress cin be higher than 1.1 Smec.™
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.” ~lp -7
view of this, the 1icensee 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 disagreed with the licensee’s
nterpretation of the Codel-:The: staff pointed out that for Oyster Creek .
drywell, ‘stresses due to~ in;ernai 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
indiscriminateiy throughout the drywell i S <3

In order to’ use NE—3213310 to consider the corroded area as'a 1ocaiized

discentinuity, the extent of tha reduction in thickness due to corrosion

should be- reasonably -known, ~UT-thickness-measurements.are-highly_localized;

however;  from-the numéros -measurements-so=-far-made-on -the: Uysten.Creek:::;:::t:t

drywell, one can. have a general idea of the overall corroded condition of the

drywell shell and it: is possibie to judiciousiy appiy the estab]ished re-
na]ysis criteria R

_ yses“were made by General. Eiectric Company for the licensee, one
analysis considered the:sand present-and .the ‘other .considered the drywell -
ithout:the.sand.: Each ‘re-analysis comprises arstress analysis-and stability
alysi Twofinite ‘element modelsizone>axisymmetric and another 'a 36° pie
slice model-were:used for-the stress.analysis.iiThe ANSYS computer.program.was.__ .
used- to- perform the analyses. iiThe axisymmetric ‘model was used to deétermine .-
the stresses for.the  seismic “and. the ‘thermal: gradient: Yoads/2:The pie siice
=mode. was -used _for’ dead weight:and pressure;loadsii:The .pieislice model .
Sincludes:the” vent pipe’and. the; reinforcing :ring, "and was: also used for:-
gbuckiin “analysisi,Theisame 'models were used. for:the cases:with‘and without
xcept: that:{nithe" forner.; therstiffness”of isand in contact:with the
‘was: considered %= The “shel1:thickness: An-the sand; ;region was .- - -
! ;to be.0.700%: for.: the with-sand‘case and:to be 0.736": for ‘the without-
nd-case: ¥ The 0.70" was,ﬂas ‘claimed by the ‘1icensee, used: for conservatism
{and the 0,736":1s’ “the' ‘projected thickness”at the start of fuel cycle 14R. The
Ztsame“thicknesses of ‘the shell ‘above the 'sand region were used .for both cases.
JiFor:the with-sand case,‘an analysis of. the drywell with the -original. nominal
wall: thicknesses was made to check the. she]i stresses with the a]iowable

! : he’sane’ioa combinations ‘as’ specified n. yster Creek’ :
i final ,design safety analysis report- (FDSAR) for the re-analyses. The 1icensee -
madea- comparison of the load combinations and corresponding ailowabie stress




'1Thirs—ﬁsing*tﬁé
are compana§1e&“

P R = :
The results of the re-analyses indicated that the governing thicknesses are in
the upper sphereand 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_gsi}ﬁ;Thera;is-basica]]y 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
dge effect .is damped in a very short distance. -The stresses calculated

-exceed the allowdble 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 siice model,: uniform:
thicknesses were lassumed for each section of the drywell. Therefore, the
calculated oyer-stresses may represent ‘only stresses at the corroded areas- and-
‘the stresses: for-areas-beyond the corroded areas are-less -and would.most ™ - -7~

s

féhdahd%ReviéyjP1an*(SRR) section=3.8i2 and concluded they

i

:1ikely be within the allowable as indicated in resuits of the analyses!for
nominal thicknesses.”: The diagram in Ref. 6 indicated such a condition, It is
o be noted thatjthe stresses for the corroded areas were obtained by o
multiplying the stresses for nominal thicknesses by the ratios between the
corroded -and nom}pa]-thicknesses: ST TEE
. O TR AT }
‘The buckling-analyses “of .the drywell were performed in accordance with ASME
Code Case N-284.5The analyses were done on-the 36% pie slice model for both
with-sand "and without-sand-cases. : Except in the 'sand cushion area where a
shell.thickness’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 otherjsectiodslw;Ihe.1oad766ﬁ5163t16ﬁ§7ﬁﬁ1thfaréftfitiEhl"td*bﬁtkTihg‘wéiET
‘{dentified -as.those involving vefueling and post accident conditions.g_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 1s most
imiting:in“terms. of.buckling with a'margin of 14%:" The staff and its
Brookhaven National:laboratory:(BNL) consultants :concur.with the 1icensee’s .
conclusion that the Oyster.Creek.drywell. has adequate margin against buckling
71tg_po“sand;support:fordqn assumed sandbed region shell thickness of 0,736
Ane th o : - . ’

A copy of BNL's technical evaluation report is atfached to this safety
evaluation. .. . N R S R L

Soen

With th agg‘stagc _ ficoﬁéufiantg*beﬁZEN[;'fHefstéff,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.11cen§ee indicated that the corroded drywell meets the requirements for

- .




ntainment vesseis as. cnntained in ASHE Section III Subsection NE through '
summer 1977-addenda. This:Code waseadopted ‘{n: theMark .I:.containment program..
The staff agrees with the 1icensee’s. Jjustification:of using the above _ '
mentioned Code requirements with one exception, the use of.1.1.Smc throughout
the drywell shell -in. the triteria for- §tress analyses. —It-is the staff’s
position that the primary membrane stress 1imit of 1.1 Smc’not be used =
indiscriminately. throughout the drywell.7.The staff accepted the 1icensee’s
reanalyses .on ‘the: assumption that .the corroded areas are highly localized as-
indicated by.the 1icensee’s UT.medsurements.::The stresses:obtained for:the .
case -of .reduced -thickness canonly be: interpreted to re resent those in the
corroded areas and. their adJacent regions of the drywell:shell.. In view of
these observations;j:it:1§ essential that:the 1icensee perform UT thickness
= measurements at: refue]ing ‘outages-and- at’ outages of :opportunity for the life
2of .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 thicknes'ses:of the'corroded areas are as projected and the
~corroded areas are localized.i Both of these. assumptions ‘are the bases of ‘the
~reanalyses and ‘the’ staff-acceptanc ‘of_the reanaiysis resu]ts.__-g;_ i

An ASHE .Section VIII‘Evaiuation of - the Oyster Creek Drywei] Part 1, R
‘Stress’ Anaiysis' GE Report No.-.9-1 DRF i00654 November 1990 prepared for ~ -

.Justification for use of Section'11I, Subsection NE," Guidance in
Evaluating the Oyster Creek Drywell". TR-7377 1, Teledyne Engineering
.November IQPO (Appendix-A’to_ Reference n.

aluatior of.the'Oyster Creek Dryweli Part 2 L
_Stabiiity Anaiysis' GE Report Ho.29-2 DRF. #00664, Rev.?0; & Rev. l.-;~--
,November_1990,&prepared“for GPUN: (with sand) '

n of:Oyster.Creek Drywel .fér“ N
Part 1, stress” analysis' GE. Report No. 9~ 3 DRF #00554
February 1991 -Prepared for.G B
5 Sk 4

_ x Eva “of Oyster Creek Drywe11 for uithgy; sa ngja
case; Part 2 Stability Analysis® GE Report No. 9-4, DRF 100664 Rev. y 9

Rev. 1 Hovember 1990, prepared for GPUN. : ' '?"
; e R : i
Diagram attached to a letter from J ¢! Devine Jr. of GPUN to NRC dated i
: _Januany.17-w1992 (C321 92-2020 5000-92 2094) . b




 BROOKHAVEN NATIONAL LABORATORY
"' TECHNICAL EVALUATION REPORT

Qigt;oductign

An inspection of the’ steel drywell at the Oyster Creek Nuclear;f

: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.ﬁgmhe-
-icensee, = GPU 'Nuclear"’ jCorporation,h~has':performed “structural
Janalyses. to demonstrate the integrity:of the drywelltfor ‘projected
‘corroded conditions ‘that may exist-at’ the start of:the fourteenth
‘refuéling . outage., (14R)"““This outage®is expectedﬁto start ‘in-
October1992.7::In an _attempt:to arrest. the. corr051on,»the licensee-

mplans '£o, remove  thée  sand from the sandbed’ rsgion.mConsequently,~
théy 'have subritfed structiral’ analyses ‘of "the drywell both with’
‘and without sand for drywell wall’ thicknesses projected to exist at
the.start of 14R outage

-The analyses performed by'the licensee.utilized the drywell.
wallfthicknesses summarized in Table i ORI ;

o e e Projected 95%
As-Designed * o . Confidences !
Thicknesses i 14R Thicknes_ses

Upper. SphericaI'Region
Middle' Spherical Region
Lower Spherical Region -

Table ‘2=1"0f. both References liand 3 indicates that the
knuckle” thickness. is7.2,625%,;:: This appears to .be ‘a
mistake since %he knuckle thickness is shown to be 2-

,_“E
- e S =

. -,



i The stress analy51s for.: the “with sand" case is. described 1n
'ference . ~Bors thisi.analysis the licensee utilized the as~
sdesigned: thicknesses, ‘except for the sandbed region where la
thickness:of 070" was:used.  The:stress-results were obtained from
a ‘finite -element .analysis which utilized axisymmetric solid-
.elements.-and the ANSYS cemputer program. Later, the stress results
were scaled to address the local thinning in areas other -than the
sandbed region (thedprojected 95% confidence 14R thicknesses in
Table 1). The loads and load combinations considered in the i
analyszs are based-on the: FSAR Primary Containment -Design- Report - e
and the 1964 Technical Specification for:the Containment. Appendix: T
E of Reference 1 compares the load combinations considered in the -
analysis with thosefgiven in section 3.8.2 of the NRC Standard g
Review Plan, Rev. A July 1981.
. - b}

