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Vice President and Director S i - SVarga
GPU Nuclear Corporation _ . ' . JCalvo
Oyster Creek Nuclear Generating Station - SNorris
Post Office Box 388 . . - . .. . ADromerick
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Dear Mr. Barton-

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

. '_The staff has compTeted the review and evaTuation of the stress analyses and

;}stabi]ity analyses reports of the corroded drywell with and without the sand
bed. : Our evaluation report is contained in the enclosure. - GPUN used the
analyses to justify the removal-of.the:sand from the sand bed .region. Even
though the staff, with.the assistance of consultants from Brookhaven National
Laboratory . (BNL) ;- concurred with GPUN’s conclusion that the drywell meets the .
ASMESection I11-Subsection NE requirementsis it 1is essential that GPUN continue
UT thickness measurements-at refueling. outages:and at outages.of’ opportunity
for:the life ‘of the plant. :The 'measurements:should cover not only. areas -
previous]y inspected but also accessible areas which have never been 1nspected
so"as to confirm that the thickness of the corroded areas are as projected and
the-corroded areas are localized.. . - : -

emrequest that you respond7w1th1n 30 days of receipt of this letter
indicating your intent:.to comp]y with the above requirements as discussed in
the’ Safety Evaluation.yi ERRaE ;“ .

The requirements of ‘this 1etter affect fewer than 10 respondents, and L
therefore, are not subject to Office of Management and Budget review under s
P L~-'96_511 : A A L
| SincereTy,-

=A1exander H. Dromerick Sr. Project Manager

r ' 3 g;i'-- “Project Directorate’ I-4
Bl 350492083,% 3§ PP Division of Reactor Projects - 111
Tk 3 "PDR i, 0ff1ce of Nuc]ear Reactor Regu'l ation

NRG HLE GENTE GﬁPY

Document Name' M79166




Ernest L. Biake, Jr.; Esquire

Shaw, Pittman, Potts & Trowbridge =

2300 N Street, NW.-
Washington, . DC 20037 L
¥ Regional Administrator, Region I
U.S. Nuclear Reguiatory Commission
475 Allendale -Road -
King of-Prussia, Pennsy]vania 19406

BWR Licensing Manager =
GPU:Nuclear: Corporation
iUpper: Pond:Road

:Oyster Creek Nuciear

Generating Station

_ Resident Inspector | :
. €/0.U.S. Nuclear Regulatory Commission

“Post Office Box 445 . .....0 .. .

 Forked River, New Jersey 08731-—--1u7¥§:7

Kent Tosch“ Chief
New ‘Jersey Department of -
-Environmental Protection

Bureau of Nuciear Engineering

Parsippany,. New Jersey 070541:

Oyster.Creek: Nuclear Generating Station

Mail:Stop: :.Site’ Emergency B]dg.
Post’ Office Box. 388 T
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I 7% DOCKET N0, §0-219

was found .to be exténsivaly corroded in"the area of the shell which is in
contact with_ thesand- cushion around ‘the bottom of-the drywell:--Since-then -

InH1986 the stee] drywe11 at OysterECreek Nuc]ear Generating Station (OCNGS)

GPU Muclear Corporation; (GPUN;-the~1icensee of OCNGS):-has: institiited- a-~--—--:—
program of periodic:inspection of the drywell sheli sand cushion area through*
ultrasonic testing .(UT) thickness. measurements., The inspection has been .
extended to other.areas. 'of the drywe11 ‘and some ‘areas above the sand cushion .
have been .found to' be corroded .also:iiFrom the UT thickness measurements, one - -
=i can conclude thaticorrosion of the drywell;sheli.in theisand cushion:area is
ity continuing.#i:In an. attempt to eliminate: -corrosion ‘or.reduce the corrosion .
rate,:the.licensee tried cathodic protection and found it;to be of no-avail.
“zAn examination of.the: resu1ts of consecutive UT: measurements, ‘confirmed that
the corrosion is continuing There {s’concernthat the structural integrity
of the'drywell cannot be assured.l Since.the root cause of the corrosion in -
the sand. cushion -area’is:‘the: presence of water.in-the :sand,~the-1icensee-has ——. -
considered sand removal to .be.an:important’ element in its program to eliminate
the corrosion_threat ‘to_the drywell:integrity.: %

i

ensee firstiestablished the analys cr1ter1a dnd then
performed .the analyses of :the; drywe11qfor Ats structural;adequacy .with and
‘without-the presence of. the: sand. #Theilicensee performed,stress analyses and
nstability ana]yses -for both 'with’ ‘and withnut ‘the:sand .casés and concluded the
“drywel1 with or without:the sand to.be'in compliance with:the criteria = - e
establ{ished for the reevaluation.:- It is to be noted thatithe.original purpose L
o{ tge sag? cush1on s to provide a smooth transition of stresses from the L
xed por

