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Problem Resolution:

BNP2 shroud can safely operate in the present condition for a least one fuel

cycle without any operational changes or restrictions.

See attached evaluation.
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1.0 PURPOSE

2.0

3.0

This ESR Evaluation is recuired as part of Carolina Power and Light Company’s commitment
to USNRC Generic Letter 94-03 “Intergranular Stress Corrosion Cracking of Core Shrouds
in Boiling Water Reactors”. As such, this evaluation provides the following:

® Documentation of the inspections performed on the Core Shroud during B212R1.

® A basis for the continued use of the BNP2 Core Shroud for at least one additional
operating cycle in the as-found condition without any operational changes or
restrictions. This is accomplished by a review of the core shroud structural capacity
to the criteria established by the BWRVIP (references 4.6, 4.7) and approved by the
Nuclear Regulatory Commission.

® A basis for the determination of future shroud inspections.

CONCLUSIONS

® BNP2 shroud can safely operate in the present condition for at least one fuel cycle
without any operational changes or restrictions.

® All reported cracking is typical IGSCC located in the heat affected zone of the welds.

BACKGROUND

In October, 1990, RICSIL 054 reported cracking near the circumferential seam weld at the
core beltline area of the shroud in a GE BWR/4 located outside the United States. Based
on recornmendations contained in RICSIL 054, the BNP Unit 2 shroud was inspected during
the 1991 refueling outage. No cracks were identified. The Unit 1 shroud was inspected
in July, 1993, and a near 360° circumferential crack was confirmed on the inside diameter
of the Top Guide Support Ring, at the weld to the shroud mid-section. The tapes of the
Unit 2 shroud IVVI were re-examined based on the early July Unit 1 findings. Three small
indications were noted. Unit 2 tapes were again examined in late September, based on
lessons learned on Unit 1. One additional small indication was noted. Although this
additional indication was bounded by the assumptions in the original evaluation, it was
recognized that the quality of the 1991 tapes was insufficient to identify all of the types
of cracks being confirmed on Unit 1. Engineering evaluation EER 93-0536 was issued to
assess Unit 1 shroud structural integrity and to justify continued operation of Unit 2 until
a detailed inspection could be performed during the Spring, 1994 RFO (B211R1).
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The Unit 2 B211R1 shroud inspections were evaluated in engineering evaluation EER 94-
0077. The evaluation concluded that structural integrity of the core shroud would be
maintained, with full FSAR safety margins, for at least the next 600 days of hot operation,
and for welds H1, H4, and HE, for at least 1200 days of hot operation based on analysis
of the inspection results. Additionally, welds H2 and H3 were permanently repaired during
B211R1 by the installation of a series of brackets about the outside circumference of the
shroud.

The B212R1 inspection scope was submitted to the NRC on November 2, 1995 and is
included in this report as Attachment A.

Details concerning the shroud design and fabrication can be found in reference 4.3.
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4.0 DESIGN BASIS/INPUTS - REFERENCES

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

412

4.13

U.S. Nuclear Regulatory Commission Generic Letter, GL 94-03 “Intergranuler Stress
Corrosion Cracking of Core Shrouds in Boiling Water Reactors” dated July 25, 1994

U.S. Nuclear Regulatory Commission Letter to Mr R. A. Anderson of Carolina Power
and Light Company dated January 3, 1995 “Generic Letter 94-03, Intergranular Stress
Corrosion Cracking of Core Shrouds in Boiling Water Reactors, Brunswick Steam
Electiic Plant, Units 1 and 2 (TAC NOS. M30084 and M90085)” including Enclosure
1 “Safety Evaluation for Unit 1" and Enclosure 2 “Safety Evaluation for Unit 2"

Engineering Evaluation Report, EER 94-0077, “Evaluation of Unit 2 Core Shroud
Indications and Operability Assessment.” Revision O dated 06/04/94

Engineering Evaluation Report, EER 93-0536, “Evaluation of Unit 1 Core Shroud
Indications and Operability Assessment of Unit 1 and 2" Revision 2 dated 03/13/94

Engineering Service Request, ESR 95-00765, “Unit 1 Core Shroud Reinspection
Evaluation” Revision 1 dated 05/15/95

GE Nuclear Energy document GE-NE-523-113-0894, “BWR Core Shroud Inspection
and Flaw Evaluation Guidelines” Revision 1 dated March 1995

GE Nuclear Energy document GE-NE-523-113-0894 Surplement 1, “BWR Core Shroud
Distributed Ligament Length Computer Program” dated September 1994

BWRVIP Inspection Committee document “Reactor Pressure Vessel and Internals -
Examination Guidelines (BWRVIP-03)” TR-105696 dated September 1995

Structural intecrity Associates document RAM-94-092/SIR-94-029, "Addendum to the
Brunswick Unit 1 Screening Criteria"”, dated April 6,1994.