The stress anafvsis for the “"without sand". ¢ase is described
in Reference 3. For this analysis the licensee.also utjilized the
as~designed thicknesses, except for the sandbed region where ia
thickness of 0.735"!was used.  In_ this case, twc finite element
- models;—-an- axisymmetric~and—a 36°-p1e -slice=model;:were- used"—.The———
- axisymmetric--model | is ~esséntially--the— Satis 2§ ~thatused ~{f-=
~ Reference 1; however, the elements representing the 'sand stiffness
T wWere 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 reinfoFcing ring in the drywell shell in the vicinity
- of .each vent pipe. 'The drywell and vent shell were modeled using
‘3-dimensional elastic-plastic quadrilateral shell elements. Atia
"distance of 76 inches from the drywell shell, beam elements were
‘used to model the rémainder of the ventline. :The loads and load L
icombinations are- thé same+as those considered in Reference -1 - o wies

T The code of reLord for the Oyster Creek drywell is the 1962"
~"Edition of the ASME COde, Section VIIZI with Addenda to Winter 19863,
“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 Tegard 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 ASME Code . in order to justify. the use of a limit
of 1.15,,:4in 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" - '

The licensee also performed stability analyses of the drywell
;yfor both the "with £and® 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 thicﬁness 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 ofi; the drywell for. both .the »with sand" and: Mwithout
sand"-:casies: wasrevaluated: by using-the 36° .pie slice finite: -element
‘model. discussediabove::: For-the: "with sand" .case spring- erements
CWere: used rnathessandbed region:to.moedel. the sand support.--For-the ----
Mwithout 'sand" .dase:these spring elements were removed. The! most
llmltan’lGad colibihations: which result in the- ‘highest compressive
stresses in ‘thelsandbed 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 buckliny 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.i Then the theoretical buckling stress is modified-
~ by - capacity.-and:-plasticity—reduction—factors.——The allowable—~—
wTITTI'compriessives stress.is:obtainedzby.dividing=the. calculated: :buckling=::
stress by a factor of safety. In accordance with Code Caee’N-284
the licensee usgd 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 hoopistress. originally the licensee based the‘hoop
stress modification on data related to the axial compre551ve _
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
wwithsand" and "without sand" cases (Reference.8).. For the,"with
.sand" __case,__th “Jicensee_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. A e L N T R

-
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3._ va uat o o ce see's roac

The analyses performed by the 1icensee 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 OysteriCreek
- drywell. The finite element analyses performed for both the stress

. and stability ebaluations are consistent with industry practice.
Except for the lise of a limit of 1. 1S,, in evaluating the general

- - membrane-stress:in areas of reduced drywell thickness, the- loads~“f_
" . load combinations and. acceptance. criteria used by the licensee are -
consistent with! the guidance given in Section 3.8.2 of the NRC
Standard Reviewiplan, Rev. 1,.July 1981. To further supportitheir-
position, the licensee has provided two appendxces to Reference 1.
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'nce in evaluating the oyster Creek

s .the 1cad combinations given in the
s..: Report . _(EDSAR) .with - the load:

_ i RP"3,8.2 and. demonstrates that the load =
' combinations ‘used m the analysis envelop those given in. the SRP. *

‘ﬁizqs S In the areas of the drywell where reduced thicknesses are:
i - specifled, the licenqee has used a limit of 1.1S, to evaluate the .
*'5general 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, thef .
. 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’
1.0S,, but is 1less than 1.15,.. In support of this position the;
““licensee has providedithe 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: constfhcted,_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!”
T'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 thel'
calculated stress intlensities for.design basis. conditions, wouldI
exceed 1.05,., -and in these cases only slightly" (Reference 7). Theg'
licensée has provided additional information in Referénce 9 to;
7 support this conclusion. . Based on the information provided by the!
:1icensee which demonsirates that the use of the 1. 18,. criteria is,
limited to- localized areas, it is concluded_that the Oyster. Creek,;
drywell meets the int;nt of the ASHE Code. i g*
"As discussed in section 2, the capacity reduction tactore usedw'
in ‘the buckling analysis. are. modified to take into account thes:_'
beneficial effects of -tensile .hcop 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 eguation which_was_the_lower
bound of the test data included in _the report. It also demonstratedu
that the equation: uged “in References 2 and 4 ‘was conservativeﬁ
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, vhich

|
|




indicates that the original approach was not conservative with
. regard to.its application to spherical shapes and recommends a new
e ﬁbn._ OW. “the._

'="Eva1uation-o. ta fy Analysxs*Methods Used for the Oyster Creek

. Drywellm™: (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

7-_capac1t1es in compliance with the ASME Code provisions; however}
- the margins beyond those: capacxties are reduced from those reported
by References . and 4., . _

TSP SR
T Y

e 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 Codé
" 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 Yicénsée ‘for-ther- -refuelingTand-post-acéidentTeases, it appearsisT
that the effect of htop tension in the ANSYS calculations is small
and there is sufficidnt 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 sandoed region.ppg,: :

: During the cour?e of ‘the’ review of the licensee's submittals,
a number of othetr 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 effeckt
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 1arge concentrated loads considered in the
analysis, and (j) tlie 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. ) N . _ o . -

Y- . S A

_e,
e .,

/

- -

. - ] N . -~
— -r -)



T e

-'-',-. e

-

o 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 fourtéefrth’ ‘Yefueling” outaqe. ‘However, if the actual
.. thickness in the_ sandbed region_at. 14R is close to the proyected,_
..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 thatj
.. there is sufficient margin in the drywell design (both with apd”
without the sandbed) to preclude a buckling failure under the
postulated loading‘conditions._ _ J

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 1.1S,, criteria for evaluating

" general membrane stress in corroded .or degraded areas_.should be 1
l-.investigated” FOFfher=by thé-NRCTStAT f-and-the*ASME-Code Committee‘"‘ﬂ;;
-.and ‘eppropriate” bounds €stablished” before it is™aceepted " for™="" """

- general  use. The - licensee’s: buckling criteria regarding the

. modification of capac1ty reduction factors for tensile hoop stress

- and the determination of plasticity reduction factors: should also

- be investigated 1n»a sxmilar manner. %
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38, DESIGN OF CATEGO_RY I STRUCTURES

Tne General Electric Company was the prime contractor for Jersey Central PoWer and Light Co.
in the design-and construction of the Oyster Creek Nuclear. Generatmg Station (OCNGS). Thus,
General Electric had the overall responSIblllty for the Containment System as a part of the total
plant : - :

- General Electric:Company engaged the services of Burns & Roe, Inc. for engi_neering assistance -

and construction management. General Electric furnished the conceptual information drawings,
design criteria, and design specifications. Burns & Roe was responsible-for the detailed design,
construction drawings, specifications, and-management of the actual construction and installation.
All Burns & Roe drawing 1nformat10n was supphed to General Electric who had the prlvxlege of
review and approval :

Burns & Roe, Inc., -subcontr'act'ed_ the design, construction, and testing of the drywell and torus

-vessel, and vent system work to Chicago Bridge & Iron Company.

~ Subsequent to the initial design and the start of commercial operatlon certain modifications were '

made to the torus under the Mark I Containment System Evaluation Program. This program is
further dlscussed in Subsection 3.8.2. :

Evaluations of the st_r_uctu_ral soundness of the Drywell were performed during 1986 and 1987.
The results of these-evaluations showed evidence of Drywell wall thinning at various locations.
These evaluations, the results thereof, and mitigative measures, as applicable, are discussed in

- Section 3.8.2.8.

In addition, under tne_Systematic Evaluation Program (SEP), and independent review was

conducted of the seismic design aspects of the OCNGS as they relate to overall design margins.
The report "Seismic Review of the Oyster Creek Nuclear Power Plant as Part of the Systematic

Evaluation Progr_a_m_"; NUREG/CR-1981, UCRL-53018, RD, RM, was issued to summarize the
evaluation program. The SEP is summarized in Section 1.10.

38.1 Concrete Containment
Not'appi't'cable | E | o | '

3.8.2 - Steel Containment

The Function of the Primary Containment System is to accommodate, with minimum leakage, the
pressures and temperatures resulting from the break of any enclosed process pipe, and thereby
limit the release of radioactive fission products to values which will insure offsite dose rates well
below 10CFR100 guideline limits. The design integrated leak rate for the system is no greater
than 0.5 percent of its total volume per day at 35 psig.

3.8-1
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The development, design, fabrication and construction of the OCNGS Primary Containment are
discussed in detail in Reference 1. For the design and construction of the Primary Containment,
. -Burns & Roe prepared a detailed design specification and bid package from design criteria

" information supplied by General Electric. Chicago Bridge & Iron assumed responsibility for
providing the primary components of the Containment System. All design and construction
-drawings were submitted to Burns & Roe for approval and to General Electric for review prior to
construction. Included in this package were openings and sleeves (nozzles) through the drywell
wall to accommodate the penetration of process piping, instrumentation, and electrical lines. The
actual penetration line fixtures and seals design, fabrication, and testing was subcontracted by
Burns & Roe to- pxpmg or- electncal fabncators -as approprlate :

.- Subsequent to the design completlon and start of commercial operation, additional loading

- conditions which arise in the functioning of the pressure suppression concept utilized in the Mark
I Containment System design were identified. These additional loading conditions resulted in an
industry wide reanalysis and modification program which is briefly described in the following

. paragraphs.

