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1.0 PURPOSE/OBJECTIVE; 

The purpose of this calculation is to evaluate flaws identified by ultrasonic examination in or near 
Core Shroud Segment Vertical Welds V23 and V25. These welds are located in the Core Plate 
Support Ring. The flaws are documented In the GE letter dated 4/29/96 (Reference 5.1 ). This 
evaluation will demonstrate that the ring will maintain structural integrity, with an appropriate factor of 
safety. considering a crack gro~h rate of 5X10-5 inches per hour for 4 fuel cycles (96 months). 

2.0 METHODOLOGY AND ACCEPTANCE CRITERIA: 

The flaw evaluation methods specified in the BWRVIP Inspection and evaluation guidelines (Reference 5.2) 
ere used in this evaluation. These guidelines specify limit load and linear elastic fracture mechanics 
(LEFM) methods to establish that the remaining uncracked material Is sufficient to meet the structural 
requirements of the section being evaluated. In addition to these methods, a primary stress check 
consistent with the requirements of Subsection NG of the ASME B&PV Code Is performed to ensure that 
the structural margins Inherent in the original design of the shroud are maintained. This Is the same 
methodology used in Reference 5.3 to develop vertical weld Inspection critieria for the core shroud. 

As Indicated in Reference 5.2, the LEFM evaluation is only required where high fluence levels, greater than 
3 X 1020 n/cm2, may reduce the toughness of the core shroud material. This Is not of concern below the 
H6 welds (Reference 5.3): therefore, the LEFM evaluation is not performed. 

The subject flaws are located in a radial-vartlcal plane which Is affected by the hoop stress generated 
primarily by the pressure differential. Other stresses in the vertical or radial directions will not contribute to 
crack growth or Instability for flaws In this plane. The hoop stresses are based on output from the ANSYS 
finite element analysis of the core shroud prepared by General Electric Nuclear Engineering (Reference 5.4) 
for the core shroud repair modification. This analysis Includes seismic and LOCA loads as well as the 
pressure differential loads. From these hoop stresses a maximum hoop load was calculated for the upset 
and faulted conditions (Reference 5.3). 

The maximum hoop loads are used to determine the critical crack length and the required remaining 
ligament. The expected crack growth is added to the required remaining ligament to determine the size of 
the uncracked section required to maintain structural stability for a 96 month period. This is compared to 
the actual uncracked section left after deducting the maximum flaw depth reported in Reference 5.1 to 
determine acceptability. 

3.0 ASSUMPTIONS; 

Assumptions for this calculation are stated In the calculation where they are used. They are 
conservative and require no further verification. 

ISION NO. O 
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4.0 DESIGN INPUT: 

4.1 Materlal Properties 

The core shroud components and welds being evaluated are type 304 stainless steel at 550°F 
(Reference 5.5). The following material properties at 650°F are used for this evaluation and are 
taken from Reference 5.6: · 

Design Stress Intensity: Sm 16900.0·psi 

Yield Strength: o y ·. 18800.0•psi 

Modulus of Elasticity: 

Flow Stress: 

4.2 Safety Factol"8: 

As required In Section XI of Reference 5.B and recommended In Reference 5.2, the following Safety 
Factors are used to maintain design margins: 

Normal/ Upset Condition: SFu :: 2.8 

Emergency/Faulted Condition: SFp = 1.4 

4.3 Loads: 

ISION NO. O 

The pressure differentials provided below are the upper bound limits taken from Reference 5.7 for 
welds below the HS weld. These are the pressure differentials used to calculate the hoop stress 
from pressure alone. This pressure hoop stress is compared to the combined loading hoop stress 
from the finite element analyses to ensure the larger of the two values Is used to establlsh the 
required remaining Hgament. 

Pressure Dlfferential for Upset Conditions: I' u 25.0·psi 

Pressure Differential for Faulted Conditions: I' F. 30.0·psi 
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The combined loading hoop stress was previously calculated in Reference 5.3 for both the bounding 
upset and faulted conditions. The bounding upset load case combines dead weight, nonnal pressure 
differential and DBE loads. lhe bounding faulted load case combines dead weight, LOCA pressure 
differential and SSE loads. In Reference 6.3 the stresses from tha finite element results, presented in 
Attachments F and G of Reference 5.3, are in a global coordinate system and were translated to the 
hoop direction for the evaluation. The following equation, taken from Reference 5.8 was used to 
calculate the hoop stress for each element. 

er hoop 
crxiO"y O"x- 0 y . 

