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1. INTRODUCTION
1.1 General

To address local wall thinning of the Oyster Creek drywell, GPUN has
prepared a supplementary report to the Code stress report of record
[1-1] which is divided into two parts. Part 1 includes all of the
Code stress analysis results other than the buckling capability for
the drywell shell [1-2]. Part 2 addresses the buckling capability of
the drywell shell shown in Figure 1-1 [1-3). The supplementary report
for the degraded drywell is for the present configuration (with sand
support in the lower sphere). One option which is being considered by
GPUN to mitigate further corrosion in the sandbed region is to remove
the sand. Reference 1-4 and this report evaluate the influence of
removing the sand on the code = -ess analysis and buckling evaluation,
respectively. Buckling of the entire drywell shell is considered in
this analysis with the sandbed region being the area of primary
concern,

1.2 Repert Qutline

Section 2 of this report outlines the methodology used in the buckling
capability evaluation. Finite element modeling, analysis and results
are described in section 3. Evaluation of the allowable compressive
buckling stresses and comparisons with the calculated compressive
stresses for the limiting load combinations are covered in section 4.
Section 5 presents the summary of results and conclusions.
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2. BUCKLING ANALYSIS METHODOLOGY
2.1 Basic Approach

The basic approach used in the buckling evaluation follows the
methodology outlined in the ASME Code Case N-284 [2-1 and 2-2].
Following the procedure of this Code Case, the allowable compressive
stress is evaluat - in three steps.

In the first step, a theoretical elastic buckling stress, Ojpr Is
determined. This value may be calculated either by classical buckling
equations or by finite element analysis. Since the drywell shell
geometry 1is complex, a three dimensional finite element analysis
approach is followed using the eigenvalue extraction technique. More
details on the eigenvalue determination are given in Section 3.

In the second step, the theoretical elastic buckling stress is
modified by the appropriate capacity and plasticity *eduction factors.
The capacity reduction factor, @y, accounts for the difference between
classical buckling theory and actual tested buckling stresses for
fabricated shells. This difference is due to imperfections inherent
in fabricaied shells, not accounted for in classical buckling theory,
which can cause significant reductions in the critical buckling
stress. Thus, the elastic buckling stress for fabrirated shells is
given by the product of the theoretical elastic buckling stress and
the capacity reduction factor, i.e., Oje@;. When the elastic buckling
stress exceeds the proportional limit of ‘ie material, a plasticity
reduction factor, Ny» 15 used to account for non-linear material
behavior. The inelastic buckling stress for fabricated shells is
given by Ni®i0ig-

In the final step, the allowable compressive stress is obtained by
dividing the buckling stress calculated in the second step by the
safety factor, FS:

Allowable Compressive Stress = ni@;0;o/FS

e
—
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In Reference 2-1, the safety factor for the Design and L.vel A & B
service conditions fs specified as 2.0. A safety factor of 1.67 fis
tpecified for Level C service conditions (such as the poct-azcidert
condition).

The determination of appropriate values for capacity and plasticity
reduction factors 1s discussed next.

2.2 Determination of Capacity Reduction Factor

The capacity reduction factor, a;, is used to account for reductions
in actual buckling strength due to the exisience of geometric
imperfections. The capacity reduction factors given in Reference 2-1
are based on extensive data compiled by M'ller '2-3). The factors
appropriate for a spher{.al shell geometry such as that of the drywel)
in the sandbed region, are shown in Figure 2-1 (Figure 1512-1 of
Referensa 2.1). The tail (flat) end of the curves ar> used for
unstiffened sheils. The curve marked 'Uniaxial compression’ s
applicable since the stress state in the sandbed region is compressive
in the meridional direction but tensile in the circumferentia)
direction, From this curve, a; is determined to be 0.207.

The preceding value of the capacity reduction factor s very
conservat " for two reasons. First, it is based on the assumption
that the s 1cal shell has a uniform thickness equal to the reduced
thickness. wever, the drywell shell has a greater thickness above
the sandbed region which would reinforce the sandbed region, Second,
it 1s assumed that the ci' . ferential stress is zero. The tensile
circumferential stress has the effect of rounding the shell and
reducing the effect of imperfections introduced during the fabrication
and construction phase. A modification of the a; value to account for
the preser-« of tensile circumferential stress 1is discussed in
Subsection 2.3.