‘10 the. free-stand1ng portion of the stee] drywell.

Labnratory (BNL) has reviewed and eva1uated the 1nformation (Refs. 1,2,3,4,5)
provided by the licensee. : :
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-1,  Re- Anaivsis Criteria -
The drywell was originaiiy designed and constructed to the requirements of 2
ASME Section VIII code and applicable code cases, with a contract date of ... .. ..

,'f; July 1, 1964. The Section VIII Code-requirements “for nuclear -containment
"i,vesseis at that time were less detailed than at any subsequent date. The

" evolution of the ASME Section III Code for metal-containments-and-its relation
. with ASME Section VIII Code were raviewed and evaluated by Teledyne

... Engineering Services (TES). The evaluation criteria used are based on ASME

-"Section II1 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

‘f'fﬁ;containment program to evaluate the steel torus for hydrodynamic loads and
.- that the current ASME Section III Subsection NE Code is closely related to

. that version. The following are TES’s findings relevant to Oyster Creek

.;:_prappiication: : : Ef% ‘
,ZLQ:a) ‘The_steel material for the drywell is A-212, grade B, Firebox I

. Quality (Section VIII) but - it is redesignated as SA-516 grade in
: Section III . RN

b) 'The"reiation between:the aiiowabie stress (S) 'ZSection VIII and"ff‘;”l;f““fi{ =
: }he stress intensity (Sme) in Section 111 for metal containment is Y -
“:_ S = Smc, )

',5Categorization of stresses into genera] primary membrane, general
. bending and local primary membrane stresses .and membrans p]us
.- bending stresses is adopted as in Subsection NE.

f{The effect of a 1ocaiiy stressed region on the containment shell is
_considered in accordance with NE-3213 10.

n addition to ASME Section_ll} Subsection NE Code, the iicensee has also L
invoked ASME Section XI IWE Code-to demonstrate the adéquacy of the Oyster -~ o
Creek drywell, :-IWE-3519.3 and IWE-3122.4 state that it is acceptable if SR o
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._

g

;satisfy the requirements_of.the design“specification..

he staff has reviewed the iicensee s adoption of ASME Section 111 Subsection
NE and Section XI Subsection IWE in i1ts evaluation of the structural adequacy

f the corroded Oyster Creek’ drywe]i, and has found it to be generally
reasonabie and acceptabie. Lo

y adopting the Subsection NE criteria, the licensee has treated the corroded
reas as discontinuities per NE-3213.10, which was originally meant for change
n.thicknesses,supports, and penetrations., -These discontinuities are highly
¢alized and should be deésigned so that their-presence will have noeffect-on -
the overall behavior of the Fontainment.sheil. NE-3213.10 defines cieariy “the ™"




“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 Smc.™
: The region where the-stress intensity varies from-1.1 Smc to.1.0-Smc is not -
~defined in the Code because of the fact that it varies with the loading.’ --In~
“view of this, the 1icensee rationalized that the 1.1 Smc can be applied beyond
he region defined by NE-3213,10. for Jocalized discontinuity without any
estriction throughout the -drywell.:The staff disagreed with the 1icensee’s
nterpretation of the Code.“:The: staff pointed out that for Oyster Creek
rywell, ‘stresses due to~ internai pressure should be used as the criterion to
stablish 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
vposition that the primary membrane stress.limit’ of 1, l Smc not be used
ndiscriminate]y throughout'the dryweil : S

