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U. S. Nuclear Regulatory Commission
Att: Documant Control Desk
washington, DC 208SS

Gentlemen:

Subject: Oyster Creek Nuclear Ganerating Station (OCNGS)
Docket No. 50~219
Licanse No. DPR-16
Oyster Creek Drywell Containment

Ro!eroncna.(l) GPUN letter dated December S, 1990 - Drywell Structural
chortl and Water Intrusion Summary

In the Reference 1 letter, GPUN committed te provide to you the structural
dagign reports supporting drywell sand raemoval at Oyster Creek. As you know,
our investigations indicate strongly that the presence of sand is a major
contributor to the high corrosion rates cobserved in the sandbed region
(elevation 8'~11" to 12'=3") of the drywell; for that reason we consider sand
removal to be an important slement in our program to eliminate the corrosion
threat to drywell integrity.

Attachment I to this letter provides this information in the form of GE Reports
Index No. 9=3 and 9-4, “"An ASME Section VIII Evaluation of the Oyster Creek
Drywell for Without Sand Case Strass and Stability Analysis.” This two (2)
part report covers the structural analysis of the Oyster Creek drywell with the
sand cushion removed and conservatively assumes a uniform drywall sandbed
region corroded thickness of 0.736" at the end of Cycle 13 operation. The
report demonstrates that if the sand cushion were removed the drywell would
ramain in full compliance with ASME Code requirements.

Further measuremants of the drywell shell thickness are being made during the
current 13R outage and will serve as a basis for refined corrosion rate
projections. Assuming that these updated corrosion rate projections are
consistent with the Attachment I analysis, GPUN plans to procsed with the
removal of the drywell sand cushion during Cycle 13 operation as & prudent and
positive step in arresting corrosion at Oyster Cresk.
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If you have any questions or commants on this gubmittal or the overall drywell
corroslon program, pléase contact Mr. Michael Laggart, Manager, Corporate
Nuclear Licensing at (201) 316-7968,

ancorely.

e U

J. C. DaVine, Jr.
Vice President,
Tachnical Functions

Attachment
JEeD/RE/plp

cc1 Administrator, Region 1
Sonior NRC Resident Inspector
Oystexr Croek NRC Project Manager
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1. INTRODUCTION
1.1 Background

The Oyster Creek Nuclear Generating Station utilizes a GE BWR Nuclear
Steam Supply System and a steel Mark [ pressure suppression type
containment vessel system, The pressure suppression system consists
of a drywell, a pressure suppression chamber (torus) which stores a
large volume of water and a connecting vent system between the
drywell and the water pool. The drywell, sometimes referred to as the
containment vessel or containment structure, houses the reactor
vessel, reactor coolant recirculation loops, and other components

associated with the reactor system.

Figure 1-1 shows the drywell along with the pertinent dimensions. The
drywell is a combination of a sphere, cylinder and 2:1 ellipsoidal
dome and it resembles an inverted light bulb. The spherical portion
of drywell near the base includes a sandbed region that provides an
elastic transition zone which is intended to ameliorate abrupt thermal
and mechanical discontinuities. The pressure suppression system was
designed, analyzed and constructed by Chicago Bridge & Iron Company
{c81).

A recent inspection of the steel shell (November 1986) prior to
restart from the 11R outage in the sandbed region revealed that some
degradation of the shell had taken place during the years since
compietion of construction. Subsequent inspections also indicated
minor thickness degradations in the upper spherical and cylindrical
sections of the drywell.

A detailed description of the previous analyses pertaining to Oyster
Creek drywell is given in Reference 1-1. An ASME Code stress analysis
addressing the drywell thickness degradation is documented in
Reference 1-2. The analyses in Reference 1-2 are based on the present
configuratfon in the sandbed region, {.e.. it is assumed-that the sand
is present. One of the option GPUN is exploring to mitigate further

-1
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sorrosion in the sandbed region, is to remove the sand. The purpose
of the stress analyses presented in this report is to evaluate the
drywell per ASME Section VIII for this modification.

1.2 Supplementary Code Stress Analyses

The Code of record for the stress analysis of Oyster Creek drywell is

Section VIII, 1962 Edition and Nuclear case interpretations 1270 N-5,

1274 N-5 and 1272 N-5. The CBI stress report (Reference 1-3) augmented
by the recent GE report (Reference 1-2) constitutes the Section VIII

Code stress repart of record for the drywell. The GE report is a

supplementary stress report to ‘the CBI stress report and addresses

aspects of Code compliance as they relate to the local wall thinning

observed in the Oyster Creek drywell. The stress analyses in this

report as in the previous GE report [1-2] are guided by GPUN Technical

Specification for primary containment analysis [1-4].

Based on the ultrasonic (UT) inspection results, the projected 95%
confidence thickness value for the drywell shell in the sandbed region
is 0.736 inch. However, in several previous Oyster Creek drywell
analyses, as discussed in Reference 1l-1, a conservative thickness
value of 0.700 inch was used. A shell thickness of 0.700 inch in the
sandbed region was used in the stress analyses documented in Reference
1-2. -

In the first part of the stress analysis report of Reference 1-2, the
nominal or as-designed thicknesses were assumed everywhere except in
the sand bed region. The thickness in the sand bed region was assumed
as 0.700 inch compared to the as-designed thickness of 1.154 inch.
Later, the local thinning in areas other than the sand bed region of
drywell was addressed. The second part of Reference 1-2 report
addressed the buckling evaluation of drywell shell,

1-2
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1.3 Scope of Praesent Analysis

The stress analyses described in this report address the case when the
sand has been removed from the sandbed region (called the ‘without
sand case’). A companion report [1-5] addresses the buckling
evaluation for this case.

The finite element models used in the Reference 1-2 analyses were
modified for this case by removing the spring elements representing
sand stiffness. It will be shown that this change affects only the
stresses in the sandbed and adjacent region. The stresses in the
other regions of the drywell are essentially unaffected.

1.4 Report Outline

Section 2 of the report describes the drywell geometry, materials,
ASME Code allowables and load combinations used in the evaluation of
applied stresses. Also discussed is the temperature gradient
definition in the sand bed region under DBA conditions. Section 3
includes the details of drywell finite element analysis. Seismic load
analyses are covered in Section 4.

Section § presents the Code stress evaluation results to meet the Code
criteria. Finally,- the summary and conclusions are discussed in
Section 6. The Appendix includes calculated stresses from some of the
unit load cases.

1.5 References

1-1 Yekta, M., "0C Drywell Structural Evaluations," GPUN Technical
Data Report No. 926, Rev. 1, February 6,198S.

1-3
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a. "An ASME Section VIII Evaluation of the Oyster Creek Orywell -
Part 1 - Stress Analysis,” GE Index # 9-1, DRF # 00664
(November 1990).

b. "An ASME Section VIII Evaluation of the Oyster Creek Drywell -
Part 2 - Stability Evaluation,” GE Index # 9-2, DRF # 00664
{November 1990).

"Structural Design of the Pressure Suppression Containment
Vessels," by Chicago Bridge & Iron Co..Contract # 9-0971, 1965.

GPUN Specification SP-1302-53-044, Technical Specification for
Primary Containment Analysis - Oyster Creek Nuclear Generating
Station; Rev. 2, October 1990.

"An ASME Section VIII Evaluation of the Oyster Creek Drywell for

Without Sand Case - Part 2 - Stability Evaluation,” GE Index #
9-4, DRF # 00664 (February 1991).
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2. ANALYSIS BASES
2.1 Drywell Geometry and Materials

The spherical section has an inside diameter of 70 ft. which
intersects the 33 ft. dfameter cylindrical portion. A tramsition
knuckle is provided at the connection of the sphere to the cylinder
(Figure 1-1). The drywell is 105/-6" high. The plate thicknesses
vary from a maximum of 2.625 in. at the transition between the sphere
and the cylinder down to a minimum of 0.640 in. in the cylinder. The
head wall thickness is 1.188 in.

The head, which is 33 ft. in diameter, is made with a double tongue
and groove seal which permits periodic checks for tightness. Ten vent
pipes, 6’'-6" in djameter, are equally spaced around the circumference
to connect the drywell to the vent header inside the pressure
suppression chamber.

The drywell interior {is filled with concrete to elevation 10'-3" to
provide a level floor. Concrete curbs follow the contour of the
vessel up to elevation 12°-3" with cutouts around the vent Tines.

On the exterior, the drywell is encapsulated in concrete of varying
thickness from the base elevation up to the elevation of the top head.
From there, the concrete continues verti{cally to the level of the top
of the spent fuel pool.

The base of the drywall is supported on a concrete pedestal conforming
to the curvature of the vessel. A structural steel skirt was first
installed to provide interim support for the vessel during erection.
A portion of the stee] skirt was left in place which serves as one of
the shear rings that provides horizontal restraint for the drywell
during an earthquake.

The proximity of the biological shield concrete surface to the steel
shell varies with the elevation. The concrete is in full contact with
the shell over the bottom of the sphere at its invert elevation 2'-3"

2-1
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up to elevation 8'-11 1/4". At that point, the concrete is stepped
back 15 inches radially to form a pocket which continues up to
elevation 12’-3". That pocket is currently filled with sand which
forms a cushion which is intended to smooth the transition of the
shell ptate from a condition of fully clamped between two concrete
masses to a free standing condition. This sand filled pocket is
referred to here as the sandbed. In the analyses described in this
report it 1is assumed that the sand has been removed. Up from
elevation 12'-3" there is a 3-inch gap between the drywell and the
concrete biological shield wall which is filled with foam material
that provides insulation but no structural support.

An upper lateral seismic restraint, attached to the cylindrical
portion of the drywell at elevation 82’-6", allows for thermal,
deadweight, and pressure radial deflection, but not for lateral
movement due to seismic excitation, All penetrations for piping,
instrumentation 1lines, vent ducts, electrical 1lines, equipment
accesses, and personnel entrance have expansion Joints and double
seals where appiicable.

The materials of construction for the drywell are given in
Specification 5-2299-4 [2-1]. The .drywell shell, 1.e., the sphere,
cylinder, dome, and transitions, was constructed from SA-212, Grade B
High Tensile Strength Carbon-Silicon Steel Plates for Boilers and
other Pressure Vessels ordered to SA-300 specification.

The following steels were used in the construction of penetrations,
reinforcements, and appurtenances:

SA-300 Steel Plates for Pressure Vessels for Service at Low
Temperatures.

SA-333 Seamiess and Welded Steel Pipe for Low Temperature Service.

SA-350 Forged or Rolled Carbon and Alloy Steel Flanges, Forged
Fittings, and Valves and Parts for Low Temperature Service.

2-2
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ASTM A-36 Structural Steel.

Table 2-1 shows the as-designed thicknesses used in the Code stress
evaluation of the drywell shell [1-2]. Also shown in the same Table
are the projected 95% confidence thickness values in the locally
corroded areas [2-2]. These latter thicknesses are used in the
primary stress evaluation presented in Subsection 5.2.

2.2 ASME Code Allowable Values

The Oyster Creek drywell vessel was designed, fabricated and erected
in accordance with the 1962 Edition of ASME Code, Section VIII and
Code Cases 1270K-5, 1271N and 1272N-5.

The Code Case 1272 N-5 Timits the general membrane stresses to 1.1
times the allowable stress values given in Table UCS-23 of Section
ViII. The combined general membrane, general bending, and local
membrane stresses are limited to 1.5 times the general membrane stress
allowables. Finally, the Code Case 1imits the sum of the primary plus
secondary stresses to three times the allowable stresses given in
Table UCS-23. The allowable stress value given in Table UCS-23 for SA
212, Grade B8 is 17500 pst. Accordingly, the allowable stress values
for various categories of stresses are shown in Table 2-2.

The original Code of record and the Code Cases do not provide specific
guidance in two areas. The first ralates to the size of a region of
increased membrane stress due to thickness reductions from local aor
general corrosion effects, and the second pertains to the allowable
stresses for service level C or post-accident conditions. In the
first case, guidance was sought from Subsection NE of Section III.
The justification for the use of this guidance is provided in a report
prepared by Dr, W.E. Cooper of Teledyne [2-5]. 1In the latter case,
the Standard Review Plan document was used as guidance with details
discussed in Reference 2-6. The allowable 1imits obtained are
discussed next.

2-3
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2.2.1 Thickness Reductions from Local Corrosion Effects

Consideration of 1local corrosion effects can be achieved by
application of the requirements for Local Primary Membrane Stresses.
A thorough discussion of this is presented in Reference 2-5. The
discussion presented here is extracted from that reference.

The NE-3213.10 definition of Local Primary Membrane Stress is:

Cases arise in which a membrane stress produced by pressure or
other mechanical Toading and associated with a primary or
discontinuity effect produces excessive distortion in the
transfer of 1load to other portions of the structure.
Conservatism requires that such a stress be classified as local
primary membrane stress even though it has some characteristics
of a secondary stress. A stress region may be considered local
{f the distance over which the membrane stress intensity exceeds
1.1 Sy does not extend in the meridional direction more than
1.0/(Rt), where R {s the minimum midsurface radius of curvature
and t is the minimum thickness in the region considered. Regions
of local primary membrane stress intensity involving axisymmetric
membrane stress distributions which exceed 1.1 Smc shall nat be
closer in the meridional direction than 2.5/(Rt), where R is
defined as (R1+R2)/2 and t is defined as (ty+t,)/2, where t; and
t, are the minimum thicknesses at each of the regions considered,
and Ry and Ry are the minimum midsurface radii of curvature at
these regions where the membrane stress intensity exceeds 1.1
Sme- Discrete regions of local membrane stress {ntensity, such
as those resulting from concentrated loads acting on brackets,
where the membrane stress intensity exceeds 1.1 S, . shall be
spaced so that there {s no overlapping of the areas in which the
membrane stress intensity exceeds 1.1 Sp..

The value of Sy from NE of Section III is equivalent to 1.1 S from
Section VIII.

2-4
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There is no Code 1imit for the extent of the region in which the
membrane stress exceeds 1.0 Sy,. but is less than 1.1S,.. This 10%
variation in the allowable stress was provided because of the "beam on
elastic foundation" effects of such local regions, the stress decays
as one moves away from the thin region, but overshoots general
membrane stress value by a small amount as the effects dampen out with
distance. Thus, this provision is not equivalent to a 10% increase in
the allowable stress which can be taken advantage of in the original
design. However, given a design which satisfies the general -Code
intent, as the Oyster Creek drywell does as originally constructed, it
is not a violation of Subsection NE requirements for the membrane
stress to be between l.OSmc and l.lSmc over significant distances.

Based on the preceding discussion, a limit of 1.15;. will be used in
evaluating the general membrane stresses in areas of the drywell where
reduced thicknesses are specified.

2.2.2 Allowable Stresses for Past-Accident Candition

In the post-accident condition, the drywell is flooded to elevation
74’-6". The allowable stress values for this condition are given in
Table 3.8.2-1 of Reference 2-4., Table 2-3 shows the allowable stress
values used for the post-accident condition.

2.3 Load Magnitudes and Combinations

The loads to be censidered in the Oyster Creek drywell stress
analysis, and the load combinations are specified in Referénce 1-4,
References 2-1 and 2-3 also contain similar descriptions of the loads
and load combinations. Table 2-4 shows these load combinitiéns. ‘The
Cases I and II pertain to test loads imposed on the drywell prior to
plant startup. These loads are enveloped by the loads specified in
Case V - Accident Condition. Therefore, separate calculations were
not conducted for Cases I and II. ‘

2-5
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A comparison of the load combinations shown in Table 2-4 and those
given in Reference 2-4 is covered in Reference 2-6. From that
comparison it was concluded that the load combinations in Table 2-4
essentially envelope those described in Reference 2-4,

The dead load, live load and other equipment loads used in the stress
calculations were obtained from an eariier study by CBI [Reference No.
2.4.3 of Reference 1-4], and are shown in Tables 2-5a though 2-5c. In
the dead weight loading, the weight of the compressible material
attached to the drywell was separately added. This weight was taken
as 10 1bs. per sq. ft. of drywell surface [Reference No. 2.4.2 of
Reference 1-4], The additional weight on the cylindrical portian of
the drywell during the refueling was obtained from Reference No, 2.4.3
in Reference 1-4 as 561 1bs/inch of drywell cylindrical region
circumference,

The stresses from seismic loads were separately calculated as
described in Section 4.

2.4 Temperature Gradients

The drywell shell is essentially at a uniform temperature during all
of the operating conditions except the accident condition. During the
accident condition it is assumed that the drywell shell except the
region below the curb (i.e., the sand bed region) is at the same
temperature as that of the environment inside the drywell. An
analysis of the meridional temperature distribution in the sand bed
region during the accident condition was reported in Reference 1-4.

The meridional temperature results in Reference 1-4 are given as a
function of elapsed time from the start of the accident condition to
4500 seconds. These temperature distributions are used in Section 3
to calculate the stresses.
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Referances

Technical Specification $-2299-4; Design, Furnishing, Erection
and Testing of the Reactor Orywell. and Suppression Chamber
Containment Vessels (1964).

"Forcasted Orywell Thicknesses to 14R," letter dated October 5,
1990 from S.C. Tumminel1li of GPUN to H.S. Mehta of GE, dated.

"Primary Containment Design Report,” prepared by The Ralph M.
Parsons Company, FSAR Amendment 15.

Nuclear Regulatory Commission Standard Review Plan, Section
3.8.2, Steel Containment, Rev. 1, July 1981,

“Justification for use of Section 11I, Subsection NE, Guidance in
Evaluating the QOyster Creek Drywell,” Appendix A to letter dated
December 21, 1990 from H.S. Mehta of GE to S$.C. Tumminelli of
GPUN.

“Comparison of FDSAR and SRP toad (:omtnﬂat.ions."l Appendix D to
Tetter dated December 21, 1990 from H.S. Mehta of GE to S.C.
Tumminelli of GPUN:
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TABLE 2-1
As-designed and Projected 95% Confidence thicknesses used in the Code

Stress Evaluation

As-designed Projected 95%
Thicknesses 14R Thicknesses

Drywell Region {in) {in)
Cylindrical Region 0.640 0.6]19*
Knuckle 2.625 2.625
Upper Spherical Region 0.722 0.677
Middle Spherical Region 0.770 0.723
Lower Spherical Region 1.154 1.154
Except Sand Bed Area
Sand Bed Region 1.154 0.736

* no on-gaing carrosion

2-8
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TABLE 2-2
Allowable Stresses for Drywell Shell in Section VIII Analysis

(Except Post-Accident Condition)

rim resse
General membrane 19300 psi
General membrane plus bending 29000 psi
Primary pl ondary Str
Surface stresses including 3x17500 or 52500 psi

thermal effects

NOTE: The general membrane stress allowable value of 19300 psi is
equal to 1.1x17500, where 17500 psi is the allowable stress
value for the drywell material in Table UCS-23 of Section VIII.

2-9
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TABLE 2-3
Allowable Stresses for Post-Accident Condition

Primary Stresses

General Membrane 38000 psi

General Membrane plus 1.5x General membrane or 57000 psi
Bending

sgcondary Stresses

Primary plus Secondary 70000 psi

NOTE: The above allowable stressas are based Standard Review Plan,
Section 3.8.2., Steel Containment
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Table 2-4
Load Combinations specified in the Parsons Report (Reference 2-3)

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

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

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

CASE IV - REFUELING CONDITION

Deadweight + Pressure (2 psi external) + Water load at water seal
@ 118/-3" + Seismic (2 x DBE)

CASE V - ACCIDENT CONDITION

Deadweight + Pressure (62 psi & 175 F or 35 psi & 281 F) +
Seismic (2 x DBE)

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

Notes: (1) The loads shown above predominate. Reference 2-3
contains all of the loads.

(2) DBE is the design basis earthquake.
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Item

Upper Header

Lower Header

Upper Weld Pads
Middle Weld Pads
Lower Weld Pads
Top Flange

Bottom Flange
Stabilizers

Upper Beam Seats
Lower Beam Seats
12 ft Diam., EQ DOOR
Personnel Lock
Vents

13 Ft Diam EQ DOOR
Upper Weld Pads
Middle Weld Pads
Lower Weld Pads

TABLE 2.5a

thoex #8°°3-3, Rev. o

Dead Weight Loads

Elevation (ft.) Weight ip 1bs
60.00 36000
40.00 41000
65.00 40000
60.00 40000
$6.00 48000
95.75 20100
83.75 20700
82.17 21650
$0.00 1102000
22.00 556000
30.25 48000
30.00 64100
15.56 50000
30.25 57000
65.00 12000
60.00 19200
56.00 8400
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Penetration ID

X X X X X X X M X X X X X X XX X X X X X X X X

54A

5 A Thru H
6

7A Thru D
8

9A, 9B

10, 11

12, 45
13A, 138
14,15,398
43, 44
16A,B

17

18, 19
20,21,22
23,24,34A,B
25

27

28A-G
30A8. 32A
31AB, 53
26

35A Thru G

TABLE 2-5b
Penetration Loads

2-13
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Elevation (ft.) Wei in_lbs
87.00 1000
16.00 150000
16.00 6000
30.00 45600
26.00 2450
34,00 22600
26.00 8650
31.00 16500
33.00 15450
70.00 5750
54,00 7850
73.00 8850
90.00 2750
20.00 900"
40.00 850
20.00 6000
90.00 3750
90.00 1000
- 34.00 5450
16.00 3700
16.00 3750
20.00 3900
16.00 900



Penetration ID

M XK OXK K XK XX X X X XK XX X M XK X X XX X X X X

36

37 AThru D
38A Thru D
42

39A

30 AB, 46A
468, 52

49, 50

51

100AB, 1048
105A,D+107A
100€C,D,G+104
1058,C+1068
100E, 103A,10
1028

101A-F

10480

548

55 A+B
102A,104A,10
100F, 1038
29A,B,47,48
328,33A,338
40CD

41

TABLE 2-5b (Cont’d)

"Penetration Loads

Elevation

60.
40.
40.
20.
30.
30.
.00
35.
32.
40.
40.
40.
40.
.00
40.
40.
40.
90.
90.
40.
40.
90.
16.
36.
90.

30

40

00
00
00
00
00
00

00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00

2-14

f

Weight in 1bs

700
8100
8100
400
. 850
2400
1650
1500
750
2500
2500
4150
2550
2500
850
5100
1650
1600
2000
2650
1850
4000
3750
1550
500
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TABLE 2-5¢

Live Loads
Item Elevation (ft.) Weight in_1bs
Upper Header 60.00 4200
Lower Header 40.00 7150
Upper Weld Pads 65.00 20000
Middle Weld Pads 60.00 20000
Lower Weld Pads 56.00 24000
Equip Door 30.25 100000
Personnel Lock 30.00 15000
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3. DRYWELL FINITE ELEMENT ANALYSIS

3.1 Description of Finite Element Models

The drywell was modelled for finite element analysis using the ANSYS
computer program [3-1]. Two finite element models, an axisymmetric
model and a 36° pie slice model, were used in the stress analysis.
Both of these models are essentially the same as those used in the
stress analyses [1-2] except that the elements representing sand
stiffness were eliminated. The axisymmetric model was used in
determining the stresses for the seismic and the thermal gradient load
cases. The pie slice model was used for dead weight and pressure load
cases and to evaluate the stresses for load combinations. The pie

sTice model includes the effect of vent pipes and the reinforcing ring
on the stress state in the sandbed and adjacent region.

