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1.  Purpose/Objective

This analysis documents the results of fracture mechanics evaluation of the indications identified by the
in-vessel visuai inspection (IVVI) and ultrasonic (UT) inspection of the core spray internal piping during
the current refueling outage at the Cooper Nuclear Station A total of three indications were discovered,
two in the A loop and one in the B loop. The first indication was located on the thermal sleeve (Weld #1
A-Loop) with an estimated length of 8 9 in. The second indication was located on the second thermal
sleeve of the same loop (Weld #21) with an estimated leagth of 5.5 in. The thurd indication was found on
the pipe side near the tee-box (Weld #12, B-Loop) with an estimated length of 1.5 in Figures 1 and 2
graphically show the locations of these indications.

The analysis consisted of determining the allowable flaw sizes based on the design loadings for the core
spray internal piping and a comparison with the projected length of the indications at the end of next fuel

cycle considering crack growth.

. Methods

I Create an ANSYS (Reference 1) model for the core spray line  Determine the membrane and bending
stresses considering various design loadings

2 Having found the applied stresses at the location of the indications, use the it load methods of

flaw lengths

3 Determine the indication lengths, including projected crack growth, at the end of next fuel cycle and
compare with the allowable values

3. Assumptions

1. The indications are conservatively assumed to be through-wall even though verified to be part
through-wall

2 Other assumptions are listed throughout the document

4. Design inputs

A finite elemient model consisting of one loop of the internal core spay piping was developed to determine
the stresses from vanous design loads Frgure 3 shows a hine plot of the finite element model

The design inputs in this evaluation consisted of (1) the geometry of the internal core spray line. (2) the
design loads, and (3) the indication dimensions and locations. The geometry of the internal core spray
line was obtained from the drawings listed in Reference 4 The design loads considered are the following
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e Internal pressure. During normal operation the pressure differential between the inside and the

outside of the line 1s essentially negligible The internal pressure during core spray operation is 150
psi. Although a simultancous occurrence of two upset condition events (1 ¢, core spray operation and
seismic OBE) 1s judged to be highly unlikely, this internal pressure was used in the evaluation along
with the seismic OBE loading The membrane stress due to internal pressure was calculated using
the strength of matenal formulas

e  Weght: The weight loading including the weight of the contained water was simulated in the
ANSYS run by specifying one ‘g’ acceleration in the vertical direction The density of the piui2
material specified in the ANSYS run was a modified value that included the weig/it of con’ained
waler.

¢ Seismic Inertia (OBE) The seismic analyses of RPV including the internals are documenteu in
References 5 through 7. These analyses provided the base acceleration for an equivalent static
analysis of the piping which showed that a 5g’ acceleration would conservatively predict the seismic
OBE stresses. Therefore, ‘Sg’ accelerations in the two horizontal directions (radial and tangential)
were applied to the ANSYS model of the core spray piping to conservatively determine the seismic
OBE stresses

e Seismic_Anchor Displacement (OBE) Based on the Cooper seismic analyses documented in
References 5 through 7 and other more detailed analyses of similar plants conducted by GE. it was

conservatively estimated that a 1/4 inch relative seismic anchor motion between the core spray nozzle
and the attachment point on the shroud, is possible. Therefore, a 1/4-inch radial displacement was
applied at the shroud anchor points (nodes 1 and 79) in the ANSYS run

e Thermal Anchor Displacement When the RPV heats up {rom room temryrature 10 operating
temperature, the two anchor points of the internal core spray line (the core saray nozzle and the
shroud attachment point) grow vertically and honizontally at different rates cue to differences in
materials (low atloy steel for nozzle versus stainiess steel for shroud) The following displacements
were apphied at vanous nodes to account for these effects

Nodes 1, 79 displaced 0 444 inches radially due to thermal expansion in the shroud
Nodes 1, 79 displaced | 288 inches vertically due to thermal expansion in the s'woud
Node 44 displaced 0.377 inches radially due to thermal expansion in the vessel

e Core Spray Flow Load This load results when the core spray flow 1s turned on The membrane stress
due to this load was conservatively calculated as 250 psi

The direct and bending stresses from each of the preceding loads were first determined either by strer.gth
of material calculation or by ANSYS run, and then were summed absolutely to obtain total membrane +nd
bending stresses  The calculated values of the total membrane and bending stresses at the three cr dcal
locations in the core spray piping are summarized in the following table

Stress Summary

Location Membrane Bending
_Apsi) (psi)
Thermal Sleeve 1155 1431
Coupling 1029 2492
Tee-Box 1616 1095
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5. FRACTURE MECHANICS EVALUATION

5.1. Allowable Flaw Length Determination

The stresses from the table in the preceding section were utilized to determine the acceptable through-wall
flaw sizes based on the methods of References 2 and 3 The acceptable flaw size was determined by
requiring a safety factor. In the limit load theory, it 1s assumed that a pipe with a circumferential crack is
at the point of incipient failure when the net section at the crack develops a plastic hinge Plastic flow is
assumed (o occur at a critical stress level, oy, called the flow stress of the matenial. The flow stress was
taken as 38, (5,=16.9 ksi for Type 304 stainless sicel at 550°F) A safety factor of 2.8 was vsed as
specified in Reference 2 for the normal/upset conditions