CP&L Brunswick Nuclear Plant - Plant Operating Manual - Volume X - Period Test -
OPT-90.1, “In-Vessel Visual Examinations”, Rev 15, dated 2/06/96

U.S. Nuclear Regulatory Commission 'etter to Mr. J.T. Beckham, Chairman BWRVIP,
dated June 16,1985 “Evaluation cf BWR Core Shroud Inspection and Evaluation
Guidelines, GENE-523-113-0894, /tevision 1, dated March 1995, and BWRVIP Core
Shroud NDE Uncertainty & Prozedure Standard, dated November 22, 1994"

GE Document GENE-B11-00682-1 Revision 1 “Brunswick Nuclear Plant - Unit 2 -
Shroud Examination Plan” dated 2/2/96

Supplement 1 Report to PT90.1 - GE BNP B212R1 inspection Summary dated
February 1996
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5.0 INSPECTION SUMMARY

A copy of the CP&L B212R1 shroud inspection plan which was submitted to the U.S.
Nuclear Regulatory Commission is included in this report as Attachment A. Table 5.1
provides the B212R1 shroud inspection summary.

Table 5.1 - B212R1 Shroud Inspection Summary

% of
% of Weld 9
Weld Inspection s, Examined Canuint
ID Method 9 Weld Length
Examined
Flawed
The 30.9% represents 100% of the readily
accessible area. Access was limited due to the lugs
and core spray downcomer piping. For the upper
portion of the weld, three (3) indications were
30.9 Upper 2.7 repoﬁed ranging in length f:om 0.953" to 2.00" and
H1 el ranging in depth from 0.22" to 0.27". For the lower
portion of the weld, thirty-seven {37) indications
83.3 Lower 32.1 . ; "
were reported ranging in length from 0.99" to
12.98" and ranging in depth from 0.05" to 0.56",
See Reference 4.12 for the weid specific scan plan
and Reference 4.13 for the GE examination
summary sheets.
No .
H2 Iepaciion ol e Shroud weld H2 has been permanently repaired by
; ‘ the additicn of bolted clamps during B211R1.
performed
No
H3 el il s Shroud weld M3 has been permanently repaired by
I
P the addition of bolted clamps during B211R1.
performed
Two (2) sections, which were previously examined
in B211R1 and partially cracked, were inspected to
assess crack depth growth. See Table 6.1 for
B211R1 weld inspection summary and reference
- 4.3 for detailed results. Results indicated no
H4 Ultrasonic see comment | detectable growth within the uncertainty band of
comment :
the UT measurements. This is consistent with
industry data on similar indications, and confirmed
with EPRI developed crack growth predictor
modeis, using actual BNP water chemistry data.
(See Attachment C)
NG See Table 6.1for B211R1 weld inspection summary
H5 inspection n/a n/a
and reference 4.3 for detailed results.
performed
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Table 5.1 - B212R1 Shroud Inspection Summary

f
% of Weld we
Weld Inspection P Examined -
ID Method 9 Weld Length »
Examined
Flawed

Eight (8) indications were reported ranging in length
from 1.87" to 4.71" and ranging in depth from
H6a Ultrasonic 79.0 6.3 0.08" to 0.27". See Reference 4.12 for the weld
specific scan plan and Reference 4.13 for the GE
examination summary sheets.

Thirty-nine (39) indications were reported ranging
in length from 1.66" to 29.74" and ranging in
H6b Ultrasonic 78.4 69.6 depth from 0.02" to 0.77". See Reference 4.12 for
the we!d specific scan plan and Reference 4.13 for
the GE examination summary sheets.

Fifteen (15) indications were reported ranging in
length from 1.49" to 5.24" and ranging in depth
from 0.06" to 0.52". All indications were located
H7 Ultrasonic 75.6 1.9 above the weld in the stainless steel material.