The capacity reduction factor values given in Reference 2-1 are
applicable to shells which meet the tolerance requirements of NE-4220

2-2
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of Section Il [2-4). Reference 2-5 compares the tolerance
requirements of NE-4220 to the requirements to which the Oyster Creek
drywell shell was fabricated. The comparison shows that the Oyster
Creek drywell shell was erected to the tolerance requirements of
NE-4220.  Therefore, although the Oyster Creek drywell is not a
Section 111, NE vessel, it is justified to use the approach out)ined
in Code Case W-284,

2.3 Modification of Capacity Reduction Factor for Hovp Stress

The orthogonal tensile stress has the effect of rounding fabricated
shells and reducing the effect of imperfections on the buckling
strength. The Code Case N-284 [2-1 and 2-2) notes in the last
paragraph of Article 1500 that, “The influence of internal pressure on
a shell structure may reduce the initial imperfections and therefore
higher values of capacity reduction factors may be acceptable.
Justification for higher values of ay must be given in the Design
report . "

The effect of hoop tensile stress on the buckling strength of
cylinders has been extensivelly documented [2-6 through 2-11). Since
the methods used in accounting Jor the effect of tensile hoop stress
for the cylinders and spheres are similar, the test data and the
methods for the cylinders are first reviewed. Harris, et al [2-6)
presented a comprehensive set of test data, including tnose from
References 2-7 and 2-8, which clearly showed that internal pressure in
the form of hoop tension, increases the axial buckling stress of
cylinders. Figure 2-2 shows a plot of the test data showing the
increase in buckling stress as a function of nondimensional pressure.
This 1increase in buckling capacity is accounted for by defining a
separate reductton factor, @,. The capacity reduction factor ay can
then be modified as follows:

T mod * ¥ * %

2-3
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The huckling stress in uniaxial compression for & cylinder or a sphere
of uniform thickness with no internal pressure 1is given by the
following:

Sc » (0.608)(a,)Et/R
« (0.605)(0.207) Et/R

Where, 0.605 is a constant, 0.207 fs the capacity reduction factor,ay,
and E,t and R are Young's Modulus, wall thickness and radius,
respectively. In the presence of a tensile stress such as that
produced by an internal pressure, the buckling stress 1is given as
follows:

Sc.mog = (0.608)(ay + ap)Et/R
* (0.605)(0.207 + ap)Et/R
« [(0.605)(0.207) + AC) Et/R

Where AC is ap/o.sos and 1s given ‘or cylindrical geometries in the
graphical form in Figure 2-3. As can be seen in Figure 2-3, AC 1s a
function of the parameter X«(p/4E)(2R/t)?, where ,p, is the interna)
pressure. Miller [2-12]) gives the following equation that fits the
graphical relationship between X and AC shown in Figure 2-3:

AC = cp/o.sos « 1.25/(5+1/X)
The preceding approach pertains to cylinders. Along the similar
Tin's, Miller [2-13] has developed an approach for spheres as
described next.
The non-dimensional parameter X is essentially (o,/E)(R/t). Since in

the case of a sphere, the hoop stress 1s one-half of that in the
cylinder, the parameter X is redefined for spheres as follows:

X(sphere) * (p/BE)(2R/t)?




TREX 844" wev. -

when the tensile stress magnitude, S, 1is known, the equivalent
internal pressure can be calculated using the expression:

p= 2t5/R

Based on a review of spherical shell buckling data [2-14, 2-15),
Miller [2-13] proposed the following equation for AC:

f'(sph‘r.) - 1.06/(3‘2‘ + l/x)

The modified capacity reduction factor, O mod for the drywell
geometry was obtained as follows:

01'm°d = 0,207 + AC(,ph.r.)/O.GOS
2.4 Determination of Plasticity Reduction Factor

When the elastic buckling striss exceeds the proportional limit of the
material, a plasticity reduction factor, n(, is used to account for
the non-linear material behavior. The inelastic buckling stress for
fabricated shells is given by niai0,,. Reference 2-2 gives the
mathematical expressions shown below [Article -1611 (a)] to calculate
the plasticity reduction factor for the meridional direction elastic
buckling stress. A 1s equal to a,a,./ay and 9y is the material yield
strength. Figure 2-4 shows the relationship in graphical form.

VI‘ = 1.0 if Ag0.55
(0.45/4) + 0.18 if0.55 <A g 1.6
1.31/(1+1.184) if 1.6 <A g6.25
1/4 ifan>6.25
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Figure 2-1 Capacity Reduction Factors for Local Buckling of
Stiffened and Unstiffened Spherical Shells
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3. FINITE ELEMENT MODELING AND ANALYSIS

3.1 Finite Element Buckling Analysis Methodology

This evaluation of the Oyster Creek Orywell buckling capabi)ity uses
the Finite [lement Analysis (FEA) program ANSYS [Reference 3-]) The
ANSYS program uses a two step eigenvalue formulation procedure to
perform linear elastic buckling analysis. The first step 15 a static
analysis of the structure with all anticipated loads applied. The
structural stiffness matrix, (K], the stress stiffness matrix, [S],
and the applied stresses, Oap+ are developed and saved from this
static analysis., A buckling pass 1s then run to solve for the
eigenvalue or load factor, A, for which elastic buckling is predicted
using the equation:

( (K} + 2 ([S)) (u) =0

where: A 's the eigenvalue or load factor.
{u) 15 the eigenvector representing the buckled shape of
the structure.