Consider a circumferential crack of length, | = 2R and censtant depth, d  In order to determine the point
at which collapse occurs, it is necessary to apply the equations of equilibrium assuming that the cracked
section behaves like a hinge.  For this condition, the assumed stress state at the cracked section is as
shown in Figure 4 where the maximum stress 1s the flow stress of the matenial, op  Equilibrium of

longitudinal forces and moments about the axis gives the following equations
(For neutral axis located such that « + 5 < n)

f = [(n- adht) - (P, /opn)/2
Py = (2o¢/m) (2 sin (3 - d/t sin @)

where, = pipe thickness, inches
a = crack half-angle as shown in Figure 4
[} = angle that defines the location of the neutral axis
P, = Membrane ax:al stress
P, = Failure Bending stress

“ 'y tactor 1s then incorporated as follows
Pl- = SF (Pm + PL) - P:n

For the purpose of this evaluation. all three indications were assumed as through-wall  The calculated
values of the allowable flaw sizes at the three locations are summarized below

Indication Allowable Flaw Length
(in)
Weld #1. 118
Loop A |
Weld #2] f 118
| Loop A .
Weld #12 107
Loop i
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5.2. Crack Growth Evaluation

Prior crack growth analyses performed for BWR shroud indications have conservatively used a crack
growth rate of 5x10 " inch/hour.

The stresses induced 1n the core spray line are very low, as evidenced by the stress results presented in the
next section. Those stress results also conservatively include the effects of seismic and core spray
injection loads, which are not typmically present. Therefore, the applied stress intensity factor is low, and
the corresponding crack growth rate would be significantly below the upper bound value of 5x10°
inch/hour used here

Pre-operational testing of BWR internals has demonstrated that high cycle fatigue resulting from flow
induced vibration is not a concern for the core spray piping.  Additionally, low cycle fatigue caused by
assumed thermai transients which could be potentially imposed by cold fluid injections through the
feedwater spargers located directly above the core spray lines have been found to be insignificant
Therefore, fatigue crack propagation of indications in the core spray lines is concluded to be negligible,
and 1s not considered to be a further contributor to the crack growth values discussed here.

A crack growth rate of Sx10” in/hr translates into a crack length increase of (2x5x10°x12000) or 1 2
inches assuming a 18-menth long fuel cycle. The factor of 2 in the preceding parenthesis is to account for
the growth at cach end of the indication

5.3. Comparison with Allowable Val.res & Summary

The crack growth values determined in the preceding subsection were added to indication lengths reported
in Section 1 to obtain projected indication lengths at the end of next fuel cycle. The following table shows
a companson of these projected indication iengths and the aflowable values calculated carhier

Indication Current Length | Crack Growth Length at Next Allow~"le
(in.) (n ) Cycle (in ) Value (in)
Weld # |, 89 1.2 101 118
Loop A
Weld # 21, 55 1.4 67 11.8
Loop A
Weld # 12, 15 12 27 10.7
Loop B

It 15 seen that all of the projected indication lengths are less than the corresponding allowable lengths
Based on this it 1s concluded that th: operation in as-is condition of the internul core spray piping is

Justified for the next fuel cycle

6. References
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Margin in Nuclear Power Plant Piping," Elastic-Plastic Fracture: Second Symposium, Volume Il
- Fracture Resistance Curves and Engineering Applications, ASTM STP 803, CF. Shih and J P.
Gudas, Eds , American Society for Testing and Matenials, 1983, pp. 11-309 - [1-330

)] Cooper Shroud Drawings, Drawing # 730E854

[5] “Seismic Response of RPV and Internals of Cooper Station Plant,” GE Design Analysis Unii
Report No. RA 145, December 1969

16} “Seismic Response of RPV and Internals of Cooper Station with Stiffer Stabilizer Spring,” GE
Design Analysis Unit Report No. RA 235, May 1970

17 “Structural Analysis Critenia - Appendix C,” Cooper Updaied Safety Analysis Report (USAR)

e Units

English units (inches. ksi. ksiVin) are used

8. Conclusions

A flaw evaluation. consisting of stress and fracture mechanics analyses, of the Cooper internal core spray
piping was conducted considering the three indications detected during the examunations of current
refueling outage  The procedures of Paragraph IWB-3640, ASME Section X1. were used in determning
the allowable flaw lengths  The results indicate that the detected indications are projected to be less than
the allowable lengths at the end of next fuel cycle Therefore, the operation of the internal core spray
piping at Cooper in the as-is condition is justified at least to the end of next fuel cycle
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IVVI EXAMINATION DATA SHEET
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Figurc3 ANSYS Model of the Cooper Core Spray Line
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The following table identifies those actions committed to by the District in this
document. Any other actioms discussed in the submittal represent intended or
planned actions by the District. They are described to the NRC for the NRC's
information and are not regulatory commitments. Please notify the Licensing Manager

at Cooper Nuclear Station of any questions regarding this document or any associated
regulatory commitments.

COMMITTED DATE
COMMITMENT OR OQOUTAGE

The District will continuve to inspect the Core Spray Each refueling outage
Spargers in accordance with IE Bulletin B80-13.
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