See Reference 4.12 for the weld specific scan plan
and Reference 4.13 for the GE examination
summary sheets,

No
H8 inspection n/a n/a BWRVIP developing inspection tools/techniques.
performed
Weld HO data obtained during inspection of RPV
HY Ultrasonic =98 0 s ,,8 gy e
Beltline “K” weld.
Shroud No
Support | inspection n/a n/a BWRVIP developing inspection tools/techniques.
Legs performed
VT-1
Clamps VT3 n/a n/a 4 clamps inspected, no anomalies reported.

Other Inspection Indications

During the B212R1 Core Spray inspections, a branched crack like indication was discovered
adjacent to a Core Spray sparger support bracket to shroud weld. The bracket is located
at 92% ° azimuth and is the center support bracket between the two sparger arms. The
indication branches into two legs. One leg of the indication is estimated at 1 inch in length
and runs in the horizontal direction. The other leg of the indication is estimated at 1%
inches in length and runs in the vertical direction. Based on the inspection information, this
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crack most probably originated in a fabrication weld that was subsequently removed. Such
cracking is typically expected to be shallow. BWRVIP document GENE-523-113-0894, Rev.
1, BWR Core Shroud Inspection and Flaw Evaluation Guidelines states “There are other
welds and welded components attached to the shroud such as.....attachment welds for
core spray piping”. For other welded shroud attachments, the welded region is smail
enough that even if through-wall SCC were to develop, the safety consequences due to
ieakage from the core region into the shroud annulus region would be considerably less
significant than the scenarios evaluated for circumferential welds. There would be no
significant safety concerns resulting from cracking of these welds for any operating
condition given that the structural margins of the circumferential welds are maintained.”
Therefore, this indication is considered bounded and no further analvsis is required. This
item has aiso been documented in ESR 96-00151.
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6.0 STRUCTURAL EVALUATION SUMMARY

Core Shroud Evaluation Conservatisms

Assumed all areas uninspected are fully cracked through-wall and no credit was taken
in analysis for these areas.

Assumed all areas previously inspected by VT, one side only are fully cracked through
wall and no credit was taken in the analysis for these areas.

Used ASME Safety Factors in lieu of UFSAR Safety Factors in analysis.

The analyses contained in this engineering evaluation used ASME Section X! safety
factors. The ASME safety factors are 2.77 for normal operation (Level A) and upset
(Level B) conditions and 1.39 for faulted (Level D) conditions. BSEP Updated FSAR
specifies safety factors of 2.25 for normal/upset conditions and 1.125 for faulted
conditions.

Used 5x10° in/hr crack growth rate in lieu of measured or predicted BNP crack growth
rates.

Inspection results from the Unit 1 H5 weld showed no measurable crack growth,
Similar results were expected for the crack growth for the Unit 2 welds. Additionally,
a weld specific crack growth analysis was performed by EPRI by applying the BWRVIP
crack growth model to the BNP data for welds H4 (B211R1 data) and H6b (B212R1
data). The EPRI predicted crack growth rates varied from 4.84E-06 in/hr for a shallow
crack to <3.18E-09 in/hr for deeper flaws. Results of the reinspection of the H4 weld
indicated that there was no measurable crack growth.

Used maximum depths for reported flaws for entire length of flaw in lieu of actual
depths vs. length (profile) of flaws.

UT consistently oversized the reported length on all flaws

Assumed 600 days of operation for last cycle and next 2 cycles for all welds except
HS.

Assumed 100% capacity factor for analysis

Did not take credit for fillet welds in the analysis

Applied UT uncertainty for depth on all flaws where specific depth limit load analysis
was run.

Applied UT uncertainty for length as required.

Grew crack lengths for 2 cycles to take credit for 1 additional cycle of operation.