This load factor is a multiplier for the applied stress state at which
the onset of elastic buckling will theoretically occur. A}l applied
loads (pressures, forces, gravity, etc...) are scaled equally. for
example, a load factor of 4 would indicate that the structure would
buckle for a load condition four times that defined in the stress
pass. he critical stress, Ocpr 4t @ certain location of tne
structure is thus calculated as:

Oer = A Ogp

This theoretical elastic buckling stress is then modified by the
capacity and plasticity reduction factors to determine the predicted
buckling stress of the fabricated structure as discussed in Section 2.
This stress is further reduced by a factor of safety to determine the
allowable compressive stress.

3-1
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3.2 Finite Element Model

The Oyster Creek drywell has been previously analyzed using a
simplified axisymmetric model to evaluate the buckling capability in
the sandbed region [Reference 3-2). This type of analysis
conservatively neglects the vents and reinforcements around the vents
which significantly incrzase the stiffness of the shell near the
sandbed region. In order to more accurately determine the buckling
capability of the drywell, a three dimensional finite element model is
developed.

The geometry of the Oyster Creek drywell is shown in Figure 3-1.
Taking advantage of symmetry of the drywell with 10 vents, a 36°
section is modeled. Figure 3-2 illustrates the finite element model
of the drywell. This model includes the drywell shell from the base
of the sandbed region to the tup of the elliptical head and the vent
and vent header. The torus is not included in this model because the
bellows provide a very flexible connection which does not allow
significant structural interaction between the drywell and torus.

Figure 3-3 shows a more detailed view of the lower section of the
drywell model. The various colors on Figures 3-2 and 3-3 represent
the different shell thicknesses of the drywell and vent. Nominal or
as-designed thicknesses, summarized in Table 3-1, are used for the
drywell shell for all regions other than the sandbed region. The
sandbed region shown in blue in Figure 3-3 is considered to have a
thickness of 0.736 inch., This is the 95% confidence projected
thickness to outage 14R, Figure 3-4 shows the view from the inside of
the drywell with the gussets and the vent jet deflector,

The dryw2ll and vent shell are modeled using the 3-dimensional plastic
quadrilateral shell (STIF43) element. Although this element has
plastic capabilities, this analysis is conducted using only elastic
behavior. This element type was chosen over the elastic quadrilateral
shell (STIF63) element because it is better suited for modeling cirved
surfa~es.
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At a distance of 76 inches from the drywell shell, the vent 1is
simplified using beam elements. The transition from shell to beam
elements is made by extending rigid beam elements from a node along
the centerline of the vent radially outward to each of the shell nodes
of the vent. ANSYS STIF4 beam elements are then connected to this
centerline node to model the axial and bending stiifness of the vent
and header. Spring (STIF14) elements are used to model the vertical
header supports inside the torus. ANSYS STIF4 beam elements are also
used to model the stirfeners in the cylindrical region of the upper
drywell. The section properties of these stiffeners are summarized in
Table 3-2.

The mesh size in the sandbed region of the model was refined for the
purpose of buckling evaluation. The mesh refinement was conducted as
follows. Buckling analyses of flat plate finite element models with
different mesh sizes were conducted and the calculated load factors
were compared with the available theoretical values. The analyses
considered both the fixed and free edge boundary conditions. The
results of these analyses showed that with a 3"x3" mesh, the finite
element predicted load factors were within a few percent of the
theoretical values. Figure 3-5 shows the results of one of the flat
plate analyses. Based on these analyses, it was concluded that an
appropriate mesh size is achieved when the element size in the sandbed
region is = 3"x3", Figure 3-6 shows the view of the refined mesh. As
dgiscussed in Subsection 3.6, the refined mesh was important for the
buckling analysis but had little effect on the stress magnitudes in
the sandbed region.

3.3 Drywell Materials

The drywell shell 1is fabricated from SA-212, Grade B high tensile
strength carbon-silicon steel plates for boilers and other pressure
vessels ordered to SA-300 specifications. The mechanical properties
for this material at room temperature are shown in Table 3-3. These
are the properties used in the finite element analysis. For the
perforated vent jet deflector, the material properties were modified
to account for the reduction in stiffness due to the perforations.

3-3
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3.4 Boundary Conditions

There are two sets of boundary conditions, one for the stress analysis
and the other for the buckling analysis. The stress analysis boundary
conditions are discussed first.

