-~ Commonwealth Edison
y Dresden Nuclear Power Station
- 6500 North Dresden Road
. 4 Morris, lllinois 60450,
- Telephone 815/942-2920 : June 30, 1994

Mr. William T. Russell, Director

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 ‘

Attn: Document Control Desk

Subject:  Dresden Nuclear Power Station Units 2 and 3
Quad Cities Nuclear Power Station Units 1 and 2
Clarification of Information Related to Commonwealth Edison's
(ComEd) Finite Element Analysis Model Related to the Core Shroud
Cracking Issue at Dresden and Quad Cities Stations
NRC Docket Nos. 50-237/249 and 50-254/265

| References: (a) Teleconference between ComEd (J. Williams, P. Piet, et. al.) and
‘ ' NRC staff (J. Stang, K. Wichman, et. al.), dated June 29, 1994.

(b) Meeting between ComEd (J. 'Williar,_ns, P Piet, et. al'.) and NRC
staff (Strosnider, Capra, Wichman, Hermann), dated June 27, .-
1994. . '
Dear Mr. Russell:

During the Reference (a) teleconference, ComEd and the NRC staff discussed issues
related to the core shroud cracking at Dresden Unit 3 and Quad Cities Unit 1. The purpose

_of the teleconference was to further clarify issues discussed during the Reference (b) meeting.

The purpose of this letter is to clarify our position with respect to limit load analysis
of the HS weld, to clarify our description of the finite element model (FEM) used to evaluate
the validity of limit load analysis for determining the minimum allowable the HS weld
ligament for the core shrouds at Dresden Unit 3 and Quad Cities Unit 1, and to provide free
body diagrams illustrating the forces imposed on the shroud. This information is provided
(see attachments) to support the assessment of ‘the structural integrity of the HS weld.
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Mr. Russell -2- June 30, 1994

Please direct any questions you may have concerning this response to this office.

Sincerely,

Peter L. Pie
Nuclear Licensing Administrator

Attachments: 1) H. Mehta to T. Spry, "Instability and Weld Metal Toughness
- Considerations in the Structural Evaluation of HS Weld at the Quad
Cities and Dresden Plants," June 28, 1994.

2) G. Stevens to J. Williams, "Description of Finite Element Model Used
for HS Weld Ligament Limit Load Validity Evaluation," June 28, 1994,

3) J. Dawn, et al, to J. Stang, et al, ligament calculation procedure, free
. body diagrams, and limit load evaluation, June 30, 1994.

cc: J.B. Martin, Regional Administrator - RIII
- J. Stang, Project Manager - NRR
C. Patel, Project Manager - NRR
-~ C. Miller, Senior Resident Inspector - Quad Cities
M. Leach, Senior Resident Inspector - Dresden
Office of Nuclear Facility Safety - IDNS



GE Nuclear Energy
Engineering & Licensing Consulting Services Projects

June 28, 1994

To:  Tom Spry - cc: S. Ranganath
Com Ed | G.L. Stevens

From: Har MehtaW

Subject: * Instability and Weld Metal Toughness Considerations in the Structural

Evaluation of H5 Weld at the Quad Cities and Dresden Plants

The following information on the subject topic is provided to help you in the assessment.
of structural integrity of the HS weld. The details and the verification of this evaluation -
. are documented in DRF # 137-0010-7, Item # GENE-523-A101-0694.

Instability

The question regarding potential for instability at or prior to reaching the limit load may
come up from someone recalling the load versus displacement plot of one of the widely
reported surface-cracked pipe tests (Figure 1) by Battelle (Reference 1). However, there
are differences between that test and the cracking considered at the HS weld in the shroud:

e  The flaw configuration (length and depth) used in the Battelle test was predicted to
experience unstable crack growth based on the assessment diagram shown in Figure
2. The region marked by 'leak’ is where a surface crack would grow in a stable
manner resulting in a leak situation. Instability is predicted in the region marked by
'fracture’. The Battelle test pipe had a crack depth to thickness ratio of 0.5 and the
crack extended over 50% of the circumference. Thus, the Battelle pipe
configuration would plot in the 'fracture’ region in Figure 2. In contrast, a fully
circumferential flaw with more than 90% through wall depth (considered in the
required remaining ligament calculations based on limit load) would plot in the 'leak’
region and thus be stable.

‘Based on the preceding discussion, it is concluded that the flaw geometry being evaluated
in the analysis of H5 weld is expected to be stable under applied loadings.

Weld Toushness

In determining the required minimum ligament at the HS weld, the limit load approach was
used with a flow stress of 3Sy;,. This approach is reasonable since the observed cracking
at the H5 weld is in the base metal. This section addresses the following issue: how much



is the required ligament calculation affected if the indication is assumed to grow in the
weld region? For the purpose of this evaluation, the H5 weld was assumed to be made by

the submerged arc welding (SAW) process. The SAW welds have somewhat lower
‘toughness compared to the base metal.

Estimation scheme methods of elastic-plastic fracture mechanics were used in this
evaluation. A fully circumferential crack geometry subjected to remote tension loading
was assumed in the evaluation. The SAW J-T curve (Figure 3) used in the development

- of TWB-3640 procedures was used in this evaluation. The J-integral values were .
determined by using the GE/EPRI estimation scheme (Reference 2). The results indicated
that the load predicted by using the SAW fracture toughness properties was approximately
20% lower than that predicted by the limit load approach. It should be noted that the

SAW J-T curve used in the IWB-3640 calculations is very conservative (i.e., its use results
in under predicting the loads). : '

References

[11  EPRI Report NP-2347, "Instability Predictions for Circumferentially Cracked
Type-304 Stainless Steel Pipes Under Dynamic Loading,” April 1982.

2] "An En"meermo Approach for Elastic-Plastic Fracture Analysis," EPRI Report
No. NP-1931, July 1981.
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GE Nuclear Energy

~ Structural Mechanics Projects
175 Curtner Avenue M/C 747

San Jose, CA 95125
Phone: {408) 925-5382
FAX: (408) 925-1150

GLS 94-13 : .
June 28, 1994 — ‘ » cc: S. Ranganath
‘ H. Mehta
DRF 137-0010-7
(GE-NE-523-A69-0594)
TO: Joe Williams, ComEd

FAX: (815) 942-2920, X-2265

FROM: Gary L. Stevens GE San Jose L;L\//a[ //,(;

SUBJECT: Descrlptlon of Finite Element Model Used for H5 Weld Ligament Limit
Load Validity Evaluation

Per your request, this letter provides a detailed description of the finite. element
model (FEM) used in the shroud weld H5 ligament limit load validity evaluation for the
Commonwealth Edison plants. Please note that this is a parametric study only, and
was not used to determine minimum ligament sizes for the H5 weld. ‘

" PURPOSE

The purpose. of . this finite element. evaluat;'bn was .to parametrically study 'the_

effect of loading in the H5 weld region with a deep flaw (i.e., small ligament) present. Of

particular interest was the appropriateness of the use of limit load methodology for. the

.determination’ of the minimum ligament size. Based on this, a FEM was constructed

that properly represented the H5 weld geometry so that stresses from applied loading -
could be assessed across the remaining ligament, and compared to those stresses
obtained from simplified strength of materials calculations typically used in limit load
evaluations. The main intent was to ensure that no amplification effects were present in
this region due to the offset geometry or the presence of a deep flaw, thereby providing
evidence that strength of materials calculations are adequate. ' o

Plot #1. (attached) shows an overall view of the FEM. The model was
constructed using the ANSYS computer code [1], and is comprised of two-dimensional
(2-D), axisymmetric, isoparametric solid elements. The H5 weld region was modeled in
detail, including the fillet weld, the core plate support ring, and enough of the upper and

- lower-shroud cylindrical portions.so that end effects were not significant in the region of

interest.