- 'Mark I Containmerit System Evaluation Program

Background

The original design of the Mark I Containment System considered postulated accident loads
‘previously associated with containment design. These included pressure and temperature loads
associated with a Loss-of-Coolant Accident (LOCA), seismic loads, dead loads, jet impingement
loads, and hydrostatic loads due to water in the suppression chamber. However, after

“establishment of the original design criteria, additional loading conditions which arise in the
functioning of the pressure suppression concept utilized in the Mark I Containment System design
were identified. These additional loads resulted from dynamic effects of drywell air and steam
being rapidly forced into the suppression pool (torus) during a postulated LOCA and from
suppression pool response to safety relief valve (SRV) operatlon genera]ly assocnated with plant
transient conditions. :

‘Because these hydrodynamic loads had not been considered in the original design of the Mark I
containment, the Nuclear Regulatory Commission (NRC) required that a detailed reevaluation of
the Mark I containment system be made. In February and April 1975, the NRC transmitted letters
to all utilities owning BWR facilities with the Mark | containment system design, requesting that
the owners quantify the hydrodynamic loads and assess the effect of these loads on the
containment structure. The February 1975 letters reflected NRC concerns about the dynamic
loads from SRV discharges, while the April 1975 letters indicated the need to evaluate the

* containment response to the newly identified dynamic loads associated with a postulated design
basis LOCA. |

3.8-2
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As a result of these letters from the NRC, and recognizing that the additional evaluation
effort would be very similar for all Mark I BWR plants, the affected utilities formed an "ad hoc" Mark I
Owners-Group, and GE was designated as the Group's lead technical organization. The objectives of the

- Group.were to determine the magnitude and significance of these dynamic loads as quickly as possible
- -and to identify courses of action needed to resolve any outstanding safety concerns. The Mark I Owners
‘Group divided this task into two programs: a Short Term Program (STP) and a Long Term Program

(LTP).

Short Term Program

- The objectives of the Short Term Program (STP) were to verify that each Mark |
Containment System would maintain its integrity and functional capability when subjected to the most
probable loads induced by a postulated design basis LOCA, and to verify that the licensed Mark | BWR .
facilities could continue to operate safely without endangering the health and safety of the public while a
methodlcal comprehensive Long Term Program (LTP) was being conducted.

_ . T-he STP structural acceptance criteria used to evaluate the design of the torus and related
structures were based on providing adequate margins of safety; i.e., a safety to failure factor of 2, to

justify continued operation of the plant before the more detailed results of the LTP were available.

The results of the Short Term Program evaluation of the Oyster Creek torus were |

submrtted to the NRC by Jersey Central Power and Light in 1976. As a part of that program, a drywell

to wetwell differential pressure was imposed to reduce LOCA loads and a quencher was installed on the
SRV discharge line to reduce SRV discharge transient induced loads. The conclusion of the Short Term

Program evaluation was that the Oyster Creek torus met the criteria established for the Short Term

Program.

The NRC concluded that a sufficient margin of safety had been demonstrated to assure the -
functional performance-of the containment system and, therefore, any undue risk to the health.and safety
of the public was precluded. These conclusions were documented in the "Mark I Containment Short
Term Program Safety Evaluation Report,”

L

NUREG-0408, dated December 1977. The NRC granted the operating Mark I facilities

"an exemptxon relating to the structural factor of safety requirements of 10CFR50.55(a) for an interim

period while the more comprehensrve LTP was being conducted.

3.8-3
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Long Term Program -

The objectives of the Long Term Program (LTP) were to establish conservative design basis loads that
-are approprlate for the anticipated life of each-Mark  BWR facility (40 years), and to restore the
originally intended design safety margins for each Mark I Containment System. The plans for the LTP
and the progress and results of the: program were reviewed with the NRC throughout the performance of

‘the program.

" The LTP consisted of:
a: The definition of loads for suppression pool hydrodynamic ev'e'_nts'
b The definition of _strueturél_assessment techniques

o c The per'forrhance of a plant unique analysis (PUA) for each Mark I facility

The generic aspects of the Mark 1 Owners Group LTP were completed with the submittal of the "Mark I
Containment Program Structural Acceptance Criteria, Plant Unique Analysis Application Guide"
(PUAAG), NEDO=24583-1: The: NRC concluded that load definitions and structural acceptance criteria
documented in these two reports were acceptable for use in the plant-unique analysis of each plant. The
- NRC conclusions and-comments were presented in the "Mark I Containment Long Term Program
Safety Evaluatlon Report" NUREG 0661, dated July 1980 .

Summary.-of Results n

The analysis of the Oyster Creek torus and vent system has been performed in conformance with the
requirements.of the Mark I.Containment Long Term Program. As a result, a number of structural
modifications were desrgned for mstallatlon in the OCNGS Prrmary Containment as part of the Long

Term Program.

The results of the analysis, which assumed that the modifications were completed, show that all
components of the torus and vent system. meet the criteria of the Mark I Long Term Program. Thus, the
functional performance of the:OCNGS Containment System will be assured for both Loss-of-Coolant
Accidents (LOCA) and Safety Relief Valve (SRV) discharge suppression pool hydrodynamic loading
conditions. ' Specific results of the analysis are given in the report "Plant-Unique Analysis Report,
SuppreSsion Chamber and Vent-System".', MPR-733 dated August 1982;

No evaluatron of the Oyster Creek drywell was required in the Mark I Containment Long Term
Program, since the maximum drywell pressure specified for Oyster Creek in the Long Term Program
(NEDO-24572 Rev 2) is well within the design value specified in the original containment design.

3.8-4
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. The analysis of the piping systems attached to the Oyster Creek torus and vent system has been

completed in conformance with the requirements of the Mark I Containment Long Term Program.

A number of piping and pipe support structural modifications _were_designed for installation as

part of the Long Term Program. The analyses are based on the piping. arrangement with all

- modifications installed. The loads used in the-analyses of'the piping are based upon the response
of the Oyster Creek Containment modified as described in the report "Plant- Umque Analysis
.Report Suppressmn ‘Chamber and Vent System" MPR-733, dated August 1982

- The- results of the analyses of plpmg systems attached to the Oyster Creek torus and vent system
-show that all piping, pipe hangers and supports, nozzles and related components meet the criteria

oof the Mark I Containment Long Term Program with the modifications completed. Specific
results of the analyses are given in the report "Plant Unique Analysis Report, Torus Attached
Piping", MPR-734, dated August 1982. These results were updated in MPR-999, Revision 3,

"Addendum to MPR- 734 " (Reference 41)

An evaluation of the nozzlés in the vent system for the Electromatic Relief Valves piping

_' penetrations has been ‘performed. The results, as presented in the repoit MPR-772, "Plant Unique
Analysis Supplemental Report," indicate that all stresses are below ASME Code allowables and
‘therefore, the penetrations meet the requir’ements of the Mark I Containment Long Term Program.

The Mark I Contarnment Long Term Program Confirmation Order dated J anuary 19, 1982
requrred plant modifications needed to comply with the Acceptance Criteria in Appendix A of
‘NUREG-0061, Mark I Containment Long Term Program dated July 1980. This program is now
complete for OCNGS

| Subsequent to the: completion' of this Mark I Containment Long Term Program, the high

pressure actuation setpomts, specified by the Technical Specifications, were increased by 15
psig (Reference 45). To support this increase, an evaluation of the impact of the increased
setpoints on Mark I results was completed (Reference 46). This evaluation utilized an
estimation of, not a determination of, the resulting increases in stress levels. The results of
this estimation were accepted as sufficient bases for assessing the im pact of the setpomt
increase on previously determined Mark I long term results.

3.8.2.1 . Description of the Containment

The Primary Containment consists of a préssure suppression system with two large chambers as

. shown in Figure 3.8-1. The drywell houses the reactor vessel, the reactor coolant recirculating

loops, and other components associated with the reactor system. It is a 70 ft diameter spherical
steel shell with a 33 ft diameter by 23 ft high cylindrical steel shell extending from the top.

3.8-5
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The pressure absorption chamber’ is a steel shell in the shape of a torus located below and around the

* base of the drywell. It has a major diameter of 101 ft, a chamber diameter of 30 ft, and is filled to

approximately 12 ft depth with demineralized water. The structure is made up of 20 mitered wedge
shaped sections or bays with mtemal strffemng rings or ring girders at each mlter '

The two chambers are interconnected through 10 vent pipes 6 ﬁ 6 in-in dlameter equally spaced around
the circumference of the pressure absorption chamber which feed into'a common header inside the
pressure absorption chamber: This header also takes the shape of a torus of 101 ft major diameter by 4 ft
7 in minor diameter. There-are 120 downcomer prpes 2 ft in diameter, uniformly spaced which have

 their open ends extending 3 ft below the minimium water level in the pressure absorption chamber. Gas

phase return lines with vacuum breaker valves feed back gas to the drywell in case its pressure is less than
the absorption chamber. -

The base of the drywell is supported on a concrete pedestal conforming to the curvature of the vessel. For

erection purposes a structural steel skirt was first provided supporting the vessel. A portion of the steel
skirt was left in place to serve as one of the shear rlngs mtended to prevent rotatron of the drywell during

an earthquake '

After erection, concrete was poured up to the level of the vessel floor providing uniformity_ in the support
by following the contour of the drywell vessel. :

A three inch clearance has been provided between the steel vessel of the drywell and the concrete drywell
shield wall to provide for a regulated expansion of the drywell steel shell. - This clearance was achieved
by applying a compressible material to the outside of the drywell vessel prior to placement of the shield
wall concrete. For further detall refer to Subsectlon.3.8.2.4.

The vent header is supported by pinned columns msrde the absorption chamber The downcomers are
connected in pairs by pinned braces. : : :

The pressure absorption chamber is identified often in various reference documents, drawings,
and figures as suppression chamber, wetwell, or torus.

3.8-6 _
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Projecting downward from the vent pipe header are downcomer pipes, terminating below the.
water surface of the pool. Durmg a Loss-of-Coolant Accident (LOCA), the upward reaction from
the downcomers is resisted by columns to the bottom of the-absorption chamber. Due to the vent
clearing jet forces the columns are pinned top and-bottom to accommodate the differential
horizontal movement between the header and the pressure absorption chamber The horizontal
reaction from the downcomers is resisted by the pmned braces.