3213:10 to consider the corroded area as a iocaiized
iscontinuity, the extent of the reduction in thickness due to corrosion -
hould be- reasonabiy -known .~=UT-thickness-measurements.are-highly_localized;
owever;: from-the numérous measurements=so=far-made~on the Oysteh.Creek;f::::
rywell, one can have a general idea of the overall corroded condition of the
rywell shell and it: is poss ible_to Judiciously apply the established re-
naiysis criteria.' RN SO - S O

he ‘re- anaiyses were made by Generai E]ectric Company for the 1icensee, one.
eanalysis considered the sand present ‘and the ‘other .considered. the drywell -
‘without : the .sand.s: Each ‘re-analysis. comprises .arstress analysis-and stability
nalysisisaTwo: finite ‘element modelsione” axisymmetric and another a 36° pie
1ice'model-were -used ‘for: -thestress.analysis.:iThe ANSYS computer.program.was. _
sed' to perform.the’ anaiyses.ﬁ%The axisymmetric ‘mode) was used to determine
he “stresses for.the seismic “and -the ‘thermal: gradient: Joads ;2 The pie siice
odel; was usedfor dead" weight and. pressure :1oadsi:The .pleislice model ..
“iincludes:the vent pipe;and. the reinforcing ring, ‘and was: aiso ‘used for: e
2 nbuckiing anaiysis-ﬂ‘The :same ‘models;were used. for the caseswithand without
2 ; sand; except: that! Anithe" former itherstiffness of isand ‘in contact:with.the . -
: ;nfnsteel ‘shel] ‘was: consideredﬁegjhe ‘she11:thickness:in-the sand; ;region was “. -
27assumed ;t0 be 0.700%; for .th with=sand*case and ;to’ be 0,736": for ‘the without-
#:7sand case: % The 0.70". was,das ‘claimed by:the ‘1icensee, used’ for conservatism
yed:and the 0,736%:1s’ the' proJected thickness at the start of fuel cycle 14R." The
s same“thicknesses of ‘the shell above the sand region were used.for both cases,
';@:'msFor the with-sand case; an analysis of the drywell with the original nominal
s ﬁE;uail thicknesses gas made to check the. ’shel) stresses with the aiiowable
" _i- - N re .

gTh :iicensee used the“same -Toad combinations as’ specified in Dyster'Creek’ ]
“final _design safety analysis report (FDSAR) for the. re-anaiyses. The 1icensee -
1ade-a-comparison.of the load combinations_and corresponding ai]owab1e stress

L
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tandard Review P]an (SRP) section 3.8.2 and concluded they

1imits using the“
are comparable. §

I' .

The resu1ts of the re- ana1yses 1ndicated that the governing thicknesses are in
the upper sphere and the cylinder where the calculated primary membrane -
stresses are- respective]y 20,360 psi- and 19,850 psi.vs.. the allowable stress
value of 19,300 psi. 2 There . 1s basicaT]y no difference, in the calculated
stresses at- these Jevels, between the with and without sand cases. This

should be expecteld, 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 slice model,: uniform
thicknesses. were;assumed for each section of the drywell. Therefore, the
calculated oyer-stresses may represent only stresses at the corroded areas and-
‘the stressés: for-areas-beyond the corroded areas are-less-and would mo'st > 7=
1ikely be within the’ ‘allowable as indicated in results of the analyses! for
nominal thicknesses.”s The diagram in Ref, 6 indicated such a condition. It is
%o be .noted thatithe- ‘stresses for the corroded areas were obtained by
multiplying the stresses for nominal thicknesses by the ratios between the
corroded - and ?ominalithicknessesﬁ e L .

- ;
‘The  buckling-analyses’ of;the.drywe11 were performed.in accordance with ASME
Code Case N-284.74The 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 sheil thicknesses were considered
for other sectiods. % The 10ad combinations which are eritical to buck¥ing were -
identified -as.those involving refueling and post accident cond1t1ons.§ By ...
applying a factor of safety of 2 and 1,67 for the load combinations involving
refueling and the, .post-accident conditions respectively, the licensee
established for both cases the-allowable buckling stresses which are obtained -
after being modified by capacity and plasticity reduction: factors. It is '
found that the without-sand, case:for.the post-accident condition is most
1imiting-in"terms of. buckling with a ‘margin of 14%:7The staff and its
_ rookhaven Nationalilaboratory:(BNL) consultants ‘concur.with the 1icensee’s .
conclusion that the Oyster.Creek.drywell has adequate margin against buckling
¥1tg no sand. support for an assumed sandbed region she1l thickness of 0.736

nch.”: A

A copyrof BNL's’techn1ca1 eva1uat10n report is attached to this safety
evaluation., ... . .