3.1.1 Axisymmetric Model

The axisymmetric model is shown in Figures 3-1 through 3-5, where
Figure 3-1 is an overview, and Figures 3-2, 3-3, 3-4, and 3-5 show the
sand bed, knuckle, cylindrical, and upper most cylindrical regions,
respectively. The geometry as described in Subsection 2.1, along with
References 3-2 and 3:3, was used in generating this medel.

The model was developed using axisymmetric solid elements (STIF 25),
with the lower most portion being fixed in all directions. This
element has asymmetric load capability which was required for the
sefsmic evaluation. Seismic evaluations are discussed in Section 4.

3.1.2 Pie Slice Finite Element Model
Taking advantage of symmetry of the drywell with 10 ventlines, a 36°

section was modeled. Figure 3-6 shows the 36° pie slice- finite
element model of the drywell. This model includes the drywell shell
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from the base of the sandbed region to the top of the elliptical head
and the vent and vent header. The torus js 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. The various colors in Figure 3-6 represent the different shell
thicknesses of the drywell and ventline. Figure 3-7 shows the view
from the inside of the drywell with the gussets and the vent jet
deflector.

The drywell and vent shell are modeled using the 3-dimensional plastic
quadrilateral shell (STIF43) element. At a distance of 76 inches from
the drywell shell, the ventline modeling was simplified by using beam
elements. The transition from shell to beam elements is made by
extending rigid beam elements from a node along the centeriine of the
vent radially outward to each of the shell nodes of the ventline.
ANSYS STIF4 beam elements are then connected to this centerline node
to model the axial and bending stiffness of the ventline 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 stiffeners in the cylindrjcal region of the drywell.

Symmetric boundary conditions are defined for both edges of the 38°
drywell segment. This allows the nodes at this boundary to move
radially outward from the drywell centerline and vertically, but not
in the circumferential direction. Rotations are also fixed in twc
directions to prevent the boundary from rotating out of the plane of
symmetry. MNodes at the bottom edge of the drywell are fixed in all
directions to simulate the fixity of the shell within the concrete
foundation.

3.2 Load Application on Pie Slice Model

The loads are applied to the dryweil finite element model fn the
manner which most accurately represents the actual loads anticipated
on the drywell. Det2ils on the application of loads are discussed in
the following paragraphs.
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3.2.1 Gravity Loads

The gravity loads inciude dead weight loads of the drywell shell,
weight of the compressible material and penetrations and live loads.
The drywell shell loads are imposed on the model by defining the
weight density of the shell material and applying a vertical
acceleration of 1.0 g to simulate gravity. The ANSYS program
automatically distributes the loads consistent with the mass and
acceleration. The compressible material weight of 10 1b/ft? is added
by adjusting the weight density of the shell to also include the
compressible material. The adjusted weight densities for the various
shell thicknesses are summarized in Table 3-2.

The additional dead weights, penetration weights and 1ive loads are
applied as additional nodal masses to the model. As shown on Table
3-3 for the refueling condition case, the total additional mass is
summed for each 5 foot elevation of the drywell. The total is then
divided by 10 for the 36°* section aséuming that the mass is eveniy
distributed around the perimeter of the drywell. The resulting mass
is then applied uniformly to a set of nodes at the desired elevation
as shown in Table 3-3. These applied masses automatically impose
gravity loads on the drywell model with the defined acceleration of
1g. The same method is used to apply the additional masses to the
model for the accident and the post-accident conditions as summarized
in Table 3-4.

3.2.2 Pressure Load

The appropriate pressure load is applied to the internal/external
faces of all- of the drywell and vent shell elements. The axial stress
at the transition from vent shell to beam elements is simulated by
applying equivalent axial forces to the nodes of the shell elements.

In the post-accident condition, the drywell is assumed to be flooded
to elevation 74’-6" (894 1inches). \Using a water density of 62.3
1b/ft3 (0.0361 1b/1n3), the pressure gradient versus elevation is
calculated as shown in Table 3-5. The hydrostatic pressure at the
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bottom of the sandbed region is calculated to be 28.3 psi. According
to the elevation of the element centerline, the appropriate pressures
are applied to the inside surface of the shell elements.

3.2.3 Seismic Loads

Seismic inertia and displacement stresses were first calculated using
the axisymmetric model. The seismic meridional stresses determined
from the axisymmetric model were then imposed on the pie slice model
by applying downward forcas at four elevations of the model (A:
23’-7",B: 37’-3",C: 50'-11" and D: 88'-9") as shown on Figure 3-8,
Using this method, the meridional stresses c¢alculated from the
axisymmetric model are duplicated at four sections of the pie slice
model including 1) the mid-elevation of the sandbed region, 2) 17.25°
below the equator, 3) 5.75" above the equator and 4) just above the
knuckle region. These four sections were chosen to most accurately
represent the loading in the lower drywell while also providing a
reasonably accurate stress distribution in the upper drywell. Table
3-6 shows the meridional stress magnitudes at the four sections.

Unit loads are then applied to the pie slice model in separate load
steps at each elevation shown in Figure 3-8. The resulting stresses
at the four sections of interest are then averaged for each of the
applied unit loads. "By solving four equations with four unknowns, the
correct loads are determined to match the stresses shown in Table 3.6
at the four sections. The calculation for the correct loads are showrn
in Tables 3-7 and 3-8 for the accident and post-accident conditions,
respectively.

3.3 Stress Raesults for Various Load Cases and Combinations

Only the two orthogonal stress components - meridional and
circumferential - are significant at the maximum stress locations in
the drywell shell. A review of the component stresses indicated that.
the calculated shear stress magnitudes are insignificant compared to
the values for the total meridionmal and circumferential stresses.
Therefore, the orthogonal stress magnitudes and the principal stress

3-4



Tbek R82°4.3, Rev. o

magnitudes were essentially the same. Also, the maximum stress was
equivalent to the stress intensity at the lacations evaluated.

The stresses -for the seismic inertia, seismic displacement and
temperature load cases (see Table 3-1) were calculated using the
axisymmetric model. The details of the temperature stress analysis is
described in the next Subsection and the procedures used in the
calculation of the seismic stresses are covered in Section 4. The
calculated values of the membrane and membrane plus bending stresses
for temperature case are tabulated in Appendix A.

The seismic stresses were incorporated in the pie slice model to
determine the overall stress resultants for the accident and
post-accident load combinations. The temperature stresses determined
from the axisymmetric model were separately added to the accident
condition stresses obtained from the pie slice model. The multipliers
applied to the various unit load cases (Table 3-1) to obtain total
stresses for a particular load combination are shown in Table 3-9,
The resulting stresses for these load combinatfons are discussed and
compared with the Code allowables in Section §.

3.4 Temperature Stress Analysis

The thermal response in the sand bed regfon to a DBA LOCA has been
analyzed by GPU in Reference 1-4. Figure 3-9 shows the meridional
nodes below the drywell floor, for which the calculated temperatures
as a function of elapsed time are reported in Reference 1-4. An
example of the calculated temperatures is shown in Figure 3-10.

From a review of the temperature distributions, two intermediate time
steps were identified as possibly yielding the most severe thermal
stresses. At 60 seconds, the largest temperature gradient occurs over
a two inch meridional iength. At 210 seconds, the maximum temperature
ijs achieved. In addition, a third time step, 690 seconds, was
evaluated to verify that a more deeply penetrating temperature
condition would not result in higher stresses than the first two
cases.
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The predominant stresses for each of these cases occurred near the top
of the sand bed region {near the 0.736" to 1.154" transition) and were
in the circumferential and meridional directions. It was found that
the thermal stresses at 210 seconds yielded the more severe stress
condition. Figures 3-11 and 3-12 show the meridional and
circumferential stress distributions in the sand bed region.

3.5 References
3-1 Gabriel J. DeSalvo, Ph.D. and John A. Swanson, Ph,D, "ANSYS
Engineering Analysis System User’s Manual," Revision 4.1, Swanson

Analysis System, Inc. Houston, PA, March 1, 1983.

3.2 CB&I Drwg. 9-0971 sheet number 4, Rev. 1, "Drywell - Field Weld
Joint"

3-3 CB&I Drwg. 9-0971 sheet number 7,. Rev. 5, "Drywell - Cylindrical
Shell & Top Head"
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TABLE 3-1

Load Cases Considered in the Finite Element Analysis

Loading

(e
=

Pressure

Gravity-1 (Accident Condition)
Gravity-2 (Refueling)

Unflooded Seismic

Flooded Seismic

Flooded Hydrostatic Pressure

Seismic Relative Support Displacement
Temperature Gradient During DBA

*

*

¥

m\x*a\m-a-wwv-

* Load Cases Analyzed by Axisymmetric Finite Element Model
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TABLE 3-2

Adjusted Weight Densities of Shell to Account for
Compressible Material Weight

Adjusted
Shell Weight Density
Thickness(in.) (1b/in3)
1.154 0.343
0.770 0.373
0.722 0.379
2.563 0.310
0.640 0.392
1.250 0.339
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TABLE 3.3
Oyster Creek Drywell Additional Weights - Refueling Condition

Whex R83-3, Rev. o

L
OEAD PENETR, MIsC. T0TAL § FOOT  LOAD PER
ELEVATION  WEIGHT WEIGHT LOADS L0AD RANGE 36 OEG.
{feet) {1bf) {1bF) {1bf) {1bf) LOAD {1bf)
15,58 - 80000 s0000
18 168100 168100
20 11200 11200
™ 15-20 229300 22910
22¢ 558000 558000
e 21-25¢ 558000 §5600
{1 111c0 11100
30 64100 51500 115600 *
30.25 108000 100008 205000
o 26-30 331700 33170
31 16500 16500
32 150 180
33 15450 15450
k1] 280540 28050
35 1500 1500
3138 62250 8228
36 1550 1550
40 41000 43350 84350
** 38-40 25300 as5s0
504 1102000 1102000
** 45-50¢ 1102000 110200
L} 7850 7850
** §1-58 ° 7850 785
58 56400Q 24000 80400
60 95200 700 20000 115900
** 56-60 196300 19830
65 52000 20000 12000
** 61-65 72000 7200
70 5280 8740
** §6-70 §750 58
n 3850 8850
* 11-28 2850 83S
82.17 21850 21850
-85 21850 268
) 1000 1000
50 15000 15000
** 86-90 18000 1600
93.78 20700 20700
94,754 638000 638000
95.75 20100 20100
* 91-9¢ 738800 13830
TOTALS: 2184150 388200 862000 3434350 3434380 343438

# - LOAD TQ §€ APPLIED IN VERTICAL DIRECTION QMLY,

? OF

" NQDES OF
ELEMENTS APPLICATION

116-119

161-189

179-187

188-138

197-20%
418-426

438-444

454-482
472480
508-518
$26-534
£83-581

571-57%

589-537

& - MISCELLANEOUS LOADS INCLUDE 638000 LB WATER WEIGHT AT 84.75 FT, EL!VATION
100000 LB EQUIPMENT DOOR WEIGHT AT 30.25 FT, ELEVATION AND WELD PAD LIVE
LOAOS OF 24000, 20000 ANO 20000 AT 55, 80 AND 65 FT, ELEVATIONS

REFVGT, W]

3-9

LOAD PER  LOAD PER
FULL NOOE HALF NODE
(ief) { 1bf)
Jaz 1911
6350 s
4148 2073
78 38
1074 537
1778 5888

98 49
2454 1227
300 450
7 s
m 55
N 138
200 100
$215 4418
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TABLE 3-4
Oyster Creek Drywell Additional Weights
Accident and Post-Accident Condition

&
DEAD  PENETR. HISC. ToTAL $ FOOT  LOAD PER LOAD PER  LUAD PER
ELEVATION WEIGHT  VEIGHT  LOADS LOAD RANGE 36 OfG. ¥ of NODES OF  FULL NODE MNILF NODE
{foat) {ef) {1bf) { 1bf) {16f) LOAD (1bf)  ELEMENTS APPLICATION  (1nf) (1n¢)
15.56 50000 50000
16 188100 168100
20 11200 11200 :
** 15.20 229300 22930 ] 116-119 3822 181}
220 558000 558000
" 21-2%¢4 556000 §5600 8 181-169 69%0 3475
26 11300 11100
a0 84100 51500 115800
30,25  10s000 105000
v 28-30 231700 W17 178-18 2896 1448
3 18500 16500
32 750 750
33 18450 15450
U 28050 28050
k1 1500 1500
o 31.3¢ 82250 6225 L] 168-196 778 389
36 1850 1550
40 41000 43350 84350
** 35440 85300 4590 8 197-20% 1074 L2 )]
50¢ 1102000 1302000 .
** 485-50¢ 1102000 110200 8 418-428 13775 6888
§¢ 7850 7840
** 51.55 . 7850 788 e 438-444 98 43
56 56400 58400
1] 98200 700 95300
»v 58-60 152300 15230 8 454-462 1504 952
[} 52000 52000
** 61.65 - 52000 5200 472~480 650 k¥3
70 §750 8780
** 8§-70 $750 578 508-516 72 k1
n 8as0 2350
.78 8350 as S26-534 111 $5
82.17 21850 21680 |
v 3185 216%0 {4 553-561 m 135
a7 1000 1000
90 15000 15000
** 36+90 16000 1800 571-579 - 200 100
93.2% 20700 20700
95.7% 20100 20100
*r 9158 40800 4080 $88-597 s10 258
2184150 388200 0 2572380 2872350 257238

TOTALS:

# - LOAD T0 BE APPLIED IN VERTICAL DIRECTION ONLY.

b - KO MISCELLANEQUS LOADS FOR THIS COXDITION.

FLOOOWGT. W1
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TABLE 3-8
Hydrostatic Pressures for Post-Accident Condition

WATER DENSITY: 62 32 1b/ft3
.03606 1b/in3
FLOODED ELEV: 74.5 ft
894 inches
ANGLE

ELEMENTS  ABOVE
ABOVE EQUATOR  ELEVATION  DEPTH  PRESSURE

NODES (degrees) (inch) (inch) (psi) ELEMENTS
27 -53.32 110.2 783.8 28.3 1-12
40 -51.97 116.2 777.8 28.1 13-24
53 -50.62 122.4 771.6 27.8 25-36
66 -49.27 128.8 765.2 27.6 37-48
79 -47.50 137.3 756.7 27.3 45-51, 61-66 ,55-57
92 -46,20 143.9 750.1 27.1 §52-54, 138-141 ,58-60
102 -44.35 153.4 740.6 26.7 142-147, 240- 242, "257-259
108 -41.89 166.6 727.4 26.2 148-151, 243, 256
112 -39.43 180.2 713.8 25.7 152-155, 244, 255
116 -36.93 194.6 699.4 25.2 156- 159 245 254
120 -34.40 209.7 684.3 24.7 160- 165 246, 253
124 -31,87 225.2 668.8 24.1 166- 173 247, 252
130 -29.33 241.3 652.7 - 23.5 174-183, 248-251
138 -26.80 257.6 636.4 23.0 184-195
148 -24.27 274.4 619.6 22.3 196-207
161 -20.13 302.5 591.5 21.3 208-215
170 -14.38 342.7 551.3 19.9 216-223
179 -8.63 384.0 510.0 18.4 224-231
188 -2.88 425.9 468.1 16.9 232-239
197 2.88 468.1 425.9 15.4 430-437
400 8.63 510.0 384.0 13.8 438-445
409 14.38 551.3 3482.7 12.4 446-453
418 20.13 §91.5 302.5 10.9 454-461
427 25,50 627.8 266.2 9.6 462-469
436 30.50 660.2 233.8 B.4 470-477
445 35.50 690.9 203.1 7.3 478-485
454 40.50 719.8 174.2 6.3 486-493
463 45.50 746.6 147.4 5.3 494-501
472 50.50 771.1 122.9 4.4 502-509
481 54.86 790.5 103.5 3.7 510-517
490 - 805.56 88.4 3.2 518-525
499 - 820.7 73.3 2.6 526-533
508 - 835.7 58.3 2.1 534-541
517 - 850.8 43.2 1.6 542-549
526 - 885.3 8.7 0.3 550-557
- - 187.3 706.7 25.8 340-399 (Ventline)
FLOODP . WK1
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TABLE 3-6

Meridianal Seismic Stresses at Four Sections

2-D
Shell Meridional Stres
Elevation Model Accident Post-Accident
Section {inches) Npde —psi).  __(psi)
A) Middle of Sandbed 119 32 1258 1288
B) 17.25° Below Equator 323 302 295 585
C) 5.75° Above Equator 489 461 214 616
D) Abave Knuckle 1037 1037 216 808
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TABLE 3-7

Application of Loads to Match Seismic Stresses - Accident Condition

2-D SEISMIC STRESSES AT SECTION (pst)

e

SECTION: 1 . R 3 4
. 2-D NODE: 2 3oz 461 1037
COMPAESSIVE STRESSES FROM 2-D ANALYSIS  ELEV: 118.3% 3225 89,1 912.3"
0.058™ $EISMIC DEFLECTION: . 788.67 155,54 103.46  85.3f
HORIZ. PLUS VERTICAL SEISMIC INERTIA: 469.55 119.44 110.13 130.21
TOTAL SEISMIC COMPRESSIVE STRESSES: 1238.22 294.98 213,59 215.52

3-0 STRESSES AT SECTION (psi)

3-0
Ineyt SECTION: 1 2 3 4
LOAD 3-0 %0DES:  53-65 170-178 400-403 S526-534
SECTION INPUT 3-0 UMIT LCAD DESCR{PTION ELEV: $19,3" 322.8" 489.1" 912.3"
A 100D Ybs st nodes S83 through 559 85.41 J7.%4 .94 5523
8 T S00 Tbs at 4278438, 1000 by at 428-4M 89.00 39.92 38.76 0.00
¢ 500 ks at 1978208, 1000 b at }98-204 87.84 43.3 0.00 0.00
p 500 1bs at 1614169, 1300 1bs st 162-168 89.85- 0.00 0.00 0.00
DESIRED COMPRESSIVE STRESSES (psi): 1258,22 294.98 213.59 215.52
3-p )
eyt
LOAD
SECTION LOAD T3 BE APPLIED T8 MATCH 2-0 STRESSES RESULTING STRESSES AT SECTION (psi)
A 3902.2 333,37 148,05 126,34 215,82
8 210t.4 188,87 8389 77.%5 .00
S 1453,8 141,93 63.04 0.00 0.00
0 6811.8 594.05 0.00 0.00 0,00
5iM: 1258.22 294,98 213.59 215.%2
SEISUNFL WK1
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3+D
InPUT
LCAD
SECTION

TABLE 3-8
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Application of Loads to Match Sefsmic Stresses
Post-Accident Condition

COMPRESSIVE STRESSES FROM 2-D ANALYSIS

0,058 SEISMIC DEFLECTION:
HORIZ. PLUS VERTICAL SEISMIC INERTIA:

von

TOTAL SEISMIC COMPRESSIVE STRESSES:

INPUT 3-D UNIT LOAD DESCRIPTION

S OOV >

3-0
INPUT
LOAD

1000 Tbs at nodes 583 through 569

500 lbs at 4278435, 1000 bs at 428-434
500 ba at 1978205, 1000 lbs at 198-204
500 bz at 1514189, 1000 lbs at 182-168

SECTION:
2-0 NOOE:
ELEY:

SECTION:
3-D NOOES:
ELEV:

DESINED COMPRESSIVE STRESSES (psi):

SECTION LOAD TO BE APPLIED TO MATCH 2-0 STRESSES

OoOnMNnoe»

SEISFL.WK1

14837.9
28580.2
-1841.7
'31':‘

3.14

SumM:

2-0 SEISMIC STRESSES AT SECTION {p31)

oo

1 2 3 4
32 362 481 tox?
119.3"  32.5" 4891 912.3°
708,67 155.54 103,46 85.31
499.79 429.3%8 512.76 72314
1288.46 584.93 £18.22 808.4¢

3-p STRESSES AT SECTION {psi)

1 2 3 4
83-85 170-178 400-408 526-534
119.3%  322.57 8.1 o2
£5.43 37,94 34,94 §5.2%
89.88  39.82 18.7¢ 0.0¢
97.84  43.37 0.00 0.00
89.88. 0.00 .00 0.00
1288.46 584.93 616.22 808.4%

RESULTING STRESSES AT SECTION (pit)

808.45
8.83
a.00
9.00

808.45

12%0.51
256,17
~189.58
-20.84

555.38
113.78
-84.21

0.00

511,45
[04.72
0.00
0.00

1288.46 584.53 618.22
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TABLE 3-9

Description of Load Combinations in Terms of Unit Load Case Sum

Load Comb.
Load Combination Qa;e(4) Constituent Load Cases
Normal Operating ' 111 - (Case 1)x0.03226 + Case 2 ¢
Condition(3) Case 4 + Case 7
Refueling Condition IV - (Case 1)x0.03226 + Case 3
Case 4 £ Case 7

Accident Condition - 1 V-1 4+ Case 1 + Case 2 ¢ Case 4 ¢
Case 7 + Case 8

Accident Condition - 2 V-2 + (Case 1)x0.565 + Case 2 +
Case 4 + Case 7 + Case 8

Post-Accident Condition VI + Case 2 + Case 5 + Case 6 ¢

Case 7
Notes: (1) For load combination definition see Reference 2-3.
(2) For unit load case description see Table 3-1.

(3) Normal Operation also includes live 1oad due to personnel
lock.

(4) Load Combination Case Numbers are based on Table 2-44
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4. SEISMIC LOAD DEFINITION

This section briefly describes the general methodology followed in the
seismic evaluation.of the drywell. A detailed report on the seismic
analysis methodology and the results is included in Reference 4-1.

4.1 Finite Element Model

The axisymmetric finite element model was used in the seismic
analysis. A1l of the concentrated loads listed in Tables 2-5a and
2-5b were included in both the flooded and unflooded seismic analyses.
Since the lower and upper beams connect to the drywell through pads,
the beam weights do not act during the horizontal earthquake
excitation. Therefore, the beam weights are active only in the
vertical direction. In addition, the live loads 1isted in Table 2-5¢
were included in the unflooded seismic analysis.

The drywell {is constrained at the "reactor building/drywell/star
truss" interface at elevation 82’'-6" and at its base. The upper
constraint was 1implemented in the finite element analysis by
restraining the middle node in the horizontal direction at this
elevation. The base constraint is as before, {.e., all nodes fixed.

4.2 Dynamic Analysis Methodology and Response Spectra

The seismic input motion spectra were provided by GPUN in Reference
1-4, The seismic motion spectra were for two locations: at the mat
foundation and at the upper constraint. Since the ANSYS program can
only accept one input spectrum, the input spectra at the two
elevations were enveloped.

The response spectrum dynamic analyses were first conducted for

frequencies up to the ZPA frequencies of the input motion spectra.
The response contributions due to the truncated higher frequency modes

4.1
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were caiculated by static analyses in which the total model mass is:
subjected to support accelerations. These were taken as ZPA
accelerations for each of the orthogonal spatial directions. All
colinear modal response contributions were combined by the Double Sum
Method and the spatial contributions by the SRSS method. The response
contributions due to the truncated higher frequency modes were
combined with the response totals due to the lower frequency modes
included in the analysis by the SRSS method. The resulting total
colinear inertia responses were combined with the corresponding
responses due to relative support motion by the absolute sum method.
These stresses were then combined with the stresses from other loads
(e.qg., pressure, thermal, etc.) for the Code evaluation.