3.4.1 Boundary Conditions for Stress Analysis

Symmetric bouncary conditions are defined for both edges of the 3&°
drywell model for the static stress analysis as shown in Figure 3-7.
This allows the nodes at this boundary to expand radially outward from
the drywell centerline and vertically, but not in the circumferential
direction. Rotations are also fixed in two directions to prevent the
boundary from rotating out of the plane of symmetry. Nodes at the
bottom edge of the drywell are fixed in all directions to simulate the
fixity of the shell within the concrete foundation. Nodes at the end
of the header support spring elements are also fixed.

3.4.2 Boundary Conditions for Bucklina Analysis

Three sets of boundary conditions are used at the edges of the pie
slice model: symmetric at the both edges (sym-sym), symmetric at one
edge and asymmetric at the other edge (sym-asym), and asymmetric at
the both edges (asym-asym). This is required to capture all possible
buckling mode shapes that the model is able to predict. Figure 3-8
graphically illustrates the various boundary conditions. With the
symmetric boundary conditions, the nodes at the edges can displace
radially but the rotation is not allowed. In the asymmetric boundary
conditions, the nodes at the edges are allowed to rotate but the
radial displacement is not allowed. The load factors were determined
for each of the three sets of boundary conditions and the one with the
smallest value was used for the Code margin evaluation.

3.5 Loads

The loads are applied to the drywell finite element model in the
manner which most accurately represents the actual loads anticipated

“§
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on the drywell. Details on the application of loads are discussed in
the following paragraphs.

3.5.1 Load Combinations

A1l load combinations to be considered on the drywell are summarizec
on Table 3-4. The most limiting load combinations in terms of
possible buck)ing are those which cause the most compressive stresses
in the sandbed region. Many of the design basis load combinations
include high internal pressures which would create tensile stresses in
the shell and help prevent buckling., The most severe design load
combination identified for the buckling analysic of the drywell is the
refueling condition (Case IV). This load combination consists of the
following loads:

Dead weight of vessel, penetrations, compressible material,
equipment supports and welding pads.

Live loads of welding pads and equipment door

Weight of refueling water

External Pressure of 2 psig

Seismic inertia and deflection loads for unflooded condition

The norcal operativw. condition with seismic 1s very similar to this
condition, however, it will be less severe due to the absence of the
refueling water and equipment door weight,

The most severe load combination for the emergency condition is for
the post-accident (Case VI) load combinatinn including:

Dead weight of vessel, penetrations, compressible material and
equipment supportis

Live load of personnel lock

Hydrostatic Pressure of Water for Drywell Flooded to 74'-6"

External Pressure of 2 psig

Seismic inertia and deflection loads for flooded condition

The application of these loads is described in more detail in the
following sections.

3-5
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loads are determined to match the stresses shown in Table 3-9 at the
four sections. The calculation for the correct loads are shown on
Tables 3-10 and 3-11 for the refueling and post-accident cases,
respectively,

3.6 Stress Results

The resulting stresses for the two load combinations described in
section 3.5 are summarized in this section. The mesh refinement
produced less than 1% change in the calculated stress magnitudes from
those obtained with the previous mesh in which the elements in the
sandbed region were approx. 12"x12". The stresses reported in these
Subsections are based on the relined mesh model.

3.6.1 Refueling Condition Stress Results

The resulting stress distributions for the refueling condition are
shown in Figures 3-10 through 3-13. The red colors represent the most
tensile stresses and the blue colors, the most compressive. Figures
3-10 and 3-11 show the meridional stresses for the entire drywell and
lower drywell. The circumfereniial stresses for the same areas are
shown on Figures 3-12 and 3-13. The resulting average meridional
stress at the mid-elevation of the sandbed region was found to be;

URm « 7588 psi

b The circumferential stress averaged from the bottom to the top of the
sandbed region is;

ORC « 4510 psi
3.6.2 Post-Accident Condition Stress Results
The application of all of the loads described for the post-accident
condition results in the stress distributions shown in Figures 3-14

through 3-17. The red colors represent the most tensile stresses and
the blue colors, the most compressive. Figures 3-14 and 3-15 show the

3-8
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meridional stresses for the entire drywell and lower drywell, The
circumferential stresses for the same areas are shown on Figures 3-16
and 3-17. The resulting average meridional stress at mid-elevation of
the sandbed region was found to be;

o PAm * -12000 psi

The circumferential stress averaged from the bottom to the top of the
sandbed region is;

® pac * +20210 psi
3.7 Theoretical Elastic Buckling Stress Results

After the completion of stress runs for the Refueling and Post-
Accident load combinations, the eige value buckling runs are made as
described in Section 3.1. This analysis determines the theoretical
elastic vuckling loads and buckling mode shapes.

3.7.1 Refueling Condition Buckling Results

The first buckling analysis was conducted using the sym-sym boundary
conditions. The lowest (i.e., first) load factor for this case was
found to be 6.14 with the critical buckling occurring ‘n the sandbed
region. The critical buckling mode shape is shown in Figure 3-18.
The red color indicates sections of the shell which displace radially
outward and the blue, those areas which displace inward.