Page 1
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A load was applied to the top end of the model, as noted in Plot #1. A detailed
plot showing the load application is shown in Plot #2. An equivalent uniform pressure
tensile load of 1,372 psi was applied to the end of the model. This stress was derived
from the screening criteria [2] primary loads specific to this location for the faulted event
(consisting of main steam line break + safe shutdown earthquake: loads), including the
~ appropriate ASME Code safety factor of 1.4, and represents the maximum combined
primary membrane plus bending stresses at a section 50° above the H5 weld. Only
* sustained stresses induced by primary loads are required for limit load evaluation, so
secondary stresses (e.g., thermal, welding residual, local bending) were not
considered. '

For the purposes of demonstrating the appropriateness of limit load
methodology, the magnitude of the applied load is inconsequential since the intent was
to parametrically assess the effect of a deep flaw on the stress distribution in the
remaining ligament; however, an approximate order-of-magnitude load was desired, so
the screening criteria loads formed the basis for determining this load. Since the model
is elastic and linear, the results can be scaled for any other desired load. It should also
be pointed out that, since the model is an axisymmetric 2-D model, the applied load is

‘equivalent to pure axial tensile loading on a 3-D cylinder; however, the results closely
approximate those in a 3-D cylinder under an-applied moment Ioadlng at the location
where primary bending stresses are maximum. ‘

~The boundary conditions were applied to the bottom end of the model, as noted
in Plot #1. Plot #3 shows a detailed view of this end of the mode! with the boundary
conditions applied. The bottom end of the model was fixed in the vertical (shroud axial)
- direction. . Restraint in the shroud radial and C|rcumferent|al dlrectlons come from the
axisymmetric assumption.

, The ANSYS input file listing for this model is also attached for your information. .
The detailed results obtained from this' model were previously described in the
Reference 3 letter. If you require further |nformat|on on this subject, please don't
hesitate to contact me. :

REFERENCES
[1] G. J. DeSalvo and R. W. Gorman, ANSYS Engineering Analysis System User's.

Manual, Swanson Analysis Systems, Inc., Houston, PA, Revision 4.43,
- May 1, 1989. \ v

[2] GE Report GENE-523-05-0194, Revision 0, “ Evaluation and Screening Criteria
for the Dresden 2 and 3 Shrouds,” W.F. Weitze, GE Nuclear Energy, March 1994.

[3] Letter GLS 94-11 from Gary L. Stevens (GE) to Tom Spry (CECo0), “ Response to
Commonwealth Edison Technical Audit Questions,” June 8, 1994.
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/COM, ANSYS REVISION 4.4A, DATE 5/1/94

/PREP7

/TITLE, DRESDEN SHROUD CRACK, ALLOWABLE FLAW SIZE
KAN,0

C*** 2.D AXISYMMETRIC ISOPARAMETRIC THERMAL MODEL
ET,142,,1

ET,2,42,,,1

ET.342, 1

MPTEMP, 1,0,400, 1000, 1600,2200,2800

MPDATA KXX,1,1,.19E-3,.23E-3,.30E-3,.39E-3, S7E-3, 98E-3
MPDATA,C,1,1,.1,.116,.132,.149,.108,.1
MPDATA,DENS,1,1,.29,.29,.29,.29,.29,.29
MPDATAEX,1,1,28.3E6,26.9E6,23.2E6,14.5E6,4.4E6,2.5E6
MPDATAKXX,2,1,.19E-3,.23E-3,.30E-3,.39E-3,.5TE-3,.98E-3
MPDATA,C,2,1,.1,.116,.132,.149,.108,.1

-MPDATA,DENS;2,1,.29,.29,.29,.29,.29,.29

MPDATA EX,2,1,28.3E6,26.9E6,23.2E6,14.5E6,4.4E6,2.5SE6
MPDATA KXX,3,1,.19E-3,.23E-3,.30E-3,.39E-3,.57E-3,.98E-3
MPDATA,C3,1,.1,.116,.132,.149,.108,.1
MPDATA,DENS,3,1,.29,.29,.29,.29,.29,.29
MPDATA,EX,3,1,28.3E6,26.9E6,23.2E6,14.5E6,4 4E6,2.5E6 -
C#*** NODES:

C*+**SECTION 1, SHROUD PLUS WELD

N,1,98.5,0.00001

N,2,98.525,0.00001

N,3,98.55,0.00001

N,5,98.65,0.00001

FILL

N,6,98.75,0.00001

N,8,99.0,0.00001

FILL

N,12,100.00,0.00001

FILL

N,14,100.25,0.00001

FILL

N, 15,100.35,0.00001

N,17,100.45,0.00001

FILL

N,19,100.5,0.00001

FILL

'NGEN,7,19,1,19,1,.5.0

NGEN,3,19,115,133,1,,3.0
NGEN,4,19,153,171,1,,2.0
NGEN,5,19,210,228,1,,1.0
NGEN,5,19,286,304,1,,0.5
NGEN,7,19,362,380,1,,0.25 -

" NGEN,3,19,476,494,1,,0.125

NGEN,2,19,514,532,1,,0.1
NGEN,3,19,533,551,1,,0.05
NGEN,2,19,571,589,1,,0.025
C*** SECTION 2
N,609,92.875,50.0
N,610,92.875,50.05
N,614,92.875,50.25
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FILL

N,617,92.875,50.55

FILL

N,619,92.875,50.95

FILL

N,620,92.875,51.45
N,622,92.875,52.55

FILL

N,623,92.875,53.05
N,625,92.875,53.45

FILL

N,628,92.875,53.75

FILL

N,633,92.875,54.0

FILL
NGEN,8,25,609,633,1,.5
NGEN, 8,25,784,808,1,.25
NGEN,3,25,959,983,1,.1
NGEN,3,25,1009,1033,1,.05
NGEN,6,25,1059,1083,1,.025
NGEN,3,25,1184,1208,1,.05
NGEN,2,25,1234,1258.1,.1
NGEN,3,25,1259,1283,1,.125
NGEN,5,25,1309,1333,1,.25
NGEN,3,25,1409,1433,1,.125
NGEN,2,25,1459,1483,1,.1
NGEN,3,25,1484,1508,1,.05
NGEN,3,25,1534,1558,1,.025
C*** SECTION 2, 1.055 IN REGION
. NGEN,5,25,1584,1608,1,.01375
. NGEN,3,25,1684,1708,1,.25
NGEN,3,25,1734,1758,1,.125
NGEN;2,25,1784,1808,1,.1
NGEN,3,25,1809,1833,1,.05
'NGEN,5,25,1859,1883,1,.025
C#*** SECTION 2, BENEATH SECTION 3 REGION
NGEN,3,25,1959,1983,1,.05
NGEN,2,25,2009,2033,1,.1
NGEN,3,25,2034,2058,1,.125
NGEN,$5,25,2084,2108,1,.25
NGEN,3,25,2184,2208,1,.125
NGEN,2,25,2234,2258,1,.1
NGEN,3,25,2259,2283,1,.05
NGEN,3,25,2309,2333,1,.025
" C*** SECTION 3
N,2384,101.555,54.025
N,2385,101.580,54.025
N,2386,101.605,54.025
N,2388,101.705,54.025