Jet deflectors are provided in the drywell at the entrance of each vent pipe to prevent possible

* damage to them from jet forces which might accompany a pipe break in the drywell.

Access to the presgure absb’rption chamber from the-R'eaetor: l3uilding is prc')vide:d through two
manholes with double gasketed bolted covers which can be tested for leakag'e

Access to the drywell is provrded through the equipment hatch-and personnel air lock and through
the double gasketed drywell head cover, all of which have provisions for bemg mdrvrdually leak
tested. : _ :

The pressure absorption chamber is supported on columns located on the outer a'n_d inner radii of

- the torus at the miters. At the center of each bay, a sliding saddle is provided to support the torus,

resist upward forces.caused by a LOCA, and allow for thermal expansion Of the chamber.

~ The outer columns were pinned at the bottom and the inner columns’ are pmned at the top and

bottom to allow radial growth of the absorptlon chamber due to temperature and pressure changes.

" Support for horizontal forces and lateral stability is provrded by cross bracing between the outer
“support columns.- ' _ : .

Additional details on the Containment System penetrations and on the equipment hatch and
personnel air lock are presented in Subsection 3.8.2:4. The Appendices to Reference 1 provide
details and dimensions of these penetrations and the personnel air lock. General arrangement
drawings showing the relationship of the Containment System to the surrounding structures are
presented as Drawings 3E-153-02-001 through 009. Overall drmensrons and volumes of the
Containment System are grven in Table 3.8-1.

3.8.2.2 Applrcable'Codes, Standards and Specifications

The design, materials, fabrication, construction and inspection of the Contalnme’nt_ System _
conform to, but are not necessarily limited to, the applicable sections of the following codes and
specifications which are used to establish or implement design bases and methods, analytical
techniques, material properties, construction techniques and quality control provisions.
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‘Other tests-and standards identified by the lead documents listed and in effect or promulgated at the time
~ the design or construction was performed, shall also be considered as viable controlling documents.

The design and constru'etion of the Containment System involved two. bas_ic.stages:

e Original Construction (Basic Design)

. SUbsequent Design Moadification

' Codes standards and specrf' cations: are presented in the followmg paragraphs relatrve to these two stages.

Orrgmal Constructron ( Basic Desrgrﬁ

a. - American Socrety of Mechanical Engineers - :
~© " Boiler and:Pressure Vessel Code; Sections VIl and IX latest edition at the time of design,

with all apphcable addenda; nuclear case mterpretatron 1270 N-5, 1271 N, 1272 N-5 and
other appllcable case mterpretatlons

o Borler and Pressure Vessel Code, Sectlon I, latest edition at the time of design wrth all
applicable. addenda for the followmg material specifications:

© sA-201
SA-212
SA-300

SA:333 .

SA-350

Carbon Silicon Steel Plates of Intermedrate Tensile Ranges for Fusron-

' Welded BOIlers and Other Pressure Vessels

ngh Tensile Strength Carbon- Snlrcon Steel Plates for Borlers and Other
Pressure Vessels

Steel Plates for Pressure Vessels for Service at Low Temperature

' Seamless and Welded Steel. Pipe for Low Tempera'ture S'ervice

Forged or Rolled Carbon and Alloy Steel Flanges, Forged Flttrngs and
Valves and Parts for Low Temperature Service

3.8-8 _
Update 7
12/92



OCNGS
FSAR UPDATE
b. Anﬁerican Society for Testing and Materials Standards .
A36 Structural Steel

A193 - Specification for Alloy Steel and Stamless Stee} Bolting Material for
- 'ngh Temperature Service

A307 ' Specrﬁcatron-for Low Carbon Steel Extemally and Internally Threaded
R Standard Fasteners

~c.  American Institute of Steel Construction

Specification for the design, fabrication.and erection of structural steel for buildings.

d. Federal Specifications -
TT-P-ssc - Paing Red-Lead Base, Ready Mixed

e. Steel Structures Pamtmg Council Specifications

SSPC SP 3 Power Tool Cleanmg

SSPC-SP—6 Commercial B_lastCleaning '

f. - State of New Jersey L.aws, Rules and Regulations

g.  Burns & Roe Specifications

$-2299-4 Design, Furnishing, Erection and Testing of the Reactor Drywell and
Suppression Chamber Containment Vessels

- Design Modiﬁcation'

Modifications subsequent to the basic Containment System design and construction have transprred
over a number of years after being initiated in 1975. As such, numerous codes and code revisions
have been utilized in carrymg out the design and construction efforts.

The followmg codes, standards and specifications have been supplied to indicate the basic nature of
the documents being employed. Specific information relative to actual governing documents used,
must be obtained from the individual modlﬁcatlon s "System Design Description" for the Oyster
Creek plant. '
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American Society of Mechanical Engineers

ASME Boiler and Pressure Vessel Code, Section 111, Subsection NE," Class MC

‘Components," (1977 Edition through Summer 1977 Addenda).

ASME Boiler and Pressure Vessel Code, Section X1, "Rules for Inservice Inspection of
Nuclear Power Plant Components," Division 1, (1977 Edrtron through Summer 1978

Addenda)

'ASME Borler and Pressure Vessel Code Sectlon I, "Materlal Specrﬂcatlons " (1977

Edition through Summer 1978 Addenda).

ASME Boiler and Pressure Vessel Code, Sectron III, Subsection NF, "Component
Supports,” (1977 Edition through Summer 1977 Addenda).

American Concrete Institute

_' ACI 349-76, "Code Requrrements for Nuclear Safety Related Concrete Structures,"
~ (through 1979 Supplement).

Load and Loading Combinations .

" The Prrmary Contamment is designed to withstand all credible conditions of loading, including

preoperational test loads, normal loads, severe environmental loads, extreme environmental lcads, and
abnormal loads. These loads are considered in the applicable load combinations to assure that the
response of the structure will remain within the design limits prescribed-in Subsection 3.8.2.5.

The loads and load combinations provided below aré extracted from Reference 1. Loads and load

~ combinations relative to the modifications implemented aﬂer start of commercial operation are

contained in References 2 through 11.
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Design Loadings

The loadings considered in the design of the drywell, absorption chamber and
interconnecting elements.include: ' : '

loads.caused by temperature and internal or external pressure conditions.

Gravity _l'oa'd_sfror’n the IVessels, appurtenances and equipment supports.

Horizontal and vértical seismic loads acting on'the structures.
Live loads. .

Vent thrusts.

. Jetforces on downcomer pipes. -

Water'load_in'gs under normal and flooding conditions.
The wéight of contained gas in the vessels.

The effect of unrelieved deflection under femporary concrete loads during
construction. : '

“Restraint due fdcdmpressible material.

‘Wind loads on the structures during erection.

1.

~ Description:of Loads

Pressures and Temperatures Under Normal Operating Conditions

" During reactor operation the vessels will be subjected to-temperatures up to
150°F at close to atmospheric pressure. The absorption chamber will also
be subject to the loads associated with the storage of up to 91,000 cubic feet

. of water distributed uniformly within the vessel.
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Pressures and Temperatures Under Accident Conditions

The drywell and the vent system are desrgned for an internal pressure of 44
psig coincident with a temperature of 292°F and for an internal pressure of

- 35 psig coincident with a temperature of 281°F. The 35 psig and 281°F

~have been considered to prevail for a period of 4 to 5 days as a design
~condition.. The absorption chamber is designed for an internal pressure of
35 psig coincident with the loads associated with the storage of absorption

pool water increased in volume up to 91,000 cubrc feet and a temperature
of 150°F

Jet Forces '

The drywell shell and closure head are designed to withstand jet forces of |
the following magnitudes in the locations indicated from any direction
within the drywell:

Location Jet Force (Max.) Interior Area.Subjecled
S '  to Jet Force

Spherical Partof DryWell " 566,000 pounds | 3.14 sqlrare feet .

Cylinder and Sphercto 466,000 pounds 2.54 square feet
Cylinder Transition ' :

Closure ﬁead . 16,000 pounds 0.09 square feet
These jet forces consist of steam arid/or water at 300°F maximum in the

impingement area: The jet forces do not occur simultaneously. However, a
jet force is considered to-occur coincident with internal desrgn pressure and

a temperature of 150°F.
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The spnerical and cylindrical parts of the drywell are backed up by
reinforced-concrete with a layer of compressible material and an air gap
between the: outside of the drywell and the concrete to allow for thermal

- expansion. It is assumed that local yreldrng will take place, but it has been

established that a rupture will not occur. This assumption is discussed
more fully_m Section I11-2.4 of Reference 1.

" Where the shell is not baeked'qp by concrete (closure head), the primary
* stresses resulting from the combination of loads previously defined does

not exceed 0.9 times the yield point of the material at temperature.

‘However, the prlmary plus the secondary stresses are limited to three times

the allowable stress values given in Table UCS-23, Section VIII, ASME

‘Boiler and Pressure Vessel Code. Supporting data is available in the report,

"Loads on Spherical Shells", prepared by CB&I following a series of load

‘tests on spherical plates. This: report is included as an Appendix in

Reference 1.

The absorption chamber and vent system are designed to withstand jet force
reactions associated with the design basis LOCA. The design reaction on

" each 24 inch diameter downcomer pipe is 21,000 pounds. Stresses

resulting from these reactions are limited to ASME Code allowables.