.... ·-··-· -- -- .. -----..... ·cos(2·0) . 1 ·sm(2·9)a 
. 2 2 ~ 

The total hoop direction stress acting on the ring segment section Is found in Attachments D and E of 
Reference 5.3 for the upset and faulted conditions respectively. The largest total hoop stress from the 

1 so0 model Is used in the flew evaluations. 'The following table presents a comparison of the 
maximum combined load hoop stress to the pressure hoop stress, P0/2t, for each ring. 

Pressure Hoop Stress 

Upset Condition: 230 psi 

Faulted Condition: 276 psi 

Combined Load Hoop Stress 

2795 psi (OW+ tiPNORMAL + OBE) 

5877 psi (DW + tiPLOCA +SSE) 

4.4 Estimated Crack Growth 

. ISION NO. 0 

The estimated crack growth Is based on the very conservative growth rate of 5 x10·5 in/hour, Reference 

5.2, tor 4 fuel cycles with the reactor over 200°F, i.e. 70000.0 hours. In Reference 5.3, the crack 
growth was multiplied by 2 because double edge cracks and center cracks with two crack tips were 
postulated. In this case, crack growth end the flaw length detennination affects only one end of a flaw. 
The projected crack growth Is added to the minimum required length of materiel to define the required 

remaining ligament. 

ECG : 70000.0·hr· 5· 10. $.~ 
hr 

ECO =3.5•in 
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,. 

4.6 Inspection Results and Flaw Characterization: 

The subject flaws occur In the core plate support ring of the core shroud in the viclntiy of vertical 
welds V23 and V25 (Reference 5.1 }. Eac flaw Iles In a vertical-radial plane. The visible portion of 
each· flaw extends downward from the circumferential flaw adjacent to the H5 weld. 

At V23 the vertical length of the flaw is 2.8" and the maximum radial depth of the flaw is 0.50". 
The average depth of the flaw is approximately 0.25" to 0.40" over the major length of the flaw. 

At V25 the vertical length could not be determined due to shallow depth and orientation: however. 
the area of flaw length sized was 1.2". The maximum radial depth measured was 0.25". The 
average depth of the flaw is approximately 0.1s~ to 0.25" over the major length of the flaw. 
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6.0 CALCULATIONS: 

Area of Uncracked Section: 

Assuming a conservative flaw size of 4 inches vertical (full ring height) by 0.50 Inches radial, the atea of the 
uncracked section is calculated as follows: 

Plata Thickness (Vertical Dimension): 

Plate Width (Radial Dimension): 

Uncracked Section Area: 

!21@1 Ring Hoop Lg.ads: 

NormallUpset Total Ring Hoop Stress: 

Total Load on Vertical Plane Due to 
Normal/Upset Total Hoop Stress: 

Emergency/Faulted Total Ring Hoop Stress: 

t = 4.0·in 

L - 10.685·in 

A uc ·. t-(L 0.5-in) A uc = 40.7•in
2 

uu· 2795·p!ii (Ref. 5.3) 

T 111 .::nuL·t T '111"" 1.195·10 s 

a F. ·· 5877·psi (R.ef. 5.3) 

Total Load on Vertical Plane Dua to 
Emergency/Faulted Total Hoop Stress: 

TTF ::ap·L·l T TF ... 2 . .512• 105 

blmlt Load Evaluation: 

Limit Load evaluation for an edge crack on a semi-Infinite plate subjected to a uniform tensile load 
based on the hoop stress from the combined upset condition loads and the faulted condition loads: 

Normal/Upset Conditions: 

Limit Load Normal/Upset 
Critical Crack Length: 

Required Remaining Ligament: 

Required Normal/Upset Remaining 
Ligament Based on Limit Load: 

$ION NO. 0 

cc o= 9.036•in 

b = 1.649•in 

LLu ,,b; ECG 

•lb 

•lb 
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Emergency/Faulted Conditions: 

Limit Load E;mergency/Faulted critical crack 
length for membrane load only 

The required remaining ligament i~ b: 

Required Emergency/Faulted Remaining 
Ligament Based on Limit Load: 

primary StreH Eyaluatlon: 

NoIDJallUpset Condition: 

Primary Stress Critical Crack Length: 

Required Remaining Ligament: 

Required Remaining Ligament for 
Normal/Upset Conditions Based on 
Primary Stress Requirements: 