The first six buckling modes were computed in this eigenvalue buckling
analysis with no buckling modes found outside the sandbed region for a
load factor as high as 8.89. Therefore, buckling is not a concern
outside of the sandbed region.

The lowest load factors for the sym-asym and asym-asym boundary
conditions were determined to be 6.23 and 7.22, respectively. Figure
3-19 shows the buckling mode shape with sym-asym boundary conditions.
It is clear from these load factor values that the sym-sym boundary

3-3
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condition load factor of 6.14 is the Towest one. Multiplying the load
factor of 6.14 by the average meridional stress from section 3.6.1,
the theoretical elastic buckling stress s found to be;

" Rie * 6.14 x (7588 psi) « 46590 ps
3.7.2 Post-Accident Condition Buckling Results

Considering the post-accident case with symmetric boundary conditions,
the load factor was calculated as 4.085. The sym-asym boundary
conditions gave a load factor of 4,206 for the first mode. Based on
the refueling condition buckling analyses, it was concluded that the
load factor for the asym-asym condition will be higher than both the
sym-sym and sym-asym load factors. Thus, the sym-sym boundary
conditions gave the lowest load factor and thus are controlling. The
critical mode shape for the sym-sym boundary conditions is shown fin
Figure 3.20. As expected, this mode shape is associated with Lhe
sandbed region,

Multiplying the load facter of 4.085 by the applied stress from
section 3.6.2 results in a theoretical elastic buckling stress of

“ pAte = 4.085 x (12000 psi) = 49020 psi
3.8 References
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3-2 GPUN Specification SP-1307-53-044, Technical Specification for
Primary Containment Analysis - Oyster Creek Nuclear Generating
Station; Rev. 2, October 1990.

3-3 "An ASME Section VIII Evaluation of the Oyster Creek Drywell -
Part 1 Stress Analysis," GE Report No. 9-1, DRF # 00664, November
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Table 3-1

?ﬁ5f1°89tf REV, ?

Oyster Creek Drywell Shell Thicknesses

section

Sandbec Region

Lower Sphere

Mid Sphere

Upper Sphere

Knuckle

Cylinder

Reinforcement Below Flange
Reinforcement Above Flange
Elliptical Head

Ventline Reinforcement
Gussets

Vent Jet Deflector
Ventline Connection

Upper Ventline

Lower Ventline

Thickness (in.)

0.736 "
1.154
0.770
0.722
2.562%
0.640
1.250
1,500
1.187%
2.875
0.875
2.500
2.500
0.4375
0.250

* 95% confidence projected thickness to 14R,
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Table 3-4

Oyster Creek Drywell Load Combinations

CASE | - INITIAL TEST CONDITION
Deadweight + Design Pressure (62 psi) + Seismic (2 x DBE)

CASE I1 - FINAL TEST CONDITION
Deadweight + Design Pressure (35 psi) + Seismic (2 x DBE)

CASE 111 - NORMAL OPERATING CONDITION
Deadweight + Pressure (2 psi external) + Seismic (2 x DBE)

CASE IV - REFUELING CONDITION
Deadweight + Pressure (2 psi external) + Water Load +
Seismic (2 x DBE)

CASE V - ACCIDENT CONDITION
Deadweight + Pressure(62 psi @ i75°F or 35 psi @ 281°F) +
Seismic (2 x DBE)

CASE VI - POST ACCIDENT CONDITION
Deadweight + Water Load @ 74'6" + Seismic (2 x DBE)

3-13
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Table 3-5

Adjusted Weight Densities of Shell to Account for
Compressible Material Weight

Adjusted
Weight Density

(b/in)

0.343
0.373
0.379
0.310
0.392
0.339
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Table 3-6

Oyster Creek Drywell Additional Weights - Refueling Condition

b
DEAD  PENETR nisc TOTAL § FOOT  LOAD PeR LOAD PER  LOAD PER
ELEVATION  wEIGWT  WEIGNT LOADS LOAD RANGE 36 DEG ?OF MODES OF  FuLL NODE wALF wODE
(feet) (of) (ot (10f) (1of) L0AD (1BF)  ELEMENTS APPLICATION  [1pf) ('0f)

15 56 $0000 50000
18 188100 168100
20 oo 11200

T 15-20 229300 22930 6 116119 e 1911
20 456000 §56000

hal 285 4 $56000 $45600 [} 161169 6950 s
% 11100 11100
30 64100 51500 115600
30.28 105000 100000 205000