Gravity Loads to be Applied to the Drywell Vessel

e The weight'ofthe'-st_e'el shell, jet deflectors, vents and other

appurtenances.
e Loads from structural members used to support equipment. '
'3 An allowance for the weight of the compressible material apblied to

the exterior of the vessel and as described in the B&R, Inc. report
"Expansion of the Drywell Containment Vessel", which is included
- as an Appendix in Reference 1. :

. The live load on the access opening: 11 tons or 150 pounds per
square foot,.whi_ch_eve‘r is more severe.

o The live load for the depth of water on the water seal at the top

flange of the drywell with the drywell hemispherical head removed.
. The weight of contained gas during the tests.
3.8-13
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e Dead and live loads on the welding pads provided on the inside of the
containment sphere shoulders, spaced at 8 foot centers in each direction.
Permanent loads are 200 pounds on each pad, with 800 pounds of live load

~ on any two adjacent pads. o '

. A temporary load due to the pressure of fluid concrete which was placed
directly against the compressible material attached to the exterior of the -
drywell and vents. The fluid concrete pressure was controlled by limiting
the rate of placement per hour in order to have a pressure limit of 3 psion
the compresmble material.

Gravnty Loads to be Apphed to the Absorption Chamber

. The wexght of the steel shell- mcludmg catwalk, vent header, downcomer
plpes and-other shell appurtenances:

J The absorption pool Water stored in the vessel as specified above.
. The welght of contained air during the tests.

" Lateral Load

The drywell vessel which was exposed above grade, prior to construction of the
‘Reactor Building, was desxgned to withstand wind loads on the projected area of
the circular shape in.accordance with the height zones listed below. These loads
were analyzed in combination with other loads applicable during thls stage, with -
stresses limited to 133 percent of the ASME allowable stresses.

Height Abové Grade in Feet Wind Load in Pounds per Sq. Foot

0-30 15

130-50 8

over 50 _- o ' 24

The effects of the lateral ]oads at the blanked off vessel penetrations were
mvestlgated :
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A lateral static coefﬁcxent equal to 22 percent, and a vertlcal static coeffi cient
equal to 10 percent of the- permanent gravity Ioad was assumed as acting
snmultaneously with each other.

_ This load was taken concurrently with permanent gravity loads, accident_press_ure

conditions and other lateral loads as shown in Figures 3.8-4 and 3.8-5. These
values were based on studies and criteria described i in Section 2.5.

: The static coefficients listed were used by CB&l tor develop the design of the

drywell and absorption chamber. After completion of this design and fabrication

~ of the vessels, John A. Blume & Associates were engaged by G.E.to perform a

dynamic analysis of the structure under seismic conditions. The complete analysis

i peffofmed by Blume has been included in Appendix I11-2.4 (Item 3) in Reference

. The results of these calculations list coefficients equal to those utilized by

. .CB&I in their calculations, corroborating the adequacy of the seismic design
_ performed by CB&I.

.--Loading Combinations Used in the Basic Design of the Drywell and Vent System

-Case I- Initial Test Condition at Ambient_Temp‘era_ture at Time of Test

~ Gravity load of vessel and appurtenances

- e Design pressure
. The weight of contained air
. ~ Lateral load due to wind or seismic forces whichever is more severe
e Ventthrusts
. Vertical seismic load
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Case II - Final Test Condition at Ambient Temperature at Time of Test

. - Gravity load of vessel and appurtenances
LI GraVity load 'from—equi_pm'ent..éupport's
o Gravity load of compressible material

o ' Gravity load of welding pads

. _.De_s_ign préssure .

. ,_ Seismic loads

'3 : Effect of unrelieved deﬂection under tempéréry concrete loéd
e Restraint dueto compl;eésible -rﬁatériél_ |

. Vent Thrusts .

-Case 111 - Normal Operatinig Condition at Operating Temperatufe Range of 50°F to

: %iQ——E 'Gra_\'/ity load of vessel ar;d appurtenances
..' - QGravity load. frdm equipm'ent supborts _
‘. Grayity load_'of compressible material
L Seismic loads
- . Vent.'th.rusts
e _Restraint due to compr_e'ssible material

e Gravity load on welding pads

| ' Effect of unrelieved d_eﬂec_:ti_(m under tempdrary concrete load
s External pressure of 2 psig
. Live load on personnel air lock
3.8-16
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Case 1V - Refueling Condition with Drywell Hemispherical Head

" Removed, at Operating_Temperature Range of 50°F to 150°F

Gravity load of vessel and appurtenances

G_raVity load from equipment supports -

‘Gravity load of compressible material

Gravity and live load on welding pads
Water load on water seal at top flange of drywell

Seismic loads

Effect of unrelieved deflection under temporary concrete load

Restraint due to compressible material

Vent thrusts

B External pressure of 2 psfg

Live load on access opening

_ Case V-Accident Condition at Temperature Listed Below

: G_ravity load of vessel and appurtenances

Gravity load from equipment supports

Grévity load of compressible material

Gravity léad oﬁ wélding pads |

Seismic loads

Design i?ressure: Maximum positive pressure of 44 ps:g at 2-92‘;F

decaying to 35 psig at maximum temperature at 281°F, to maximum
negative pressure of 2 psig at 205°F. :

- Effect of unrelieved defl8ection under temporary concrete load

Restraint due to compressible material
Vent thrusts

Jet forces
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d'.. Load Combinations Used in the Basic Design .of the Absorption Chamber

L

 Casel- Imtral and Final Test Condrtron at Ambrent Temperature at Time
of Test Test

_ 'o". . Gravity load of vessel and appurte'nances
. : Absprption.pool at the ope_rati_n_g m_ax_imum of 91,000 cubic feet of
water
e . Seismic loads
o Design"pressure
. V ent thrusts

. Case II Temporary Condition at Amblent Temperature Durmg
- Construction

o ‘Gravity load of vessel and _appurt_enances

..o -Seismic loads

Case HI . Normal Operatmg Condrtlon at: Operatmg Temperature Range of

w

. Gravity load of vessel. and appurteuances
e Absorptlon pool at the operatmg minimum of 82,000 cubrc feet of
water .
) Seismic loads
C e Vent thrusts

Case IV - Accrdent Condition at 150°F Maximum

. Gravity load of vessel and appurtenances
. Absorption pool at the operatmg maximum of 91,000 cubic feet of
water
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. Seismic loads

. Design pfessure of 35 psig

. Vent thrusts
) Jet forces on downcomer pipes
3824 Design and Analysis Procedures

- The design arid'ana]ysis procedures described herein are those presented in Reference 1.
- Subsequent to the initial design, certain modifications were made to Primary Contamment
~ penetrations. The orlgmal demgn modlﬁcatlons and analyses related to them are discussed in

Subsectlon 3.8.2.4.3.

3.824.1 © Drywell

Primary Membrane Stresses -

‘The membrane stresses are based on the assumption that the thin shell resists the imposed loads -
by direct stress only. In addition, for earthquake design, it has been assumed that the shell as a

free standing circular cantilever beam of variable cross section. Stresses have been computed at

- . various points along the vertical axis of the drywell as shown on Figures 3. 8-6 and 3.8-7. The
_ notations adopted in these calculatxons are defined as follows

T, = Latitudinal force in pounds per inch of'mendibnal' arc length

T, = Meridional. force in pounds per inch of arc length

Sl,S_z = Unit stresses corresponding to T, and T, and are equé] to Ty or T, divided by t
"W- = Total gr_a.vity ldad above the plane, in pour}ds ) |

P = Internal or external pressure in Ibs/in’. |

R = Radius of the cylinder or sphere as applicable, in inches

t = Plate thickness in inches l.

q = Vertical angle between vertical axis and point in the shell being computed
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The intemal_ force per unit width i; compu.ted from the following relationships:
Cylindrical Port_io'n..of Drywell: - |
| Tl = PR'ahd T2= PR/2 for internal or external .pressufe- o
Tg_% W72 p R for gravity !oadd
| .Tz'; -T = Meq/S for earthquake loads
-. T, = Mw/S for wind loads - |

where Meq and Mw are the’ moments due to earthquake and wmd respectlvely, and S is the
Section Modulus of the Section. '

Sphencal Portion’ of the Drywell
T, T, = PR/2 for mternal or external pressure ’
T21= ;W/Z'-p-R sin_zq ; Ty = -PRcos q -T2 for gravity loade
: T2 = -T; Meq/ p R’ (sm q) for earthquake load |

T,=T = Mw/ ) R (sm Q) for wind load
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Load Deflection Tests

- Design pressure for the drywell requires a relatively thin walled steel vessel. However, the vessel has

relatively little capability to resist concentrated jet forces. Such loads are, however, readily accepted by
the massive concrete shield which surrounds the vessel. Accordingly, the space between the steel drywell
vessel and the concrete shield ou_tsnd_e has to be sufficiently small so that, although local yielding of the
steel vessel can occur under-concentrated forces, yielding to the extent causing rupture will be prevented.
Space has been provided to allow the drywell to expand when in its stressed condition in order for it to
function as a.pressure vessel. In addition, the vessel is subject to thermal expansion due to exposure to
operating and possible'accident tempera’tures which are 'signiﬁc'antly' higher than ambient.