Emergency/faulted Condition: 

Primary Stress Crltlcal Crack Length 

Required Remaining Ligament: 

Required Remaining Ligament for 
Emergency/Faulted Conditions Based on 
Primary Stress Requimments: 

SION NO. 0 

----- ------------

LLf - b. ECG 

c psc ~ L 

b -·L- cpsc 

PSU .·. b I ECG 

b ~L-- cpso 

PS f :.:b .._ECG 
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cc-= 8.951 •in 

b = 1.734•in 

LL r=5.234•in 

cpsc =8.918•in 

PS u = S.267 •in 

c psc == 8.827 ·in 

b ~ I.8S8•in 

PS f = S.3.58 •in 
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Required Arep of Uncracked Section: 

The primary stress emergency/faulted condition yields the largest required remaining ligament. Using this 
value the required uncracked section of the core plate support ring Is: 

Areq PS rt ' . 2 
Arcq =2L4·m 

This required area of uncracked section includes the estimated crack growth for 4 fuel cycles of 24 months 
each. The uncracked section required to withstand the design basis loads, exclusive of crack growth is: 

7.0 SUMMARY AND CONCLUSIONS: 

The uncracked section, Aue• of the core support plate ring Is 40.7 in.2 based on a conservative calculation. 

This exceeds the required uncreckad section of 21.4 in.2 (including expected crack growth) by a 90% margin: 
therefore, the flaws identified In Reference 5.1 in the core support plate ring will be acceptable for a period of 
4 operating cycles (96 months). 

SION NO. 0 
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Preliminary UT Results of Shroud Vertical Welds V23 and V25 

Project No. 10128-052 
Attachment A. Pg. A1 of A2 

Core Shroud Ring Segment Vertical Welds V23 and V25 flaw indications, believed to be 
transverse components extending from the circumferential naw adjacent to the HS weld, were 
documented by the Visual Examination Method during IWI Inspections. The vertical segment 
weld locations are not confirmed, as they cannot be visually seen due to the machined surface of 
the ring. Exact flaw location could not be determined In regards to venlcal segment weld 
proximity by the visual method. Ultrasonic ·examinations were performed with the GE Suction 
Cup Scanner in the areas of these recorded indications to determine the following: 

a) the lhru~wall depth or the flaws 
b) the proximity of the ftaw5 to the ring segment welds 
c) the possibility of the flaws not being associated with the circumferential flaw adjacent 

to the HS weld 

Ultrasonic data revealed the following information to address the topics ubove: 

Y.2.~ 
The flaw is contained within an area of localized grinding, evident in the visual examinations, and 
is believed 10 be a connected transverse component to the HS circumferential naw adjacent to 
the HS weld. The acquired flaw data is directly adjacent to the circumferential weld and flaw. 
The maximum thru-wall depth recorded was 0.50" and was in the ponlon of the flaw next to the 
circumferential weld HS. The average depth of the flaw is approximately o.2s· to 0.4o· for the 
major length of the flaw. Total flaw length recorded was 2.a·, extending downward from the HS 
circumferential weld. There was no supportive evidence provided by ultrasonics that the ring 
segment weld is in close proximity to the recorded flaw (see note below). 

Y..i.~ 
The flaw is contained within an area or localized grinding, evident in the visual examinations, .and 
believed to be a connected transverse component of the HS circumferential naw adjacent to the 
H5 weld. The acquired flaw data is directly adjacent to the circumferential weld and flaw. The 
maximum thru-wall depth recorded was o.2s· and was in the portion of the naw next lo the 
circumferential weld HS. The average depth of the naw is approximately 0.15" to 0.25" ror the 
major length or the flaw. Actual flaw length could not be ultrasonically determined due to the 
absence of continuous data (believed 10 be caused from shallow flaw depth and flaw orientation). 
The area of flaw length siied was 1.2· rrom the HS weld. extending downward from the H5 
circumferential weld. There was no supportive evidence provided· by ultrasonics that the ring 
segment weld is in close proximity to the recorded flaw (see note below). 

Note: Weld material response comparisons were performed utilizing BWRVIP qualiflcation data 
obtained from scans performed on a ring segment weld mock-up. The ring segment weld was 
discernable in the qualification data. Based upon this comparison, it is believed that evidence of 
a ring segment weld would have been seen if weld material was present in the vicinity of the 
recorded flaws. 
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Scan of Indication at approximately 225° Az. Displaying Flaw Tip Signal 
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