Wit ce of consu1tants from BNL ‘the's aff has reviewed and

evaluated the re: ponses 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 11censee 1ndicated that the corroded drywe]l meets the requirements for

Tty ¥




containment vesse1s as contained in ASME Section III Subsection NE through
summer 1977 addenda. This Code was-adopted in the Mark I containment program.. I
The staff agrees with the. Ticensee’s_justification of using the above ) L
mentioned Code requirements with one exception, the use of:1.1.Smc throughout y
the drywell shell . in the criteria for-stress-analyses.-"-It:is the staff’s
position that the” ﬁrimary ‘membrane stress 1imit of 1.1 Smc'not be used -
indiscriminately throughcut the drywell.” The staff accepted the licensee’s
reanalyses on the: assumption that .the corroded areas are highly Tocalized as-
‘Indicated by the 1icensee’s UT.medsurements. :The stresses; “obtained for.the .
‘caseé -of .reduced thickness’ can only be- 1nterpreted to represent those in the
‘corroded’ areas and. their- addacent regions of the drywell:shell,. In view of
these observations,1t:i§ essential that:the 1icensee perform UT thickness
measurements at- refue]ing ‘outages-and-at” outages of.opportunity for the life
of .the plant. . The measurements.should cover not only areas previously. .
inspected but al1so accessible areas which have never been:inspected so- as to -
onfirm that the thicknesses:of the'corroded areas are as projected and the e
‘corroded areas are localized.:i'Both of these assumptions are the bases of the ii.

reanalyses. and the staff,acceptance of;the;reanaIysis.results.__;;;_ ;“ff"ff”;ﬁlfz;

B

enc o | D
"An ASME Section VIII Evaluation of the Oyster Creek Drywe11 Part 1, i
Stress Ana]ysts' GE Report No.-.9-1 DRF #00664_November 1990, prepared for *° .

A‘:Guidance in
Eva]uating the Oyster Creek Drywell®. TR-7377 1, Te1edyne Engineering
; ices, Novemb 1%?0 (Appendix-A to Reference R P

*An. ASHE Section:VIII evaluation of:the Oyster Creek Drywel] Part 2,
Stability Analysis™. GE Report Noi:9- by
'November 1990,:-»prepared ‘for. GPUN "(with- sand)

t 3 ¥ stress analysts' GE. Report, d.-
| 5% repared for: GPUN. ]

"An ASME Section VIIL:Eva1uation'of Oyster Creek'Drywe11 for uithggt sand
gasg, Part-2 Stab111ty Analysis® GE Report No. 9 4, DRF #00664 Rev. 0, ¢
ev,:1 November ] 1990 .prepared for GPUN.,_ : g_
'Diagram'attacneé to J Jetter from 3. C. Devine Jr. of GPUN to NRC dated :
v 7,:1992 (C321-92 2020 5000-92 2094) e . '




BROOKHAVEN NATIONAL LPBORATORY
TECHNiCAL EVALUATION REPORT

Introduction
An inspection of the -
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. : '
%+ GPU ' Nuclear:“jCorporation

V'enalyses to demonstrate. the integrity.of. the drywelltfor ‘projected
corroded conditions that}ney exist at’ the start; of: the fourteenth

e SEULER Projected 95%
As-Designed .+ . confidence ..
 Thickness e 14R ‘Thicknesses
R : T T (in.J““'*’
‘0,619 - -
SR e e 2, 5625*
Upper Spher cal Region . & T T 0,677 o
‘Middle  Spherical Region : . SN 704723
3;Lower ‘Spherical Region -: : «15. T : 1, 154
Y Except -Sand Bed Area ft BRSNS o R e
““Sand Bed Region e 154 f, ~;, o 736

_ i : -
Tablecz-l-ot both References 1 and 3 indicates that the
knuckle “.thickness':is7.2.625" % This appears’” to . be -a
mistaki ‘§ince [the’. gnuckle.thickness is shown to be 2=




Reference 1.
designed thicknesses,
thickness of 0+70" was used.
a finite element

The stress analysis for the "with sand" case is described in
For this analysis the licensee utilized the as-
sandbed region where ia
The stress results were obtained from
analysis which utilized axisymmetric solid:

except for the

elements and the ANSYS computer program.
were scaled to addréss the local thinning in areas other than the
sandbed region (the! projected 95% confidence 14R thicknesses in

Table 1).

