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GE Nuclear Fnerg,
gi

fEC 24

December 11, 1992

To: Dr. Stephen Tumminelli
Manager, Engineering Mechanics
GPU Nuclear Corporation
1 Upper Pond Road
Parsippany, NJ 07054

Subject: Sandbed Local Thinning and Raising the Fixity Height Analyses (Line
Items 1 and 2 in Contract # PC-0391407)

Dear Dr. Tumminelli;

The attached letter report documents the results of subject analyses. The original purchase
order called for the analyses to be conducted on a spherical panel model rather than on the
full pie slice model. However, the results are more useful when conducted on the full pie
slice model since in that case no interpretation is required regarding the relationship
between the spherical panel results and the pie slice model results. The pie slice model we
have used in these studies has the refined mesh in the sandbed region.

A 3.5" PC Disk containing three ANSYS input files (0.636" case, 0.536" case and 1 foot
wall case) is also enclosed with this letter. The detailed calculations have been filed in
Chapter 10 of our Design Record File No. 00664.

This transmittal completes the scope of work identified in the subject PO. If you have any
questions on the above item, please give me a call.

Sincerely,

%‘“’“{};’ -~ 5

H.S. Mehta, Principal Engineer
Materials Monitoring & Structural Analysis Services
Mail Code 747; Phone (408) 925-5029

Attachment: Letter Report

cc:  D.K. Henrie {w/o Attach.)
.M. Miller (w/o Attach.)
S. Ranganath (w/o Attach.)
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LETTER REPORT ON ADDITIONAL SANDBED REGION ANALYSES

1.0 SCOPE AND BACKGROUND

Structural Analyses of the Oyster Creek drywell assuming a degraded thickness of 0.736
inch in the sandbed region (and sand removed) were documented in GENE Report
Numbers 9-3 and 9-4. A separate purchase order was issued (Contract # PC-0391407) to
perform additional analyses. The PO listed the additional analyses under two categories:
Line Item 001 and Line Item 002. This letter report documents the resuits of these

analyses.
The additional analyses are the following:

) Investigate the effect on the buckling behavior of drywell from postulated
local thinning in the sandbed region beyond the uniform projected thickness
of 0.736" used in the above mentioned reports (Line ltem 001),

(2) Determine the change in the drywell buckling margins when the fixity point
at the bottom of the sandbed is moved upwards by =~ 1 foot to simulate
placement of concrete (Line Item 002).

The original PO called for the Line Item 001 analyses 10 be conducted on a spherical
panel. The relative changes in the buckling load factors were to be assumed to be the
same for the global pie slice model. However, the mesh refinement activity on the global
pie slice maodel and the availability of work station, has given us the capability to conduct
the same analyses on the global pie slice model itself, thus eliminating the uncertainties
regarding the correlation between the panel model and the pie slice model.

All of the results reported in this report are based on the pie slice model with a refined
mesh in the sandbed region.

2.0 LINEITEM
Figure la shows the local thickness reductions modeled in the pie slice model. A locally

thinned region of = 6"x12" is modeled. The thickness of this region is 0.636" in one
-1-
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case and 0.536" in the other case, The transition to the sandbed projected thickness of
0.736" occurs over a distance of 12" (4 elements).

" The various thicknesses indicated in Figure la were incorporated in the pie slice model by
defining new real constants for the elements involved. The buckling analyses conducted
as a result of mesh refinement indicated that the refueling loading condition is the
governing case from the point of view of ASME Code margins. Therefore, the stress and
buckling analyses were conducted using the refueling condition loadings. The center of
the thinned area was located close to the calculated maximum displacement point in the
refueling condition buckiihg analyses with uniform thickness of 0.736 inch. Figure 1b
shows the location of the thinned area in the pie slice model.

2.1 0.536 Inch Thickness Case

Figures 2 through 5 show the membrane meridional and circumferential stress
distributions from the refueling condition loads. As expected, the tensile circumferential
stress ($x in element coordinate system) and the compressive meridional stress (Sy in
element coordinate system) magnitudes in the thinned region are larger than those at the-
other edge of the model where the thickness is 0.736 inch. However, this is a local effect
and the average meridional stress and the average circumferential stress is not expected to
change significantly.

Figures 6 and 7 show the first buckling mode with the symmetric boundary conditions at
both the edges of the model (sym-sym). This mode is clearly associated with the thinned
region. The load factor value is 5.562. The second mode with the same boundary
conditions is also associated with the thinned region. Figure 8 shows the buckled shape.
The load factor value is 5,872,

Next, buckling analyses were conducted with the symmetric boundary conditions specified
at the thinned edge and the asymmetric boundary conditions at the other edge (sym-asym).
The load factor of the first mode for this case was 5.58. Figure 9 shows the buckling
maxde shape. It is clearly associated with the thinned region. Figure 10 shows the buckled
mode shape with asymmetric boundary conditions at the both edges (asym-asym). As
expected, the load factor for this case is considerably higher (7.037).
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Thus, the load factor value of 5.562 is the lowest value obtained. The load factor for the
same loading case (refueling condition} with a uniform thickness of 0.736" was 6.141.
Thus, the load factor is predicted to change from 6.141 to 5.562 with the postulated
thinning 1o 0.536".