In order to investigate whether or not a steel shell could deflect up to three inches locally w1thout failure as
a result of a concentrated load, CB & I conducted a series of tests on a steél plate formed to simulate'a
portion of the drywell vessel. The tests also provxded data on loading required to produce a given

. deflection, and the strain at various points of the shell. In. performmg these tests, it was assumed that
permanent deformatlon is not: consndered as fallure L :

The basic test section was designed and fabricated to simulate a 70 foot diameter sphere:. The material and

plate thickness used were typical of the type used in pressure suppression containment system

applications. By modifying the basic section through the addition of an 18 inch diameter fitting with insert
type reinforcing, a typical penetration was simulated. Again by the removal of the insert type fitting and

~ the insertion of an- 18 inch dxameter fitting wnth pad type remforcmg, another typical penetration was

sxmulated

Step by step procedures, déscription of the tests, as well as load deflection and load strain curves are
included in the CB & I report "Loads on Spherical Shells" in Appendix I11-2.4 (Item 2) of Reference 1.
The results of these tests indicate that spherical steel shells. of this diameter and thickness, as well as
fittings with insert type reinforcing located in a spherlcal steel shell are capable, under concentrated
loading, of withstanding a substantial localized deflection without failure. Graphs of the theoretical radial

strain in the shell, calculated assuming the shell to be a membrane, are included in this report. They

indicate that the experimental data conforms rather well to the theoretical values. This conﬁrms that the
shell was acting in close conforrmty to the approximate theoretlcal mode
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Expansion of the Drywell Containment Vessel

The load deflection tests performed by CB&I on steel plates provided the basis for selecting three
inches.as the maximum acceptable space between the cold drywell shell and the biological
concrete shleld which surrounds it. '

‘The three inch space precludes the use of a conventlonal formmg system for the inner face of the

concrete shreld

The approach taken was to fill the space pennanently with a material having sufﬁcrent
compressibility to permit the expected vessel movement and yet be rigid enough so as not to
deform under the fluid pressure of concrete. This pressure can be controlled by limiting the rate
of placement of the concrete: -

- To eliminate the need for a continuous mternal pressure in order to prevent compressive forces on

the vessel, an inelastic compressible material was selected; such a material can be permanently
compressed once by simulating the condltlons causing the greatest vessel expansion. The residual

air gap created by the inelastic compression of the material will then offer no resistance to

subsequent repetitions of vessel expansion.

After careful consideration, testing, and investigations as to the type of material to.be utilized, an
asbestos fiber magnesite cement product was selected. To determine the required minimum
thickness of the material, it was necessary to establish the extent to which it was compressed.
This was determined by the expansion of the vessel associated with its highest postulated
temperature for any future operating or accident condition, and by the procedure planned for

- expanding the, vessel to create an air gap larger than required to accommodate any future

conditions.

Information and dlscussmns pertammg to the-performance, desrgn and analysrs aspects of the
inelastic compressible materlal is given in Subsection 3.8.2.4.3.

An internal pressure of 35 psig (saturated steam pressure ata temperature of 281°F) resulted in an
expansion which exceeded postulated accrdent or operatmg expansion, and hence, was a criterion

“for determining spacmg dlmensmns
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At the most critical location, the point on the sphere most distant from the bottom embedment,
thermal expansion was expected to be about 1.06.inches. Tests on the spacing material to
measure-the pressure required to reduce its thickness by this amount, and also taking into account
the compression resulting from the fluid concrete pressure before setting, indicated an initial
thickness requirement of about 2 1/2 inches. The design pressure transmitted to the concrete
shield wall by the spacing material during initial éxpansion of the vessel would be 20 psi, which is

"~ tolerable from the standpoint of_'-th_e'concrete-strength; “Some tolerance on thickness of the
. compressible material had to be allowed. A workable limit of £1/4 inch was chosen. Since the

design pressure on the wall assumed 2 1/2 inches mmxmum thlcl\ness of 2 3/4 inches £1/4 inch

-'was specnfed

In consider_ing the.aceeptabi'l_i_ty' of the three inch gap as a maximum between the steel vessel and
. the concreté shield, it should be noted that this distance would be reduced by: the compression of

the material under the fluid concrete pressure; the thermal expansion of the vessel in going from
ambient temperature during construction to an operating temperature at which the design accident
might occur; and the fully compressed thickness of the material. These conditions were expected
to reduce the three inches to well'below the 3.125 inch minimum failure deflection-of the CB&I
jet load simulation tests, particularly in view of the conservative approach used in those tests. It

‘was thus concluded that a gap of three inches between the drywell vessel and the blologlcal

concrete shield’ would be satlsfactory

The construction schedule reqmred that the compressxble material be applied to the exterior of the

: vessel prlor to the constructlon ofthe concrete shield wall

The mixing and anm injectlon_, as well as the application procedure for the compressible material
to the vessel was performed in accordance with that developed by the manufacturer, All Purpose
Fireproofing Corp. The material was built up in three coats to make a total thickness of 2 3/4
inches £1/4 inch for the upper hemisphere. Since the lower hemisphere of the cylindrical section

~ will have less total expansion, 2 1/2 inches £1/4 inch of the compressible material was applied

over their surfaces. A polyethylene. sheet reinforced with glass fibers was used to prevent bonding

~-of the spacing material and the concrete. The actual application was completed in about two
- weeks. .

- After completion of the material application, any damages noted were repaired. Testing and

inspection services were provided to assure that the quality and workmanship were as required.
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Afier the biological concrete shield wall was poured against the compressible material and cured, the
vessel was prepared for the expansion operation. Expansion of the vessel was accomplished by

pressurizing with heated-air by means of portable compressors, electric duct heaters and fans placed at

various locatrons w1th1n the vessel.

--A temperature. recorder was; used {to-monitor temperature. Several of the existing vessel penetrations,

consisting of pipes- welded into the vessel.and extending out, through the concrete-shield wall through
sleeves, were used to monitor vessel expansron '

The expansion operatlon was conducted as planned and pressure, temperature and expansron recorded
throughout the procedure. The concrete shield wall exterior was examined periodically and
particularly at maximum temperature and’ pressure; no evidence of distress was observed. : An

-inspection.of the interior of the drywell immediately after the -expansion-operation: and again some 12

hours later gave no evidence of distress. The maximum displacement recorded during expansion was

- 0.61 inches which was less than the time temperature performance value calculated by computer

program method. . This measurement together with the favorable results-of the. examination of the
shield-wall and drywell vessel-interior corroborated the. assumptlons made inthe drywell desrgn
Complete step by step procedures initial criteria and conelusions drawn from this expansion procedure
are included in the B&R, Inc. report "Expansron of the Drywell Containment Vessel" in Appendix -
111-2.4 (Item l) of Reference 1. See also Subsection 3.8.2.4.3.

Maximum anary Membrane Stresses in the Shell

The maximum primary.membrane st'ress'es'in the-shell result from the‘fol’lowing combination of leads.

Internal pressure of 44 psig, dead load of the shell and appurtenances lateral and vertical seismic loads, .

gravity load on welding pads and gravrty load of the compressrble materlal The internal pressure load

-causes by far the greatest stress.

The maximum stress is 19,200 psi which is less than that allowed by the code: It occurs in the
cylindrical portion of the drywell.. Other stresses computed at other points along the drywell are lower
in magnitude. - '

In addition to maximum stresses computed for the cylindrical and spherical portions of the drywell,

stresses have been computed on the elliptical head of the vessel taking into account the effect of jet

forces since this portion of the vessel is not backed up by concrete. The maximum stress on the head

and been found to be 29,340 psi and it results from jet forces combined with an internal pressure of 44
psig. The design specification allowance for this loading combination is 31,500 psi.
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Since the personnel and equipment hatch had no concrete backing to take the effect of jet forces, this

portion of the drywell as well as its components was investigated and designed for jet forces in
conjunction with the other load combinations as-set forth in Figures 3.8-4 and 3.8-5. The effect of

-eccentricities on possible jet forces was also analyzed and the design provrded remforcements and
: stlffeners as requrred to mamtam stresses within specrfed limits.

. In"conclusion, the desrgn of the personnel and equrpment hatch is adequate, and provrdes a safe and well
engmeered structure.

'_ F100ded Condition- .

The- drywell vessel has been ‘analyzed for its ability to wrthstand loadmg resulting from partral flooding
and for maximum ﬂoodmg to EL. 74' 6" (see Figure 3.8-8). .

In each case, the maximum stress_comp_uted for various locations on the shell are below the ASME Code
allowables. In addition, critical buckling of the vessel under flooded cond_itions has been anal_yzed. The
results of this analysis show that there is ample margin of safety under either flooding condition.

" Buckling Cdnsiderat_iOns-

The drywell shell must b_e__capabl'e'-of resi.sting the compressive stresses resulting from the exrerr\al
pressure, the dead load of the shell and appurtenances, the dead load of the compressible material, the

| . live load on the access and beam loads, the gravity loads on the weld pads, plus the wind or seismic

loads. These loads produce uma‘ual compressrve stresses of varying magmtude at dlfferent points along

“the drywell shell

Sectron VI of the ASME B&PV-Code (1950) permits an-allowable compressrve stress of 1,800,000
(t /R) for uniaxial compression. Later editions of the code do not include this equation as such, but

include tables for allowable’ extemal pressures which are based on this allowable.
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The state of stress at any point in the spherical shell may be expressed as a biaxial compressive stress
plus a uniaxial compression.. By combining the T; and T stresses acting at the point algebraically, the
- allowable compressive stress is then given by the relationship:

(T, - T,)/l 3 'xflo.é(t?m_)_er T_{/9'.x' 10_5(t2/i§)£1 ,

‘where T, and T are compressive stresses Thls relatlonshlp applles to buckling of the spher:cal shell
under biaxial compression. Also:

To/1.8 x 105(/R)EL,
. which-is the axial buckling-ofthe cylindrical shell.

The stress values at the dlfferent points along the shell are summarlzed in Table 3.8-2 and are below the
ASME allowables.

: Summagx

Since all possible loads, as well as.their combinations, have been taken into consideration, and the
maximum stresses computed are all within the design- specnﬁcatlons and ASME Boiler and Pressure
. Vessel Code allowables the drywell desxgn is adequate :

3.8.24.2 Torus :

Following the original design of the facility, additional design, analysis and modification work was
performed for the torus under the Mark I Containment Systems Evaluation Program. These efforts are
described in detail in References 2 through 11. The general analytical procedures and computer
techniques utilized in the design modifications ofthe suppression chamber are provided in Reference 10.
The discussion that follows was extracted from Reference 1, the Prlmary Containment Design Report.