Later, the stress results

The loads and load cecmbinations considered in the

analysis are based-on the: FSAR Primary:Containment Design: Report -

and the 1964 Technical Specification for-the Containment.

Appendix-

E of Reference 1 compares the load combinations considered in the
analysis with those| given in Section 3.8.2 of the NRC Standard

Review Plan, Rev. 1

The stress anafvsis for the "without sand". case is described

in Reference 3.
as-designed thicknesses,
.. thickness of 0.735"! was used. )
.- modelsj—an- axisymmetric -and-a-36°- pie -slice-model; :were- used"—:The~%%
i |isessentially-~the~ samerwas “that=used - -in—-—
Reference 1; however, the elements representing the sand stiffness

. Were removed.

of 1:.1S,,

axisymmetric--model”

thermal stresses.

condition,

case (Reference 4).

4 July 1981,

i

For this analysis the licensee.also utilized the

In this case,

except for the sandbed region where fa
wo finite element

This model was used to determine the seisnic and

oy 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 reinfoF
of each vent pipe.

cing ring in the drywell shell in the vicinity
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 o
i'-combinations are- thé same-as those considered in Reference- 1.f-b~«"4~%+
; The code of reLord for the Oyster Creek drywell is the 1962
"Edition of the ASME CQde, Section VIII with Addenda to Winter 1963,
‘and -Code Cases 1270N-5,°1271N and 1272N-5, " The’licensee utilized-
-these criteria in evaluating the stresses in the drywell, but also
‘utilized guidance from the NRC Standard Review Plan with regard to
allowable stresses]for :service :level ' C and ‘the post-accident
‘The licensee also used guidance from Subsection NE of
Section III of the ASME Code in order to justify the use of a limit
:in evaluating the general membrane stresses in areas of
the drywell where reduced thicknesses are specified. -
-these criteria the licensee has. concluded that the stresses in the
rywell shell are within code. allowable 1imits_for both the "with
fsand" and "without sand" i :

Based on

The licensee also performed stability analyses ‘of the drywell
‘for both the "with sand" case (Reference 2) and the "without sand"
{'For the "with sand" case the licensee utilized
‘the as-designed thicknesses shown in Table 1, except in the sandbed
egion where a thicﬁness of 0.700 inch was used._ For the "without

“r
o

&
-




RO O .

#

i : i
sand" case the same thicknesses were used , except in the sandbed
region where a thickness of 0.736 inch was-used. The_ buckling:
capability of. the drywell for both the "with sand" and’ M"without
sand" cases was.evaluated-by using the 36° .pie slice finite element -
model discussed  above. For the "with sand" .case spring elements
were used in the'sandbed region -to model the sand support.«—For -the ----
"without sand" .case these spring elements were removed. The*most
limiting -load copbinations which result in the highest compressive -
stresses in the! sandbed region were considered for the buckling
analysis. These are the refueling condition (Dead Weight +: Live
Load + Refueling Water Weight + External. Pressure + Seismic).and -
the post-accident condition-(Dead Weight -+ -Live -Load -+ Hydrostatic ---
Pressure for Flooded Drywell + External Pressure + Seismic)T