FILL

N,2389,101.805,54.025
N,2391,102.055,54.025

FILL

N,2395,103.055,54.025
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FILL
N,2397,103.305,54.025
FILL
N,2398,103.405,54.025
N,2400,103.505,54.025
FILL
N,2402,103.555,54.025
FILL
NGEN,2,19,2384,2402,1,,.025
NGEN,3,19,2403,2421,1,,.05
NGEN,2,19,2441,2459,1,,.1
NGEN,3,19,2460,2478,1,,.125
NGEN,7,19,2498,2516,1,,.25
NGEN,5,19,2612,2630,1,,.5
NGEN,5,19,2688,2706,1,,1.0
NGEN,4,19,2764,2782,1,,2.0
NGEN,3,19,2821,2839,1,,3.0
NGEN,7,19,2859,2877,1,,5.0
C*** EXTRA NODES FOR DISCONTINUITY
C‘tt o .
N,3000,101.555,54.0
Ct‘#
C*** ELEMENTS
TYPE,1
MAT,1
E,20,1,2,21
EGEN,18,1,1
EGEN,23,19,1,18
TYPE,2
MAT,2

! C‘#‘l W'ELD
E,457,438,439,458
EGEN,18,1,415
EGEN,4,19,415,432
E,533,514,515,534
EGEN,18,1,487
EGEN,4,19,487,504
E,1134,590,591,1159
E,1159,591,592,1184
E,1184,592,593,1209
E,1209,593,594,1234
E,1234,594,595,1259
E,1259,595,596,1284
E,1284,596,597,1309
E,1309,597,598,1334
E,1334,598,599,1359
E,1359,599,600,1384
E,1384,600,601,1409
E,1409,601,602,1434
E,1434,602,603,1459
E,1459,603,604,1484
E,1484,604,605,1509
E,1509,605,606,1534
E,1534,606,607,1559
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E,1559,607,608,1584
Cttt
TYPE,1
MAT,]
Ctt#
EMODIF, 420
RPS,1
EMODIF, 440
RP4,1
EMODIF, 459
RP2,1
EMODIF,477
RP2,1
C*** ELEMENTS
C*** SECTION 2
TYPE,3
MAT,3
E,610,609,634,635
EGEN,24,1,577
EGEN,70,25,577,600
C*** ELEMENTS
C*** SECTION3
TYPE,2 '
MAT,2
E,2384,3000,1958,2385
E,2385,1958,1983,2386
E,2386,1983,2008,2387
E,2387,2008,2033,2388
'E,2388,2033,2058,2389
E,2389,2058,2083,2390
E,2390,2083,2108,2391
E,2391,2108,2133,2392
E,2392,2133,2158,2393
E,2393,2158,2183,2394
E,2394,2183,2208,2395
E,2395,2208,2233,2396
+ E,2396,2233,2258,2397
E,2397,2258,2283,2398 -
E,2398,2283,2308,2399
E,2399,2308,2333,2400
E,2400,2333,2358,2401
. E,2401,2358,2383,2402
E,2403,2384,2385,2404
EGEN, 18,1,2275
EGEN.8,19,2275,2292
C#tt
TYPE,1
MAT,1
EMODIF,2355
RP2,1
EMODIF,2373
RP2,1
EMODIF,2390
RP4,1
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EMODIF,2406
RP8,1
E,2555,2536,2537,2556
EGEN,18,1,2419
EGEN,23,19,2419,2436
C*** FILLET WELD
TYPE,1
MAT,1
N,4000,101.53,54.025
N,4001,101.53,54.05
N,4002,101.53,54.1
N,4003,101.53,54.15
N,4004,101.53,54.25
N,4005,101.53,54.375
N,4006,101.53,54.5
N,4007,101.53,54.75
N,4008,101.505,54.025
N,4009,101.505,54.05
- N,4010,101.505,54.1
N,4011,101.505,54.15
N,4012,101.505,54.25
N,4013,101.505,54.375
N,4014,101.505,54.5
N,4015,101.505,54.75
N,4016,101.455,54.025
N,4017,101.455,54.05
N,4018,101.455,54.1
N,4019,101.455,54.15
. N,4020,101.455,54.25
- N,4021,101.455,54.375
N,4022,101.455,54.5
- N,4023,101.455,54.75 ~~
N,4024,101.405,54.025
N,4025,101.405,54.05
N,4026,101.405,54.1
N,4027,101.405,54.15
N,4028,101.405,54.25 .
N,4029,101.405,54.375
- N,4030,101.405,54.5
N,4031,101.405,54.75
N,4032,101.305,54.025
N,4033,101.305,54.05
N,4034,101.305,54.1
- N,4035,101.305,54.15
N,4036,101.305,54.25 .
N,4037,101.305,54.375
N,4038,101.305,54.5
N,4039,101.305,54.75
N,4040,101.18,54.025
N,4041,101.18,54.05
N,4042,101.18,54.1
N,4043,101.18,54.15
N,4044,101.18,54.25
N,4045,101.18,54.375
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N,4046,101.18,54.5
N,4047,101.055,54.025

"N,4048,101.055,54.05

N,4049,101.055,54.1
N,4050,101.055,54.15
N,4051,101.055,54.25
N,4052,101.055,54.375
N,4053,101.055,54.5
N,4054,100.805,54.025
N,4055,100.805,54.05
N,4056,100.805,54.1
N,4057,100.805,54.15
N,4058,100.805,54.25
C*** FILLET WELD
TYPE,3

MAT,3
E,4000,1908,1933,2384
E,4001,4000,2384,2403
E,4002,4001,2403,2422
E,4003,4002,2422,2441
E,4004,4003,2441,2460
E,4005,4004,2460,2479
E,4006,4005,2479,2498
E,4007,4006,2498,2517
E, 4008, 1883,1908,4000
E,4009,4008,4000,4001
EGEN,7,1,-1
E,4016,1858,1883,4008
E,4017,4016,4008,4009
EGEN,7,1,-1
E,4024,1833,1858,4016
E,4025,4024,4016,4017
EGEN,7,1,-1
E,4032,1808,1833,4024
E,4033,4032,4024,4025
EGEN,7,1,-1
E,4040,1783,1808,4032
E,4041,4040,4032,4033
EGEN6,1,-1
E,4047,1758,1783,4040
E,4048,4047,4040,4041
EGEN,6,1,-1
E,4054,1733,1758,4047
E,4055,4054,4047,4048
EGEN4,1,-1 ‘
E,1708,1733,4054,4054
E,1708,4054,4055,4055
F,1708,4055,4056,4056
E,1708,4056,4057,4057
E,1708,4057,4058,4058
E,4058,4051,4052,4052
E,4058,4052,4053,4053
E,4053,4046,4039,4039
E,4046,4038,4039,4039
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E,4039,4031,2536,2536
E,4031,4023,2536,2536

-E,4023,4015,2536,2536

E,4015,4007,2536,2536
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EDELET, 1676,1677,1
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EDELET, 1748,1749,1
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EDELET, 1796,1797,1
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EDELET, 1868,1869,1
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EDELET, 1916,1917,1
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EDELET,2012,2013,1
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EDELET,2084,2085,1
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John Stang. 301~-504-3861 ‘
Keith Wichman 301-504-0260

Joe Williams 815-942-29230 x2265

Bob Walsh 309~-654-2341 x2265

John Dawn 408-925-6416 (Phene)
Tom Behringer 408-851-9749 (Pager)

Attached per your request are the following attached documents.

1.
2-
3.

4.

Note:

Procedure to calculate the minimum required ligament at HS
(2 pages)

Dresden and Quad Cities Core Shroud structural contiguraticn
(3 pages)

Free body diagram of forces on core shroud for limit load
calculations - Quad Cities (1 page)

Free body dlagram for limit load calculations at H5 = Quad
Cities (1 page)

Quad Cities Unit 1 Shroud Weld HS Limit Load Evaluation For
MS LOCA (1 page) ‘ ,

- Quad Cities Unit 1 ghroud Weld H5 Limit Load Evaluation For

RR LOCA (1 page)

The description of the FEM is being sent by fax from
the Dresden Station.