Prlmar_y Membrane'Stresses

The absorption chamber is supported on twenty pairs of columns located on the inner and outer
peripheries and equally spaced. An internal ring girder of variable cross section has been provided at

. each of the supporting points to reduce local stresses and to add stiffness to the section. Although the

_ principal stresses computed on the absorption chamber were circumferential, detailed analyses have been
performed to determine the magnitude of localized stresses at the points of column and downcomer
supports, vents, etc., to determine the need for and provide additional stiffeners and reinforcing as
required. :
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Tests specifically for this application of the material conducted by the United States Testing
Company, were to determine increments of pressure required to cause increments of deflection up
to 50 percent of sample thickness. The samples were made using the production equipment and
procedure to spray onto metal surfaces; the tests were made with samples in vertical and

_horizontal positions, at ambient temperature and at 300°F. Materlal loss after compaction was
““measured on test panels compressed in the vertical position; loss was about 1 percent of
'compressed sample weight; it was observed that loss was occurring at the break in the samples at
‘the perimeter of the compression shoe, a dlscontmulty which would not occur in service. The

reduction in thickness of the samples results pr1n01pally from the collapse of the cellular structure -

' 1mpacted by the foam and maintained by the magnesite cement, however, some elastic

compressnon of the asbestos fibers would be expected. The test samples were retained by the -
testing agency for perlodlc observatlon of rebound; rebound stablllzed at 20 percent of total

' deﬂectlon

The tésts and evaluations indicated that the foamed asbestos fiber magnesite cement product has

the requxred compression charactenstncs and stability, and would be unaffected by long term

e\(posure to radiation and heat

Further evaluation of the de51gn of Primary Contamment penetratlon is presented in References 13
and 14, :

3.8.2:5 Structural Acceptance Criteria

‘The Stl"uctural-'AcceptanceCfiteria relating the design and analysis results for the loads and load
- combinations given in Subsection 3.8.2.3 to the allowables, is presented in Subsection 3.8.2.4 and

cher'referenced documents. The Basic Design phase of the Containment System is given in
Subsection 3.8.2.4 and the references listed in'Subsection 3.8.6. These reference documents must -

- be addressed to obtain complete information.

A ,sumtnary of allowable stresses considered in the original design of the facility used in
conjunction with certain seismic loading combinations is given in Table 3.8-3.
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3.82.8 Drywell Corrosion

. The potential for:corrosion of the drywell vessel was first recognized when water was noticed
‘coming from the sand bed drains in 1980. Corrosion was later confirmed by ultrasonic thickness
(UT) measurements taken in 1986 during 11R. During 12R (1988) the first extensive corrective
action, installation of a cathodic protection system, was taken. This proved to be xneffectrve The
system was removed durmg 14R (1992) :

The upper regions of the vessel above the sand bed, were handled .'separately from the sand bed
region because of the significant difference in corrosion rate and physical difference in design.
_“Corrective action - for the upper. vessel involved providing a corrosion allowance by

. demonstrating, through analysis, that the original drywell design pressure was conservatlve

Amendment 165 to the Oyster Creek Technical Specification (Ref. 48) reduced the drywell
design pressure from 62 psig to 44 psig. The new design pressure coupled with measures to
prevent water intrusion into the gap between the vessel and the concrete will allow the upper

- portion of the vessel to meet ASI\/[E code for the remamder hfe of the plant '

" In the sand bed region laboratory testing determined the corr'osion mechanism to be galvanic. The -

high rate of corrosion in this region required prompt correctlve action.of a physical nature.
Correctrve action was defined as; (1) removal of sand to break up the galvanic cell, (2) removal of
the corrosion product from the vessel and (3) application of a protective coating. Keeping the
-vessel dry was also identified as a requirement eyen though it would be less of a concem in this-

region once the coating was applied. The work was initiated during 12R by removing sheet metal _

~ from around the vent headers to provide access to the sand bed from the Torus room. During
operating cycle 13 some sand was removed and-access holes were cut into the sand bed reglon
: through the shle]d wall. The work was finished during 14R :

After sand removal, t_he'concrete floor was found to be _unﬁmshed with improper provisions for
water drainage. Corrective actions taken in this region during 14R included; (1) cleaning of loose
rust from the drywell shell, followed by application of epoxy coating and (2) removing the loose
debris from the concrete floor followed by rebuilding and reshapmg the floor with epoxy to allow
drainage of any water that may leak into the region. o

3.8-61
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During 14R, UT measurements were taken from the outside surface of the drywell vessel in the sand bed
region. Measurements were taken in each of the ten sand bed bays. The results of this inspection and

‘the structural evaluation of the "as found" condition of the vessel is contained in Reference 44. As

documented in the TDR, the vessel was evaluated to conform to ASME code requirements given the
deteriorated thickness condition. In general these measurements verified projections that had been made

- based on measurements taken from inside the drywell. Several areas were thinner than projected. In all

cases these areas were found to meet ASME code requirements after structural analysis.

The cleaning; ﬂOor_refurBishing'and coating effort completed in 14R will mitigate corrosion in the sand

- bed area. Since this'was accomplished while the vessel thickness was sufficient to satisfy'ASME code

requirements, drywell vessel corrosion in the sand bed region is no longer a limiting factor in plant
operation. Inspections will be conducted in future refueling outages to ensure that the coating remains
effective.” In addition, UT measurements will also be taken from inside the drywell. The frequency and
extent of the coating inspections and UT thickness measurements will be per Reference 47, as follows:

1L For th'e.upper' elevations, UT measurements will be made during the 16th. refueling outage

(September, 1996) and during every second refueling outage, thereafter. After each
inspec'ti'on,'-a-determination.will be made if additional inspection is to be performed.

2.  Forthe sandbed reglon, visual inspection of the coating as well as UT measurements of the
_shell will be made during the 16th. refueling outage. The coating will be inspected again
durmg the 18th. refueling outage (Year 2000). Based on the results of the inspection of the
.coating, determmatlons will be made for additional mspectlons

3. For water leakage not associated with refueling activi'ties, an investigation will be made as
to the source of the leakage.. GPU Nuclear will take corrective actions, evaluate the impact
of the leakage and, if necessary, perform an additional drywell inspection about three
‘months aftér the dlscovery of the water leakage

Reference 42 provndes the evaluatlon of the latest drywell UT mspectlons through the next scheduled
inspection. o .

GPUN w1ll notify NRC prior. to implementing any changes to the drywell thlckness measurement
mspeetlon program (Reference 43). .
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3.8.5.6 Materials Quality Control and Special Construction Techniques

The primary materlals of construction are concrete and reinforcing steel. Their descriptions and
basic: quality control. procedures are discussed in Subsection 3.8.4.6.

-T_here .were_ no-specral' con_st_ruction techmques_. _

3.8.5.7 Testing and 'In_serV-ice-'_Surv'ei'llairce Requirements

The ability of the drywell and torus to transmit pressure associated loads to the soil media via the
foundations has been demOnstrated by the structural integrity test described in Subsection 3.8.2.7.

No preoperational or inservrce surveillance tests are required for the other Category | structure
- foundations. :
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Drwg CBI 34-3. _ Floor 'Framing Braeket |
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Letter from P.B. F 1edler (GPUN) to D.M. Crutchfield (NRC DRL) dated August'11,
1983, Re: IE Bulletin 80-11. :

Letter from LR. Finfrock, Jr. JCP&L) to B. H Grier (NRC: I&E) dated September 19,
1980, Re: IE Bulletin 80 1.

Calculations, Sheets 9-1 to 9-25, Frame 37

Drawings 4075-7, 4049-7, 4103-4.
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December 11,1992

To: Dr. Stephen Tumminelli
Manager, Engineering Mechanics
GPU Nuclear Corporation
1 Upper Pond Road
Parsippany, NJ 07054

Subject: . Sandbed Local Thinning and Raising the Fixity Height Analyses (Line
Items 1 and 2 in Contract # PC-0391407)

Dear Dr. Tumminelli:

The attached letter report documents the results of subject analyses. The original purchase
order called for the analyses to be conducted on a spherical panel model rather than on the
full pie slice model. However, the results are more useful when conducted on the full pie
slice model since in that case no interpretation is required regarding the relationship
between the spherical panel results and the pie slice model results. The pie slice model we
have used in these studies has the refined mesh in the sandbed region.

3.5" PC Disk containing three ANSYS input. files (0.636" case, 0.536" case and 1 foot
wall case) is.also enclosed with this letter, The detailed calculanons have been filed in
Chapter 10 of our Design Record File No. 00664.

This transmittal completes the scope of work identified in the subject PO. If you have any
questions on the above item, please give me a call.

Sincerely,

a%\,\.{— ———

‘H.S. Mehta Principal Engineer _
Materials Momtonng & Structural. Analysis Services
Mail Code 747; Phone (408) 925-3029

Attachment: Letter Report

cc:  D.K. Henrie (w/o Attach.)
-] M. Milier {w/s Atiach)
S. Ranganath (w/o0 Attach.)
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LE'ITERZ REPORT ON ADDITIONAL SANDBED REGION ANALYSES

1.0 SCOPE AND BACKGROUND -

Structural Analyses of the Oyster Creek drywell assuming a degraded thickness of 0.736

_inch in the sandbed region {and sand removed) were documented in GENE Repoft

Numbers 9-3 and 9-4. A separate purchase order was issued (Contract # PC-0391407) to
perform additional analyses. The PO hsted the additional analyses under two categories:
Line Item 001 and Line Item 002. This letter report'documcms the results of these
analyses. .

The additional analyses are the following:

(L Investigate the effect on the buckling behavior of drywell from postulated
" local thinning in the sandbed region beyond the uniform projected thickness
of 0.736" used in the above mentioned reports (Line Item 001),

(2  Determine the change in the drywell buckling margins when the fixity point
at the bottom of the sandbed is moved upwards by = 1 foot to simulate
placement of concrete (Line Item 002). '

The original PO called for the Line Item 001 analyses to be conducted on a spherical
panel. The relative changes in the buckling load factors were to be assumed to be the
same for the global pie slice model. However, the mesh refinement activity on the global
pie slice model and the availability of work station, has given us the capability to conduct
the same analyses on the global pie slice model itself, thus eliminating the uncertainties
regarding the correlation between the panel model and the pie slice model.