The buckling evaluations performed by the licensee follow the
methodology described in ASME Code Case N-284, "Metal Containment
shell Buckling Design Methods, Section III, Class MC", Approved
August 25, 1980. The -theoretical elastic buckling stress is
calculated by ana1y21ng the three dimensional finite element'model
discussed above.. Then the theoretical buckling stress is modified-
. by --capacity.--and:-plasticity—reduction—factors.-—~——The-alldwable:
rcompressiveTstressiis:obtained:zby: dividingzthe.calculated: buckling::T;
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 refuelimg
condition and 1.467 for the post-accident condition. The capacity
reduction factors were also modified to take into account the
effects of hooplstress. Originally the licensee based ththoop
stress modification on data related to the axial compressive
strength of cylinders (References 2 and 4). Later the liéensee
revised the approach based on a review of spherical shell buckling
data and recalculated the drywell buckling capacities for both the
“with sand" and Mwithout sand" cases (Reference-8).. For thei"with
:sand%__case, _the. licensee_reports._a_.margin_above._the_ allowable,__
compressive ‘stress of 47% for the refueling condition and 40% for = -
the post-accident condition.”* For the "without sand" case’ the"
licensee reports margins of 24.5% for the refueling condition and

14% for the post-accident condition. S e Y e
- ) 3
i

va uat o o ce see's roac

Tne analyses performed by the licensee as summarized in
Section 2 and discussed more fully in References 1 through 4 have
‘been reviewed and found to provide an acceptable approach for
demonstrating tHe structural integrity of the corroded OysteriCreek
- drywell. The finite element analyses performed for both the stress

- and stability elaluations are consistent with industry practice.
Except for the lse of a 1limit of 1. 15,, in evaluating the géneral

- membrane-stress:in areas of reduced drywell:thickness, the loads"“:
load combinations and. acceptance . criteria used by the licensee are.-
consistent with! the guidance given in Section 3.8.2 of the NRC
Standard Review}?lan, Rev. 1,.July 1981, To further supportitheir-.
position, the licensee has provided two appendices to Reference 1.

3
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‘ Appendix A prov;des a detailed justification for the use of Section’
©.IIXI, Subsection NE as ‘guidance in evaluating the Oyster Creek’
- drywell. Appendix E‘compares the load combinations given in the
Final Design SafetyL Analysis " Report . (FDSAR) .with the load__m_L
combinations given in SRP 378.2  and demonstratés that the load
combinations used in the .analysis. envelop those given in. the SRP.f
‘ In the areas of the drywell where reduced thicknesses are:
- specified, the licensee has used a limit of 1.1S, to evaluate the
3'4genera1 membrane stresses, .. In’ support .of this position the’
+ licensee has cited tHe provisions of NE~3213.1 of the ASME Code.
:'concerning local primary membrane stresses. ‘In effect, the
:.licensee’s criteria would treat  corroded or degraded areas as:
. discontinuities. For,such considerations the code places no limit:
‘on the extent of the*region in which the membrane stress exceeds’
1.05,, but is 1less than 1.1S,.;. :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: constructed;;it is not

e oo Len ey
§ Prat d e o 1 orr e, e -

a"violation of Subsecfidon 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!f
up to a 10% reductioniin the thickness of the original base metal.,:::’
vi-h ) The 1icensee's position has merit but great caution must be|i
exercised to assure that. such .a position is not appliedxj
indiscriminately. - In the case of the Oyster Creek drywell the: .
licensee has concluded that "there are very few locations where thegx
calculated stress intlensities for.design basis. conditions, wouldi:
exceed 1.0S,., -and in these cases only slightly" (Reference 7). Thegl
licendée has Pprovided" additional infotrmation ih Reéferénce 9 “tog
support. this conclusion...'Based on the information provided by the:

licensee which demonstrates that the use of the 1.1S,, criteria isi .
limited to localized areas, it_is concluded_that the Oyster_ Creek: -
drywell meets the intfnt of ‘the ASME Code. i i

1
;(

."As discussed in section 2, the capacity reduction factors usedaf
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 § to support;
the approach.. This information included a report prepared by C.D.:
Miller entitled "Effects of Internal Pressure on Axial Compression
Strength of Cylinders": (CBI Technical Report No.:022891, February:
1991). . The report presented a design equation which was_the _lower:
bound of the test data included in_the report. It also demonstrated!
that the equation: us‘ed in References 2 and 4 was conservativeg
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 suhmitted Reference 8, which
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indicates that the original approach was not conservative w1th
* regard to its application to spherical shapes and recommends a new
.. equation:. However, 'the documentation supporting the use of this

- equation is not. 1nc1uded in Reference '8, but apparently is"
. contained in'a referenced-report prepared by C:D. ‘Miller entitled -
- "Evaluation of Stability’ Analy51s Methods Used for the Oyster Creek
Drywell" (CBI Technical - Report Prepared for - GPU: Nuclear N
Corporation, September 1991) < This report ‘was 'subsequently
submitted and reviewed by the NRC staff. As discussed in Section
-2, the use of the revised equation still results in calculated

- capacities in compliance with the ASME Code provisions; however;

-. the margins beyond those’ capacities are reduced from those reported
: by References .2 and 4.‘ . .