DE@EUME|
Jih 30 .
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- To: John 8tang 301-504-3861
Keith Wichman 301-504-2360
Joe Williams 815-942~2920 x2365
Bob wWalsh 309-654-3241 x2265

From: John Dawn 408-925~6416 (Phone)
Tom Behringer 408-951-9749 (Pager)

Attached per your request are the following documents.

1. Free body diagram of forces on core shroud for limit leoad
_calculat ons - Quad Cities (revised) (1 page)

2., Free bedy diagram for limit lecad calculations at H5 - Quad
Cities (revised) (1 page)

3. Free bod{ diagram of forcés on core shroud for limit load
calculations - Dresden (New) (1 page)

4, Free body diagram for limit load calculations at H5 - .
Dresden (New) (1 page)

5. Quad Citles Sbroud Summary of Loads and Stresses at each
« Horizontal Weld Location COMED Design Review (Rev 1)

(5 pages)

6. Dresden Core Shroud Summary of Loads and Stresses at each
’ Horizontal Weld Location COMED Deszgn Review (Rev 1)

(5 pages)

7. RR LOCA Allowable Force Calculation (Generic for Dresden and
Quad Cities) (New) (1 page) ‘

8. Dresden and Quad Cities Core Shroud Structural configuration
(revxsed)(l page) -

Note: (1) Items 1&2 were originally faxed on June 29 but are
' revised as of June 30. Items 5&6 were part of the
submittal on June 25 but are revised as of June 30.
Thie revision was made to improve the accuracy by
eliminating some of the simplifing assumptions that
were originally used. The revision does not
affect/impact any desizn analysis and is only for
nunerical consistency in summary the docunments.

(2) Item 7 is a new document being submitted for your
: information.



1.

3

4.

Calculate the primary forces acting on the shroud, i.e.,
welght (DL), buoyancy (B), seismic vertical, seisnic
horizontal, upward pressure on the shroud head during normal
operation, upward pressure on the shroud head during main
gteam LOCA, upward pressure on the shroud head during RR
LOCA (same value as for normal), lateral asymmetric loads on
the shroud during a RR LOCA blowdown, lateral asymmetric
loads on the shroud during a RR LOCA acoustic.

Calculate the gross section properties of the shroud at HS
using the original 2" wall thickness (excluding the fillet
weld). Calculate the centerline section modulus, shroud
head area, shroud wall area and moment of inertia. :

Determine the primary tensile stresses at H5 (Pm = membrane -
stresses due to axial loads, Pb = bending stresses Que to
seismic and asymmetric loads).

sum the primary stresses in the shroud wall at H5 for each
load combination to determine the maximum tensile stress
(L.e. Pm + Pb). Note that steps 1 through 4 are defined in
the COMED sumnma charts (files CSSTRESB1.XLS and
cssrgxsz.xns) which wvere used to verify the GE analysis
results. :

Utilizing the maximum primary tensile stresses Pm and Pb,
perforrm & limit load analysis to determine the minimum
ligament size required. The methodolegy as defined in the
1983 Ranganath and Mshta paper wae utilized in conjunction
with the ASME S8ection 11, Appendix C, C=3320 factors of

safety. ,

For Quad Cities the governing load combination is
DL+B+MSLOCA+DBEvert+DBEhorg. See the attached sheets for
the limit load evaluations for both the RRLOCA and MSLOCA
combinations with the DBE,

From the attached limit load calculations the minimum
required ligament for Quad cities is 0.12" (MSLOCA) and

0.11¢ (RRDOCB) .

Verify that the minimum ligament size calculated will remain
in the elastic range for the magnitude of the applied loads
and that stress intemsification factors dc pat need to de
applied due to the offset gecmetry. Perform this
verification using a £inite element model of the applicable
portion of the shroud and by applying a uniform tensile load
equivalent to the maximum stress applied across the entire
area of the shroud wall (note that the equivalent gstress is
of the same magnitude ag the stresses on the section but is



not the same numerical value). Utilige a 0.25 inch
remaining ligament (note actual QC minimum ligament is
0.12") to calculate the stress distribution due to the
offset geometry and verify that even with a flaw depth of
g2t of the material thickness (i.a. deep flaw) that the

average stresses (10 kei) are egquivalent to what would be
calculated by statics.
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®.220.00

4.00
] : ~
6.00- 4 ¢ 216.00 ETAL A
T, 50 %@ | DETAIL 8
— V.44
f / DETAIL C
§ 203.12
iz=.875 - ¢
i 164,25 N
; } DETAIL F
75.28 N-=—2.0 NOMINAL :
l - N (TYP FOR PARTS 2, 4,15, 7) DETAL D
. 400 § = ¢ 185.75 f |
: . '} N o
P f b IR 1068 . P
- a2 . , DETALL E
! 55182 - ¢ 197.00 - . A
' . | B
B)” 2.25 U | ; DETAIL G
SR 201,25 .

SHROUD SECTION VIEW

NOTES:

1.. CORE SPRAY SPARGER ASSEMBLY, INTERNAL AND EXTERNAL
BRACKETS/PADS ARE NOT SHOWN FOR CLARITY.

2, ALL DIMENSIONS ARE REFERENCE.

3. PART NO. 8 (BACKUP RING) IS NOT A PART OF THE VENDOR
FABRICATED SHROUD. THE BACKUP RING IS PART OF THE FIELD WELD H7.

4, PART NO. 8 (SHROUD SUPPORT CYLINDER) IS A PART OF THE VESSEL.
THE SHROUD SUPPORT CYLINDER S PART OF THE FIELD WELD H7.



H1

H2
H3

4

S
HE

h7

0° 15* 180"  230° 350" 360°
g_ ' 1 T —de 1 T |4 R

50° - 165" 250"

SHROUD HEAD FLANGE
|1 V2 V3 V.
V5. v8 :'w
' JOP GUIDE FLANGE
T I T T ] T — :
VB Vo V10 Vit viz Vi3
. 7l
vid V1S i HALF
V17 VI8 vie SHROLD
. R & RALF .
v20 | vz v22 | v23 v24 | ves
1 [ | | l‘ || .
: y .CORE SUPPORT FLANGE
V26 v27 V28
1 ‘ N ' l‘
) | | N
| | ' ~L " sirow SUPPORT CYLINDER

- 380°
N '-

-

SHROUD ‘SURFACE DEVELOPMENT

NOTES:

1. AZIMUTHAL LOCATIONS OF LONGITUDINAL (VERTICAL)
WELDS FOR Vi4 (AT 118%), Vi5 (AT 230", V16 (AT 350",
Vi7 (AT 50", V18 (AT 185%) AND V18 (AT 280") WERE
IDENTIFIED FROM THE DRESDEN 3 VESSEL INSPECTION '
REPORTS DONE BY COMMONWEALTH EDISON COMPANY (CECo.).

AZIMUTHAL LOCATIONS OF LONGITUDINAL (VERTICAL)

WELDS NOT ADDRESSED IN NOTE 1 ARE NOT DEFINED
ON THE EXISTING DOCUMENTATION.