4.3 Post-Accident Seismic Analysis

In the post-accident condition, the drywell {s flooded to elevation
74’-6". The weight of the water was Tumped at several elevations
along the meridian of the drywell, B8ased on previous experience, the
fluid-structure interaction effects were assumed as negligible and the
hydrodynamic mass of water was assumed as 80% of the total mass of
water which would fill an empty dryweil. This exclusion of 20% mass
reasonably accounts for the volume of RPV, shield wall and pedestal.

4.4 Analysis for Relative Support Displacement Effects

The drywell is fixed at its base and is laterally constrained by the
reactor building at elavation 82’-6". During seismic excitation, the
reactor building would experience relative displacement between the
drywell constraint elevation and the basemat. Since the reactor
building is much stiffer and much more massive than the drywell, {t
will take the drywell for a ’‘ride’ during relative support
displacement. Therefore, the stresses in the drywell due to relative
support displacement were determined and added to those from the
seismic inertia Toads.
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The horizontal relative displacement of the drywell upper support with
respect to the drywell at the basemat was specified as 0.058 inch for
2xDBE condition [1-4]. The stresses from this relative displacement
were obtained by applying a horizontal dispiacement of 0.058 inch at
the upper support elevation.

4,5 References

4-1 "Seismic Analysis Details," Appendix 8 of letter dated December
21, 1990 from H.$. Mehta of GE to S.C. Tumminelli of GPUN.
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5. CODE STRESS EVALUATION

Sections 3 and 4 describe the analyses for shell stresses for the
various unit load cases and the limiting load combinations V and VI.
The stress analysis for the ’‘with sand case’ in Reference 1-2a has
shown that the accident condition, load combination V-1, and the
post-accident condition, load combination VI, represent the limiting
Toad combinations for the Code stress evaluation. This was also
determined to be the case for the ’‘without sand’ configuration
considered in this report. The removal of sand from the sandbed
region affects the stresses only in the sandbed and the adjacent Tower
spherical region., Therefore, the Code stress evaluation of these
regions is described separately from the other regions of the drywell.

5.1 Code Stress Evaluation of Regions Above the Lower Sphere

Figure 5-1 shows a plot of the accident condition membrane
circumferential stresses for the ‘with’ and ’‘without’ sand cases as a
function of meridional distance. Stresses in both the sandbed and the
other drywell regions are included in Figure 5-1. It is seen that in
the other regions the stress magnitudes for the two cases are
essentially identical.

From the preceding it is clear that the stresses in the other regions
(i.e., other than the sandbed and the adjacent lower spherical region)
are upaffected by removing the sand. Nevertheless, for completeness,
the calculated stress magnitudes for these regions from Reference 1-2a
are repeated in Tables 5-la and S-1b.

The stress magnitudes shown in Tables 5-1a and 5-1b are computed using
elastic small displacement analysis. As discussed in Subsection 5.2,
the stresses in the sandbed and lower sphere regions were also
evaluated using elastic Jarge displacement analysis. A comparison of
the component stresses from the small and large displacement solutions
for the drywell regions above the lower sphere showed insignificant
differences.

5-1
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In order to evaluate the impact on the penetration analyses, a
comparison of the radial and meridional dfisplacements at the equator
plane of the sphere (elevation 37’-3") for the with and without sand
cases was performed. The comparison showed <that the radial
dispiacements in the two cases were essentially identical but the
meridional or vertical displacements differed by = 0.042 inch for load
combination V-1. This difference was judged to be small compared to
the calculated vertical thermal displacement of = 0.5 inch for the
accident condition load combination V-2.

5.2 Elastic Stress Analysis of Sandbed and Lower Sphere
5.2.1 Small Displacement Solution Results

The maximum stresses are along the meridional boundary of the model
(i.e., the plane of symmetry between the vents), so the stresses along
this boundary will be considered first. Figure 5-2 shows the piot of
meridional membrane stress magnitudes for the accident condition V-1
as a function of meridional distance from the bottom of the sandbed.
A comparison of the membrane stress magnitudes i{n Figures 5-1 ‘without
sand’ case and Figure 5-2 shows that the circumferential stress fis
higher than the meridional stress in both the sandbed region and the
lower spherical region. This is expected since the absence of sand
springs allows more radial displacement of the drywell shell under
dead weight and internal pressure. Figure 5-3 shows a plot of the
membrane circumferential stress distribution. The maximum value of
the circumferential membrane stress is « 23.0 ksi. Further, this
stress exceeds 1.1 Sp,. (21.2 ksi) for a meridional distance of = 26
inches (see Figure 5-1).

The Code (NE-3213.10) states that cases arise in which a membrane
stress produced by pressure or other mechanical loading and associated
with a primary or discontinuity effect produces excessive distortion
in the transfer of load to other portions of the structure. Such a
membrane stress is conservatively classified by the Code as local
primary membrane stress. The Code limits the magnitude of this stress
to 1.5 Sp. (29.0 ksi). A stressed region may be considered local if
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the distance over which the membrane stress intensity exceeds 1.1 Smc
does not extend in the meridional direction more than 1.0/(Rt). With
R=420 in. and t=0.736 inch in the sandbed region, 1.0/(Rt) is equal to
17.6 inches. Thus, the maximum value of the circumferential membrane
stress (23.0 ksi) meets the Code stress limit (29.0 ksi) but 1its
meridional extent aver 1.1 Smc is greater than 1.0/(Rt).

The meridional extent of 26 in. occurs only at the plane of symmetry
between the vent lines. The extent is less at other meridional
planes. Figure 5-4 shows the meridional extent of circumferential
membrane stress above 1.1 Sp. at four meridional planes. Using a
weighted average over the circumference of the model, the meridional
extent was calculated as 14 inches. This average value is less than
1.0/(Rt) and, thus, meets the meridional extent criterion given in
NE-3213.10.

The objective of the Code in limiting the meridional extent and
magnitude of the 1local primary membrane stress is to preclude
excessive distortion in the transfer of load to other portions of the
structure, since such distortion could invalidate the elastic
analysis. The small displacement results showed that the maximum
radial displacement 1in the sandbed region was 0.28 inch for the
accident condition V-1. This is less than half the modeled thickness
of the drywell {in that region and, therefore, is judged not to be
excessive,

The small dispiacemeht analysis conducted previously is conservative
becausa the stiffening effect of the tensile in-plane stresses is not
considered. This effect would tend to reduce the 1local radial
deflaction (thus, also the Tlocal circumferential stress) of the
dryweil sheil in the sandbed region. For example, consider the case
of a beam subjected to both transverse and tensile axial loads as
shown in Figure 5-5. A small dfispiacement analysis of this
configuration considers the bending moments based on the transverse
load only. The bending stresses and deflections of the beam are
overpredicted based on these bending moments. In a real structure,
tensile axial Joads in combination with the deflections of the beam

5-3



3
. 9-3, REV. 0

produced by transverse loads creates an opposing bending moment. As a
result the overall bending moment is reduced, leading to smaller
bending deflections and stresses. This stiffening effect can be
included only by conducting a large displacement analysis.

5§.2.2 Large Displacement Solution Results

Based on the preceding discussion, a large displacement analysis was
conducted using the same pie slice model and the acecident condition
V-1 Toads. A large displacement analysis can be conducted using the
ANSYS code by activating the KAY(6) key. When this option is chosen,
the ANSYS program first calculates displacements of the structure
based on a small displacement analysis. The geometry of the structure
is then updated based on the calculated displacements. The loads are
again applied to the structure and the displacements are recalculated.
The geometry of the structure 1is continually updated and the
displacements are recalculated until the maximum displacement change
between successive iterations is reduced below the selected
convergence criteria. A convergence criteria of 0.01 inch was chosen
for this analysis. In this manner, the ANSYS code accurately accounts
for the stiffening of the structure due to in-plane tensile stresses.

Figure 5-6 shows the distribution of membrane circumferential stress.
Figure 5-7 shows a plot of membrane circumferential stress as a
function of meridional distance when the large displacement option in
ANSYS was used. For comparison, the stress results from the small
displacement solution (Figure 5-1) are also shown in Figure 5-7. It
is seen that the maximum value from the large dfsplacement solution is
= 21.5 ksi (compared to = 23 ksi in the small displacement analysis) ,
and it exceeds 1.1 S;. (21.2 ksi) over a maximum distance of only 11
fnches at the meridional plane between the vent lines. This is
clearly Tess than the 1.0 /(Rt) distance of 17.6 in.

Figure 5-8 shows the circumferential membrane stress magnitudes at
four different meridional planes based on large displacement solution,
Using a weighted average over the circumference of the model, the
meridional extent was calculated as = 2 in.
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5.3 Code Evaluation of the Sandbed and Lower Sphere

0
N

5.3.1 Primary Stress Evaluation

Tables 5-2a and 5-2b show the maximum values of primary stresses for
the accident condition load combination V-1, and the Code aliowable
values for the small and large displacement solutions, respectively.
In the primary membrane stress category, the calculated stress
intensities for the sandbed region are based on the average values.
The peak value of the circumferential membrane stress in the sandbed
region vas compared with the local primary membrane stress limits.

As expected, a comparison of Tables 5-2a and 5-2b shows that the
calculated stress magnitudes using the large displacement option are
in general slightly 1lower than those obtained using the small
displacement option. The differences in the stresses are larger in
the sandbed region where the radial displacements are larger. The
calculated primary stress magnitudes in the sandbed region and lower
sphere meet the Code stress limits.

5.3.2 Extent of Local Primary Membrane Stress

Paragraph NE-3213.10 of the Code states that a stresses region may be
considered local {f the distance over which the membrane stress
intensity exceeds 1.1 Sy, does not extend in the meridional direction
more than 1.0/(Rt), which is = 17,6 1inches. When the small
displacement solution is used (5.2.1), the membrane c¢ircumferential
stress magnitude 1in the sandbed region exceeds 1.1 S,. over a
meridional distance of = 26 inches at the plane of symmetry between
the vent lines. However, this distance was found to be 14 inches
using a weighted average considering other meridionals.

Furthermore, this distance of 26 inches at the plane of symmetry
between the vent lines was reduced to = 1I inches when the large'
displacement solution was used in which the stiffness matrix is
updated based on the deformed shape. Therefore, it is concluded that
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the circumferential stress in the sandbed region meets the meridional
extent criterion of the Code Paragraph NE-3213.10.

5.3.3 Primary Plus Secondary Stress Evaluation

Only two load cases result in significant secondary stresses in the
shell. The first is the temperature gradient (accident condition V-1)
which produces secondary stresses in the sandbed and lower sphere,
The second is the post-accident condition which produces discontinuity
bending moments in the shell at the bottom of the sandbed. The
post-accident load combination case VI controis. Tables 5-3a and 5-3b
show the calculated values of primary plus secondary stresses and a
comparison with the allowable values for small and Targe displacement
solutions, respectively. ATl of the calculated primary plus secondary
stress values are within the Code allowable values.
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TABLE 5-1a
Comparison of Calculated Stresses to Code Allowable Values

( Nominal Drywell Wall Thicknesses Above Lower Sphere)
Limiting Load Combination - V-1

Drywell Region Stress Cale. Stress Allowable
Categ. Magnitude, Max. Stress
(psi) (psi)
Cylinder Prim. Memb. 19200 19300
(t=0.640 in.)
Prim. Memb. + 20280 29000
Bending
Knuckle Prim. Memb. 18430 19300
(t=2.625 in.)
Prim. Memb. + 20620 29000
Bending
Upper Sphere Prim. Memb. 19090 19300
(t=0.722 in.)
Prim. Memb, + 26350 . 29000
Bending
Middle Sphere Prim., Memb. 18460 19300
(t=0.770 in.)
: Prim. Memb, + 23110 29000
Bending
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TABLE 5-1b

Comparison of Calculated Stresses to Code Allowable Values
( 95% Projected Drywell Wall Thicknesses Above Lower Sphere)
Limiting Load Combination - V-1

Drywell Region Stress Cale. Stress Allowable
Categ. Magnitude, Max. Stress
(psi) (psi)
Cylinder Prim. Memb. 19850 21200
(£=0.619 in.)
Prim. Memb, + 20970 29000
Bending
Upper Sphere Prim. Memb. 20360 21200
(t=0.677 in.)
Prim, Memb. + 28100 29000
Bending
Middle Sphere Prim. Memb. 19660 21200
(t=0.723 1n.)
Prim. Memb. + 24610 25000
Bending
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TABLE 5-2a

Comparison of Calculated Primary Stresses to Code Allowable Values

( Small Displacement; Lower Sphere and Sandbed )
Limiting Load Combination - V-1

Dryweil Region Stress Cale. Stress Allowable
Categ. Magnitude, Max. Stress
(psi) (psi)
Lower Sphere Prim. Memb, 13800 21200
(t=1.154 1in.)
Local Prim. Memb. 17690 29000
Prim. Memb. + 17800 29000
Bending
Sandbed Prim. Memb. 17430 21200
(t=0.736 in.)
Local Prim. Memb. 22970 29000
Prim. Memb. + 24950 29000
Bending
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TABLE 5-2b

Comparison of Calculated Primary Stresses to Code Allowable Values

( Large Displacement; Lower Sphere and Sandbed )

Limiting Load Combination - V-1

Drywell Region Stress Cale. Stress Allowable
Categ. Magnitude, Max. Stress
(psi) (psi)
Lower Sphere Prim, Memb. 13940 21200
(t=1.154 in.)
Local Prim. Memb. 17530 29000
Prim, Memb. + 17640 29000
Bending
Sandbed Prim. Memb. 16540 21200
(t=0.736 in.)
Local Prim. Memb. 21540 29000
Prim. Memb. + 23130 29000

Bending

5-10



Thbek R8%%3-3, rev. o

TABLE 5-3a

Comparison of Calculated Primary Plus Secondary Stresses

to Code ATlowable Values

( Small Displacement -Lower Sphere and Sandbed )

Drywell Region Stress Cale. Stress Allowable
Categ. Magnitude, Max. Stress
(psi) (psi)
Lower Sphere Prim. + Sec. 29020 52500
(t=1.154 in.) (Acc. Load Cond. V-1)
Prim. + Sec. 30280 70000
(Post-Acc. Load Cond. VI)
Sandbed Region Prim. + Sec. 38420 52500
(t=0.736 in.) (Acc. Load Cond. V-1)
Prim. + Sec. 67020 70000

{Post-Acc. Load Cond, VI)
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TABLE 5-3b
Comparison of Calculated Primary Plus Secondary Stresses

to Cade Allowable Values
( Large Displacement -Lower Sphere and Sandbed )

Drywell Region Stress Calc. Stress Allowable
Categ. Magnitude, Max. Stress
(psi) (psi)
Lower Sphere Prim. + Sec. 28860 52500
(t=1.154 in.) {Acc. Load Cond. V-1)
Prim. + Sec. 30280 70000

(Post-Acc. Load Cond. VI)

Sandbed Region Prim. + Sec. 36600 52500
(t=0.736 in.) (Acc. Load Cond. V-1)
Prim. + Sec. 67020 70000

{Post-Acc. Load Cond. VI)
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6. SUMMARY AND CONCLUSIONS

This report is a supplementary report to the Code stress report
(Reference 1-2) of record and addresses aspects of Code compliance as
they relate to the local wall thinning observed and the removal of
sand from the sandbed region in the Oyster Creek drywell. The loads
and load combinations used in the analysis were based on the previous
drywell stress analyses and the GPUN technical specification
(Reference 1-4). In developing the allowable stress 1imits guidance
was taken from Subsection NE of Section III, ASME Code where the Code
of record, Section VIII and Code Case 1272N-5, is not explicit.

The stress analysis first considered a mode)l in which everywhere

as-designed thicknesses were used except in the sandbed region where
the thickness was assumed as 0,736 inch. This served as a basis for

evaluating the stresses for the 95% confidence projected thicknesses
to 14R.

The highest stresses were determined to be from the Case V-1 and VI
Yoad combinations in all the different regions of the drywell. It was
shown that the primary and secondary stresses are within the allowable
limits for both conditions (as-designed thicknesses and 95% projected
14R thicknesses). At the plane of symmetry between the vent lines,
the meridional extent of the circumferential membrane stress above
1.1Spc, was in excess of 1.0/(Rt). However, using a weighted average
considering other meridional planes, this distance was less than
1.0/(Rt). Furthermore, a large displacement solution indicated the
extent at the symmatry plane to be also less than 1.0/(Rt). This
clearly satisfied the Code criterion for the extent of local primary
membrane stress.

It is concluded that the Oyster Creek drywell shell will continue to
meet the Code of record requirements at least up to 14R with the sand
removed from the sandbed region. The analysis for buckling capability
of the drywell shell without sand is contained in a companion GE
report (Reference 1-5).
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APPENDIX A

DETATLED RESULTS FOR AXISYMMETRIC MODEL TEMPERATURE
STRESS ANALYSIS
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This appendix presents a summary of the finite element analysis
results for the temperature stress case (Load Case No. 8 in Table
3-1). The stresses reported in these tables are the nodal stresses.
Since there are three nodes across the thickness of the drywell shell
(e.g9., see Figure 3-3), the stress at the center node is essentially a
membrane stress. The difference between the stress at an inner or the
outer node and the middle node is indicative of the bending stress at
that section.

In each of the stress tables, the second and third columns from the
left show the radial and vertical coordinates of the center nodes.
Four stress components (three normal stresses and one shear stress)
are listed for each of the inner, mid@le and the outer nodes.

Table 2-1 shows the wall thicknesses in the various regions of the
drywell. To help assess the maximum stress levels, the range of node
numbers associated with each wall thickness are given below:

ell Region Node Number Range
Sandbed Region 1 through 96
Lower Spherical Region 100 through 237

except Sandbhed Area

Middle Spherical Region 241 through 603
Upper Spherical Regton 604 through 876
Knuckle 880 through 942
Cylindrical Region 946 through 1449
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ter Creck Raw Dats for Therma) Streas at 210 seconds - Ho Sand

ode X
{inch)

2 .0

S ULEs

8 25D.22
it 251.87
14 2%3.45
1?7 25%5.0
20 254.51
3 258.18
W %34
23 181,30
3z  202.8%
35 264.39
B 2659
@ 267.47
4  269.00
& 210.52
58 .0
3 2.5
5 215.05
9 U8.5¢
2 2.0
e5 .54
6 251.03
h 8.8
M 28401
M 85.48
A 285.88
83  M0.42
8¢ 289.88
8 ™.
st w.n
95 294.2)
98 284.85
101 295.08
104 298.50
tor  292.82

Page |

Y Theta
{inch] {degrees)
105.93 36.00
108.106 35.27
109.28 36.5¢
110.48 36.81
ti1.¢s 37.08
112.68 37.35
1J4.08 37.82
11%.28 37.0%
116.50  38.18
117,713 38.43
1%0.87 38.70
120.21 33.98
121.46 39.28
122.72 39.92
123,98 9.8
125.28 40.06
126.5¢ 4.3
127.8) 40.60
129.13  40.87
130.43 41.14
131.7¢ 49.41
133.07 41.88
134.41 43.98
135,78 42.23
137.11  42.50
128,87 42.18
1.3 4.5
141.21 @33
142,58 43.80
143.9¢ 43.87
145.37 a8
148.77 44.42
147.04 4.4
147.1 44.56
148.72 H“H.
150.14 45.10

Node

1

4

?
10
n
18
18
+4
2%
e ]
k]
1
¥y
40
4
%
L ]
2
5§
8
st
- 6d
(3
%
13
b
b} |
az
as
83
9N
9%
LY
100
143
106

Radial
X

lpst)

08.9
-62.03
14.78
4.
1.9
-0.58
-6.61
-1.40
-1.98
-2.78
-3.42
-4.38
-4.81
-5.92
-6.20
-1.3
-6.85
-8.24
-6.16
-8.10
-3.20
-6.83
.87
-2.54
18.71
3.3%
n.07
12.42
$6.15
52.43
-131.5%
703.92
1072.89
n.3%
28.09
-5.45

Outside Modes

Meridionat
SY
{pst)

1034.01
585.03
872.26
143.82
508.76
459.84
288.48

86.68

-182.78

-419.18

-780.08

-1182.93
-1652.58
-2192.88
-2802.51
-3478.59
-4208.92
-4980.26
-$763.37
-6531.01
-7230.80
-7818.22
-6200.93
~8313.58
-8015.78
~1240.83
-5780.88
-3599.93

-427.51

3saz.20

8527.28

11000.93

8080.70

Srn.a7

§870.2%

7802.93

Hoap
st

{pst}

380.55

27156

21.38

133.30

23.78
-108. 18
-257.49
-423.52
-603.79
~195.2)
-993.77
-1193.91
-1387.%¢
-1565.98
-1715.52
-1822.08
-1865.170
-1828.21
-1678.89
-3382.12
-935.66
.