All of the results reported in this report are based on the pie slice model with a refined
mesh in the sandbed region.

2.0 LINE ITEM 001

Figure la shows the local thickness reductions modeled in the pie slice model. A locally

‘thunned region of =~ 6"x12" is modeled. The thickness of this region is 0.636" in one

-1~
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A case and 0. 536" m the other case. The transition to the sandbed ptOjeCted thickness of
. O ’736" occurs over a dxstance of 12" (4 elements).

The various thicknesses indicated in Figure la were incorporated in the pie slice model by
_deﬁning-ne'w real constants for the elements involved. The buckling-analyses conducted .'
as a result of mesh refinement indicated that the refueling loading condition is the
governing case from the point of view of ASME Code margins. Therefore, the stress and
buckling imalyses were conducted using the refueling condition loadings. The center of
the thinned area was located close to the calculated maximum displacement point in the
refueling condition buckling analyses with uniform thickness of 0.736 inch. Figure 1b
* shows the location of the thinned area in the pie slice model.

2.1 0.536 Inch Thickness Case

Figures 2 through 5 show the membrane meridional and circumferential stress
distributions from the refueling condition loads. As expected, the tensile circumferential
stress (Sx in element coordinate system) and the compressive meridional stress (Sy in
element coordinate system) magnitudes in the thinned tegion are larger than those at the
other edge of the model where the thickness is 0.736 inch. However, this is a local effect

and the average meridional stress and the average circumferential stress is not expected 0
change sxgmﬁcandy

F'i'g'ures' 6 and 7 show the first buckling mode with the symmetric boundary conditions at
both the edges of the model (sym-sym). This mode is clearly associated with the thinned
region. The load factor value is 5.562. The second mode with the same boundary
conditions is also associated with the thinned region. Figure 8 shows the buckled shape.

The load factor value is 5.872. '

Next, buckling analyses were conducted with the symmetric boundary conditions specified
at the thinned edge and the asymmetric boundary conditions at the other edge (sym-asym).
The load factor of the first mode for this case was 5.58. Figure 9 shows the buckling
mode shape. It is clearly associated with the thinned region. Figure 10 shows the buckled
mode shape with asymmetric boundary conditions at the both edges (asym-asym). As
expected, the load factor for this case is considerably higher (7.037).

2.




T2e-207y

Thus, the load factor value of 5.562 is the lowest value obtained. The load factor for the

" same loading* case*(refueling condmon) with a uniform thickness of 0.736" was 6.141.
Thus, the load factor is predicted to change from 6.141 to 5.562 with the postulated
thinning to 0.536".

2.2 0.636 Inch-Thickness Case

Figures 11 through 14 show the membrane meridional and circumferential stress
distributions from the refueling condition loads. As expected, the tensile circumferential
stress (Sx in element coordinate system) and the compressive me_rididnal stress (Sy in
element coordinate system) magni_tﬁdes in the thinned region are larger than those at the
other edge of the model where the thickness is 0.736 inch. However, this is a local effect
and the average meridional stress and the average circumferential stress is not expected to
change significantly.

Figures 15 and 16 show the first buckling mode with the symmetric boundary conditions
at both the edges of the model (sym-sym). This mode is clearly associated with the
thinned region. The load factor value is 5.91. ' '

Next, buckling analysis was conducted with the symmeuic boundary conditions specified
at the thinned edge and the asymmetric bbundary conditions at the other edge. The load
factor of the first mode for this case was 5.945. Figure 17 shows the buckling mode
shape. It is clearly associated with the thinned regioh. Based on the resuits of 0.536"
Ccase, the load factor for asym-asym case is expected to be considerably higher.

Thus,_ihe load factor value of 5.91 is the iowest value obtained. The load factor for the
same loading case (refueling condition) with a uniform thickness of 0.736" was 6.141.
Thus, the load factor is predicted to change from 6.141 to 5.91 with the postulated
thinning to 0.636".

2.3 Summary

The load factors for the postulated 0.536" and 0.636" thinning cases are 5.562 and 5.91,
respectively. These values can be compared to €.141 obtained for the case with a umform
sandbed thickness of 0.736 inch.
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3 0 LNFITEM 002 -

‘The:objective: of this task was to determine the;cghange in the dryweil buckling margins
when the fixity point at the bottom of the sandbed is moved upwards by ~ | footto
simulate placement of concrete. The elements in the sandbed region are approximately
3-inchrsquare. - Thus the nodes associated with the bottom four row of elements (nodes
1027 through 1271, Figure 18) were fixed in all directions. -

‘The ‘buckling analyses conducted as a result of mesh refinement indicated that the
refueling loading condition is the governing case from the point of view of ASME Code-
margins. Therefore, the stress and buckling analyses were conducted using the r'éfueling '
condition loadings. Figure 19 through 22 show the membrane meridional and
circumferential stress distributions from the refueling condition loads. Figure 23 shows
the calculated average values of meridional and circumferential stresses that are used in
the buckling margin evaluation.

Figure 24 shows the first buckling mode with sym-sym boundéry conditions. The load
factor for this mode is 6.739. The load factor with asym-sym boundary conditions is
6.887 and the mode shape shown in Figure 25. It is clear that the sym-sym boundary
condition gives the least load factor. Figure 26 shows the buckling margin calculation. It
is seen that the buckling margin is 5.3% compared to 0% margin in the base case
calculation. '

To summarize, the load factor changes to 6.739 for the refueling condition when the fixity

point at the bottom of the sandbed is moved upwards by = 1 foot. This resuits in an excess
margin of 5.3% above that required by the Code.
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APPLIED MERIDIONAL AMD CIRCUMFERERTIAL STRESSES - REFUELING CONDITION
CNE FOOT INCREASE IN FIXITY CASE; STRESS RUN: OCRFRLSB.OUT

AVERASE APPLIED MERIDIONAL STRESS:

The average mer'.'diona!_ stress:is.defined as the average stress across

the elevation including:nddes, 1419 through 1467. Stresses at nodes 1419 and
1467 are weighted only one-half -as” mich-as the ather nodes because they
lie on the edge of the modeled 1/10th section of the drywell and thus
represent only /2 of the ares represented by the other nodes.

# of Nodes
X
# of Meridicnal Meridicnal
Nodes Nedes  Stress (ksi) Siress (ksi)
1419-1667 1 -7.726 -7.728
1423- 1483 2 7.738 -15.476
1427- 1459 2 7.760 -15.520
14311455 2 -7.682 -15.364
1435- 1451 z -7.394 14,788
1439- 1447 2 -7.0%4 -16.028
1443 H -6,834 -6.834
fotal: 12 -89.736
12
Average Meridional Stress: ~7.478 (ksi)

AVERAGE APPLIED CIRCUMFERENTIAL STRESS:

The circumferential stress is averaged-along the vertical line from
node 1223 to node 2058.

# of Noces
. . . X

# of Clircunferential Circunferentisl

Nodes Nodes  Stress (ksi) Stress (ksi)
1223 0 -1.178 0.000
1419 1 0.50% 0.505
1615 1 ‘165 4. 185
1811 1 5.846 5.846
2058 1 5.024 5.024
Total: [3 15.54
4

Average Circumferential Stress: 3,685 (ksi}

OCRFSTO6,WKT

FIGURE 23
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CALCULATION OF ALTOWABLE BUCKLING STRESSES - REFUELING CASE, NO SAND
ONE FOOT INCREASE IN FIXITY CASE; STRESS RUN OCRFRLSB.OUT,
BUCKLING RUN OYCRSBBK.OUT

LOAD
ITEM PARAMETER : o UNITS VALUE FACTOR
*%% DRYWELIL GEOMETRY AND MATERIALS : .
1 Sphere Radius, R _ {in.) 420
2 Sphere Thickness, t : _ (in.) ~ 0,736
3 Material Yield Strength, Sy {(ksi) L 38
4" Material Modulus of Elasticity, E {(ksi) 29600
5 Factor of Safety, FS . : ' - _ 2
T **% BUCKLING ANALYSIS RESULTS o S
E; 6  Theoretical Elastic Instability Stress, Ste (ksi) 50,394 6.739 .
C *%% STRESS ANALYSIS RESULTS - - ' 3
~ 7 Applied Merldlonal Conpressive Stress, Sm (ksi) 7.478 w
m 8 Applied C1rcumferent1a1 Ten511e Stress, sc . {ksi) 3.885 8
§, *%% CAPACITY REDUCTION. FACTOR CALCULATION _
o 9 Capac1ty Reduction Factor, ALPHAiI . ' - - 10,207
l 10 Circumferential Stress Equivalent Pressure, Peq (psi) 13.616
11 'X' Parameter, X= (Peq/4E) (d/t)+2 _ - 0.075
12 Delta C (From Figure - ) - 0.064
13 Modified Capacity Reduction Factor, ALPHA i, mod - 0.313 =
14 Reduced Elastic Instability Stress, Se _ (ksi) 15.753 2.107
L PLASTICITY REDUCTION FACTOR CALCULATION
15 Yield Stress Ratio, DELTA—Se/Sy _ - 0.415
16  Plasticity Reduction Factor, NUi . - . 1.000 .
17 Inelastic Instability Stress, Si = NUi x Se ' (ksi) 15.753 2.107
) *%% ALLOWABLE COMPRESSIVE STRESS CALCULATION : .
18 ° Allowable Compressive Stress, Sall = Si/FS {ksi) 7.87<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>