** 26-30 321760 e 8 179107 4148 2
3 16500 16500
n 750 780
n 15450 15450
3 28050 20050
38 1500 1500

** 3138 62250 6228 L] 188-196 78 388
3 1580 1580
0 41000 43250 84350

' 3600 85900 8590 L] 197-208 1074 53
504 1102000 1102000

As-S 1102000 110200 L 418426 13778 5680
54 7850 7850

' 51-88 7880 788 8 LELELTY) 88 49
56 56400 24000 80400
60 95200 100 20000 115900

** 5660 196300 19630 [} a54-4862 2454 i
L1] 52000 20000 72000

** 6168 12000 1200 L] 472-480 900 450
10 5750 §750

** 8h-70 5750 §7% 8 508-516 n 36
n 8850 8840

** 7128 8850 885 8 §26-534 11 88
s 21650 21650

**al-08 21650 2168 L] §53-561 mn 138
LY 1000 1000
80 15000 15000

** 86-90 16000 1600 L] §71-879 200 100
93.7% 20700 20700
475 698000 698000
95.7§ 20100 20100

**91-98 738800 73880 8 589597
TOTALS: ZIBA150 388200  BE2000  JAJA3S0 3424350 434S

# - LOAD TO BE APPLIED IW VERTICAL DIRECTION OMLY.
& - WISCELLANEOUS LOADS INCLUDE 698000 LB WATER WEIGHT AT 94 78 FT. ELEVATION
100000 LB EQUIPMENT DOOR WEIGMT AT 30.28 FT. ELEVATION AND WELD PAD LIVE
LOADS OF 24000, 20000 AND 20000 AT 56, 60 AMD 65 FT  ELEVATIONS
REFWET W)

3-15




Table 3-7
yster reek rywe Additional weights Post-Accident Condition
A
i PENETR Ik A $ FOOY LOAD PER VAD PER AD FER
LLEVATION vt | GH1 wi oM VAL VAL PANGE 36 DEG fF NODES OF FULL wODE A NOUt
faet bf bf f bf \ OA( bf ELEMENTS APPLICAT DN bf
. “0 L L f
6 68) 168100
LA § T 229300 12930 ¢ ¢ N 82
1 546 $56000
M SRR LY $56000 $5600 ] 61-16% 68 e
28 0 |
30 6400 $1500 15600
30.2% 05000 105000
2630 231700 370 L] 178+187 Bat 1)
3 6500 16500
n %0 750
3) 15450 5450
i 78050 28050
L} 1500 1500
il J B | 62250 6228 [ 188-156 178 L}
18 1550 1650
40 41009 43350 84350
-0 85800 8590 ] 197-20% 1074
L0 02000 1102000
A5 11025.8 110200 8 418428 3778 (111
54 7850 7850
e 5155 7850 8% L] 36404 98 4
56 56400 56400
L1 85200 100 55600
' 56-60 152300 15230 ) a54-482 1904 §s
1 2000 52000
bl B §2000 5200 ] 477-480 650 328
10 §750 $750
** 88-70 750 §78 4 508-516 6
'3 8850 8850
* 71-78 8850 88% 3 526-534 68
.17 21650 21650
bl P 1 21680 2168 L) §53-561 7 135
87 1000 1000
80 15000 15000
** 86-90 16000 160¢ 8 §71-87% 200 100
§3.7% 20700 20700
95.7% 20100 20100
b FE | ! 40800 4080 L] 589587 510 258
JTALS 2184150 388200 0 2572350 25723%0 257238