543.48
1628.22
334844
5179.98
1407.65
9313.9?
12302.47
12454.55
€323.45
-§125.28
-352%.51
-9376.01
-1007.07
-4629.43

2114
(pst}

-9.14
-8.98
-8.9¢
-8.02
-5.8
-19.28
-1y
~12.97
-14.98
-17.¢44
-20.13
-23.18
-26.24
-29.41
-32.03
-34.55
-35.67
-35.18
-34.03
-30.95
-23.08
-14.20
2.5¢
19.00
48.55
13.93
120.94
153.48
221.¢0
245.39
308,860
1694.61
2543.90
1086.79
103,83
32.02

Niddle Nodes

Radial Meridional Hoop

Hode SX 5Y 114

lest}  (psd) {ps1)
2 -6.29 -8.65 -3.20
5 k3% 1} -8.66 -12.63
8 0.6% -8.80 -49.%5
0 1.1¢ -3.26 -106.80
14 0.8t -10.)7 -is2.08
n 0.64  -11.5% -2721.83
20 g.48 -13.55 -3.1
a 0.18  -16.41 -479.58
26 -0.04 -19.33 -588.56
23 -0.46 -23.16  -693.60
2 -¢.78% -27.66 -181.92
5 -39 -32.38  -863.45
3 -l -3 -sl0.88°
44 -2.89 -42.79 -9318.%?
4 -3.0 -48.36 -874.40
& 448 -52.48  -763.87
S0 -4.43  -57.08 -571.08
L& -5.68 -$8.39 -278.98
¢ -5 -60.51 130.80
ss -9.44 -%6.11 615.68
62 -7.04 -53.30 137,72
65 -f3.01 -39.72 2254.64
58 -6.83 -31.4 3322.m1
n -en -1.40  4587.72
" -r1R 13.73  €052.16
n”n -4 §1.73 1N02.177
8o 7.8 87.33  9530.91
83  -27.11  162.58 11423.45
86 23.2¢  215.9% 12686.75
8y -16.56 39¢.14 1128016
82 -20.60 355.34 42%8.37
95 86.02  -12.30 -31318.26
98 -131.17  561.36 -10877.87
100 -331.95  974.74 -10493.76
104 22.27  165.56 -9013.26
107 17.57 17.39 -7553.98

NOSTZi0.WK2

say
(pst}

-6.90
-6.88
~7.00
<7.36
-8,02
-9.07
-10.57
-12.56
-15.06
-18.06
-21.52
-25.39
~29.5¢
-33.82
-38.02
-41.85
-44.97
-46.96
-4.29
-45.3%
-40.58
-31.9¢
-18.67
o.07
25.40
57.98
99.0%
148.67
206.92
266.24
305.9¢
-267.26
~121.93
~iis.n
105.53
66.37

Node

k]
6
9
¥4
L3
18
23
(4
27
i¢
3
36
K} )
Q@
L1
4
51
54
57
50
62
123
69
72
s
8
81
84
8
S0
93
96
99
102
jos
109

Radial Meridioml

sx
(pst)

-238.43
68.72
-17.18
6.59

.
g
~N
ann

v
P
L]

Inside Nodes
toop
SY 134
{ps?) {pst)
~1053.61 -387.687
-1004.52 -290.7%
-891.83 -33).27
-764.10  -347.855
-631.47  -18a.%4
-484.33  -415.98
-316.12 -487.%9
~119.42 -535. 80
114,41 -573.30
393.85 -491.6%
126.7%  -58).39
1120.45 -$32.04
1581.18  -434.99%
2131.5¢ -269.3%
2711306 -30.40
3380.40 297.18
41106.08 120 .07
4872.00 )2)2.68
5659.14 §3944.2%
6428.10 2740.5¢
7046.60  3694.30
46.21  4784.93
BL7L.78 6014.92
8308.43 7349.11
2091.46 8775.98
1356.42 102302.17
6026.09 11677.57
3865.39 12917.2%
869.81 [ 1347
-3242.92 tit44.07
-1847.40  21%0.08
-98%5.70 -13916.42

-6526.82 -13108. 37
-0).87 -12462.12
-6780.11 ~1D683. 1%

wAna av nann s
IO D “IWU,.D]

Sxy
{p\})

-4.21
-4.42
-4.76
-5,42
-8.18
-1.76
-5.68
-12.09
~15.16
~Ja8.8t
-23.13
-27.94
-33.34 .
-38.90
-44.81
-50.22
-55.56
-59.2%
-62.32
-61.83
-60.29
-52.12
-42.49
-21.43
-0.36
3.0
75.08
142.37
191.8¢
281,76
307.38
-182.1%
-564.42
-292.51
109.97

105.¢i

23-0ct-90




1er Creek faw Data for Tharmal Strass ot 210 seconds - No Sand

Node

X
(tnch)

799.33
300.7¢
30z.13
303.52
304.91
308.28
307.65
309.0)
312.3%
315.85
316.91
n.ae
325.28
320.40
3t
34,51
337.49
340.00
2.6
L9
362,34
M7
352.0%
354.35
358.82
158.85
361.04
383.20
365.32
367.41
369.45
31.46
m.a
375.38
n.x
s

Y Theta
{inch) (degrees}
151.58 45.37
152.89 5.8
15¢.42 45.92
158.87 48.1%
157.3¢ 46.47
158.7?7 48.71
160.23 47.01
161.76 47.28
165.368 47.9¢
189.08 40.64
1Jz.8¢ 8.11
176.58 43.88
100.40 50.¢8
104.25 51.34
1e8.1¢ 52,01
192.07 52.69
186.03 53.38
18.45  S3.e4
202.83  54.52
208.36 $5.10
209.8% 55.68
2338 ss.1S
2)85.90 56.03
208 S1.0)
224.0%5 51,98
227.68 58.57
1.2 .4
WU 5972
8.4l $0.20
42,31 &0.88
248,03 61,85
249.7¢ 62.0%
253.52 62,51
252.30 63.19
281.09 63.77
264.91 84.34

Node

19
ne
118
ns
121
124

Outeide Nodes
Radial Meridional toop
Y | sy 14
{pat}  {pst) (pst)
~26.01 €227.45 -411S. %0
t 8 ) -2187.41
1.7 8MR.41 -18885.31
0.0 8383.45 -119.80
-2 MW 2.2
.32 nrnes 53812
-25.28  §531.58 %674
0.58 57103 1255.64
23,07 430.83 1137.09
3.0 020.)8 1748.)2
21.10  851.50 1528.81
16.22 965.93 §213.11
10.49 351,91 882.73
§.35 -34.8) 586.87
3.1 -245.04 347.57
.74 -332.08 170.21
~8.20 -3 9N
-0.5¢ 30707 -14.99
-0.97 -157.44 -52.87
-0.94 -200.4%5 -70.81
-8.91 -149.60 -24.54
~0.78  -103.03 -63.47
~-0.63 -84.88 -59.99
-0.48 -35.54 -48.29
-0.33 -1429 -38.54
-0.21 -0.01 ~25.87
-0.13 8.65 -16.90
~0.08 13.07 -9.82
~0.0} 14.48 -4.58
0.2 11.95 -0.98
0.03 12.28 .
0.04 10.08 .60
2.0 .. 3N
Q.04 564 3.15
0.03 3.8 2.3
0.02 .35 2.4

say
(pat}

n.a
-13. 7
-N.U
-51.47
-60.21
-68.36
-n.2e
-82.07
-83.20
-08.92
-45.24
-31.2%
-20.07

« s 3 s

- R R

4
ﬂﬂﬂ.ﬂﬂH-NM
v e .

© N a

'-END

-0.13

Niddla Kodes
Radial Meridional toop
Node 11 Y 194
(P2t} {pst) tesl)
110 -13.582 58.61 -8216.54
112 13.5% 1.86 -500).42
11¢ -3.5% -2.18 -3923.80
1s 6.7 -26.78 -2976.28
122 2.4 -33.03 -215).5%
128 6.23  -43.87 -3458.33
128 -9.45 -42.72 -812.11
13f 2.5 -49.2% -371.%)
(k1] 2.0 -44.56 452,63
13?7 15.98 -19.01 855,08
40 11.03  -30.65 366.%1
189 $.40 -22.34 905.30
148 1.83 -14.7¢ 758,51
“s  -0.38 -8.9¢ S51n.n
152 -1.5¢ -4.54 405.00
155 2. -1.71 sr.42
158 -1.82 0.14 142,97
191 -1.06 0.99 n..n
163 -1.13% .33 20.71
182 -0.01 1.8 -11.90
170 0.5 1.3% -38.52
17y -0.42 1.4 -mes
178 -0.27 2.91 -40.1%
179 -0.)4 9.6 -37.05
162 -D.08 0.8 -3.60
18% 0.00 0.31 -25.24
({7} 0.04 0.18  -18.9%
18 0.08 0.9 -13.30
194 0.08 0.0 -8.59
197 0.06 -0.00 -4.90
200 g.0% -0.03 -2.18
203 0.04 -0.04 -0.32
208 0.03 -0.04 0.235
i) 0.02 -0.04 1.48
e 0.02 -0.03 1.3
b4 ]9 0.81 -0.02 1.72
NOS12710.WKL

$KY
{pst)

33.4
6.92
-14.30
-30.59
-42.72
-53.20
-56.72
-55.80
~58.27
-50.73
-39.7¢
-28.6¢
-18.72

- e am N A A A
RREETEMWE A
- n D (L3

an8dzatr

poe
ez

0.12

0.0
-0.08
-0.09
-0.4)
-0.10
-0.09
-0.07
-0.06

Kode

1
14
17
120
123
26
129
132
135
138
"y
14
147
150
153
158
158
162
165
168
th

14
127
180
L
186
189

192
19%
198
01

204

20?7

218
a2
216

Inside Nodes
Radial Meridiona? Noop
X sy sz
(pst)  {pat) {pst}
1.82 -8219.11 -4352.20
2r.62 -B414.57 -r218.38
7.71 -8401.38 -6121.25
14.83 -BIBl.4¢ -5180.91
8.31 -71r8i.)8 -a2mp.01
6.83 -7285.718 -3a02.47
8.98 -5714.9) -2232.04
26.44 -5858.08 -200%.51
4414 -4538.862 -BI18.54
1.0 -3109.98 -83.12
1.29 -1%20.23 401.13
~4.95 -1005.15 596.02
-6.62 -10).06 €29.81
-7.01 17.20 £68.64
-6.31 2371.% a62.
5.8 0.0 345.1¢
-3.47 kT3 987 238.12
-1.63 1310.29 198,12
-5.40 260.13 94.6%
-8.78 206.03 17.13
-0.4) 152.83 13.722
-3.11 10577 -7.88
0.05 87.00 -20.21
0.17 3r.0¢ -25.2%
8.2) 15.29 -25.84
0.22 .63 -24.81
0.20 -0.32 -21.0%
6.17 ~-12.94¢ -16.71%
0.14 -i4.49 -12.62
0.10 ~14.02 -8.86
0.07 ~12.39 -5.72
0.08 ~10.20 -3.26
0.03 -7.8% -1.43
0.01 -5.24 -0.20
6.60 -3.89 0.58
0.00 -2.41 0.9%

say
{pat)

52.51
5.5
r.78
6.4
~22.33
-31.40
-39.72
-35.38
-32.8%
~33.40
-29.58
-23.60
=37
-1).80
&.n
-3.0
-0.99
8.4
115
1.9

1.4
1.22

0.73
0.52
.2
8.18
0.09
a.0t
-9.03
-6.66
-0.06
-8.06
-0.06
-0.05
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ter Creek Raw Data for Thermal Stress at 210 seconds - No Ssnd

298

k1] ]
k3L
kivs
320
323

Page 3

X
{tnch)

380.93
18271
383.49
384.26
185.03
385.7%
"388.54
e.7S
188.97
187.40
382,82
8824
308.87
389.08
389.50
389.91
190.32
3%.13
235.13
397.28
193.¢0
334.50
345.58
396.54
397.67
338.68
398.67
400.64
491.58
402.51
403.41
404.28
405.13
405,97
408,77
407.56

Y

{1ach} {(degrees}

168.14
759
274.32
276.04
277.78
279.51
281.25
282.00
w24
283.76
e
285.18
286.80
287.02

. t68.84

288.88
230.82
291.60
292.93
295.8?
/8.
.
0474
k1 ]
310.68
3j3.68
316.58
319.83
322.88
325. 01
328.73
3.2
334.80
7.5
340.89
343.9%

Theta

64.92
55.50
65.76
66.02
66.27
66.53
6.7
66.90
6r.00
62.15
§7.30
6r.45
67.60
67.27§
67.80
§8.05
83.20
62.35
$5.50
8.9
§3.36
6.7%
r0.22
10.85
71.08
21.5)
7).94
12.37
.
nn
7388
74.09
74.52
74.98
75.38
75.01

Kode

a7
20
14
28
29
232
235
238
241
24
247
250
53
258
59
282
265
268
m
m
m
200
m

29%
258
30
N
307
310
i3
316
3’
322

Outside Nodes
Radia) Meridionsl toop
Sk sy s2
{pst})  {pst) (ps1)
0.2 b.27 1.9%
9.0 0.59 1.48
2.0} 0.25 1.22
0.00 0.07 1.08
0.00 -0.07 0.91
0.00 -0.18 0.7%
0.00 -0.22 0,61
-0.01 -0.3% a. 5
-0.02 -0.52 0.41
D.0o -0.60 9.32
0.00 -0.61 0.2%
0.00 -0.62 0.18
0.60 -0.62 Q.14
0.00 -0.81 0.09
0.00 -0.60 0.05
0.00 -0.58 9.01
0.00 -0.5 -0.02
Q.00 -0.53 -0.05
.00 -0.49 -0.07
0.00 -0.42 -2.11
0.00 -0.1} -0.13
08.00 -0.24 -0.13
0.00 -0.17 -0.12
0.00 -0.11 -0.10
0.00 -0.08 -0.08
D.00 -0.03 -0.07
©.00 0.0 -0.05
0.00 0.01 ~0.03
0.00 0.02 -0.02
0.00 0.03 -0.01
0.00 0.03 0.00
0.00 0.02 0.00
0.00 0.02 4.00
0.00 0.02 5.0%
g.00 g.01 0.01
0.00 0.01 8.0l

SXY
{ps!)

-0.0%
-0.03
-0.02
-0.02
-0.01
-0.01
0.02
.06
6.03
0.00

cesonoe00o00000000
2E88883888823838338=8

Redlal
Node sX
{psl)
a8 0.00
221 0.00
224 0.00
7 0.00
230 .00
213 0.00
236 s.0t
219 0.0l
22 -n.01
us 0.00
28 0.00
1131 0.00
254 0.00
2s5? 0.09
260 08.00
263 9.00
266 6.00
263 0.00
21 6.00
215 0.00
278 a.00
28¢ 0.00
84 0.00
87 8.00
230 0.00
293 .08
2% 0.00
299 0.0
302 0.%0
108 a.00
308 0.00
m 0.00
34 4.00
n 9.00
120 Q.00
323 0.00
#OST210.%k1

Widdle Hodes
Meridlional
sy
{psl]

-a.02
-0.01
-0.01
-g.0t
0.00
q.00

Hoep
st

{psl})

£.35
1.30
.47
.04
0.9t
a.r8
0.66
0.8
0.5
0.43
0.43
.37
0.21
0.2?
2.22
0.18
0.14
0.11
0.08
0.0}
-0.03
-0.06
-0.07
-0.07
-8.0}
-D.06
-0.05
-0.04
-0.03
-0.02
-0.01
-0.01
0.00
0.0b
0.08
0.00

sxy
{ps!)

-0.04
-0.03
-0.02
-0.02
-0.01
-0.0%
-0.01
-0.03
-0.02
.00
0.00
0.00
6.00
0.00
0.60
0.00
0.00
0.00
9.00
0.00
0.00
9.00
0.00
0.00
6.00
0.00
0.0¢
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Node

219
222
22%
228
211
234
237
240
24
246
249
252
5%
258
26}
25¢
267
270
273
276
279
282
285
288
291
294
297
k[ )
03
k11

303
n2

318

K1Y

kF3)

24

Inside Modes
Radis) Meridions)
sx Sy
fost)  [py)
-D.04 ~1.31
0.00 -0.6)
-0.01 -0.27
0.00 -0.08
0.00 0.0%
8.00 8.15
6.01 0.28
0.00 3.3
-0.00 0.50
0.00 2.9
0.00 0.6l
.00 0.62
0.00 0.62
0.00 0.6l
0.06 0.50
0.00 0.58
a.00 0.56
0.00 0.53
0.00 a.13
0.00 8.42
4.0 0.3
0.00 0.2%
q9.00 0.17
Q.00 8.1l
0.00 0.07
0.00 0.0}
0.00 0.0
0.00 -0.01
0.00 -0.02
0.00 -0.03
0.00 -0.01
0.00 -0.02
0.00 -0.02
0.00 -0.02
0.00 -0.01
0.00 -0.01

1oop
p¥4
{ps!}

.

OQOPO—-"——-
bty T
~ w -

pop
ER-R

0.49
o.u
6.29
0.35
.30
0.26
Q.22
o
0.08
9.01
-0.02
-0.0¢
-6.0S
-0.05
-0.05
-0.04
-¢.03
-6.03
-0.02
-4.01
-¢.01
-0.01
g.0¢
0.00

sXy
{pst)

-0.04
-g.02
-0.02




ter Creek Raw Data for Thermal Stress at 210 seconds - Mo Sand

Dutalde Nodes Niddle Modes Inslde Nodes
Radlal Herldional Hoop Radlsl Meridional Mecp Redial HMerldions)  lop

tode X Y Theta  Node X 134 4 SXY  Node sx Sy 52 Xy Node  SX sy s2 SKY
{inch)  [inch) (degrees) (ost}  lpst) {ps)) {es1) (psi)  (ps1) {pst) {pal) (pst)  (psi) tpsy) (pal)
326 408.32 H7.00 BN RS  0.00 0.0} .01 000 326 0.00 .00 0.00 0600 327 D00 -0.0l 0.00 0.00
3¢ 09.06 350,08 657 3% .00 0.00 006 000 329 0.00 0.00 .00 000 330  0.00 0.00 0.00 0.00
332 408.77 35315 M0 3w 0.%0 0.00 0.00 008 332 0.00 £.00 8.00 000 313  0.00 0.00 0.00 0.00
335 Q1047 35623 .53 I .00 8.00 0.00 000 S  0.00 0.00 0.00 0.00 335 0.00 0.00 0.00 0.00
338 A1l.14 35931 7788 3N 0.00 .00 0.00 338  0.00 0.00 0.00 0.00 313  0.60 0.00 0.00 0.00
341 4lb.78 382,40 833 M0 0.00 0.00 000 34 0.09 .00 9.60 06.00 32 D.0D .00 0.00 0.00
344 02.41 36549 7882 3 0.00 0.00 0.00 3 0.00 0.00 000 000 345  0.00 .00 0.00 0.00
34 41301 MBI 1918 M .00 000 0,00 147 0.00 0.00 0.O0 0.00 M8 0.0 0.00 0.00 0.06
350 413,58 .63 79.68 33 a.00 .60 0.0 30 0.0% .00 0.00 0,00 351 0.00 0.00 0.00 a.00
383 41404 33880 8011 152 .00 0.00 0.00 3153  0.00 0.00 0.00 0.00 354 0.00 0.00 0.0 0.00
356 4[4.67 328 . 80N ass 0.00 000 0.00 35 0.00 0.00 0.00 0.08 357 0.00 0.00 0.00  0.00
358 AlS.a7 381.02 8097 asa 00 0.06 ©0.00 359 0.00 .00 0.00 000 360 0.00 .00 0.00 a.00
362 415.66 384,14 .40 ML 00 000 080 2 0.00 0.00 D0 000 363 0.00 c.00 .00 0.00
365 418,02 382.26  21.83 384 6o 0.00 000 MBS 0.0 0.00 0.00 0.00 36 Q.00 0.00 0.20 0.00
358 A18.56 150.38  62.26  3s7 00 0.00 000 38 000 0.00 6.00 0.00 238 0.00 0.04 0.08 a.00
M ¢16.97  393.51  82.68 e .00 c.e6 0.00 3N ©.00 0.00 0.00 600 372 0.0 0.00 0.00 0.00
¢ 238 V68 N2 M .00 0.00 008 34 0,00 .00 0.os 0.00 35 0.0 0.9 0.00  0.00

0.00 0.00 n 6.00 0.00 0.00 0.00 378 0.00 0.00 0.0 a.00
0.00 0.00 80 0.00 0.00 0.00 0.00 m 0.00 0.00 a.%0 g.00
0.00 0.00 m 0.on 5.00 0.00 2.%0 an 0.00 8.0% G.0q g.00
0.00 0.00 k1 0.00 0.00 p.0o 0.00 sz 0.00 0.00 0.00 0.00
0.00 0.00 89 0.00 g.00 6.00 0.00 330 8.00 0.060 0.00 9.00
0.00 §.00 392 3.00 0.00 0.00 0.00 393 0.60 0.00 0.00 0.00
.00 0.00 kL 0.90 6.00 0.00 0.00 396 0.00 0.00 0.00 0.00
0.00 0.00 3N 0.0 0.80 0.00 0.00 399 6.00 0.00 g.00 .00
. 0.00 L] 0.00 0.00 D.g0 0.00 402 0.00 o.00 0.00 0.0D
0.00 0.00 404 0.00 2.00 0.00 0.00 405 0.00 0.00 0.00 6.00
0.00 0.00 407 9.0 g.00 0.00 0.00 408 0.00 0.00 0.00 0.00
0.00 0.00 4o 0.00 0.00 0.00 a.00 41 0.00 g.00 0.00 0.00
0.0 b oo L1E] 0.400 0.00 8.00 0.00 am 0.00 0.4 0.00 0.00
0.00 0.00 416 0.00 0.00 0.00 0.00 417 0.00 0.0 0.00 0.0
0.00 0.00 419 0.00 a.00 0.00 g.00 420 2.00 0.00 0.00 0.00
0.00 0.00 422 0.00 g.00 g.q0 0.00 423 g.00 0.00 0.00 0.00
¢.00 0.00 425 0.00 0.00 0.00 n.00 426 0.00 0.00 0.00 c.0D
0.00 0.00 28 0.00 0.00 0.00 ©.00 429 0.00 0.0 0.00 0.80
0.00 431 0.00 6.00 0.00 0.00 432 0.00 0.0¢ 8.00 0.00

7 A7 39978 B35S e
380 dls.0F 402 M 83.98 n
383 410.39 406.05 64.41 2
386 418,68 409.19 84N 385
389 41295 412.3y 8527 382
392 49.20 415.48 8520 B1]]
135 419.43 4ta.63 8813 N
338 4(9.63 42.78 86.56 Kt H
401 418.81 424.33 85.99 400
408 418.95 428.00 07.42 403
407 420.09 431.23 8Y.6% 408
4186 420.20 43638 eu.28 109
413 420.28 47.54 a8 Uz
/6 12004 «40.€3 89.14 414
418 420.37 443,85 89.57 418
422 420,39 447.00 S0.00 1
428 420,37 450,15 90.43 24
428 420.3¢ 453.31 g90.88 22
431 420.28 4AS6.46 9129 430

o4
£2223328383238328888323883388838288888¢8
£8828838228888888:8
L~
8

SoocoeonoonoRsoamoenoBOeD0D00R0GE

cPeeoo0opmonscnons0enORB 0SS

©
o
(-]
h

o
(=]

Page 4 N351210. WK1 23-0ct-90



Oyster Creek Raw Dats for Thermsl Stress st Z2{0 seconds - dNo Sand

Node

434
437
(1)
443
446
"y
452
455
458
461

467
a0
413

476
41

491

524

53
539

Page §

X
{1ach)

420.20
420.08
418.38
419.81
419.83
419.43
419.20
418.95
418.88
418.3%
410.07
aHr.n
ar.un
416.97
U465
18.12
70s.6s
4as.17
0a.¢7
ae.14
43.58
LIR N )
412.4)
4118
1.4
4a4Ho0.47
409.27
403.06
408.32
407.58
#406.77
405.97
405.13
404.28
403.41
402.51

Y Theta
{inch} {degrees}
459.62  9L.72
462.77 %215
485.92 82.58
463.07 $3.01
22.22  %3.44
Y73 BT X))
478.52 94.30
481.67 %73
48481 8318
487.95 85.5%
431.09 6.0
494.22 94.45
M7.38 96588
80,49 9.0
$03.62 .4
Sos. 14 %8.17
09,88 %8.60
$12.98 9.0
$16.08 29.46
818.20 99.09
$22.31  100.32
525.41 100.7%
528.51 101.18
531.86 10)1.61
$34.83  192.04
$32.27 102.9)
540.85 182.90
$43.92 100.33
6.9 100.2¢
£50.05 104.19
$53.11  104.62
556.16 105.0%
$59.20 105.48
$62,2¢ 105.91
565.27 - 106.34
%8.2%  105.77

Node

13
as
LA} )
w2
445
s
451
454
®
450

Radial
Sk

{pat)

5.0
s.00
6.00
0.00
0.00
0.00
9.00
8.00
0.00
0.00
0.00
0.00
9.00

Outside Nodes

Neridional
S

{pst]

0.00
0.0
.00
0.00
0.00
.00
Q.00
.00
0.08
.00

Hoop
£ ¥4

{ost]

0.00
0.00
¢.0a
0.08
6.00

.

eooopomoonenono
2383828:3888e28382

pooomes
83828238

agpeeO 00T
83888838¢8

sxy
{ps!)