AZIMUTHAL LOCATIONS OF LONGITUDINAL (VERTICAL) WELDS

FOR THE SHROUD SUPPORT CYLINDER ARE NOT DEFINED.



m ®. @ RRIOCA RRIOCA RRIOCA RRLOCA Shear  Moment
DL DL DBEvert. Buoyancy MSLOCA RRICCA Blowdown Blowdown Acoustic Acoustic DBEhow. DEEhom.
Kips) (Kips) ®ps) (Wips) - (Kips) (Kips) (Kips) (nKips)  (Kps)  (nKips) (Kips)  (nKips)
21987 21987 3518 2729 73287 -293.15 R A NA  NA N/A 8600 1.038E+04
o887 24874 - 3980 -3088 Noled Noled H2  NA NA A NJA 67600 2.320E+04

140 zo.lh -40.02 3105 Nole4 Noled - H3 N/A N/A N/A NiA 676.00

0Z WAl 6127 978 Noted Noted d M NA N/A 17500 S621E«G3 83000 B8.620F+04
%429 4137 6619 513 Noted4 Nated '9 HS . 1720 1O6IEWO3 17500 1B79Es04 120800 1.544F+05

191 4IS81. 668D S169 NA  NA ¢ H6 1720 LIS0E/O3 17500 1949604 120800 1592405

1897 43A58 -69.53 -53.95 N/A N/A I H7 1720 2L087E+G3 17500 29236404 118400 2.260F+05

H8
Notex $ign Convention:
1. DLhchdeshemﬂgMdthestmudheud.sepomimsmuﬁopgwdecppﬁeddHl (+) 5 down (campression on H5)
2. Dp for QC=20 psi, Dp for Dresden=12 psl. values shown are QC () is upward (Fension on HS)

3. Dp for QC=8 psi, Dp for Dresden=7 psi.vaiues shown are QC
4. Force ks appiied af the head and is constant from HI thiough HS
5. SSE Vertical= Welght x 0.16g (QC). Weight x 0.133g (Diesclen)

Prepased By: 1. J. Beh Date: omm

'-}

Reviewed By: Dgate: 6/30/94

M‘?M i

FREEEDS XS , . " Pogel . 6730/94



B

A. For DBE + Main Steam LOCA

F = DL+B+DBE+MSlocca

Fu= 413.70 - 51.36 - 66,19 - 782,87
F= -436.72 Kips -
Pme F/Area= -338.86 psi

Hs | | T~ Moment DBE= 15448405 In-Kip
’ K Pb=Me/l= -2335.99 psl
—- Shear DBE = 1208.00 Kips

Maximum Tension Stress = -338.86 - 2335.99 = -2674.840 psl

B. For DBE + Reactor Recirculation LOCA (Blowdown)

Pms= F/Area= 2.328 psl

| F = DL+B+DBE +RRloca
/F-41370 51.36 - 66,19 - 293,15
Fe 3.00 Kips .

Moment = Moment DBE + Moménf RRblowdown
_H5 Momeni=1 5ME+05 + 1.061E+03=1 555E+05 In.-Kip

Pb=Mc/i= -2352.046 psl ‘
_t__’-—Shear = Shear DBE + Sheor RRbiowdown

Shear = 1208,00 + 17.20 = 12256.20 Kips.

Maximurn Tension Stress = 2.328 - 2352,046 = -2384.374 psi

Prepared By: , ehnng; 6/30/94
Reviewed By Dcw%- Date: 6/30/94
Approved By: Date: 6/30/94

. FREEBDG1.XLS Page 1 6/30/94



)] &) @ 3)
DL DL DBEvert. Buoyancy MSIOCA RRIOCA
(Kips) (Kips) (Kips) Xips) -(Kips) (Kips) -
21987 21987 -2931 2739 4072 -256.60
2887 24874 3316 3088 Noted Note4
140 25014 -3334 -3105 Noled4 Noted
7027 32041 4271 3978 Noto4 WNoted
9329 41370 5515 5136 Noted Noted

191 415461 6540 - -51.59 N/A N/A

1897 43458 65793 5395 NA  N/A

Noles:

/.

<

fixed Bose

53 3 5 & £t & &

Shear Momert Shear
RRLOCA RRIOCA RRIOCA
Blowdown Blowdown Acoustic

Kips)

N/A
N/A
N/A
N/A
.. 17.20

1720

1.. DL inchixdos the weight of the shroud head, separators and top gulde appiied at H)

2. Dp fo1 Dresden=12 psi. Dp for QC=20 psl, values shown are Dresden
3. Op for Drasden=7 psi, Dp for QC=8 psl.volues shown are Dresden
4 Force b applied at the head and is constant from H1 through HS

asEVenbd_WeuﬂxOIog@quuxolwgwen)

Prepared By: hringer Dale:  6/30/94
W
Reviewed By: Date: 6/30/94

J‘Q Oate:- 6/30£94

FREBDGDXLS

(nKips)

N/A
NfA
N/A
N/A
1.061E+03

1.130E+03

1720 2.087E+03

- (Kips)

N/A

CN/A

N/A

17600

17500

17500

175.00

/.} —~— n Y.
Moment
RRIOCCA  Shear  Moment
Acoustic DBEhcz. DBFhom.
(nkips) (Kps)  (InKips)
N/A 5000 6.480E+03
N/A 37200 1.356E+04
N/A 37200
S5621E+03 38600 4.680E+04
1879E404  654.00 B.020E+04
19406404 65400 8.280E+04
2923F:04 73200 1.206E+05
Sign Convenlion:
() Is down (compression on HY5)

(3 B upward (tension on HS) ‘

6/30/94



A. For DBE + Maln Steam LOCA

F = DL+B+DBE+MSloca

o F=413.70- 51.86 - 55,15 - 439.72
F=-182.58 Kips
‘ Pm= F/Area=-102.832 psi
H5 \- Moment DBE= 8.020E+04 In.-Kip

K Pb=Mc/l= -1213.38 pal
. 4 Shear DBE = 654.00 Kips
Mendmum Tension Strees = -102.832 - 1213.38 = -1316.212 psl

B. For DBE + Reactor Recirculation LOCA (Blowdown)

F = DL+B+DBE+RRloca o
/ F=413.70-51.86 - 55.15 - 256.50
- F= -60.69Kps -
Pm= F/Areos -39.331 psi

: \ Moment = Moment DBE + Moment RRblowdown
H5 _ Moment=8.020E+04 + 1.061E+03=8.126E+04 In.-Kip

Po=Mc/l=-1229.380 ps! . :
_’L—-—Sheor = Shear DBE + Shear RRblowdown

Shear = 654,00 + 17.20 = 671.20 Kips

Maximum Tension Stresg = -39.331 - 1229.360 = -1268.481 psi

-7/ AJZW.,.;.Q
T. J. Behringer” Date: 6/30/94

Prepcred By:

ten
Reviewed By: J. A. Ra Date: 6/30/94
Approved By: Q willigms Date: 6/30/94

FREEBDG2.XLS : Page 1 ' 6/30/94



Quad Cities Unit 1 Shroud Weld HS Limit Load Evaluation for MSLOCA

NOTE: Inputa are highlighted in the oulput boiow,
‘Casge #2: .The neutral axis is located such that « + B > x (this i3 checked below)

(1 - 41t - Pn*SFion®
B= (Reference: "Engineering Methods for the Assessment of
2-dh Ductile Fracture Margin In Nuclear Power Planmt
Piping,” 8. Ranganath and H.S. Mehta, 19883.)