# - LOAD TC BE APPLIED IN VERTICAL DIRECTION ONLY
NO MISCELLAMEOUS LOADS FOR THIS CONMDITION

LO00WET w1

oy



on
“
o
0 —
[ 2B R e B o el @
;D WA A WD A WD S =
”52222222 —
- . —
w - e e e e - -0 -
- — T T WD D P P D P S O e TN P A T = OA P W O e DA P WD ) e DA =
NGOV OETCCTTTETLTOGRAO MMM T NSO DO O M - @
d P e OGN D e CINI OISO TNV NNG @ 9 9 T ¢ F OO OnNO N
x> L -8 6 8 O & 8 9 ¢ ® ¢ ¢ 5 4 ¢ e N " R —
NI @O - s » » rMEWDOECNODVOETNOVOET NODOSVNO
~ - NI AD TN E A AN D DR~ NI FODO -~ OROrretimMmedn O
< () .t AW U AD P vt et et DA T DN N o @ W W W AON AN O
- - —— . —— Ll
ol — e =t A N s .
- W WND OO o
2 DD -
< [+ e e e e e ] el
= -ty
et o
-
©
. —
o
=1
o
- wigl .
- M O QDD Nt P NP NP =N O MM OO DT ROTMMIMEENO-~O™m O
. B & 9 e % ® W & O W e M e e S % e eS¢ W % & e W N e e e @
¢.H - - ."777‘:"‘3\-2"-‘5\-20'.76"’32210 “r
pos ””. BN O TN O O O TN TN N N TN O O O TN O 7 o o ot ot s e o~
@
" ~—
© o
@ o a
<
- <3
@ t - DD ON =~ TN CTMON CTOONMO AU NNGD —~ N RBETMmMmear. ~
o e g B L P~ R e e - i R R e R e M o A o O o L N S 0 T A . A » —
D M e A DO O MOTDNORN—~ O DT NNDMM e NMOmEOMm@E O '
= o G U T O DWW e RO M~ AN = DO NDTOOMO~ T NOO~O- o ™
Wi U.M “ .nnu. C 0 P P e P P P P P WD W0 D WD WO D AN U AD W W ) ) ) O TN N e e e e "~
w - ¥ “
- e o
D00 - =
w —— - -
@ Es .
- u“ 5“ o TNNGTODMOATONO NNMOEN N OT —~OMNONADO~NOrom ™
u ® Bt @ » @ S % @ © W B G O & S W S W B G € W @ e & ¥ S S.S & e SE S 8= -
v D - e  OWND M MOOET RNt T NN D DO s D OPD~ONON oW~
BN SN < v - 11223‘563902‘570‘.2‘\1”2"“7’0235“ o
@ w o T 0 et ot et s et et et ot T O O O O ) ) 1) W W WD DD D WD O PP P 00 00 O —
-~ “ “d o~
Q. o - —
e
o
- —
- - vo o w» qu27005’3\-073073-3““\--3000000‘
“w g & * * % & @ ®© ® W G S W W . W e € P P & @ & 9 O & €« & 9 ¢ @
o S - SO & v Nt OO O~ OAL T~ P ODPORDVNNDITONOWVONOe « .
- w s Z2O OO MW E MMM MNNNCG. N TN O ) W WD
- = & t-4 R EEEEE R
R [ e [PV 5 « I
- o a— —
- o
— w w * -
- — | ane N OMOANNDNOOPTOVD—~ORDV~ORDM ONEMU—~OND D “
< - Tt  NFW DO AODO et et NI N RO DROO NS DD DR )
= MWE » ll‘lllll\lllllll“““‘.““sss P-
L
EBW *
LT
(v .
i~
(.




Meridiona!

Refueling




1330 % T

Table 3-10

Application of Loads to Match Seismic Stresses - Refueling Case

COMPRESSIVE STRESSES FROM 2-D ANALYSIS

crmmm.- R BT

0.058" SEISMIC DEFLECTION:
MORIZ. PLUS VERTICAL SEISMIC INERTIA:

B e T SEsAmEmEmA ..

TOTAL SEISMIC COMPRE - - 42868

3-19

2-0 SEISMIC STRESSES AT SECTION (psy)

--------- e SR

SECTION: l 2 3 l

2-0 WODE: n 302 46l 100

ELEV: 119.3%  322.5" 489.1" 9122
788.67 15554 103 46 85 31
469.55 13s.44 11013 13021
1258 .2 2904.98 213.89 215 82

30 sssessessssssasss i sanasessEsenes
INPUT SECTION: i H 3 B
LOAD 3-0 NODES:  §3-35 170178 400-408 526-534

SECTION INPUT 3-D UNIT LOAD DESCRIPTION ELEY: 119.3%  322.5" a9.1" 2.3
A 1000 Tbs at nod. SE3 through 589 8543 3704 M4 S5
8 500 Tos at 4278435, 1000 Tbs at 428-434 8938 992 3678 0.00
¢ 500 bs at 1978208, 1000 Tbs at 198-204 §7.64 QW 0.00 0.00
0 500 'bs at 1614165, 1000 bs st 162-158 89 8% 0.00 0.00 0.00
DESIRED COMPRESSIVE STRESSES (psi): 1288.22 294,98 213.59 215 %2
3-0
INPUT
LOAD
SECTION LCAD TO BE APPLIED TO MATCH 2-D STRESSES RESULTING STRESSES AT SECTION (psi)
. 802 335,37 148,08 136.34 21582
8 2101 .4 108.87 8389 7725 e.00
¢ 1453 .8 141,93 63.04 0.0¢ 0.00
n 6611.8 594 .05 0.00 0.00 0.00
SUM: 1256.22 294,98 213.89 215.%2
SEISUNFL WK1



fable 3-11

Application of Loads to Match Seismic Stresses Post-Accident Case

SECTION
NOOE

]
-0
ELEY

SECTION
3-D NODES

1bs at nodes 563 through 569
500 Tba at 4278435, 1000 'bs at 428-434
S00 Tbe et 1978208, 1000 'bs at 198-204
S00 Tbs at 1614169, 1000 lbs at 162-!

DESIRED COMPRESSIVE STRESSES (pai)

3-0
[NPYT
0AD
SECTION LOAD TO BE APPLIED TO MATCH 2-D STRESSES

RESULTING STRESSES AT
1250.51

256.17
-189 .58

SEISFL . wl
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Figure 3-1. Oys.. «reek Drywell Geometry
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Figure 3-2. Oyster Creek Drywell 3-D Finite Element Model
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Figure 3-3.