0.00
0.00
¢.6d
g.00
Q.00

peonpopomoonomD
2832228382883 88

[
h

poonoo
288888

Poenonoa
828388388

Radia)
Node SX
(pst)
24 0.00
'3} .00
440 0.00
443 0.00
418 0.00
[T 0.00
452 2.00
455 3.00
458 6.00
481 .00
454 0.%0
467 0.00
a0 0.00
473 0.00
48 0.00
a9 0.00
432 0.00
48s 0.00
488 0.00
!l 0.00
434 0.00
497 0.00
500 0.00
503 0.00
Soé 0.00
508 0.00
5)2 0.00
L1 0.00
Si8 .00
s21 8.00
24 0.0
s27 0.00
530 0.00
$13 0.00
536 0.00
339 9.0
N0S1210 W1

Biddla Nodes
Neridional
SY
(psi})

9N C000N0Re0N0NN9A0009e0EOPRED0

soasaon ¢ s
8885232838288383883838232888883888838=

J

Hoop
b14
{pst)

pPopespcsocoe
88883888s8¢

sosesons
2883888

SXY
(o3t}

0.00
0.00
.63
0.00
Q.60
0.00
0.8
0.00
0.0
D.00
0.00
D.0o
0.00
0.00
8.00
Q.00
.00
6.00
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00
0.00
b.0o
¢.00
Q.00

Hade

415
438
Lrl)
444
447
450
453
456
459
462
465
468
471
474
47
430
433
4at
489
492
495
498
a1
504
so7
S10
513
S16
S13
522
525
528
511
34
sy

590

Instde Modes
Radial Meridions)
F14 SY
(st} (pst)
q.00 0.00
0.00 0.00
¢.00 0.00
0.00 0.00
g.ao 0.00
0.00 0.00
0.80 0.00
6.00 0.00
0.00 0.00
g8.00 0.00
0.00 0.00
0.00 .00
0.00 0.00
8.00 0.00
0.00 .00
0.04 0.00
0.00 ¢.00
0.00 0.00
Q.00 D.00
0.00 Q.00
0.00 9.00
0.00 0.0
a.00 0.00
0.00 6.00
0.00 6.00
0.0¢ 0.0%
0.00 . .00
0.00 q.00
5.00 9.0
0.00 Q.00
0.60 0.00
0.00 0.0¢
0.00 0.00
0.00 Q.00
0.00 0.00
u.ou v

Hoop
s

(pst)

)

233322823288

000D POPROENEO00POROPOR0ERORSS

383223323882 8352838%

ecoos
8883883

»
1]

oo
8

sy
{psi)

0.00

o o

eR3383228282883382828

v

$0000OnoDpoORUEPEPOBOBEOREOE
§833838283

23-0ct-¥




Oyster Creek Rew Dota for Therms) Stress at 210 seconds - No Send

Noda

542

545
548
55)

554
s87
560
563
568
569
sre
L1143
518
sa1
584
sa7
530
593
596
539
82
605
608
811
814
617
620
€23
528
828
632
[ X H]
638
61
544
847

Page §

X
{tnch)

401.58
400.64
399.67
3s8.58
397.67
396.84
395.58
394.50
393.40
92.20
I
»0.7
380,32
389.91
389.%0
389.08
388.67
388.24
387.02
3s87.40
386.97
i06.88
385,11
»n.n
384,54
3.7
382,93
;.11
1.9
380.45
s.6l
318.76
317.98
.o
176.16
375.20

Y

(inch} [degrees)

521.31
§74.32
Srr7.32
580.32
503.31
586.29
589.28
$32.23
595.18
588,13
§01.07
802.10
603.12
804,14
€05.18
408.12
607.20
808.21
§09.2)
610.24
s1l.28
sit.38
613.20
s15.01
616.81
sis.81
$20.41
22.20
823.9
825.77
827.5%
529.32
631.09
632.85
634.63
836.393

Theta

107.20
107.63
LD8.06
108.43
108.92
109.35
103.78
110.21
110.64
in.o?
111.50
111588
111.60
41195
12.10
112.28
112.40
1na.ss
112.70
112.85
113.00
113.02
113.29
111.56
113.83
114.09
114.38
114.8
114.90
115.17
115.44
115.76
115.97
116.24
116.51
116.78

Node

541
S48
S4F
ssa
55
S5¢
559
562
L
68
s
574
£3

Sa3

595
601

so7
610
613
618
sie
622
625
628
LX])
634
617
640
&8
(2]

Outaide Nodes
Radtal Meridional Hoop
X sY b Y4
[ps1)  (ps1) {pai)
0.04 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 .00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.0% 0.00 q.00
0.00 n.08 6.00
g.00 0.00 8.00
0.00 0.00 0.00
0.00 t.00 0.00
05.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
8.00 8.00 0.00
0.00 0.00 .00
0.00 8.00 g.00
0.00 0.00 0.00
0.00 g.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 8.00 0.00
0.00 8.00 0.00
0.00 0.00 g.00
0.o6 0.00 0.00
6.00 6.00 0.00
0.08 0.00 0.00
0.00 0.00 0.00
g.00 0.00 0.00
8.00 0.00 0.00
0.00 ¢.00 0.00

SXY
{pst)

0.00
0.00

Poopoeoooaoomn0e

pooocs ! § ‘ © o
288388888838388388282388%2

Hiddle Hodes
Radlal HMerldional
Node SX SY
{pst)  (psi)
542 0.00 .00
545 0.00 0.00
548 0.00 a.oco
L33 0.00 0.00
854 0.00 .00
552 0.00 0.00
560 .00 .00
563 0.00 0.00
568 0.00 Q.00
569 0.00 4.00
sr2 0.00 0.00
518 0.00 0.00
578 0.00 Q.00
584 0.00 12.00
584 .00 ¢.00
587 8.00 9.00
590 0.00 0.00
593 0.00 0.00
598 0.00 0.00
593 0.00 0.00
602 2.00 0.00
50S 0.00 0.00
608 0.00 0.00
813 0.00 0.00
614 0.00 0.00
-1} 0.00 0.00
620 0.00 0.00
€23 0.00 0.60
628 0.00 0.00
629 .00 0.00
632 0.00 0.00
635 06.00 0.00
618 0.00 p.00
641 0.00 0.00
844 0.00 0.00
647 8.00 0.00
NOST210.%K{

Raop
s?

{psi)

0.00
0.00
0.60
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.0¢
0.00
0.00
0.00
02.00
0.00
0.00
0.00
0.00
0.00
0.00
g.00
0.00
0.00
0.0
6.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00

(31
(psi}

0.00
0.00
0.00
0.00
8.00
0.00
8.00
g.00
6.00

Node

54
546
543
552
§55
554
561
S64
s67
510
513
516
513

$85

L1
59¢
597
€00

812
818
si8
s
624
§27
530
8§11
53¢
639
642
543
648

Enslde Nodes
Radiel Meridionas)
A b §
{pst)  (pav)
0.p0 0.00
0.00 0.00
D.00 0.00
g8.00 b.00
a.ge 0.00
G.00 0.00
6.00 0.00
0.00 0.00
a.00 0.00
0.00 0.00
0.00 0.00
¢.00 0.00
0.00 0.00
0.00 8.00
0.00 0.00
8.00 0.00
0.00 0.00
0.00 8.00
0.00 0.00
.00 0.0¢
0.00 0.00
0.00 0.00
.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 .00
9.00 0.00
0.00 D.0g
0.00 D.00
0.00 0.00
0.00 0.60
0.00 ¢.00
0.00 0.00
g.00 8.00

Hoop
14

(ps))

88

.

pPoooeppoosneen

.

.

@mopooospoonesesse . . |
E8888828323238223888283338388888¢8

poooes

bl
g§S28as

SXY
tpal)

0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
8.00
6.00
0.00
0.00
D.00
8.00

eevsonennoen
22833228388



lvater Cresk Raw Data for Tharme) Stress at 210 seconds - No Ssnd

Outside Nodes Niddle Modes laside Nodes
Radfal Meridional Heocp Radial Meridional Yoop Radial Neridional foop
Nada X Y Theta Node X sy b4 say Node SX 14 st Ky Sods Sx Y 144 $XY
{inch]  (inch) (degrees) (pot) lpst)  (pat} (pst) {pst)  Ipst) (pat}) (pst) (px1)  [psd) tpst) tpst)
§50 376.33 638.14 117.05 9 0.00 0.00 000 000 6% 0.00 0.00 0.00 000 851  0.00 0.00 6.00  0.00
653 37349 639.89 11231 652 0.00 0.00 0.00 000 65  0.00 .00 0.00 0.00 65  0.00 0.00 5.00 0.00
656 372.58 641.64 112.58 855 0.00 0.00 0.00 a.00 8% 0.00 c.00 .00 000 &7 0.00 0.00 .00 0.0
859 1.6 84338 §17.865 8 D0.00 0.00 0.00 000 653 0.0 .00 0.00 000 660 0.00 0.00 0.00 0.00
662 I0.74 M5.12 118,12 651 c.00 0.00 0.00 0.00 662 0.00 g.00 0.50 0.00 663 0.00 q.00 8.00 5.0
685 385.8F 54885 1)8.33 L) .00 0.00 0.00 0.60 668 0.00 ¢.0¢ 8.00 0.00 666 0.00 8.00 a.00 6.00
£53 3ss.8r  &42.28  (ps.28 1] 8.00 8.09 q.09 0.9 658 0.00 0.00 0.00 g.00 859 0.00 6.00 Q.00 0.00
$21 388,80 G48.7T  j18.68 810 0.00 0.00 0.00 0.08 [ 14} .00 - 0.00 0.00 0.00 8rz 0.00 0.00 0.00 0.00
874 Je8r.8¢ 650.82 113.00 €n 8.00 0.00 . 10.00 g.00 674 0.00 0.00 0.00 ° 0.00 615 0.0 0.08 9.00 0.00
677 355,48 $52.3) 119.1) (33 0.00 0.00 0.00 o.00 132 0.00 0.00 0.00 0.00 618 0.00 0.00 0.00 0.00
880 365.30 £54.99 115.88 (1} 0.00 6.00 8.00 .00 680 8.00 0.60 0.00 0.00 581 0.00 0.00 0.00 0.00
683 A58 11 8S7.06 119.98 882 B.00 a.00 0.00 0.00 682 0.00 0.00 0.00 0.00 684 0.00 0.00 0.0 0.00
588 362.91 ¢&53.13 120.31 685 0.00 0.00 1.00 0.00 608 8.00 0.%0 0.00 0.00 687 6.00 8.00 0.00 0.00
e8% 351.70 GE1.19 130.83 [ 0.00 0.0¢ 0.00 0.00 88% 8.00 0.00 0.00 0.00 630 0.00 ¢.00 8.00 8.00
E9Z 360.47 881.25 120.96 ] 0.00 0.06 0.00 0.08 692 0.00 0.00 a.00 8.00 593 a.00 0.00 .06 8.00
695 355,24 665.30 121.28 54 0.00 0.00 0.00 0.00 898 D.00 a.00 0.00 0.00 658 0.00 8.0a 0.00 0.60
590 1)57.%% 867.3%4  [21.4] 37 0.00 0.00 0.00 0.08 688 0.00 0.00 0.00 0.00 699 g.00 0.0 0.00 8.00
70t 354.73 6€89.37 120.84 700 ° 0.00 0.00 0.00 0.00 0! 0.00 0.00 0.00 0.00 702 0.00 9.00 0.00 0.00
704 355.48 &40 J22.28 703 4.00 0.00 6.00 0.00 104 0.00 0.00 a.08 8.00 705 a.00 0.00 8.00 a.00
707 354.17  €ra.4ar  122.%9 708 0.00 0.00 0.00 0.00 707 0.00 0.00 0.00 0.00 708 0.00 0.00 0.0 0.00
710 352.88 875.43 1222 788 0.00 0.00 0.00 8.00 1o 0.00 5.00 0.00 0.00 nt 0.00 0.00 0.0a 0.00
713 J51.8y 617.43 10U ne 0.00 0.00 0.00 0.%0 "3 0.00 .00 0.00 0.00 714 .00 0.00 0.00 0.00
e 350.286 6)5.4) 123.57 ns 8.00 6.00 0.00 0.00 Ji8 6.00 0.06 ° 0.00 0.00 11} 0.00 0.00 g.00 8.00
719 348.93 ési.4z 12309 28 Q.00 0.00 0.00 8.0% 719 0.90 0.00 9.00 0.00 720 0.00 8.00 6.00 8.00
722 M).5 es.l0 120.22 12l 0.0 0.0 0.00 0.00 22 6.00 0.00 0.00 0.00 13 o.00 0.00 0.00 0.00
725 345.20  B8S.3) 124.55 hrll 4.00 0.00 0.00 6.00 725 g.08 0.00 0.00 0.00 128 0.60 0.00 0.00 D.00
720 MA88 WP IM.B7 m 8.00 6.00 0.00 0.00 720 0.00 0.00 0.00 0.00 129 0.00 0.6 0.00 0.00
731 3150 885.30 125.20 738 6.00 0.00 ¢.00 8.00 131 0.00 0.00 0.0¢ 0.00 732 0.00 0.00 0.00 a.0d
134 2.1 651.25 125.52 733 0.00 0.00 0.00 0.00 734 0.00 0.00 2.00 0.00 1315 0.00 0.00 0.00 0.00
737 M0.22 93,19 125.8% 138 .00 0.00 5.00 8.00 137 6.00 0.00 0.00 0.00 38 6.00 6.00 B.00 0.00
J40  333.32  BS5.13  i28.38 s .00 0.08 0.00 0.00 740 0.00 8.09 a.00 0.00 74) 0.00 9.0 a.90 0.00
M3 33190 @805  125.50 2 §5.00 0.00 8.00 g.00 743 0.00 .00 8.00 8.00 144 0.00 0.00 2.00 Q.00
746 335.47 €498.97 126.6) 745 0.00 0.00 ¢.00 0.00 746 0.04 0.00 0.08 0.g¢ 747 0.%0 0.00 0.00 0.00
48  335.03 700.88 127.1% 14 0.00 0.00 6.00 0.00 749 8.0% 0.00 B.00 0.00 150 0.08 0.00 0.00 0.00
o3 32258 M2 34 131 4m % LR ) & 00 a.no n.ngo 792 Q.00 0.00 0.00 0.00 753 0.00 0.00 5.00 .00
1S 332.12 T104.68 §27.82 54 0.00 6.0 0.00 0.00 )55 0.00 0.00 B.66 g.00 156 0.00 0.00 ¢.00 a.00
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1star Creek Row Osta for Thermel Strass at 210 seconds - No Sand

Noda

]

448
[ £1
854
as7

Page B

X
{inch)

330.585
329.17
322.87
328.17
J24.86
.
321.80
320.08
318.50
6.9
318.38
nwn
ne
310.58
308.34
307.32
30%.62
.
302.38
. N
299.03
87.38
295.88
93.94
292.2}
290.51
;.
20r.03%
285.28
283.52
289.52
271.60
274,861
271.5%
268.55
265.48

Y

{tnch) {degress)

708.57
708.44
ne.n
m.n
4.0
ns.»
nr.m
19.53
L
mas
24,95
126.7¢
728.52
.
12.08
713.81
715.5%
131.29
.01
19,73
Q.4
744.13
145.82
747.%
149.16
150.82
152.41
5.1
755.24
157.38
768.07
152.58
2865.27
767.8%
170.40
172.82

Thets

128.13.

128.48
128.78
129.11
128.44
129.78
130.09
13.4
130.04
131.w
131.38
1m.n
132.04
132.37
132.70
133.02
133.35
133.68
134.08
134.33
13465
13¢.92
135.11
135.83
135.95
135.29
138.81
136.94
137.2¢
137.58
138.13
138.62
139.2}
139,78
140.29
140.84

Kode

Outside Nodas
Rudia) Meridionsl Hoop
Y { sY 14
(pat]  (psl) test)
0.00 0.00 4.00
5.00 0.00 0.00
0.00 8.00 0.00
0.08 0.00 0.0
0.00 0.08 0.00
8.00 0.00 0.00
000 6.00 6.00
0.00 .00 0.00
0.00 0.08 8.00
4.00 0.00 6.00
0.9 06.00 0.00
0.00 0.00 0.00
8.0 8.00 0.08
6.00 o.00 0.00
8.00 6.00 0.0o0
8.00 0.00 0.00
0.00 0.00 0.00
0.80 0.08 8.00
0.00 0.00 2.00
b.00 0.00 0.08
0.00 0.00 2.00
$.00 .00 6.00
0.00 .9 .00
0.00 0.00 8.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 6.00
0.00 0.00 0.00
0.0 0.00 8.00
0.00 0.00 8.00
8.00 0.00 n.00
0.00 0.00 6.00
0.00 a.00 g.00
0.00 0.00 6.03

XY
(pst)

0.00

0.00
0.00

SeoapnoenooongnereenoopeBEE
8§288888828233838828

8333382888

Nidd)e Nodes
Redigl Meridional
Node X SY
(pat}  tps1)
758 9.00 0.00
761 0.00 0.00
154 0.00 0.00
767 0.60 p.00
220 0.00 8.00
113 0.00 0.00
178 4.00 0.00
s 0.00 0.00
m2 0.00 0.00
8% .00 0.00
78 0.00 0.00
1i 1] 0.00 0.00
%4 0.00 0.00
197 0.8 0.00
800 .00 0.00
803 9.00 5.00
o8 .00 0.00
- 0.00 8.00
(1Y 0.00 0.00
818 0.00 a.00
sia 0.00 0.00
a Q.00 0.00
123 0.00 g.00
827 0.00 8.00
839 0.00 0.00
833 0.00 8.00
838 0.00 .00
833 .00 0.00
862 0.00 0.00
845 e.08 0.00
8 ©.00 0.00
8st 9.0 0.00
854 .08 0.00
a5 6.00 0.00
860 0.00 8.00
253 5.00 0.00
NOST21 0.1

Hoop
s2

{ps4)

0.00
0.00
Q.00
G.00
0.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
a4.%0
0.00
g.00
6.00
8.00
0.00
0.00
8.00
0.00
0.00
0.00
8.00
0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Sxy
{pst}

0.00
0.00
0.00
0.00
0.00
0.00

Node

159
762
J65
Jc8
m
m
12

92

Inside Nodes
Radial Mertdlomal
sx sY
lest)  (pst)
0.00 0.00
0.00 0.00
0.00 0.08
0.00 0.00
0.00 0.00
8.00 8.00
0.00 0.00
0.00 0.00
0.00 6.00
5.00 0.00
0.00 0.00
0.00 8.00
0.00 0.00
0.00 0.0
0.00 6.00
0.00 0,00
5.00 0.00
0.00 b.60
0.00 0.00
0.00 ¢.00
0.00 0.00
8.00 0.%0
0.08 9.00
0.00 0.00
a.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 9.00
0.00 0.00
0.00 0.00
0.00 0.00
.60 0.00
0.00 0.00
0.00 0.00

Hoop
sz

(pat)

9.00
0.90
8.00
6.00
9.90
a.00
8.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
6.00
0.00
0.00
.00
.00
.00
0.00

ppooonos
E88888283288838

soonecaeancs

SXY
(psf}

Q.00

o.0
0.08

23-pct-94



rster Creek Row Data for Thermal Stress at 210 seconds - Mo Sand

Outside Modes #idd)e Nodes Inside Nodes
. fadlal Merldions) Hoop Radig] HKeridional Hoop Radtal Merldional fkaop
Node X Y Thets Node X SY p ¥4 SXY Sade 13§ Sy L34 Say Naode sX 3 | ¥4 Sk¥
(Inch)  [Inch} (degrees) {pot}  ips1)  (paf} (pst) (ps1}  (pst) (ps1) {est) (P31l (pst}  (pat) (pat}
866 262.33 2)5.41 141.38 “®s 0.00 D.00 0.00 0.00 866 0.00 0.09 0.00 0.00 867 0.00 0.6 0.00 ¢.00
263 2%8.28 712.8% 14).92 a8 0.00 0.00 0.00 0.00 863 0.00 0.00 6.0 0.00 820 0.00 0.00 0.00 0.00
822 256.14 780.3) 142.48 13 g.a0 0.00 0.00 0.00 812 0.00 .00 8,00 0.00 823 0.00 0.00 0.00 0.00
Brs  252.98 7282.72 14100 074 0.00 0.08 n.00 0.00 8% 0.00 0.00 0.00 6.00 876 2.00 D.0o0 0.00 0.00
8I8 251.40 393.85 143.26 (1) 0.00 1.00 6.00 0.00 373 0.00 6.00 0.00 0.0q 819 c.00 9.00 0.00 0.00
881 24598 73497 143.51 280 0.00 0.00 a.00 0.00 88 0.00 0.00 0.0 6.00 082 0.00 0.0 0.00 0.00
BS4 247.27 19%.98 143.9) [ 1.4 0.80 0.00 q.60 0.00 884 0.00 0.00 0.00 0.00 835 0.00 0.00 8.00 0.00
887 744.55 768.92 144.41 888 0.00 0.00 0.00 a.00 a8? 0.00 0.00 0.00 0.00 888 0.00 8.00 8.00 0.00
850 241.81 290.87 144.83 B89 0.00 3.00 0.00 6.00 830 0.00 0.08 0.00 0.00 891 0.00 0.00 0.00 0.00
833 2319.0% 292.79 145 M 232 0.00 0.00 0.00 0.00 a3 0.00 0.00 0.00 6.00 234 0.00 0.00 6.00 0.00
836 218.28 194.63 [45.80 895 0.00 0.00 0.00 0.00 236 0.00 0.00 0.00 0.00 89?7 0.00 0.00 0.00 0.00
299 233.43  798.57 146.26 298 0.00 0.00 0.00 .00 833 0.00 0.00 0.00 0.00 300 0.00 0.00 0.00 g.00
502 20.65 I138.82 146.12 a1 0.00 6.00 0.00 0.00 902 0.00 0.04 a.00 0.00 503 6.00 ¢.00 0.0a 0.0
$05 225.89 801.86 147.52 R4 0.00 0.00 0.00 0.00 905 0.00 4.00 0.00 0.00 306 6.00 0.00 0.0%0 0.00
SO8  221.39  005.58 140.32 Q7 8.00 2.00 8.00 0.08 So08 0.00 0.00 0.00 0.00 903 0.00 0.00 0.00 0.0
S 7.2 BS.GT 149.09 £ 11 0.0Q 0.00 0.00 0.00 £ 11) 0.00 0.00 a.00 0.00 932 .00 ¢.00 6.00 0.00
914  213.4] 814.38 185.85 813 0.08 0.00 0.00 0.00 9814 0.00 0.00 06.00 0.00 818 0.00 0.00 0.00 .60
217 209.99 819.19 1%0.57 ) 111 .00 .00 0.00 0.00 9817 0.00 0.00 4.0 , 0.00 918 0.00 0.00 9.00 0.00
320 206.97 #246.28 151.2% 919 6.00 0.00 0.00 8.00 920 g.00 0.00 0.00 0.00 921 g.00 0.00 0.60 0.00
923 204.38 829.57 151.88 2 0.00 8.00 0.00 0.00 923 0.00 0.00 0.00 9.00 92¢ 8.00 0.00 0.00 0.00
926 202.23 835.08 152.47 925 9.00 0.00 0.00 0.00 928 D.00 6.00 0.00 0.00 927 0.00 0.00 0.0 5.00
929 200.55 840.74 1%53.01 s 0.00 0.00 0.00 0.00 829 0.00 0.00 0.0 0.00 930 0.00 0.00 0.00 .00
932 195, &6.52 153.48 931 0.08 0.00 0.00 0.00 932 0.00 0.00 .00 .00 33 0.00 0.08 0.00 g8.00
935 15861 es52. 4 153.50 7] 0.00 ©.00 0.00 0.00 935 0.00 0.00 0.00 g.00 938 0.0% g.00 0.00 0.00
938 190.37 858.28 (54.2% 83) 0.00 0.00 g.00 0.00 938 g8.00 ¢.00 0.00 0.00 813 0.00 0.060 0.00 0.00
94t 198.31 ass.78 1s4.Z8 S840 0.00 0.00 0.00 0.66 81 0.08 0.00 0.00 0.00 942 0.00 0.00 0.00 6.00
964 190.32 #6D.78 154.3% 943 0.00 0.00 0.00 0.00 e 0.00 0.0¢ g8.00 2.00 945 0.00 0.00 0.00 p.og
947 158,32 es2.78 154.50 94¢ 0.00 6.00 0.00 0.00 947 . 0.00 0.00 0.00 g.00 348 0.00 0.00 0.00 0.00
950 198.32 LTS8 154.5% 84S 0.00 g.00 8.00 0.0 950 0.00 0.00 0.00 0.00 958 0.00 Q.00 0.00 ¢.00
D53  §198.32 EEL.7R 154.81 852 6.0 0.00 0.00 0.00 953 8.09 0.00 0.00 0.00 954 0.00 B.00 0.00 0.00
956 198.32 P55.)8 154.85 955 0.00 0.00 e.00 5.00 956 0.00 0.00 0.00 0.00 9572 0.00 0.00 Q.00 0.00
959 196.32 88878 15421 358 0.00 0.00 0.00 0.00 959 D.00 0.00 0.00 0.00 860 0.00 0.00 a.00 .00
962 198.32 0852.78 1%4.75 961 0.00 0.00 0.00 0.00 982 0.00 0.00 o.o00 0.00 963 0.60 0.00 0.00 0.q0
965 198.32 064.83 154.82 8964 0.0 0.00 0.00 0.00 885 0.00 D.0o 0.00 0.00 966 0.00 0.00 0.00 .00
968 198.32 863.88 154.47 57 6.00 0.00 0.00 0.00 368 0.00 0.00 0.00 .00 869 0.00 0.00 0.00 0.00
970 192,32 B70.93 154.93 870 0.00 0.00 0.00 0.0 971 8.00 g.00 0.0 0.00 912 Q.00 0.00 6.00 0.0
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Dyster Creek flaw Oata for Therma) Stress at 210 seconds - Mo Send