Py’ = (2*o¢n) * (2 - dA) sind

kéx::'é ﬁ

Fu

P8 7T
P,"SF = 3,272 psi
LT S N TR L T M STy o
38po 60700 - psi= o -
SR ESITOT R IS 3.141592854 radians

p=( 3.117476128 - 3.141502854 dA)/ (2 - df) 1]
Py'= 32276.62248 *(2-dn)sing )]
Solving by trial and emror; B Py
. , ‘ ' ‘ ‘ from [1] from (2] Difference B

dar (radians) (ps)) = P - P,*8F M a+f>n?
1.4754 81.047 §7,778 84.5 YES
1.3820 - 67,078 §3,803 78.2 YES
1.2784 82,857 . 49,285 - 78.3 YEs
1.1630 . 47,408 44,136 66.6 YES
1.0311 . 41,834 38,202 §9.1 YES
0.8804 - 34,838 31,868 50.4 YE8
0.7084 27,237 23,988 40.5 YES
0.5035 18,688 16,416 288 YEB
0.2687 9,253 : 5,082 181 YES -
0.2373 8,269 4,898 - 13,8 - YES
0.2104 7,280 4,008 12.1 YES
0.1830 6,284 3013 - 1058 YES
0.1551 5,284 - 2,018 80 YES
0.1268 - 4,280 1,008 13 YES
0.087¢ 3,272 1 5.6 YES
0.0873 3,202 ) 5.8 YES
0.0871 3,252 .20 56 - YES

0.12 inches

08/28/84, 5:08 PM



Quad Cities Unit 1 Shroud Weld HS Limit Load Evaluation for RRLOCA

NOTE: inputs ere highiighted in the output below.

‘Case 2. The nsutral axis is locatied such that o + B > = (this is checked balow)
(1 -dt « Pu*SF/o)n
ps (Reference: “Engineering Methods for the Assassment of

2-dr Dudtile Practure Margin in Nuciear Power Plant
'- Piping.* 8. Ranganath and H.S. Mehta, 1083))
Py’ = (2*c¥n) * (2 9M) sinf

Given: A R R R by VNS St TLE
It RA3s:

1 tietiiaal [ b bipty i 3,141582854 radlans
Thus: B=( 3141862854 - 3.141582654 dn)/ (2-dn) [1]
' Pso  32276.62248 " (2- d/) &inP ' (2]
Solving by trial and error; ‘ A B Py
. ' “ ‘ from [1) from [2] Difference B o
an © (radians) (ps) =Py -P8F () a+P>x?
1.4881 61,116 57,448 85.3 YES
13863 67.218 83,547 80.0 YES
1.2038 52,778 46,108 741 © YES
1.1781 47,712 44,044 67.§ " YES8 -
1.0472 - 41,929 38,281 60.0 YES
0.8878 35,329 31,681 514 YES
; - 0.72580 27824 24,186 41.5 YES
' 0.5238 18,3686 15,688 30.0. YES
0.2858 10,003 6,338 16.4 YES
0.2504 9,024 5358 14.9 YES
0.2327 8,039 437 13.3 YES
0.2055 7,048 3,380 11.8 YES
0.1778 6,082 2,384 10.2 YES
- 0.1468 5,084 1,388 868 YES
0.1208 4,048 378 6.9 YES
0.1100 3,873 8 63 YES
0.1083 3,682 $ 6.3 YES
0.1 " inches

- DE/28/84, 8:10 PM



deCiﬁesComSlmudSummyollnudscndSiromsAtchhHomquWeld Localion COMED Designl!wiow

Revision 1
Combined - Combined Combined Combined: Combined
Stresses Combined Shesses Combined  Stresses Siresses Stresses

DL+B+U+OBE Stresses DL+B+F Stresses DL+B4SSE  DI+B+MSSE.  DL+B4+F+SSE
" Shroud Weld Psi) DL+B+U+OBE MSLOCA DL+B+SSE(Ps) (Ps))  MIS LOCA (Psi) MS LOCA (Psi)
Designation Compression (Pd) Tension (Psh)  Compression : Tension Compression  Tenson

H -16.748 -165.785  -394452 253947 24126 -281099 -559.172
H2 85.886 224870 375992 "440.754 . -180.757 94292 -715.803
H3 114.614 260596  -398.650 514149 236271 54.494 -804.914
H4 622.481 681677  -350895 - 1482128 -1126.187 913.485.  -1694.830
H5 1196.003 -1139982 -287.496 2565773 -2106.198 1997.130 2674840
Ho 1309.59% -1249.421  N/A 2796965 -2321 060 N/A N/A
H? 1858.550 -1774226 N/A 3881584 -3383.9%66 N/A N/A
HB - 1737.728 1662773 NJA 3621664 -3179.337 N/A N/A

References.  GE-NES23-02-0194 QC-1 Evaluation and Screening Criterta for H5 Weld
GE-NE-523-A79-0594 QC-1 Evaluation of the indications for H5 Weid

Symbols: DL=Dead toads _ ' .
B= Buoyancy Forces .
U= Upset loods Dua To A 8 psi Dp
F= Fautted Loads Due To A 20 psi Dp (MS LOCA)
RR LOCA= Lateral Loads And Induced Bending Dus To A RR Uine Break

Inputs: Vertical OBE = 008g Shroud Head Area = 36643.54 In."2
Vertical DEE = 0.169 : : .
Density Water=0036 C
Dersily Shroud= 0.290
PreparedBy: T.J.Behinger &4 lf"ew-y'-— Date:  6/30/94

Reviewed By: JADMJIDM% '  Date:  6/30/94

Dote:  6/30/94

CSSIRESI.XLS Revision | | . Page / of 5 6/30/94



QuadCuﬁosComShroudSuumyol l.oMsmdsuossesAlEach HoﬂzontulWeldlocaﬁonCOMED Dedgnl!wlow
: : ' Revision 1
Combined Combined | | -
Stresses Combined Shresses Combined '
DL+B+F+SSE =~ Stresses  DL+B+HSSE Shresses
RRLOCA  DL4B+F4+SSE RRIOCA  DUL+B+F4SSE
Blowdown RRLOCA - Accoustic RRLOCA

Shroud Weild (Psi) Rlowdown (Psh) Accoustic
Dssignation Compression (Ps)) Tension Compresﬁon (Ps)) Tension
1] 39.928 -238.144 39.928 -238.144
H2 226.736 394.775 226.736 394.775
H3 286.692 -463.728 286.692 -463.728
HA4 1254 671 -1353.644 1254.671 -1353.644 i .
H5 2354.372 238711 2622608 -2617.946 )
H6 N/A N/A © NJA N/A
H? N/A N/A N/A N/A
H8 N/A N/A N/A N/A
" Prepared By: " T.J.Bathiinger &’/M"T" © Dale: 6/30/94 -

Reviewed By: J. A. Doen / DW - Date: . 6/30/94
Approved By: _J. D. Wilkarns OM% | Dalte: 6/30/94

CSSIRESI XIS Revision | | Page Zof S | . 6/30/%4



Quad Ciies Core Shroud Summary of Loads and Siresses At Each Horizontal Weld Location COMED Design Revievs
Revision 1

} Shroud Shroud ) Cenfetline
-Weld Outside Inside Shroud Shioud  Seciion
Shroud Weld Flevation Rodius Rodius Thickness Area . Modulus
Designation  (nches)  (n.) (n) . @n) (n"2)  (n.A3)
H1

391.376 110000 108.000 2000 1369.734 7.466E404
H2 357875 110000 108000 2000 130.734 7.466E+04
H3 356,375 103.560 101.560 2.000 1288.807 6.610E+04
Ha 266.375 103.560 101.560° 2000 1288.807 6.610E+04
H5 191.125 103560 101.560 . 2000 1288.807 64106404
Hé 187.125 100500 98.500 2000 1250354 6.221E+04
H7 131.500 100500 98.500 2000 1250.354 6.221E+04
H8 120531 100625 98375 2250 1406.648 6.999E+04

Prepared By: T. J. Betuinger "/7/5-4&.:7(/ Dale:  6/30/94

Reviewsd By:\. A. Dawn 4’ Y Date: 6/30/94
Approved By: J. D. Wiliams 0// // Dofe:  6/30/94
* CSSIRESIXLS Revision | . ' .~ Poge3dfS