2.2 0.636 Inch Thickness Case

Figures 11 through 14 show the membrane meridional and circumferential stress
distributions from the refueling condition loads. As expected, the tensile circumferential
stress (Sx in element coordinate system) and the com;ﬁressive meridional stress (Sy in
element coordinate system) magnitudes in the thinned region are larger than those at the
other edge of the model where the thickness is 0.736 inch. However, this is a local effect
and the average meridional stress and the average circumferential stress is not expected to
change significantly,

Figures 15 and 16 show the first buckling mode with the symmetric boundary conditions
at both the edges of the model (sym-sym). This mode is clearly associated with the
thinned region. The load factor value is 5.91.

Next, buckling analysis was conducted with the symmetric boundary conditions specified
at the thinned edge and the asymmetric boundary conditions at the other edge. The load
factor of the first mode for this case was 5.945. Figure 17 shows the buckling mode
shape. It is clearly associated with the thinned region. Based on the results of 0.536"
case, the load factor for asym-asym case is expected to be considerably higher,

Thus, the load factor value of 5.91 is the lowest value obtained. The load factor for the
same loading case (refueling condition) with a uniform thickness of 0.736" was 6.141.
Thus, the load factor is predicted to change from 6.141 to 5.91 with the postulated
thinning to 0.636".

2.3 Summary

The load factors for the postulated 0,536" and 0.636" thinning cases are 5.562 and 5.91,
respectively, These values can be compared to 6.141 obtained for the case with a uniform
sandbed thickness of 0.736 inch.
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3.0_LINE ITEM 002

The objective of this task was to determine the change in the drywell buckling margins
when the fixity point at the bottom of the sandbed is moved upwards by = 1 foot to
simulate placement of concrete. The elements in the sandbed region are approximately
3-inch square. Thus the nodes associated with the bottom four row of elements (nodes
1027 through 1271, Figure 18) were fixed in all directions.

The buckling analyses conducted as a result of mesh refinement indicated that the
refueling loading condition is the governing case from the point of view of ASME Code
margins. Therefore, the stress and buckling analyses were conducted using the réfueling
condition loadings. Figure 19 through 22 show the membrane meridional and
circumferential stress distributions from the refueling condition loads. Figure 23 shows
the calculated average values of meridional and circumferential stresses that are used in
the buckling margin evaluation,

Figure 24 shows the first buckling mode with sym-sym boundary conditions. The load
factor for this mode is 6.739. The load factor with asym-sym boundary conditions is
6.887 and the mode shape shown in Figure 25. It is clear that the sym-sym boundary
condition gives the least load factor, Figure 26 shows the buckling margin calculation. It
is seen that the buckling margin is 5.3% compared to 0% margin in the base case
calculation.

To summarize, the load factor changes to 6.739 for the refueling condition when the fixity

point at the bottom of the sandbed is moved upwards by = 1 foot. This results in an excess
margin of 5.3% above that required by the Code.
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APPLIED MERIDIONAL AND CIRCUMFERENTIAL STRESSES - REFUELING CONDITION
ONE FOOT INCREASE N FIXITY CASE; STRESS RUN: OCRFRLSE.OUT

AVERAGE APPLIED MERIDIONAL STRESS:

The average meridional stress is defined as the average stress scross
the elevation including nodes 1419 through 1467,
1447 are weighted only one half as much as the ather nodes because they
{ie on the etdge of the modeled 1/10th section of the drvwell and thusg

represent only 1/2 of the area represented by the other nodes.

1419- 1457
1423414563
14271459
14311455
1435- 1451
1439+ 1447
146%

# of
Hodes

Meridional

Stress (ksi)
7,726
-7.738
-7.760
-7.482
«7.394
<7.004
-6,8%4

Average Maridional Stregsy

AVERAGE APPLIED CIRCUMFERENTIAL STRESS:

The circunferential stress s averaged along

node 1223 to acde 2058.