Node

974
L 144

L
s8s

892
995

100t

1007
1oto
13
1016
s
1022
102%
1028
1031
1034
1y’
1040
ioa
1048
1049
1052
10%%

1061
1064
1067
1010
1073
1018
1079

Page 10

A
{inch)

198.32
188.32
198.32
199.32
188.32
198.32
198.32
196.32
18,32
198.32
198.32
188.32
198.32
196.32
158.32
198.32
198.32
158.32
198,32
198.32
198.32
190.32
iss. a2
158.32
198.32
158.32
198.32
188.32
138.32
192,32
188.32
198.32
198.32
196.132
198.32
198.32

¥

(inch) (degreas)

871.98
873.00
874.08
875.13
ere.i8
arr.23
878.28
#50.55
882.81
885.08
807.34
03%.61
09]1.88
884,12
898.4t
8368.87
$00.94
203.20
905.47
907.73
910.00
912.27
814.53
916.80
919.08
§21.33
923.59
425.08
$20.13
130.38
832.68
M.
932.14
939.45
U172
$43.98

Theta

154.98
155.04
155.09
155.18
155.20
155.25
155.31
155.42
155.53
155.84
155.75
155.88
155.97
156.08
158.13
158.2%
156.40
158.58
158.861
158.71
156.81
158.91
157.00
157.11
\52.21
157.31
157.41
152.50
152.¢0
152.89
152.7%
157.88
157.87
158.08
158.1%
158.2%

Xode

m

([ 1¢
1018
j0)8
1021
1024
1027

1433
1038

1042
104§
1040
1050

{214
1080
1063
1068
1063
1072
1079
1018

Dutstde Nodes
Radial Merldional Hoop
$X sY 194
{pst)  (pst) [pat)
0.00 0.00 0.00
0.00 5.00 0.00
0.00 0.00 0.00
0.0 0.00 9.00
0.00 0.00 .00
8.60 0.00 8.00
0.00 0.00 0.00
0.80 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 6.00 0.00
0.00 0.00 0.0
0.00 0.00 0.00
8.00 0.00 0.00
0.0 0.00 0.00
0.00 0.00 0.00
8.00 0.00 0.08
0.0 0.00 0.00
8.00 0.00 0.00
0.00 6.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 ¢.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 8.00
¢.00 0.00 0.0
0.00 0.00 0.00
8.00 0.00 0.00
0.00 0.00 0.00
8.00 0.00 0.08
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 6.00
0.00 0.00 o.00
0.00 0.00 0.00

say
(pset)

9.00
0.00
0.00
0.00
o.00
0.060
8.00
0.00
4.00
0.00
0.00
6.00
0.00
4.%0
0.00
0.00
0.00
0.00
0.00
D.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00
D.00

Niddle Wodes
Radia)l Yeridiona)
Node 13 ¢ Sy
(pri}  (pal)
N 0.00 0.00
817 0.00 0.¢0
980 0.00 .00
483 0.00 0.00
886 0.00 0.00
989 0.00 0.00
992 0.00 0.00
995 0.00 0.00
993 9.00 0.00
1001 ¢.00 8.08
100¢ 0.00 0.00
100? 0.00 0.00
1010 0.00 0.00
1013 0.00 0.00
§3] 0.00 0.00
1019 9.00 .00
1022 0.00 0.00
1028 8.00 0.00
1028 0.00 0.00
1030 0.00 0.00
1034 0.00 Q.00
1037 5.00 0.00
1040 0.00 0.00
1043 0.00 0.00
1048 0.00 0.00
1049 0.00 0.00
1052 0.00 .00
1085 0.00 0.00
1058 0.00 0.00
1081 6.00 0.00
1064 0.00 t8.00
1087 g.00 0.00
1070 0.00 0.00
1073 0.00 0.00
1076 0.00 0.00
10729 0.00 0.00

ROST210.Wx1

Hoop
s?

{pst)

oes

8833283882838 3sRs8228s

Peooomonpomnupossoos

0.00

sXY
Lpst)

[=]
=]

PopamoonoooRdoEso0oDES

adadiad ! ol
B82323883388223883883338as8

Node

s
979
1]

887
990
93
996
899
1002
1005
ioae
1011
to1s
17
1020
1023
1028
Jo29
1032
1035
1038
1041
1048
1042
1050
1053
1058
1059
1062
1065
1068
107N
1074
1on
1080

Instde YSodes

Radial HMeridionsl

31
Lpst)

a.cc
0.00
0.00
0.00
0.00
0.00
9.00
g.00
0.00
0.00
0.00
D.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
6.00
0.00
0.a0
0.0¢
0.00
g.00
0.00
0.00
0.00
0.00
0.0¢

Sy
(ps1]

0.00
D.0D
6.00
0.60
8.00
0.00
9.00
.00
9.00
0.00
0.00
0.00
0.00
8.00
6.00
9.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
9.00
0.00
8.00
0.00
g.00
s.00
0.00
0.00
0.00
0.00
0.00
b.00
0.00

Hoop
Y4

(pset}

$.00
0.00
0.00
0.00
3.00
o.00
0.08
D.00
0.00

gcopsowoossanno

882233888228 5888

copocoponesane
8§8833835888=28

suy
{pef)

8.00
0.00
n.0a
8.00
4.00
0.00



Dyster Creek Raw Data for Thermal Stress at 210 seconds - Mo Sand

Dutside Nodes Hiddle Hodea Inside Nodes
Radial Meridionsl Hoop Radia] Meridiansl  Hoop Radia) Meridions] Hoop

Node 1 Thets  %ode X 11 st SXY Node SX 3] LY 4 Sy Nade 31 sy sz Sy

[3nch) (inch) {degrees) (pst)  {psi) {psl) {pat] (pat)  {pst) (pat) {pst) test)  (pat} (psi} (ps!)
1082 198.37 9456.25 158.3¢ 1081 8.00 0.00 0.00 0.00 1082 0.00 0.00 0.00 0.00 108} 0.00 0.00 0.00 ¢.00
1085 198,32 948,25 158.41 1084 0.00 0.00 0.00 0.00 1085 0.00 0.00 0.00 0.00 1086 0.00 0.00 0.00 0.00
1080 198.32 950.25 158.49 1087 0.00 0.00 0.06 0.00 L088 0.00 .00 0.00  0.00 1089 0.00 0.00 0.00 9.00
1091 198.32 952.25 158.57 (30 0.00 0.00 0.00 0.00 1091 0.00 0.00 0.00 0.00 1092 0.00 ¢.00 v.00 0.00
1094  J98.37 954.25 158.55 1083 0.00 0.00 0.00 p.00 1094 .08 0.00 0.00 0.00 I09 .00 0.00 n.ag 0.00
1097 198.32 956.25 158.72 1088 0.00 .00 0.00 0.00 1097 0.00 0.00 0.00 0.00 1098 0.00 0.00 0.00 6.00
1100 198.32 957.20 1S8.76 109  0.00 0.00 p.00 Q.00 3100 ¢.00 0.20 .06 0.00 1log 9.00 0.00 ¢.00 0.00
1103 198.32 $53.18 153.72 112 oo 8.c3 062 o0 1N 8.00 g.03 0.60 o.co0 1108 0.60 0.00 0.00 5.00
1108  198.32 959.1) 158.83 1105 .00 0.00 0.00 0.00 1106 0.00 .00 8.00 0.00 10! 0.00 0.00 0.00 0.00
N 19632 S60.08 150.87 1108  0.00 .00 0.00 0.00 tla 0.00 6.00 0.00 000 1110  0.00 0.00 0.00 6.00
1112 183.32 861.01 (58.9%0 I 0.00 0.00 0.00  0.00 1112 .00 0.00 0.00 0.00 113 0.00 9.00 0.00 0.00
1135 188.32  961.97 1%8.8¢ |14 0.00 0.00 0.00 0.00 1118 0.00 0.00 0.00 0.00 1116 0.00 6.00 0.00 0.00
1118 198.32 982.92 158.87 1117 2.00 0.00 0.00 0.00 18 .00 .00 0.00 0.00 1119 0.00 .00 0.00 0.00
1821 19832 963.87 1%9.01 1120  o0.00 .00 0.00  0.00 1121 0.00 8.00 0.00 .00 1122 0.00 0.00 0.00 0.00
1124 185.32 964.82 158.04 123 0.00 0.00 0.00 0.00 1124 0.00 0.00 0.00 .00 125  0.00 .00 .00 0.00
M 195,32 965.78 159.08 M 0.00 0.00 6.00 0.00 1127 600 0.00 0.00 p.0s 1128 0.00 0.00 0.00 0.00
1530 19832 96583 1%9.08 1129 .00 0.00 0.00 0.00 1136 0.0 0.00 .00 s.e0 1N 0.00 0.00 0.4 0.00
1133 19432 988,25 159.10 1132 0.00 .00 0.00 0.00 (133 0.00 0.00 0.00 0.00 1M 0.00 0.00 0.00 .00
1136 158.32 988.83 159.1} M35 0.00 8.00 0.00 " 0.00 1138 0.00 0.00 0.06 ©.00 1137 0.00 0.00 0.00 0.04
M3 198.32 966.73 1%9.0 1138 0.00 .00 0.00 0.00 1139 0.00 0.00 0.00 g.00 1la0 .00 0.00 0.00 0.00
142 198.32 967.73 15915 i 0.00 0.00 0.00 0.00 1342 0.00 0.00 0.00 0.00 1143 0.00 .00 0.00 9. 00
1145  196.37 #5873 155.19 )M 0.80 .00 0.00  0.00 1S 0.00 .00 0.00 0.00 1146 0.00 0.00 0.00 0.00
1148 198032 985.03  159.22 1147 0.00 0.00 0.00 0.00 {148 0.00 0.00 0.00 0.00 148 t.00 0.00 0.00 .00
LISE 188,32 970.73 159.28 1150 0.00 0.00 0.00 0.00 1151 0.00 ¢.00 0.00 0.00 1152 0.00 0.00 0.00 0.08
1S4 19632 971.73 159.30  1I%3 0.00 0.00 0.00 0.00 1154 9.00 0.00 6.00 ©0.00 IS5 0.00 0.00 0.00 D.09
1157 19832 972,73 1%53.33 158 0.00 0.00 0.06 000 NS 0.00 0.00 0.00 O0.00 lISg 0.00 0.0 ¢.00 0.09
& 15832 £73.73 1.7 1™ 0.08 0.00 9.00 0.00 1160 0.00 0.00 0.00 0.00  It6) 0.00 0.00 .00 0.00
1163 19832 91473 159.80 1162 0.00 0.00 0.00 0.00 1163 _0.00 .00 0.08 0.00 1164 0.00 0.00 0.00 0.08
1166 198.32 91573 §58.4¢ 1185  0.00 .00 0.00 c.06 1165  6.00 0.00 0.00 000 1167 .00 0.00 .00 0,00
1163 188.32 87873 153.47 1i68  0.00 0.09 .00 0.00 1183 0.00 0.00 8.08 0.00 1170 0.00 9.00 0.00 .00
172 19832 918393 158.8%5 uUn 0.00 0.00 0.60 8.00 1172 0.00 0.00 6.00 000 1173 0.00 .00 0.00 0.00
1175 190.32 93103 1%9.83 1174 0.00 0.00 0.00 0.00 117S 0.00 0.00 0.00 0.00 1176 .00 0.00 0.00 0.00
170 158,32 3983.33 1S9.71 0.00 0.00 0.00 o.00 118 0.00 0.00 0.00 0.00 119 0.00 0.00 0.00 0.00
18] 188,32 985.53 159.78 1180  0.00 0.00 0.00 0.00 1181 0.00 0.00 8.00 6.00 1182 D.00 0.00 0.00 D.00
1084 198.32  987.73 1%9.86 1183 0.00 0.00 0.00 0.00 1184 0.00 0.00 0.00 0.00 1185 0.00 0.60 0.00 0.00
1187 198,32 989.94 159.93 1188 .00 .00 0.00 0.00 1187 a.00 a.00 .00 000 )IB8 .00 0.00 0.00 .00
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Iyster Ceeek Raw Osta for The,wal Stress at 210 seconds - ¥a Sand

Outside Nodes Niddle Nodes Inside Nodes
Radial Meridional  Hoop Redial  Meridions) Hoop Radlal Martdional Hoop
Mode X Y Theta Node SX S¥Y LY 4 XY Node p4 3 SY st Sky Node 5X Sr [14 Sxy
(inch) {Inch) (degreas) (pet)  (poi} (pst) (pst] lest)  {ps1) {psi} [pat} (pst}  (pal}  {paN) lest)
1190 198.32 992.14 180.01 (i8S 0.08 0.00 0.00 0.00 1190 0.00 0.08 6.00 .06 1191 0.00 0.08 0.00 0.00
1181 198.32 994.34 160.08 1192 ¢.00 8.00 0.00 0.00 1193 0.00 0.00 0.00 0.0 1194 0.00 0.00 0.0 g8.00
1198 190,32 9%6.54 180.06 1isS 2.00 o.00 0.00 0.00 196 0.00 0.00 0.00 0.00 1197 b.00 0.0 0.00 g.00
1193 199.32 3%%8.24 160.23 1190 5.00 0.00 0.00 0.00 1199 0.00 0.00 0.00 0.00 1200 8.00 8.00 0.00 0.00
1202 198,32 1000.%4 1£0.30 1201 0.00 06.00 0.00 a.00 1202 0.00 0.00 0.00 0.00 1203 g.00 0.00 0.00 0.00
1208  190.52 1003.1S 160.%7 1204 0.00 0.00 0.00 0.00 1205 0.00 0.00 0.00 0.00 1206 0.00 0.00 0.00 0.00
1200 130.32 1005.35 160.45 1207 0.00 0.00 0.00 0.00 1208 0.00 0.00 000 000 1209 000 0.0 0.00 0.00
1211 188,32 1007.55 180.52 1210 0.00 0.00 e.00 a.46a 1211 0.00 -0.00 p.00 0.00 1212 g.00 6.00 0.00 0.00
1206 196.32 1009.7% 160.% 121 0.00 0.00 .00 .00 1204 0.00 0.00 ¢ 00 0.00 1215 0.00 0.0 8.00 0.00
217 199.37 1010.70 180.82 [F413 ¢.00 0.00 .00 0.00 12 0.00 0.00 0.00 0.00 1218 0.00 0.00 8.00 0.00
1220 198.32 1001.68 380.85 1219 0.00 g.00 9.00 0.00 1220 0.00 0.00 0.00 0.0q 1221 0.00 a.00 0.0 0.00
1223 198.32 1012.61 150.68 1222 0.00 0.60 0.00 0.00 1223 0.00 0.00 0.00 8.0% 1224 0.00 0.00 0.00 0.00
1226 198.32 1013.58 180.71 1225 0.00 0.00 0.00 0.00 1226 0.00 0.00 0.00 0.00 1227 Q.00 0.00 2.00 0.00
1229 158.32 1014.50 180.74 1228 0.00 9.00 §.00 0.00 1229 0.00 b.00 0.00 0.00 120 6.00 0.00 0.00 .00
1232 132.32 015.47 160.77 1231 0.00 0.00 0.00 0.00 1232 0.00 Q.00 0.00 .00 1233 ¢.00 0.00 B.00 0.00
1235 188.32 1016.42 180.88 123¢ 0.00 0.00 0.00 0.00 1238 0.0 .00 0.00 6.00 1235 3.00 .00 8.00 0.00
1238 198.32 1017.37 180.8% 1237 0.00 Q.00 0.00 Q.00 1238 0.00 0.00 0.00 0.00 1238 0.00 0.00 G.ao 0.00
1241 198.32 1018.32 180.08 1240 0.00 0.00 6.00 0.00 1241 0.00 5.00 0.00 0.00 1242 0.00 0.00 0.00 9.00
1248 198.32 1015.28 160.89 1243 0.00 8.00 b.00 0.00 1244 0.90 0.00 0.00 0.00 1245 e.00 g.09 0.00 0.00
1247 194.37 1619.38 150.9 1248 0.00 0.00 0.00 0.00 1247 0.00 0.00 0.00 0.0¢ 1248 6.00 a.00 0.006 .00
1250 198.32 10i8.75 180.90 1249 8.00 a.00 0.00 0.00 1250 0.00 6.00 .00 0.00 1251 0.08 0.00 .00 0.00
1253 198.32 1020.1) 160.91 1252 0.00 0.08 8.00 0.00 1253 0.00 0.00 n.00 ¢.00 125¢ a.a0 0.00 6.00 0.00
1256 198.32 1020.23 180.92 1255 0.00 0.00 Q.00 0.00 1258 0.00 0.00 0,00 0.00 1287 2.00 0.00 0.00 6.0
1259 138.37 1021.23 160.9% 1258 0.00 0.00 0.00 08.00 1259 0.00 0.00 0.00 0.00 1280 0.00 0.00 0.00 0.00
1262 198.32 1022.23 160.88 1261 0.00 9.00 0.00 0.00 1262 0.00 D.00 5.00 0.00 1263 0.00 0.00 0.00 08.00
12685 196.32 1023.23 181.01 1284 0.00 0.00 0.00 0.00 1285 0.00 0.00 0.00 0.00 1265 0.00 0.00 0.00 0.00
1268 198.37 1024.23 151.04 1267 0.00 .00 0.00 4.00 1268 0.00 0.00 a.00 0.00 12689 0.00 0.00 0.00 0.00
1270 188.32 1025.23 181.07 1210 a.%0 0.00 8.00 0.00 1n 0.00 0.00 0.00 g.00 1212 0.00 0.00 0.00 b.00
1274 198.32 1026.23 181.10 1223 0.00 0.00 0.00 0.00 1274 0.00 0.00 0.00 0.00 1225 8.00 g.00 t.00 0.00
1217 198.32 1027.23 161.13 1278 0.00 0.0¢ 0.00 0.00 1217 Q.00 0.00 0.00 0.60 1218 0.00 0.00 0.00 0.00
1285 198.32 1028.23 181.18 121 0.00 0.00 0.00 .00 1200 0.0 0.00 0.00 3.09 1281 0.00 0.00 0.00 0.00
1283  133.32 1029.23 181.1% 1282 5.00 6.00 g.00 0.00 1283 D.00 0.00 0.00 0.00 128¢ 0.00 0.00 6.00 0.00
1286 i98.32 )030.23 181.22 1285 0.00 0.00 0.00 0.00 1286 0.00 0.00 8.00 0.60 1287 8.00 0.00 8.00 0.00
1289 198.32 1012.65 161.29 f2e8 0.0c 0.00 .00 0.00 1289 6.00 0.00 0.00 6.00 1250 0.00 0.00 0.0d 0.00
1292  198.32 1035.08 16i.3¢ 1291 0.00 0.06 6.00 0.00 1292 .00 0.00 0.00 0.00 1283 0.00 0.00 0.08 0.00
1295 198.32 1037.51 16).44 1294 0.00 0.0 0.00 0.00 1295 0.00 g.00 o.00 0.00 1296 0.00 0.00 D.0g 0.06
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Jyster Creek faw Data for Thermal Stress at 210 seconds - No Sand

Outside Modes Hiddie Modes Inslde Modes
Radial Merldions) Hoop Radial HMeridiona]l Hoop Radiel Meridicas) Hoop