- 6£30/94



mcmmwmmydmmmmmmumwmmmmm
Revision 1

RRLICCA RRIOCA

Effective
OBE DBE Moment Moment Shear Shroud Buoyant Vertical Verticadl Weight Effective
ShroudWeld Moment Moment Blowdown Accoustic  OBE Welght Force OBEUplift DBE Uplit OBE Weight
Designation  (nKips)  (InKips)  (InKips) (nKips)  (Kips) - (Kips) (Kips}) (Kips) (Kps) Kips) DBE (Kips)
HI  5190E+03 1.038F+04  N/A N/A 4300 21987 -7 1759 -3518 17499 157.40
H2 1.160E+04 2.320E404  N/A . N/A 33800 24874 -30.88 -1990 -39.80 19796 17806
- H3 1.240E+04 2.480E+04  N/A N/A 33800 25014 -3105 2001 4002 19908 179.07
H4 4.310E+04 B8.620E404  N/A N/A A1500 32041 3978 2563 5127 25500 229.37
HS 7.720E404 1.544E+05  1.061E+03 1.879E404 60400 41370 5136 3310 -6619 32025 29615
Hb 7960E404 1.502E405 1.130F+03 1.949E+04 460400 . 41561 5159 3325 6650 33077 29752
H7 1.13CE+05 2.260E+05 20876403 2923E+04 50200 43458 5395 3477 -6953 34587 3110
H3 1.I9CE+05 23B0E+05 22756403 3.114F+04 59200 43458 5395 3477 -69.53 34587 311.10
Prepared By: 1.J.Behinger - %~ j&n&”y\/ Date: 6/30/94
ReviewedBy' J A Dcwm Daha. 6[30194
Approved By: 1.D. mm%ﬂ/{/ /{é . Dofe: 6/30/94
CSSTRESI.XLS Revision | | Page 4ofS 6/30/94



mmmmmdmmmmmmmmwlmmmnm“~

Revision |
. - RRLOCA
Herizontal Horzontal Upset & MSEOCA Bending RRIOCA
Banding Bending Decd : Verical Verlical Normal(8Ps)) Faulted(ZIPsf) Stresses Bending Combine

OBE DBE locad Buoyancy OBE DBE Pressure Pressure 8Blowdow Shiesses  d Sthrosses
Shroud Weld Pbs Pbs Slresses  Shressaes Stresses  Stresses  StressesPm StressesPm nPbrdl Accousfic  DL4B4+N

Designation  (Ps)  (Ps} Pmd(Ps) Pmb(Ps) (Ps)  (Ps) ®si) (Psi) (Ps)  Phmi2(Ps)  (Pd)

H1 6952 13904 160520 -19927 -12842 -25.683 -214018 535046 N/A N/A -13.425
H2 15638 31076 181597 -22543 -14528 -29.056 214018 535046 N/A N/A -54.964
H3 18761 37521 194086 -24093 -15527 31054  -227.457 568.643 N/A N/A 57 A64
H4 65208 130416 248610 -30.862 -19.889 -39.778 -227 457 -568.643 N/A N/A 9.709
HS 1167299 233599 320995 -39848 -25680 -51.3%9 -227 A57 568.643  16.056 284.292 53
H6 127951 2559.02 332394 -41.263 -26592 -53.183 -234 452 N/A 18.165 313.297 56.679

CH? 181639 363278 347.566 -43.146 -27805 -65610 -234.452 N/A 33.544 469.769 09.967
H8 170025 340050 308947 -38352 -24716 -49.432 -208 402 N/A 32.511 444988 62.193

Prepared By: : TJBeMngsr ,j&.awr_»oate 6/30/94
Reviewed By: J. A Dawn Beon Date:  6/30/94
Approved By: .I.D.\Mlmmve \ﬁ/{/( Date: 6[30[94
CSSIRESI XS Revision | | D Page Sof S 6/30/94
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Dresden Core Shroud Summary of Loads and Stresses Al Each Horizontal Weld Locafion COMED Design Review

A : R -a_e ‘
Combined Combined = Combined Combined Combined
Combine  Stresses Combined - Stresses Combined  Stresses Stresses Stresses
dStresses DL+«B+U+OBE  Stresses . OLeB+F Stresses  DL+B+SSE  DL+B+F4+SSE  DL+B+FSSE
ShroudWeld DL+B+N (Psi) DL+B+U+CBE. MSLOCA DL+B+SSE (Psi) (Psi) MS LOCA (Ps) MS LOCA (Ps)
Designalion (Psi) Compression (Psl) Tension - (Psi) Compression Tension Compression Tension’
H1 -46.673 -13981 - -100.778 -180.434 205993 32.399 -115034 -288.629
H2 -28.212 $0.491 -131.40  -161.973 316.478 -46.784 4549 -367.811
H3 -29.032 . 61257 -1561.212 -171.193 362.590 -74.348 21.405 -415.533
H4 18.723 356.170 351888 -123.438 892666 -523.450 551.480 -864.635
HS 82.122 667 402 545979 -60.039 1451.739 975023 1110.554 -1316.208
Ho6 85.985 729.288 -601.658 N/A \877.769 -1084.123 N/A N/A
H7 99274 1045.367 -893.185 N/A 2196.641 -1680.463 N/A N/A
H8 88.243 986.343 -851.070 N/A 2066826 -1608.001 - N/A N/A
Reforences:  GE-NE-523.05-0194 Dre.-3 Evaluation and Screening Criteria for H5 Weld
- GE-NE-523-A69-0594 Dre -3 Evatuation of the Indications for the HS Weld
Symbok: Di= Dead Loads
8= Buoyancy Forces
U=Upset locadsDue To A 7 pstDp
F= Faulted Loads Due To A 12 psi BDp (VS LOCA)
RRLOCA= Lateral Loads And induced Bending Due To A RR Line Break
tnputs: Vertical OBE =00667g  Shroud Head Area = 3664354 In.A2
Vertical DBE =0.1333g
Denslty Water= 0036
Density Shroud=0.290
Prepared By: ' 1.J. Behvingex 77.5«41.,.7«.1 Date:  6/30/94
Reviewead By: J. A. Dawn Q Date: 643094
Approved By: ~ J.D. Willams &é ﬂ/{/% Date:  6/30/94
CSSIRES2X1S Rovision | : " PpogelofS
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DresdenCorosmuudswnnmoﬂoodsandShessesAtEachHorlaoMuIWeldloooﬁonCOMEDDos:gnneﬂew
. Rovision1
Combined . Combined
Shesses Combined Stresses -~ Combined
DL+B+F4SSE  Stresses  DL+B4+F4SSE Siresses
RRLOCA  DL4B+RSSE  RRLOCA  DL4B#F4SSE
" Blowdown RRLOCA Accoustic RRLOCA

%
<

Shroud Weid (Ps)) Blowdown - (Psi) Accaustic
Designation Compression (Psi) Tension Compression (Psi) Tension
Hi 18.727 -1548467 18.727 -154.867
H2 129.212 -234.050 129.212 -234.050
H3 163.565 -273373 163.565 -273.373
HA - 693.641 722475 - 693.641 -122.475
H5 1268770 -1190.104 1537 006 -1458.339
H6 N/A N/A N/A N/A
H7 N/A N/A N/A NJ/A
H8 NfA N/A N/A N/A
Prepared By: T. J. Behringer ";.:/ Aooé;-% Date:  6/30/94
RN
RevlemdBy' J. A. Dawn g Date: 6/30/94
Approved By: J. D. willams 0//:2 Date: 6/30/94
CSSIRES2X1S Revision § - : " PageZofS 6/30/94