# of
Nodes

o a—

Circumferentiat
Stress (ksi)

Average Circunferential Stress:

OCRFSTC6, WK

FiGLURE

# of Nodes
X
Meridiomal
Stress (ksi)
-7, 726
15,476
-15.520
-15.364
~14.788
-$4.028
-6.834

PR Y -

-7.478 (ksid

the vertical line from

B of Nodes
*
Circumferential
Stress (ksi)

3.885 (ksi)

3 |

Stresses at nodes 1419 and

CF6-2/7



-2/ 7%

7 7o

(ONI'EN438 “ONUS ON) S-S34u00 - SIGATUNY TIIMANO XIINID NILSAD

BYEI00°0
$£Z100°0
£0-3029°0
50-3/95°0
£0-3609°0-
£22100° 0~
££B100 0~
1SpZ00 ' 0~
G90£00° 0~ Bt
89£00° 0~ . EEERE R
NIGOIH QIONINID :
06-=29NY
226°GIE= 47w
PGEOGL ' 0= dAw
GGb 62=  AX«
p00* 011=1810%
1-= A2

i
oy T

8rBI00° 0= XWS

88200 0~= NHWS
1892007 0= XWO
TUION a4

xn

S BELte=10ud
T=4111

1=d315

5SS 11804
BE+G1:9

cobl 8 230
Tob v SASNY

FIAGURE 24



G F6 ~2(7Y9

Py 2E0D° 0
E1EZ88° 8
ZueInn’s
£0-31I5V° 8
£g-208 "0~
TivIDD 0~
crEZBO D~
£L2E00° D~
£0zZvo0°9-
PEIS0G 0~
M3GOIH GIOAINID
86-=2ZDNV
226 89E= d4Zsc
pPS609Y 0= dAc
S8P 62 dXe
PO BTII=1810s
T-= A2
I= AX

Yv2EDD 0= KMS
vPEISOHO"B~-~ NWS
SETS00° 0~ XNHG
TYAON G

XN

{88 8=10Vid
T=4311

1=~d31S

SSAULS 11S0d
IZT-8E: 11

2661 & D3¢
I¥P'?  SASNY

TONI13N438 “ONYS ON) - (HWAS-HASY) SISATYNY 113AAUG NITUD YasA0

FiGkuRks, 2656



~ THM® ZONSNAEY

-~ £°G {%) %001 X {1~ ws/iTes)=H ‘urbiey ssexls sarssaxdwod 61
£€50°T  LiB°L {1s2) 81/18 = 1TeS ’‘S90I3S SATSSoIdUo) STQRMOTITVY 81
NOIIWINOTIVO SSHALS FAISSHYIWOD HTHYMOTIVY syx
Lotz £6LTsT  (1s¥) 98 X TAN = TS ’‘ssoxls AJTT1Iqessul SI3ysefsul LI
000°T - TON ‘Jojoeg uoryonpay A3IoIlseld ST
SIV°0 - As/es=¥y130 ‘oTjey SSVAIS PISTR ST
NOILYINOIVS ¥YOLOVE NOILLOAUIY ALIDILSYId xxx
LOTZ  £GL°ST (1sy) 958 ’‘ssolig AJTITQRISUT OTASRTH poonpsy bl
£EIE“0 - pow’' T YHATVY ‘x030vg uorlonpay Ajroeded poarItpol €T
: ¥o0°0 - { - oanbrg woag) o e3iad e !
GLO'O - zv(3/p) (@v/Bod) =X ‘Iejomered x, - 11
9T9° €T {1sd) bag ‘sanssald j3USTRATNDE SS8I1S [RTIUDADIUNOITD ot
L0270 - TYHJIVY ‘I030ed uorjonpsy Ajroede) 6
HOTLYIADTIYS BOLOY¥A NOLIONOHY ALIDVAVD sws
GRe‘c {1s3) 0g ‘sga13lg SYTSURYL TeTIUsILIUNSITO patrddy 8
gLy L {1ey) g ‘ss9xly saTessadwo) TeuoTprIon periddy ¢
SIINSHY SISAIVHVY SSHYLS xaxx
6£L°9  vecc0s  (Ts¥) 215 ‘ssax3g ATITqeIsur OTISeTH [eoTieloeyl ¢
SIFINSHY SISKHIYNY DONRITIONG #ww
zZ - 8d ‘KAyezes Jo aojoey G
00962 {Ts%) 3 'A3T0TISRTd JO SNINPOW [eTILIeH ¥
8¢ (1Ts3) As ‘yabuoalg PIITA TRTIISIGH ¢
9¢L" 0 {(~urt) 3 ‘ssewyoryy sasyds ¢
ozy (*ut) ¥ ‘snipey saauds T
STIVINILVN OGNV ZMIHWOTD TIUMANA xx»
JOLOVA J0TYA SLIND UALIAYHEL WALT

avo1
A0 TAGISHOA0 NAF DNITMRNY
'LOOESTHIYO0 NNY SSHYLS fISYD FLIXTA NI ISYIYONI 1003 FINO
(NVYS ON ‘HSV0O ONITINAEY ~ SASSTULS ONITIONG FITYMOTIV JO NOIIVIADTIVO

wol

.

8

FIGURE 26