Node x Y Theta Mode  SX Y s2 SXY  Node  SX Y 34 SI¥Y  Node  SX Sy sz say

finch) {inch) (degrees) (pat}  {psV) (pst) {pst) test}  {psl) {psl) {pal) (ps1)  (pat) {pat) {est)
1298 158.32 1039.94 161.51 1297  0.00 0.00 0.0 000 1298  0.00 .00 .00 0.00 1293  0.00 .00 0.00 0.00
1300  $98.32 1042.36 150.8 1300  D.00 0.00 0.0 U.00 1301 0.00 0.00 0.00 0.00 (302 0.00 0.00 0.00 0.00
1304  194.32 304479 16165 1303  0.00 0.00 8.00 0.00 1304 0.00 .00 0.80 0.00 2305 D.00 0.00 0.00 0.00
1307 198.327 1047.22 161.72 1306  0.00 0.00 0.00 000 307 000 0.00 0.00 000 38  0.00 0.00 .00 0.00
1310 188,32 1049.65 18078 1303 0.00 .00 0.06 Q.00 1310 0.00 8.00 0.00 0.00 13 .00 0.00 .00 0.06
I3 199.32 1052.07 (e81.85 {342  ©0.00 0.00 500 000 1313 6.00 0.00 0.00 0.08 4 0.00 0.00 6.00 0.0a
1316 198.32 (054.50 161.82 13153  0.08 0.80 .06 000 316 0.00 0.00 0.00 o0.0¢ 117 0.09 0.00 8.00 0.00
1318 158.32 10%5.47 185095 1314 0.00 .00 0.0 0.00 I8 0.00 .00 0.0c 0.00 1320 0.00 0.00 0.00 0.00
$322  185.32 1058.43 161.97 1321 ©.00 0.00 0.00 000 (322 d.00 0.00 0.00 000 2323 0.00 0.00 0.04 .00
1325 §98.32 1057.40 162,08 114 0.08 0.%0 0.06 a.00 1325 0.00 0.00 0.00 U0.00 1326  0.00 0.00 .08 0.00
1328 190.32 1058.38 162.03 1327  8.00 2.00 p.00 0.086 1328  0.00 0.00 000 0.00 1329 0.00 0.00 .00 0.00
1331  188.32 1059.33 162,05 138  0.00 .00 .00 000 1331 0.00 0.00 0.00 ©0.00 132 0.00 0.00 0.00 0.00
1334  198.32 1060.29 152.88 1333  0.00 .00 000 0.60 133¢  0.00 0.00 0.00 0.00 1335  ©.00 0.00 .00 0.00
3337 196.32 10S1.28 1s2.11 338  0©.00 0.00 0.00 D000 1337  0.00 0.00 6.00 000 1338 0.00 0.00 0.00 0.00
1340 198.32 1062.22 182.13 139 0.0 .00 006 000 1M0 000 0.00 0.00 0.0 134} 0.00 0.00 .00 0.00
1343 198,32 1063.19 182.18 1362  0.00 .00 0.00 0.00 1343  6.00 .00 0.00 000 134 .00 0.00 0.00 0.00
1306 198,32 1064.S 182.48 IS 0.00 0.00 0.00 0.00 138  0.00 .00 0.00 0.00 1347 ©6.00 0.00 0.00 0.00
1349 198.32 1064.25 162.19 18  0.08 .00 000 0.080 139 0,08 0.00 0.00 ©.00 1350 0.00 0.00 .00 0.00
1352 198.3! 1084.50 162.13 13%) 0.00 0.00 0.0 0.00 1352 0.00 0.00 .00 D00 1353  0.00 0.00 0.00 0.00
1355 18032 1064.75 162.20 NS4 0.00 0.00 o.00 0.00 1355  0.00 0.00 0.00 0.00 136 0.00 0.00 0.00  D0.0¢
1358 198.32 1064.85 182.20 1387  ©0.00 0.00 0.00 000 1358  0.08 0.00 0.00 ©.00 135%  0.00 v.00 0.00 0.00
1361  198.32 1065.85 §€2.23 1380 0.00 0.00 0.00 0.00 138 .00 0.00 g.00 0.00 1382 000 0.00 0.00 6.00
1364 198.32 1068.35 162.26 )13  0.00 0.00 0.00 0.00 134 0.00 0.00 0.00 0.00 135 000 0.00 0.00 0.00
1357 198.32 1087.05 162.28 138 0.0 .00 0.00 0.00 1367 0.00 0.00 0.00 0.00 )38  0.00 0.00 0.00 0.00
1370 198.32 1068.85 162.31 1389  0.00 0.00 0.00 000 1370 0.00 0.00 0.00 0.00 1371 0.00 b.00 6.00 0.00
1373 158.32 1069.85 352.M 1372 0.00 0.00 600 000 1373 0.00 0.00 0.00 0.08 1374 0.00 0.00 0.00 0.00
1376 196.32 1070.85 162.35 1375  8.00 0.00 0.00 0.00 1376 0.00 0.00 0.00 0.00 1377 0.0 0.00 0.00 0.00
1329 198.32 1674.85 162.39 1308 ©D.00 0.00 0.00 0.00 1379 ©0.00 0.00 0.00 ©0.00 1380 0.0 .00 0.00 0.00
1382 198.32 1972.85 182.42 130} .00 0.00 0.00 0.00 1382 0.00 0.00 0.00 000 113 000 0.00 0.00 000
1385 19831 1073.85 182.4¢ 1384  0.00 0.00 6.00 000 1385 .00 0.00 .00 ©0.00 138  0.00 9.00 0.40 0.00
1388 188.32 I874.88 152.47 138} 0.00 0.00 0.00 000 1388 0.0 0.00 0.00 0.00 1383  0.00 0.0 0.00 0.0
1391 198.32 1077.07 182.53 1M1 0.00 0.00 000 0.00 3391  0.00 0.00 g.00 0.00 1392 .00 .00 0.06  o0.00
1334 198,32 1079.28 162.5¢ 1183  0.00 .00 0.00 0,00 11%¢ 5.00 0.00 0.00 0.00 1335  0.00 0.00 0.60 0.0
1397 196.32 1081.50 152.64 1396 Q.00 .00 .00 0.00 1397  0.00 0.00 .00 0.06 1328  0.00 0.00 0.00 0.00
1400  198.32 )083.7%1 162.70 1M  0.00 0.00 .00 0.00 1400 0.00 0.00 .00 0.00 401 0.00 0.00 0.20 0.0
J403 194.32 1085.53 162.76 1402  0.00 0.00 8.00 0.060 2403 0.00 0.00 0.00 0.00  l404 0.40 6.00 0.00 0.0
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Oyster Croek Raw 0sta for Thermel Stress at 2)0 ssconds - No Sand

Node

1408
1408
2
1415
1418
1423
1824
1427
1430
1433
1438
1438
(L} 4
1445
1448
1451
1454

X
{1nch)

198.32
1$8.32
198.32
198.32
198.22
198.32
138.32
138.32
198.32
158.32
198.32
138.32
196.32
198.32
198.32
194.47
195.83

¥

{inch) (degress)

1088.14
1090.3%
1082.57
1054.79
189700
1a88.00
108%.00
1100.00
1101.00
1102.00
1103.00
1104.00
1105.00
1108.00
110r7.00
1108.25
1109.50

Thata

152.81
162.87
182.82
142.93
183.03
163.08
183.08
.11
163.13
163.1%
1€3.18
183.20
143.23
183.25
163.28
183.29
183.31

Hode

1488
1408
(L]]]
1434
1
40
113 ]
1428
1429
1432
23 H
1438
uwa
4
1447
14%
1453

Radial

sx
{pei}

0.00
0.0
8.00
0.09
8.00
0.00
"“
8.00
g.0a
0.00
0.00
0.00
0.00
0.00
0.00
a.%0
0.00

97

Outside Modes
Neridiens)  Hoop
sy St
{pst} (pst}

8.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 .00
0.00 0.00
.00 .0.00
g.08 .00
8.00 0.00
0.00 0.08
06.00 0.00
8.00 0.00
6.00 0.00
0.00 0.00
4.00 g.00
6.00 0.00
a.00 0.00

9 a8

sxr
{psl)

0.00
.00
0.00
0.00
D.00
0.00
a.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00

97

1072.89 11000.33 12454.55 2643.90

Node

1408
1409
(L]}
1415
1418
lea2}
1423
1427
1430
1433
1438

1439 .

1442
1445
1448
1458
145¢

Niddle Nodes
Redial Meridional Moop
3 | SY st
[pss)  {psb}) {ps1)

0.00 1.00 n.oo
9.00 0.00 0.00
0.00 0.00 0.00
6.00 g.00 0.00
d.00 0.00 0.00
0.00 0.00 0.00
0.00 B.00 0.00
0.00 0.00 0.00
0.00 8.00 0.00
.00 08.00 0.00
0.00 0.00 0.00
0.00 0.0 0.00
0.00 0.00 0.00
0.00 B.00 0.0d
0.00 5.00 0.00
000 000  o0.00
0.00 0.00 0.00
10} 101 86
-391.95 974.74 12006.75

SXY
(psi)

8.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
0.00
Q.00
b.00
0.00
0.00
0.00
0.00
0.00
9
-721.93

Node

1407
i410
1413
11113
1413
1422
1428
1423
1438
[LEZ
1437
a0
1443
1446
1449
1452
1458

Radial)

X
Ip21})

0.0¢
0.00
0.00
0.00
0.00
¢.00
0.0
2.00
0.08
9.00
0.00
¢.00
0.00
0.00
g.00
0.00
0.00

36
289.00

Inside Nodes

Meridional

sy
{psY)

8.00
0.00
D.00
0.00
0.00
0.08
0.00
0.00
9.0
0.00
9.00
8.00
0.00
0.00
6.00
.00
0.00

]

Hoop
74

{p2t)

)

gesoo
282833

.

Sesoosonnnoo
283323383828

3

-9856.70 -13918.42

sXy
(pat)

eanos
8

osocsans

8228888888882

OQOPO

> .

882

93
-554.42



TREES%RT Rev.

AN ASME SECTION VIII EVALUATION
OF THE OYSTER CREEK DRYWELL
FOR WITHOUT SAND CASE
PART 2
STABILITY ANALYSIS

February 1991

prepared for
GPU Nuclear Corporation
Parsippany, New Jersey
prepared by

GE Nuclear Energy
San Jose, California



AN ASME SECTION VIIT EVALUATION
OF THE OYSTER CREEK DRYWELL
FOR WITHOUT SAND CASE
PART 2
STABILITY ANALYSIS

prepared by: C-& 3f ,@f:f

C.D. Frederickson, Senior Engineer
Materials Monitoring %
Structural .Analysis Services

Reviewed by: -AQ%W‘P-___

H. S. Mehta, Principal Engineer
Materials Monitoring &
Structural Analysis Services

Approved by: ~\L@a“—ﬁ°““"’&

S. Ranganath: Manager
Materials Monitoring &
Structural Analysis Services




TABLE OF CONTENTS

{NTRODUCTION

il

Generatl

1.2 Report OQutline
1.3 References

BUCKLING ANALYSIS METHODOLOGY

N o

[AS BN {8 )
. -

Basic Approach

Determination of Capacity Reduction Factor
Modification of Capacity Reduction Factor for
Hoop Stress

Determination of Plasticity Reduction Factor
References

FINITE ELEMENT MODELING AND ANALYSIS

3.
2

-

3 L]

-

3
3.
3.
3.
3.

l

.2

3

.4

5
6
7
8

Finite Element Buckling Analysis Methodology
Finite Element Model

Orywell Materials

Boundary Conditions

Loads

Stress Results

Theoretical Elastic Buckling Stress Results
References

~LLOWABLE BUCKLING STRESS EVALUATION

SUMMARY AND CONCLUSIONS

iii

2-1
2-2-
2-3

2-4
2-5

3-1
3-1
3-2
3-3
3-3
3-7
3-3
3-10

4-1

5-1



M0Ex"8%3¢ rey.
LIST OF TABLES
Table Page
No. Title Ho.
3-1 Oyster Creek Drywell Shell Thicknesses 3-11
3-2 Cylinder Stiffener Locations and Section Properties 3-12
3-3 Material Properties for SA-212 Grade B Steel 3-12
3-4 Oyster Creek Drywell Load Combinations 3-13
3-5 Adjusted Weight Densities of Shell to Account for 3-14
Compressible Material Weight
3-6  Oyster Creek Drywell Additional Weights - Refueling 3-15
3-7 Jyster Creek Drywell Additional weigﬂts - Post-Accident 3-18
3-8 dvdrostatic Pressures for Post-Accident, Flooded Cond. 3-17
3-9 Meridional Seismic Stresses at Four Sections 3-18
3-10 pplication of Loads to Match Seismic Stresses - 3-19
Refueling Case
3-11 Application of Loads to Match Seismic Stresses - 3-20
Post-Accident Case
4-1 Calculation of Allowable Buckling Stresses - Refueling 4-2
4-2 Calculation of Allowable Buckling Stresses - Post-Accident 4-3
5-1 Suckling Analysis Summary §-2

iv

D



Mo 84: rev. o
LIST OF FIGURES

Figure Page

No. Title No.
-1 Dryweil Configuration -3
2-1 Capacity Reduction Factors for Local Buckling of 2-7
. Stiffened and Unstiffened Spherical Shells
2-2 Experimental Data Showing Increase in Compressive 2:8

Buckling Stress Due to Internal Pressure
2-3 Design Curve to Account for Increase in Compressive 2-9
Buckling Stress due to Internal Pressure

2-4 Plasticity Reduction Factors for Inelastic Buckling 2-10
3-1 Qyster Creek Drywell Geometry 3-21
3-2 Oyster Creek Drywell 3-D Finite Element Model 3.22
3-5 Closeup of Lower Drywell Section of FEM (Outside View) 3-23
3.4 Closeup of Lower Drywell Section of FEM (Inside View) 3-24
3-5  Boundary Conditions of Finite Element Model 3-25
3-6 Application of Loading to Simulate Seismic Bending 3-28
3-7 Meridional Stresses - Refueling Case 3-27
3-8 Lower Drywell Meridional Stresses - Refueling Case 3-28



MWoex°8%3! rev. o
LIST OF FIGURES

Figure Page

No. Title Mo,
3-9 Circumferential Stresses - Refueling Case 3-29
3-10 Lower Drywell Circumferential Stresses - Refueling Case 3-30
3-11 Meridional Stresses - Post-Accident Case 3.31
3-12  Lower Orywell Meridional Stresses - Post-Accident Case 3-32
3-13  Circumferential Stresses - Post-Accident Case 3-33
3-14 Lower Drywell Circumferential Stresses - Post-Acciqent 3.34

Case

3-15 Symmetric and Asymmetric Buckling Modes 3-35
3-16 Symmetric Buckling Mode Shape - Refueling Case 3-36
3-17 Asymmetric B&ckling Mode Shape - Refueling Case 3-37
3-18 Buckling Mode Shape - Post-Accident Case 3-38

vi



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
f1-1] 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 stress 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 Report Outline

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 saction 4.
Section 5 presents the summary of results and conclusians.

1-1
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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 evaluated in three steps.

In the first step, a theoretical elastic buckling stress, O4gr 1S
‘determined. This value may be calculated efther by classical buckling
equations or by finite element analysis. Since the drywell shell
geometry is 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 thearetical elastic buckling stress 1is
modified by the appropriate capacity and plasticity reduction factors.
The capacity reduction factor, ay, accounts for the difference between
classical buckiing theory and actual tested buckling stresses for
fabricated shells. This difference is due to imperfections inherent
in fabricated shells, not accounted for in classical buckling theory,
which can cause significant reductions in the critical buckling
stress. Thus, the &lastic buckling stress for fabricated shells is
given by the product of the theoretical elastic buckling stress and
the capacity reduction factor, i.e., o4,a;. When the elastic buckling
stress exceeds the proportional limit of the material, a plasticity
reduction factor, Ny, 1s used to account for non-linear material
behavior. The inelastic buckling stress for fabricated shells is
given by n,ay04,.

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 = n;2404a/FS

2-1
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In Reference 2-1, the safety factor for the Design and Level A & B
service conditions is specified as 2.0. A safety factor of 1.67 is
specified .for Level C service conditions (such as the post-accident
condition).

The determination of appropriate values for capacity and plasticity
reduction factors is 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 existence of geometric
imperfections. The capacity reduction factors given in Reference 2-1
are based on extensive data compiled by Miller [2-3]. The factors
appropriate for a spherical shell geometry such as that of the drywell
in the sandbed region, are shown in Figure 2-1 (Figure 1512-1 of
Reference 2-1). The tail (flat) end of the curves are used for
unstiffened shells. The curve marked ’‘Uniaxial compression’ is
applicable since the stress state in the sandbed region is compressive
in the meridional direction but tensile in the circumferential
direction. From this curve, a; is determined to be 0.207.

The preceding value of the capacity reduction factor is very
conservative for twd reasons. First, it is based on the assumption
that the spherical shell has a uniform thickness equal to the reduced
thickness. However, the drywell shell has a greater thickness above
the sandbed region which would reinforce the sandbed region. Second,
it is assumed that the circumferential 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 presence of tensile circumferential stress 1{s 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 III [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 III, NE vessel, it is justified to use the approach outlined
in Code Case N-284.

2.3 Modification of Capacity Reduction Factor for Hoop 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 a; must be given in the Design
report.” '

Haris, et al [2-6] present the most comprehensive set of test data
which clearly show that internal pressure in the form of hoop tension,
increases the axial buckling stress. Reference 2-6 aiso contains data
from References 2-7 and 2-8. Baker [2-9]) and, in a recent book,
Bushnell [2-10] also endorse References 2-6 and 2-7 in discussing the
effect of internal pressure on the buckling capability of cylindrical
shells. Based on References 2-6, Johnson [2-11] recommends a
procedure to account for this increase in buckling capability. The
data reported in Reference 2-6 are first discussed to show the
reasonableness of the procedure recommended by Johnson.

Figure 2-2 (Figure 13 from Reference 2-6) shows the experimental data
from several sources showing the increase in compressive buckliing
stress due to internal pressure. The curve recommended by Johnson
corresponds to the ‘90% Probability Curve’ in Figure 2-2. As shown
later in Tables 4-1 and 4-2, the values of nondimensional pressure
parameter (the abscissa in Figure 2-2) in the buckling analysis

2-3
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presented in this report, are between 0.1 and 1.0. In this range, the
'90% Probability Curve’ in Figure 2-2 is also a lower bound to the
experimental data. This clearly shows that the use of Johnson’s
procedure in this report assures conservative results (i.e., the
procedure predicts a smaller increase in the compressive buckling
stress than that indicated by the experimental data). The
implementation of Johnson’s procedure in this evaluation is described
next.

The buckling stress in unjaxial compression for a sphere of uniform
thickness is given by the following:

Sc = (0.605)(0.207) Et/R
where, 0.605 is a constant, 0.207 is the capacity reduction factor and
E,t and R are Young’s Modulus, wall thickness and radius,

respectively. 1In the presence of a tensile stress such as that

produced by an internal pressure, p, the modified buckling stress is
as follows:

Where AC is given in graphical form in Figure 2-3, As can be seen in
Figure 2-3, AC is a function of the parameter X=(p/4E)(2R/t)2. When
the tensile stress magnitude, S, is known, the equivalent {internal
pressure can be calculated using the expression:

p = 2tS/R

The AC term is then incorporated in the capacity reduction factor
itself by defining a modified capacity reduction factor, @y pq4:

@ mod * 0.207 + 4C/0.605
2.4 Determination of Plasticity Reduction Factor
When the elastic buckling stress exceeds the proportional 1imit of the

2-4
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material, a plasticity reduction factor, ny, is used to account for
the non-linear material behavior. The inelastic buckling stress for
fabricated shells is given by n;®i%4q- 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 is equal to “iaie/dy and gy is the material yield
strength. Figure 2-4 shows the relationship in graphical form.

ny = 1.0 if A < 0.55
(0.45/8) +0.18  if 0.55 ¢ A < 1.6
1.31/(1+1.154) if 1.6 < A < 6.25
1/A IFA>6.25

2.5 References
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Containment Shell Buckling Design Methods, Section III. Division
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Revisions to ASME Code Case N-284.

2-3 Miller, C.D., "Commentary on the Metal Containmeant Shell Buckling
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2-4 ASME Boiler & bressurc Vessel Code, Section III, Nuclear Power
Plant Components.

2.5 "Justification for Use of Section III, Subsection NE, Guidance in
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Oecember 21, 1990 from H.S. Mehta of GE to S5.C. Tuminelli of
GPUN.
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3. FINITE ELEMENT MODELING AND ANALYSIS
3.1 Finite Element Buckling Analysis Methodalogy

This evaluation of the Oyster Creek Drywell buckling capability uses
the Finite Element Analysis (FEA) program ANSYS [Reference 3-1]. The
ANSYS program uses a two step eigenvalue formulation procedure to
perform linear elastic buckling analysis. The first step is 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, Oaps are developed and saved from this
static analysis. A buckling pass 1is then run to solve for the
eigenvalue or load factor. X, for which elastic buckling is predicted
using the equation:

(K1 +X2([5]){u)=0

where: A is the eigenvalue or load factor.
{u) is 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. All applied
Toads (pressures, forces, gravity, etc...) are scaled equally. Ffor
example, a load factor of 4 would indicate that the structure would
buckle for a 1oad condition four times that defined in the stress
pass. The critical stress, o at a certain location of the
structure is thus calculated as:

cr?

Ter = A Oap

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 anmalyzed using a
simplified axisymmetric model to evaluate the buckiing capability in
the sandbed region [Reference 3-2]. This type of analysis
conservatively neglects the vents and reinforcements around the vents
which significantly increase 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 advantaée 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 top 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 doeé not allow
significant structural interaction between the drywell and torus.

Figure 3-3 shows a more detajled 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. Fiqure 3-4 shows the view from the inside of
the drywell with the gussets and the vent jet deflector.

The drywell 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 curved
surfaces,

3-2



At a distance of 76 inches from the drywell shell, the vent is
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 stiffness of the vent
and header. Spring (STIF14) elements are used to model the vertical
header supports inside the torus. ANSYS STIF4 beam elements are 2also
used to model the stiffeners in the cylindrical region of the upper
drywell. The section properties of these stiffeners are summarized in
Table 3-2.

3.3 DOrywell Materials

The drywell shell is fabricated from SA-212, Grade B high tansile
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 Tablé 3-3. These
are the properties used in the finite element analysis. Ffor the
perforated vent jet deflector, the material properties were modifiec
to account for the reduction in stiffness due to the perforations.

3.4 Boundary Conditions

Symmetric boundary conditions are defined for both edges of the 35"
drywell model for the static stress analysis as shown on Figure 3-5.
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 simuiate the
fixity of the shell within the concrete foundation. Nodes at the end
of the header support spring elements are aiso fixed.
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3.5 Loads

The loads are applied to the drywell finite element model in the
manner which most accurately represents the actual loads anticipatea
on the drywell, Detaiis on the application of loads are discussad in
the following paragraphs.

3.5.1 Load Combinations

A1l load combinations to be considered on the drywell are summarizea
on Table 3-4. The most 1limiting load combinations in terms of
possible buckling are those which cause the most compressive stresse:
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 analysis of the drywell is the
refueling condition (Case IV). This load combination consists of the
following Toads: '

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 defiection loads for unflooded condition

The normal operation condition with seismic is 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 cambination for the emergency condition is for
the post-accident (Case VI) load combination including:



Dead weight of vessal, penetrations. compressible material and
equipment supports

Live Toad of personnel lock

Hydrostatic Pressure of Water for Drywell Flooded to 74°-3"

External Pressure of 2 psig

Seismic inertia and defiection loads for flooded condition

The application of these loads is des¢ribed in more detail in the
following sections,

3.5.2 Gravity Loads

The gravity loads include dead weight loads of the drywel) shell,
weight of the compressible material and penetrations and live loads.
The drywell shell loads are imposed on the model by defining the
weight density of the shell material and applying a vertical
acceleration of 1.0 g to simulate gravity. The ANSYS oprogram
automatically distributes the loads consistent with the mass and
acceleration. The compressible material weight of 10 1b/ft? is added
by adjusting the weight density of the shell to also include the
compressible material. The adjusted weight densities for the various
shell thicknesses are summarized in Table 3-5. The compressible
material is assumed to cover the entire drywell shell (not including
the vent) up to the elevation of the fiange.

