


Summary of Phase |l Scope

Key Issues in Phase II:
e Analysis of Transients (LOCA and Non-LOCA)
— Use of limiting COA from Phase | results

e Analysis of Multiple Crack Geometries
— Cracks can grow in 2D (length, depth)
— Cracks can grow on either side of DP (CL, HL)
— Multiple and Combined origin sites

e Review of ASME Code Stresses

e Are DP Cracks a safety concern?
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Divider Plate Geometry Reference

>110 inches (Typlcal)

Tubesheet {TS)
Full Penetration Weld — > X
Stub Runner (SR}
Typically 17- 3" g'::::;
Full Penctration Weld —> [/ Region
1.50" — 4.007
Divider Plate {DP) H |” |I (~40 1nn mm)

DP cracking limited to HAZ region of plate, SR
and weld.




Phase |l Transient Analysis Results

e Crack opening area analysis complete
— Worst Case COA = 16.00 in?

e SLB transient analysis complete
— Cracked DP has negligible effect (1-2%)
e LOCA transient analysis complete
— Large Break: Non-Degraded DP is limiting
— Small Break: Cracked DP effect is negligible

e Qualitative and Quantitative Non-LOCA
Transient analysis complete
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Phase |l Transient Analysis Results

e Quantitative analysis of cracked DP case was
required for:
— LONF/LOAC for pressurizer overfill
— Feedline break for pressurizer overfill
— IOECCS for pressurizer overfill
— SGTR for SG overfill and radiological dose

e In all cases, a cracked DP is either:

— Negligible effect on SG response to transient.
— Less limiting condition than uncracked DP.
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Phase || DP Cracking Update

ANALYTICAL MODEL
Interlinked Beams Represent TS

1 X, t
Discrete Beam Model | ( ) ) ) )C)C)C ) ) ) yo

Discrete Plate Model
Represented by

Interlinked 1D Springs \ T
Cracked Regions of Plate

*Solving the structural vibration (boundary value) problem for the
real results leads to a “structural” phase angle

*Case 1: Cracked from 0 in to 60 in A (X)E.- (x
Case 2: Cracked from 0 in to 30 in Q= LDP(( ))_ D’;E )
Case 3: Cracked from 60 in to 80 in pp \X)PrsArs
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Phase || DP Cracking Update
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Phase || DP Cracking Update
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Phase || DP Cracking Update

DP Cracks modeled using FEA in 3 different ways:

1. Effective stiffness in SR:
 Reduce stiffness of cracked plate portion.
«  Conservative for crack location.

2. Contact condition:
*  Apply frictionless contact conditions.
 Conservative stress analysis.
 Addresses combined CL/HL cracking.

3. Discrete modeling of the crack:
Model crack edges and flanks.
«  Conservative COD, COA estimates.
 Addresses combined CL/HL cracking.
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Phase || DP Cracking Update

e Phase |l analysis suggests s

Max: 1.554e-001
Min: 7.071e-002

CL interaction cracking is
not a concern.

e Phase |l analysis indicates
2D crack growth reduces
crack length growth rate.

e FEA indicates a reduction in 1
crack opening displacement

13.00




Phase || DP Cracking Update

e The next steps are:
— Refine COD using conservative results
— Determine updated SE on TS as crack grows
— Conservatively estimate updated COA

e COD will give an estimate of margin for crack
growth.

e SE will give an estimate of margin for ASME Code
Stresses.

e COA will give an estimate of margin for transients.
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Updated Phase Il Status & Schedule

e May 2008:

— LOCA Transient Analysis 100% Complete

— Non-LOCA Transient Analysis 100% Complete
— Multiple Crack Analysis 70% Complete

— Refined Crack Growth Analysis 60% Complete

e July 2008 — EPRI Technical Update on DP Cracking

e October 2008 — Full Scope of Phase || Work Complete

— Review of ASME Code Stresses
— Review TS related ARC

— Define DP Inspection Criteria

— Assessment of Field Repairs

e November 2008 — Submit Final Report to EPRI
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Conclusions & Future Work

e Transient Analysis Results:

— A 100% cracked DP under the most limiting conditions
has a negligible effect on SG during all transients.

— COA is expected to be less than current assumptions
(e.g., Less than 16.00 in?).

— COA used in analysis bounds all SG transients.

— A smaller COA will reduce the effect of a cracked DP
during transients.

e Conclusion: A cracked divider plate is not a safety concern
to SG operations during transients.
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Conclusions & Future Work

e Crack Growth Analysis Results:
— Worst case crack location is in center of DP.
— Cracks at corners have negligible effect.
— Current FEA results suggest reduced DP weld stresses

and crack opening displacements.

e Conclusion: Preliminary Phase Il results suggest
that TS and DP stresses and displacements are
less than previously reported.
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List of Acronyms and Terms

Negligible: Means a 1-2% (or less) variation in final result. LONF: Loss of Normal Feedwater.

CL: Cold Leg. SE: Structural Effect.

COA: Crack Opem.ng Area. 28:F§t:e§’:ga?negeerr?;?;tor Tube Rupture.
COD: Crack Opening Displacement. SLB: Steam Line Break.

DP: Divider Plate. SR: Stub Runner.

FLB: Main Feedline Break. TS: Tubesheet.

FEA: Finite Element Analysis.

HAZ: Heat Affected Zone.

HL: Hot Leg.

IOECCS: Inadvertent Operation of the ECCS.
LOAC: Loss of Offsite Emergency/AC Power.
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