Closeup of Lower Drywell Secticn of FEM (Outside View)
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Figure 3-4. Closeup of Lower Drywell Section of FEM (Inside View)
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Load Factor
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5' X 5' FLAT PLATE
Simply Supported B.C.'s

3.5 NER
| Loading: 5000 PSI Compressive Stress (Top)
3.45 Mode Shape: All Exhibit Half Wave
12t x 12 6" X 6 3" x 3
3.4
| A
3.38 *
3.3 1
3.28
! ‘ ——— —— —— — —— — — — — T —
3.2 ,‘ |
3.16 1 ‘
3.1 +——— - - o e e e —
0 100 200 300 400
No. of Elements
Figure 3-85. Flat Plate Buckling Analysis Results for Free Edge Boundary

Conditions
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Figure 3-4 View of Refined Mesh in the Sandbed Region
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Figure 3-7

Symmetric Boundary Conditions for Stress Analysis
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Center of

Drywell x

Sphere © . __~ Planes of
L Symmetry
~ 38

" Unbuckied Shape
S &a *\\\
~ Vent Radal Displacement
No Rotation )
Symmetric Buckling of Drywell
'
Unbuckded Shape
\ Buckied Shape
™ Vent Rotation
No Radal Disp
Asymmetric Buckling of Drywel
SYM.DRW
Figure 3-8 Symmetric and Asymmetric Buckling Modes
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Figqure 3-9 Application of Loading to Simulate Seismic Bending
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Figure 3-11 Lower Drywell Meridional Stresses - Refueling Case
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Figure 3-12 Circumferential Stresses - Refueling Case
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Figure 3-17 Lower Drywell Circumferential Stresses - Post-Accident Case
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Figure 3’20 Sym-Sym Buckling Mode Shape - Post Accident Case
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4. ALLOWABLE BUCKLING STRESS EVALUATION

Applying the methodology described in Section 2 for the modification
of the theoretical elastic buckling stress, the allowable compressive
stresses are now calculated. Tables 4-1 and 4-2 summarize the
calculation of the allowable buckling stresses for the Refueling and
Post-Accident conditions, respectively. The modified capacity
reduction factors are first calculated as described in sections 2.2
and 2.3, After reducing the theoretical instability stress by this
reduction factor, the plasticity reduction factor is calculated and
applied. The resulting inelastic buckling stresses are then divided
by the factor of safety of 2.0 for the Refueling case and 1.67 for the
Post-Accident case to obtain the final allowable compressive stresses.

The allowable compressive stress for the Refueling case is 7.59 ksi.
Since the applied compressive stress is also 7.59 ksi, it indicates
that the safety factor is equal to the Code required value of 2.0.
The calculated allowable value of 7.59 ksi is conservative since the
knockdown factors were calculated conservatively and a uniformly
corroded thickness of sandbed is assumed. The allowable compressive
stress for the Post-Accident, flooded case is 12.93 ksi as compared to
the applied compressive stress of 12.0 ksi. Therefore, for both
cases, the drywell meets the required ASME Code safety factors.
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fTable 4-]

Calculation of Allowable Buckling Stresses Refueling Case

Parameter

Theoretical Elastic Instability Stress, ie (ksi)
Capacity Reduction Factor, 44
Circumferential Stress, . (ksi)
Equivalent Pressure, p (psi)

X" Parameter

Al

Modified Capacity Reduction 11 mod

Elastic Buckling Stress, (ksi)

'e . = ie

Proportional Limit Ratio. A

Plasticity Reduction Factor,

inelastic Buckling Stress,
or of Safety, FS

Compressive Stress,

Compressive Meridional




DRF# 00664
INDEX 9-4, REV

Reduction
'Y s C _— ¢
Circumferential Stress
é_{‘q“vd\!'."; rressure,

"X" Parameter

(ksi)

FS (ksi)
(ksi)

‘all

Compressive Meridional Stress, o,
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5. SUMMARY AND CONCLUSIONS

Th2 results of this buckling analysis for the refueling and post-
accident load combinations are summarized in Table 5-1. The applied
and allowable compressive meridional stresses shown in Table 5-1 are
for the sandbed region which is the most limiting region in terms of
buckling. This analysis demonstrates that the Oyster Creek drywell
has adequate margin against buckling with no sand support for an
assumed sandoed shell thickness of 0.736 inch. This thickness is the
95% confidence projected thickness for the 14R outage. Therefore, for
both cases, the drywell meets the required ASME Code safety factors.
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Table 5-1

1

Buckling Analysis Summary

of Safety :«;T[“‘E“j

ssive Meridional Stress

Compressive Meridional Stress (ksi)

ling Safety Factor