Sl

h It is noted that the licensee may have "double-counted" the
7. effects of hoop tension, since the theoretical elastic instability <
stress was calculated from the finite element model using the ANSYS . .
- Code. The elastic instability stress calculated by the ANSYS Code
" may have already taken into account the effects of hoop tensile
stress.  However, by comparing the theoretical elastic instability
- stress- and.-the- corresponding -circumférential—stress_predicted- by~5———
‘the Yicénsée ‘for-the refueling- and_nost-accident casées,— it~ -appears--—x
"that the effect of hoop 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 therie
is sufficient capacity in the drywell to preclude a significant
~ buckling failure under the postulated loading conditions since the
> :licensee’s calculation5° (a) incorporate factors of safety of 1. 67
“to 2,0, depending upon the load condition, and (b) utilize @
‘conservative assumption by considering the shell wall thickness to
‘be severely reduced for the full circumference of. the drywell
‘throughout the sand%ed_region.“wg,, :

Tm g Zogebson

During the cour%e of the’ review of the licensee's submittals,
*a number of other issues were raised tregarding the approach. These
- included: (a) the basis and method of calculating the projected
‘drywell thicknesses, (b) the scaling of the calculated stresses for:
athe nominal thickness case by the thickness ratio, (¢) 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,: (£) sensitivity of
the plasticity reduction factor - in the buckling” analysis, (g) use
"of the 2 psi. design basis external pressure: in the buckling
Sanalysis, (h) ‘effect of the large displacement method, (i) the
‘treatment of the large concentrated loads considered in the
analysis, and (Jj) thHe 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 and~~
.6, S Coe e o :
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4, Conclusions

-*'-. s

“

The licensee has demonstrated that the ‘calculated stresses in
the Oyster Creek drywell (both with and without the sandbed), asia
result of the postulated._ loading conditions, meet the intent of the
.. ASME Code for projected. corroded conditions that may exist at the

- start of the fourteenth refueling outage. ~However, if the’ ‘actual

" thickness of 0.736", there may not be adequate margin left for
further corrosion through continued operation unless it is
demonstrated that remcoval of sand will completely stop further

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. alltthe assumptions made in the -analysis and the
_available margins. }' The use of the 1.1S,, criteria for evaluating
" general membrane stless in corroded .or degraded areas_.should be

’iinvestigated further~by “Ehe“NRC-Staffand-the~ASME CGd& -Committea .

' general  use. The 1licensee’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 SLmilar manner.

'-7.5. Beferegces

'ﬂ:l. GE Report . Index: No. 9-1, "An ASME Section VIII Evaluation?pf
' the Oyster Creek Drywell - Part 1 -~ Stress Analysis", November
1990, - . ’ i
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thickness in the sandbed region_at _14R is close to the projected_""

thickness reductions:. ' The. licensee has also demonstrated that_mg.
there is sufficient margin in the drywell design (both with and”

..and “appropridteé” bounds T established” before” it™ "igTaccepted” fol‘"""*“’

¥ T - T R ')i

GE Report Indgx No. 9 2, "An ASME Section VIII Evaluation’of
the Oyster Creek Drywell - Part 2 - stability Analysis,"
November 1990._“,h A

e i

GE Report Indek No. 9= 3, WAn ASME Section VIII Evaluation of
.the .Oyster craék Drywell for Without Sand Case - Part r

Stress Analys%s," February 1991. . i
GE Report Index No. 9-4, "An ASME Section VIII Evaluationfof
the Oyster Creek Drywell for Without Sand Case - Part 2!
Stability Analysis," February 1991.

e Ly

GPU Nuclear letter dated March 20, 1991, "Oyster Creek Drywell
cOntainment."{'*
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GPU Nuclear letter dated June 20, 1991, "Oyster Creek Drywell
COntainment" - i 4
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