The additional dead weights, penetration weights and live loads are
applied as additional nodal masses to the model. As shown on Table
3-6 for the refueling case, the total additional mass is summed for
each 5 foot elevation of the drywell. The total is then divided by 10
for the 36° section assuming that the mass is evenly distributed
around the perimeter of the drywell. The resulting mass is then
applied uniformiy to a set of nodes at the desired elevation as shown
on Table 3-6. These applied masses automatically impose gravity loads
on the drywell model with the defined acceleration of lg. The same
method is used to apply the additional masses to the model for the
post-accident case as summarized in Table 3-7, '



3.5.3 Pressure Loads

The 2 psi externpal pressure load for the refueling case is applied to
the external faces of all of the drywell and vent shell elements. The
compressive axial stress at the transition from vent shell to beam
elements is simulated by applying equivalent axial forces to the nodes
of the shell elements.

Considering the post-accident case, the drywell is assumed to be
flooded to elevation 74'-6" (894 inches). Using a water density of
62.3 1b/ft3 (0.0361 1b/in3), the pressure gradient versus elevation is
calculated as shown in Table 3-8, The hydrostatic pressure at the
bottom of the sandbed region is calculated to be 28.3 psi. According
to the elevation of the element centerline. the appropriate pressures
are applied to the inside surface of the shell elements.

3.5.4 Seismic Loads »

Seismic stresses have been calculated for the Oyster Creek Orywell in
Part 1 of this report, Reference 3-3. Meridional stresses are imposea
on the drywell during a seismic event due to a 0.058" deflection of
the reactor buiiding and due to horizontal and vertical inertial loads
on the drywell. .

The meridional stresses due to a seismic event are imposed on the 3-D
drywell model by applying downward forces at four elevations of the
model (A:; 23'-7",B: 37'-3",C: S50’-11" and D: B88‘-9") as shown on
Figure 3-6. Using this method, the meridional stresses calculated in
Reference 3-3 are duplicated at four sections of the drywell including
1) the mid-elevation of the sandbed region, 2) 17.25° below the
equator, 3) 5.75° above the equator and 4) Jjust above the knuckle
region. These four sections were chosen to most accurately represent
the load distribution in the lower drywell while also providing a
reasonably accurate stress distribution in the upper drywell.
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To find the correct loags to match the seismic stresses, the tota)
seismic stress (due to reactor building deflection and horizontal and
vertical inertia) are obtained from Refarence 3-3 at the four sections
of interest, The four sections and the corresponding =eridional
stresses for the refueiing and poss-accident seismic cases are
summarized in Table 3-9,

Unit loads are then appliad to the 3-D model in separate load steps at
each elevation shown in Figure 3-6. The resulting stresses at the
four sections of interest are then averaged for each of the applied
unit loads. By solving four equations with four unknowns, the correct
loads are determined to match the strssses shown in Table 3-9 at the
four sections. The calculation for zhe correct loads are shown on
Tables 3-10 and 3-11 for the refueiing and post-accident cases,
respectively.

3.6 Stress Results

The resulting stresses for the two load combinations described in
section 3.5 are summarizad in this section.

3.5.1 Refueling Condition Stress Results

The resulting strass distributions for the refueling condition are -
shown in Figures 3-7 through 3-10. The red colors represent the most
tensile stresses and the blue colors. the most compressive. Figures
3-7 and 3-8 show the meridional stresses for the entire drywell and
Tower drywell. The circumferential stresses for the same areas are
shown on Figures 3-9 and 3-10. The resuiting average meridional
stress at the mid-elevation of the sangbed region was found to be:

% = -7580 psi
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The circumferential stress averaged from the nottom to the top of the
sandbed region is;

Ope = 4490 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 3-1il
through 3-14, The red colors represent the most tensile stresses and
the blue colars, the most compressive, Figures 3-11 and 3-12 show the
meridional stresses for the entire drywell and lower drywell. The
circumferential stresses for the same areas are shown on Figures 3-13
and 3-14. The resulting average meridional stress at mid-elevation of
the sandbed region was found to be;

Opam = -11960 psi

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

Oppc = +20080 psi
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3.7 Theoretical Elastic Buckling Stress Results

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

3.7.1 Refueling Condition Buckling Results

As shown on Figure 3-15, it is possible for the drywell to buckie in
two different modes. In the case of symmetric buckling shown on
Figure 3-15, each edge of the 36° drywell model experiences radial
displacement with no rotation. This mode is simulated by applying
symmetric boundary conditions to the 3-0 model the same as used for
the stress run. Using these boundary conditions for the refueling
case, the critical load factor was found to be 7.67 with the critical
buckling occurring in the sandbed region. The critical buckling mode
shape is shown in Figure 3-16 for symmetric boundary conditions. The
red color indicates sections of the shell which displace radially
outward and the blue, those areas which displace inward.

The first four buckling modes were computed in this eigenvalue
buckling analysis qith no buckling modes found outside the sandbed

region for a load factor as high as 9.94. Therefore, buckiing is not
a concern outside of the sandbed region.

It is also possible for the drywell to buckle in the asymmetric manner
shown in Figure 3-15. For this mode, the edges of the 3-D model are
allowed to rotate but are restrained from expanding radially. This
case is considered by applying asymmetric boundary conditions at the
edges of the 3-D model. With the two pass approach used by ANSYS, it
is possible to study asymmetric buckling of the drywell when the
stresses are found based on symmetric boundary conditions. The
resulting load factor found using asymmetric boundary conditions is
10.13. The mode shape for this case is shown on figure 3-17.
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Because the load factor is lower for symmetric boundary conditions
with the same applied stress, the symmetric buckling condition is more
limiting. Multiplying the 1load factor of 7.67 by the average
meridional stress from section 3.6.1, the theoretical elastic buckling
stress is found to be;

Opie = 7.67 x (7580 psi) = 58,100 psi
3.7.2 Post-Accident Condition Buckling Results

Considering the post-accident case with symmetric boundary conditions.
the load factor was calculated as 5.18. Multiplying this load factor
by the applied stress from section 3.8.2 results in a theoretical
elastic buckling stress of

Oppije * 5.18 x (11960 psi) = 61,950 psi

The critical mode shape for this condition is shown in Figure 3-18,
Again. the critical buckling mode is in the sandbed region.
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Table 3-1

RF= 0
TRoex"8%5" Rev. o

Oyster Creek Orywell Shell Thicknesses

Section

Sandbed Region

Lower Sphere

Mid Sphere

Upper Sphere

Knuckle

Cylinder

Reinfarcement Below Flange
Reinforcement Above Flange
ENiptical Head

Ventline Reinforcement
Gussets

Vent Jet Deflector
Ventline Connection

Upper Ventline

Lower Ventline

Thickness (in.)

0.736 *
1.154
0.770
0.722
2.5625
0.640
1.250
1,500
1.1875
2.875
0.875
2.500
2,500
0.4375
0.250

* 95% confidence projected thickness to 14R.
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Table 3-2

Cylinder Stiffener Locations and Section Properties

Elevation Height Width Area
{in) {in) {in) (in2}  Horijzontal Vertical

966.3
1019.8
1064.5

1113.0(1)

1131.0

(1) -

0.7% 6.0 4.5
0.75 6.0 4.5
0.50 6.0 3.0
2.75 7.0 26.6
1.00 7.38

1.0 12.0 12.0

ndin i in4

13.5 0.211
13.5 0.211
9.0 0.063

387.5 12.75

144.0  1.000

This stiffener is made up of 2 beam sections, one

2.75x7" and one 1,0x7.375"

Table 3-3

Material Properties for SA-212 Grade B Steel

Material Property

Young’s Modulus

Yield Strength

Poisson’s Ratio

Density

3-12

Value

29.6x105 psi
38000 psi
0.3

0.283 1b/ind
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Table 3-4

Oyster Creek Drywell Load Combinations

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

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

CASE III - 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 @ 175°F or 35 psi @ 281°F) -
Seismic (2 x DBE)

CASE VI - POST ACCIDENT CONDITION
Oeadweight + Water Load @ 74’6" + Seismic (2 x DBE)
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Table 3-%

Adjusted Weight Densities of Sheil to Account for
Compressible Material Weight

Adjusted
Shell Weight Density
Thickness (in. ngiigil
1.154 0.343
0.770 0.373
0.722 0.379
2.563 0.310
0.640 0.392
1,250 0.339
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Table 3-6

Oyster Creek Drywel]l Additional Weights - Refueling Condition

s
OEAD  PENETR.  MISC, TOTAL S FOOT  LOAD PER LOAD PER  LOAD PER
ELEVATION WEIGHT  WEIGHT  LOADS LOAD  RANGE 36 DEG, # OF  NOOES OF  FULL NODE HALF NQOE
(feet) (1bf) (1bf) (Tbf) (1bf) LOAD (1bf)  ELEMENTS APPLICATION  (1bf) (1bf)
15.56 50000 50000
16 168100 168100
20 11200 11200
s 15-20 29100 22930 116-119 sz 1911
224 556000 556000
. 21-250 556000 55600 161-169 6950 3478
28 11100 11100
30 64100 51500 115600
30.25 105000 100000 205000
ov 36.30 31700 30 179-187 4148 {14]
n 18500 16500
2 750 750
3 1540 15450
3 28080 28050
35 1500 1500
** 31-35 62250 6225 ] 188-196 78 89
36 1550 1550
a0 41000 43350 84350
" 38-40 85900 8530 (] 197-20§ 1074 537
50¢ 1102000 1102000
** 45-504 1102000 110200 8 418426 13775 6888
54 7850 7850
** §1-5§ 7850 788 8§ 4364 a8 49
56 56400 24000  BO400
60 95200 760 20000 115900
** 56-60 195300 19530 8 A%-482 US4 1227
8s 52000 20000 72000
** 81-85 72000 7200 472-480 800 450
70 5750 $750
* §8-70 5750 57% 508-518 72 36
1 88s0 8350
©” -7 8850 888 526-534 11 55
82.17  216%0 21650
* 81-85 21850 2165 553-561 m 135
a7 1000 1000
90 15000 15000 :
= 86-90 15000 1600 8 571-579 200 100
93.75 20700 20700
94,750 €98000 693000
95.75 20100 20100
** 91-96 738300 73880 589-397 9235 4818
TOTALS: 2184150 388200 882000 43S0 IS0 343438

¢ - LOAD TO BE APPLIED IM VERTICAL DIRECTION ONLY,
b - MISCELLANEOUS LOADS INCLUDE 638000 L8 WATER WEIGMT AT 94.75 FT. ELEVATION
100000 LB EQUIPMENT DOOR WEIGHT AT 30.2S FT. ELEVATION AMD VELD PAD LIVE
LOADS OF 24000, 20000 AMD 20000 AT 58, 60 AND 65 FT. ELEVATIONS
REFVGT. WK1
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Table 3-7

Oyster Creek Drywell Additional Weights - Post-Accident Condition

.
DEAD  PENETR.  MISC.  TOTAL 5 FOOT  LOAD PER LOAD PER  LDAD PER
ELEVATION WEIGHT  WEIGHT  LOADS LOAD  RANGE 38 DEG.  # OF  NODES OF  FULL NODE HALF NODE
(Feet)  (IF)  (bf)  {Wf)  (1bf) LOAD  (Tbf)  ELEMENTS APPLICATION  ({1bf) (k1)
15.56 50000 50000
18 168100 168100
20 11200 11200
" 15-20 229300 22930 6 116-118 1822 1611
219 558000 £58000
v 21250 556000 55600 & 161-165 6950 3475
26 11100 11100
30 64100 51500 115600
30.25 105000 105000
" 26-30 00 23100 8 179-187 2895 1448
a 16500 16500
2 750 7%0
33 15450 15480
M 28050 28050
35 1500 1500
* 31-3§ . 52250 8225 8 188-138 778 388
38 1550 1550
40 41000 43350 84350
** 35-40 _ 85300 8530 8 197-205 1074 537
504 1102000 1102000
" 45-50 1102000 110200 8 A18-428 13775 £688
54 7850 7850
v 51-58 7850 785 8 436-4s 98 #
56 58400 58400
g0 95200 700 35500
" 5580 - 152300 15230 8 454-462 1904 952
65 52000 52000
** 8]-8% 52000 . 5200 8 ar2-480 650 328
70 5750 §7150 .
= §6+70 ‘ 5750 578 3 508-818 73
73 Bas0 3850
"~ 71-78 8450 8as B 526-5M4 11 55
82.17 21850 218%0
* 5128 21850 2165 8 553581 m 138
87 1000 1006
0 15000 15000
" p5-90 16000 1800 5 571579 200 100
93,75 20700 20700
95.76 20100 20100 -
= 91-98 o800 4080 8 589-597 510 25%
TOTALS: 2184150 388200 0 2572350 2572380 25723

# ~ LOAD TD BE APPLIED IN VERVICAL DJRECTION OMLY.

& ~ NO RISCELLANEOUS LOADS FOR THIS CONDITION,

FLOOOWGT . %K}
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Table 3-8

Hydrostatic Pressures for Post-Accident, Flooded Condition

WATER DENSITY: 62.32 1b/ft3
0.03606 1b/in3
F1.OODED ELEYV: 74.5 ft
894 inches
ANGLE

ELEMENYS  ABOVE
ABOVE EQUATOR  ELEVATION  DEPTH  PRESSURE

NODES (degrees) (inch) (inch) (psi) ELEMENTS
27 -53,32 110.2 783.8 28.3 1-12
4() -51,97 116.2 777.8 28.1 13-24
53 -50.62 122.4 771.6 27.8 25-36
66 -49.27 128.8 765.2 27.6 37-48
749 -47.50 137.3 156.7 27.3 49-51, 61-66 ,55-57
9. -46.20 143.9 750.1 27.1 §2-54, 138-141',58-60
102 -44.35 153.4 740.6 26.7. 142-147, 240- 242. 257-259
108 -41.89 166.6 727.4 26.2 148-151, 243, 256
112 -39.43 180.2 713.8 25.7 152- 155 244. 255
116 -36.93 194.6 §99.4 25.2 156-159. 245, 254
120 -34.40 209.7 684.3 24.7 150-165, 246, 253
124 -31.87 225.2 668.8 24.1 166-173, 247, 252
130 -29.33 241.3 652.7 23.5 174- 183 248 251
138 -26.80 257.6 636.4 23.0 184-195
143 -24.27 274 .4 619.6 2.3 196-207
161 -20.13 302.5 591.5 21.3 208-21%
170 -14.38 342.7 551.3 19.9 216-223
179 -8.63 384:0 510.0 18.4 224-231
183 -2.88 425.9 468.1 16.9 232-239
197 2.88 468.1 425.9 15.4 430-437
403 8.63 510.0 384.0 13.8 438-445
409 14.38 551.3 342.7 12.4 446-453
418 20.13 591.5 302.5 10.9 454-461
427 25.50 627.8 266.2 9.6 462-469
438 30.50 660.2 233.8 8.4 470-477
445 35.50 690.9 203.1 7.3 478-485
454 40.50 719.8 174.2 6.3 486-493
463 45.50 746.6 147 .4 5.3 494-501
472 50.50 7.1 122.9 4.4 502-509
481 54.86 790.5 103.5 3.7 510-517
490 - 805.6 3.2 518-525
499 - 820.7 73.3 2.6 526-533
508 - 838.7 58.3 2.1 534-541
517 - 850.8 43.2 1.6 542-549
526 . 885.3 8.7 0.3 550-557
. - 187.3 706.7 25.5 340-399 (Ventline)
FLOODP . WK}
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DRE= 00664
INDEX 9-4, REV. O
Table 3-9
Meridional Seismic Stresses at Four Sections
2-0
Shell Meridional Stresses
Elevation Model Refueling Post-Accident
Section {inches)  Node —{psi)  __(psi)
A) Middle of Sandbed 119 32 1258 1288
B) 17.25° Below Equator 323 302 295 585
C) 5.75* Above Equator 489 461 214 616

D) Above Knuckle 1037 1037 216 808
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Table 3-10

Application of Loads 0 Match Seismic Stresses - Refueling Case

COMPRESSIVE STRESSES FROM 2-D AMALYSIS

0.058™ SEISMIC OEFLECTION:
MORIZ. PLUS VERTICAL SEZ;3NIC INERTIA:

TOTAL SEISMIC COMPRESSIVE STRESSES:

-D SEISMIC STRESSES AT SECTION {psi)

SECTION: 1 2 k| 4
2-0 NODE: 32 302 461 1037
ELEV: 119,37 322.5° 489.1” 912.3"
788.67 155.54 103.48  85.3}
469.55 139.4¢ 110.13 130.2!
1268.22  294.98 213,89 215.52

3-0 STRESSES AT SECTION {psi)

3-0
INPUT SECTION: 1 2 3 4
LOAD 3-0 NODES: S3-85 170-178 400-408 $28-534
SECTION INPUT 3-D UNIT LCAD DESCRIPTION ELEV: 119.3°  322.5°  489.1" 912.3°
A 1000 lbs at nodes 563 tnrough 569 85.43  37.964 3694 $5.23
] 500 )bs at 4278435, 1007 by at 428434 89.88  39.92 3676  0.€0
¢ 500 lbs at 1978205, 1000 b3 at 198-204 97.684 43.%7 0.00 0.€0
0 500 bs at 1618163, 1057 bz at 162-188 89.85°  0.00 0,00 0.(0
DESIRED CIMPRESSIVE STRESSES (pai): 1258.22  294.98 213.59 21%.12
340
INPUT
LOAD ,
SECTION LOAD TO BE APPLIED 10 MATCH 24D _smssts RESLTING STRESSES AT SECTION (pst)
A 3902.2 333.37  148.05 135,34 215.%2°
8 201.4 188.87 83.89  77.2% 0.70
c 1453.6 141.93 63.04 0.00 0.00
0 8611.8 594.08 b.0o p.oo 0.00
SUM: 1258.22 294.98 213,59 21%.82
SEISUNFL WK1
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Table 3-11

Appiication of Loads to Match Seismic Stresses - Post-Accident Case

COMPRESSIVE STRESSES FROM 2-0 ANALYSIS

0.958" SEISMIC DEFLECTION:
HORIZ, PLUS VERTICAL SEISmMIC INERTIA:

TOTAL SEISMIC COMPRESS{VE STRESSES:

2-0 SEISMIC STRESSES AT SECTION (psi)

SECTION: 1 2 3 4
2-D NODE: 32 302 461 1037
ELEV: 119.3%  322.57 4g.1v 912.3"

788.67 155.%4 103.48  ¥5.31
489.79 429.39 512.7¢ 723.14

LT

1288.46 584.8) 616,22 808.45

3-0 STRESSES AT SECTION (psi)

3-0 -
INPUT SECTION: 1 2 3 4
LOAD 3-0 MODES: 53-88 170-178 400-408 526-534
SECTION INPUT 3-D UNIT LOAD DESCR{PTION ELEV; 119.3"  J22.5" 489.1° 912.3"
A 1000 lbs st nodas 563 through 563 85.43 37,94 43¢ 55.23
.} SO0 Ybs at 4278435, 1000 1bs at 428-434 89.88  19.92 36.7% 0.00
c 500 bs at 1978205, 1000 lbs at 198-204 7.6 4.¥7 0.00 0.00
] 500 1bs at 1514183, 1000 lbs at 182-168 33.88. 0.00 ¢.00 6.00
DESIRED COMPRESSIVE STRESSES {pai): 1288.46 584,93 616.22 208.45
3-D
INpUT
LOAD
SECTION LOAD TO BE APPLIED TQ MATCH 2-D STRESSES RESULTING STRESSES AT SECTION (psi)
A 14837.9 1250.51 S55.3¢ 511,458 808.4S.
8 2850.2 256.17 113.78 104.77 0.00
c -1941.7 -189.58 -84.21 0.08 0.00
] -318.8 -28.64 0.00 g.00 g.00
SIN: 1268.46 584,93 818,22 808.4%
SEISFL.WX1
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fioure 3-16. Symmetric Buckling Mode Shape - Refueliing 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 allowabie 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 1.57 for the
Post-Accident case to obtain the final allowable compressive stresses.

The allowable compressive stress for the Refueling case is 10.65 ksi.
Since the applied compressive stress is 7.58 ksi, there is a 41%
margin. The allowable compressive stress for the Past-Accident,
flooded case is 13.77 ksi, This results in a margin of 15% for the
applied compressive stress of 11.96 ksi.
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Table 4-1
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calculation of Allowable Buckling Stresses - Refueling Case

Parameter

Theoretical Elastic Instability Stress, 04, (ksi)
Capacity Reduction Factor, @

Circumferential Stress, o. (ksi)

Equivalent Pressure, p (psi)

"X" Parameter

AC

Modified Capacity Reduction Factor, @; me4
Elastic Buckling Stress, 0p = @4 nod Tie (ksi)
Proportional Limit Ratio, A = ae/oy

Plasticity Reduction Factor, ny

IneTastic Buckling Stress, o4 = Ni0q (ksi)
Factor of Safety, FS

Allowable Compressive Stress, 071 = ¢;/FS (ksi)
Applied Compressive Meridional Stress, oy (ksi)
Margin = [(0y/0,) - 1] x 100%

58.10
0.207
4.49

15.74
0.173
0.118
0.402

23.34
0.614
0.913

21.30
2.0

10.65
7.58

41%
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Table 4-2

Calculation of Allowable Buckling Stresses - Post-Accident Case

Parameter Value
Theoretical Elastic Instability Stress, o5, (ksi) 61.95
Capacity Reduction Factor, a; 0.207
Circumferential Stress, o. (ksi) 20.08
Equivalent Pressure, p (psi) 70.38
*X" Parameter 0.774
AC 0.195
Modified Capacity Reduction factor, e noq 0.529
Elastic Buckling Stress, 0g = @4 noq O4e (ksi) 32.74
Proportional Limit Ratio, A = g,/0, _0.882
Plasticity Reduction Factor, n; 0.702
Inelastic Buck]iﬁg Stress, o5 = ny04 (ksi) 22.99
Factor of Safety, fS 1.67
Allowable Compressive Stress, g,y7 = 04/FS (ksi) 13,77
Applied Compressive Meridional Stress, oy (ksi) 11.96
Margin = [(@;/0,) < 11 x 100% 15%
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5. SUMMARY AND CONCLUSIONS

The results of this buckling analysis far the refueling and post-
accident load combinations are summarized in Table 5-1. The applied
and allowable compressive meridional stresses shown in Table 3-1 are
for the sandbed region which is the most limiting }egion in terms of
buckling. This analysis demonstrates that the Oyster Creek drywel)
has adeguate margin against buckling with no sand support for an
assumed sandbed shell thickness of 0.736 inch. This thickness is the
95% confidence projected thickness for the 14R outage.
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Table 5-1

Buckling Analysis Summary

Load Combination
Refueling Post-Accident
Service Condition Design Level C
Factor of Safety Applied 2.00 1.67
Applied Compressive Meridional Stress (ksi) 7.58 11.96

Allowable Compressive Meridional Stress (ksi) 10.65 13.77

Buckling Margin 41% 15%