Dresden Core Shroud Summary of Loads and Stresses Al Each Horlzantal Weld Locafion COMED Design Review ¢ -

. Revision |
Shroud
Shroud Shroud _ Cenileiline
Weld Oubide Indde Shroud Shroud Section
ShroudWeld Hevation Rodius Radius  Thickness Area  Modulss
Designation (inches) (k) n) n)  @r2) A3
H 391.375 10000 108.000 2000 1360.734 74666404
H2 357.875 110000 108000 2000 1369.734 7.A466E+04
H3 355375 103.560  101.560 2000 1288.807 6.61CE+04
- H4 . 266.375 103560 101.560 2000 1288.807 6.61CE+04
H5 191.126 103560 101.560 2000 1288807 6.610E+04
H6 187.125 100500 98.500 2000 1250354 6.221E404 -
H7 131.500 100500 98.500 2000 1250354 6.221E+04
H8 120631 100625 98.375 2250 1406648 6.999E+04
Prepared By: T. J. Behiinger 774/ - ~_Date: 6/30/94
Reviawed By: J. A. Dawn D ~ Date:  6/30/94
WWJDMWM//;%_ Date:  6/30/94
CSSIRES2)S Revision | Page3of S
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DmsdanCorGShmudSwmnmyouoadsandSthlEuch HoﬁzontolWeldl.ocalmOOMEDDedm!evbw

R o
RRLOCA RRLOCA Effeciive
OBE DBE Moment Moment Shear Shroud Buoyant Verlicd Verlical Weight Effective
ShroudWeld Moment Moment Blowdown Accousic OBE  Weigh!t Force OBEUplft DBE Upift OBE  Weight
Designation  (n-dps) ¢nkips) (InKips) (inKps) (Kips)  (Kips) (Kips) (Kips) (Kips})  (Kips) DBE (Kips)
H1 3240E+08 G4BUE+03  N/A N/A 2500 21987 2729 -1467 2931 17191 1637
H2 6780E403 13566404  N/A N/A 18600 24874 3088 -1659 3316 20127 18470
H3 7220F+03 1AG4E+04  NJA N/A 18600 25014 3105 -1648 3334 20240 18574
H4 2.340F+04 4680E+404  N/A N/A 19300 32041 3978 2137 4271 25926 23792
H5 A0WE+04 B000E+04 106IE+03 1879E+04 32700 41370 5136 2750 -6515 33475  307.20
H6 AVACE+0A B280E+04 .1.130E+03 1949E+04 327.00 41561 5159 2772 5540 33630 308.62
H7 _6030E+04 120664056 20876403 29235404 36600 43458 5395 2899 5793 35165 32270
HB 6A30E+0A 1 2B6E+06 2275E403 3.)14E:04 36600 43458 5395 2899 5793 35165 32270
Prepared By: 1. J. Behiinger -7’/&.1«.74/\ Date:  6/30/94
Reviewed By: J.A.Dawn Q Date: 6/30/94
Approved By: J. D. Willloms ﬂ/ﬂ:z Date:  6/30/94
CSSIRES2XLS Revision 1 Page4 of S 6/30/94



Dresden Core Shroud Summary of Loads and Stresses At Each Hortzontal Weld Location COMED Design Review

Revision 1| '
Horlzontal Horizontal ' Upset & MSLOCA  RRIOCA RRIOCA
Bending Bending Dead Vertical Vertical Nomal(7Ps) Faulled(12Psl) Bending Bending
‘ OBE - DBE locad. Buoyancy CBE D8E Pressure Pressure Stresses  Shresses
ShroudWeld  Pbs Pbs Stresses  Stresses  Stresses  Slresses StressesPm Stresses Pm Blowdown Accoustic
Designation:  (Ps)) ¢s)) Pmd(Ps) Pmb(Ps) (Ps) Psh) Psi) (Psi) Poril (Ps) Poni2 (Psi)
H1 43.40 8680 160.520 -19927  -10.707 -21.397  -187.266 321028 NJA N/A
H2 9082 18163 181597 22543 - 12118 -24207  -187.266 321028  N/A N/A
H3 10923 21847 194086 24003 -12946 -25.872 -199.025 -341.186 N/A N/A
H4 35403 70806 248610 -308582 -16582 -33.140 -199.025 -341.186 N/A N/A
H5 60669 121338 320995 -39.848 21410 -42.789 -199.025 341.186 © 16056  284.292
H6 66547 133095 332394 41263 22171 -44.308 -205.146 N/A 18.165 313297
H7 96928 193855 347566 -43.146 -23.183 -86.330 -205.146 N/A 33544  469.769
H8 91871 183741 308947 38352 -20607 -41.183 -182.352 N/A . 32511 444988
Prepared By: 1. J. Behringer > . Date: 6/30/94
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PURPOSE:

Operating

Period
monthsg

3
é
)
12
.16

18 .

21
24
27
30,
33
38
3o
42
48
48

NOTE:

{nitial Flaw Depth =
Crack Growth Rate =
Aa=
Saction Thickness =

‘This calculation detarminaes the allowable resctor resirculation

LOCA blowdawn farce. This forse is determined based on the
maximum stress that the given ligament can tolarate.

Saction Modulus = 8.810E+04 inches3

LeverArm =
Crack Crack
Growth Depth, 8
inches) (inches

' 1.24
0.1 1.34
0.2 144
0.3 1.54 -
0.4 1.84
0.5 1.74
086 1.84
0.7 1.84
0.8 2.04
0.0 " 214
1.0 2.24
1.1 2.34
12 2.44 -
13 2.84
1.4 2.684
1.6 2.74
1.8 284

124  inches

6.008-08 inch/hour
0.1 inch/ 3 months
3.00 Inches
81.7 Inches

Remaining

Ligament Poasow)
inches at gl

) 33,582

1.88 0.4487 32,219
1.88 0.4800 30,820 .
1.46 0.5133 29,357
1.398 0.5487 27,824
1.28 0.5800 26,228
1.18 0.8133 24,581
1.08 0.6467 22,816
0.96 . 0.8800 21,001
0.88 0.7133 19,111
0.78 0.7487- 17,138
068 - 0.7800 16,088
0.68 0.8133 12,678
. 0.48 - 0.8487 10,783
0.36 0.8800 8,528
0.20 0.8133 8,214
0.18 0.8487 3,844

Allowable

Factor Of Safety

Force Compared To The

Kkips)
35,086
34,818
33,018
31,4580
28,808
28,088
26,312
24,442
22,498
20,474
18,380
16,171
13,903
11,662
8,136
8,667
4,118

Crack Depth is the sum of the initial crack depth and the crack growth.
Remaining Ligament ig the sectlon thickness (dentified above less the crack depth.

- altls the crack depth divided by the section thickness.
* Puaow is the maximum allowable bending stress computed by limit load techniques

for the given remaining ligament size.

Allowable Force is Pygiw *Section Medulus/Lever Arm.
Section Modulus is computed for tha HS weid logation and dces not include the fillet weld.
Lever Arm ia the distance between the HE weld and the point of load application for the RR LOCA force.

L} .
bt

Date:
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" Prepared By: 1. J. Behrnger
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Date:
Date:

Caleulated Force=17.2 Kl
2080
2007
1920
1828
1733
1634
1630
1421
1308
1190

. 1087
840
808
872
834
387 -
239

" Crack Growth is based on the crack growth rate identified abave and assumes 8,000 hours per year.

NOTE: Pm at this locetion is compressive as a result of deadweight,
bouyancy and pressure loads; therefore, a value of O psi was congervatively used.
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