Safety Factors

The analyses contained in this angineering evaluation used safety factors consistent with
Section X| of the ASME Code. For loadings during normal operation (Level A) and upset
(Level B) conditions, the ASME Code recommended factor of safety of 2.77 was used. For
faulted (Level D) conditions, a factor of safety of 1.39 was used. Section 3.9.5 “Reactor
Pressure Vessel Internals” of the BSEP Updated FSAR specifies safety factors of 2.25 for
normal/upset conditions and 1.125 for faulted conditions. The ASME factors of safety used
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in this evaluation are conservative and provide for higher structural safety margins than
established in the BSEP Updated FSAR.

r rowth

The B212R1 inspection plan specified ultrasonic inspection of two (2) known cracked
sections of the H4 weld for which crack depth data was obtained during B211R1. This was
done for the explicit purpose of assessing crack depth growth in the weld HAZ. Weld H4
was chosen since it has the highest neutron fluence (see Section 7.0) and relatively high
ECP with marginal influence from hyd-ogen. Little, if any, change in depth was expected
based on current understandings of weld residual stress and water chemistry influences on
crack growth rates. Figure 1 provides a graphical representation of the comparison of the
B212R1 data (south side) with the B211R1 data from the same location. A review of the
B212R1 and B211R1 data (north and south sides) shows a maximum change in crack
depth of 0.09". The crack depth measurements for the H4 weld were based on depth
sizing uncertainties ranging from +0.1"(B211R1) to +0.106"(B212R1). The maximum
depth delta of 0.09" between the two outages is well within the uncertainty band of the
inspection equipment. A weld specific crack growth analysis was performed by EPRI (see
Attachment C) by applying the BWRVIP crack growth model to the BNP data for welds H4
(B211R1 data) and HEb (B212R1 data) . The tabies below provide a summary of the
information. Based on the inspection data and crack growth rate analyses, the EPRI
predicted crack growth rates are 1 to 4 orders of magnitude less than the bounding rate
assumed in the analysis.

EPRI Crack Growth Rate Estimates for H6b ID EPRI Crack Growth Rate Estimates for H4 ID
Initial Maximum Crack Growth Rate h Initial Maximum Crack Growth Rate |
Depth (in/hr) % Depth {in/hr)
0.10 4.84E-06 4 0.50 3.9E-06
0.26 3.88E-06 0.58 6.3E-08
0.60 3.18E-09 4 0.72 0
B s ek
0.79 0
See Attachment C for additional details 0.75 0
concerning the EPRI Crack Growth Rate
Analysis 0.66 0
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Figure 1

Welds H4 and H5

Generic Letter 94-03 (reference 4.1) baseline inspections were performed for welds H4 and
H5 during B211R1 for 100% of the accessible weld areas with the primary inspection
tooling. Little cracking was found in these welds during the B211R1 inspections (see Table
6.1). Structural integrity for these welds was demonstrated (reference 4.3) for 1200 days
(fuel cycles 11 and 12). Based on this, welds H4 and H5 were not scheduled for

reinspection during B212R1 with the exception for weld H4 to assess crack growth depth
as previously stated.

Table 6.1 - B211R1 - H4 and H5 Inspection Results

Weld - % of Weld % of Examined
4 P Length Weld Length Comment
1D Method
Examined Flawed
H4 Ultrasonic 78.0 26.1 Data from reference 4.3
92.8-1D 13.6 - 1D
H5 VT-1 30.6 - OD 6.8 - OD Data from reference 4.3

£ chay L R #

The data used for the structural evaiuation of the welds were taken from the inspections
performed during B211R1. Table 6.1 shows the B211R1 inspection results. These welds
were qualified by the ligament length method assuming all uninspected and partially
cracked regions were fully cracked and using a crach growth rate of 5x10°% in /hr.
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Weld H4 was qualified for a total of 1800 days starting from the beginning of fuel cycle
11. Weld H5 was qualified for a total of 1400 days starting from the beginning of fuel cycle
11. The only ligaments used in the analysis of weld H5 were those which were visually
inspected from both sides (ID and OD). As a result of this conservatism, the structural
evaluation is based on 30.6% cof the total circumferential length. A review of the data
shows a significant portion (72.5%) of the ID is unflawed, however no additional ligament
credit was taken. Additionally, a generic fuel cycle length of 600 days is used in this
evaluation. Actual cycle 11 length was 581 days and the projected cycle lengths for cycles
12 and 13 are 550 days and 559 days respectively. The sum of these operating cycle days
iIs 1690 days assuming a 100% capacity factor. Taking credit for the safety factor
conservatism (ASME/BSEP UFSAR) would give a life cycle run time for weld H5 of 1723
days. Based on this and the conclusions drawn in the crack growth discussions, it is
concluded that the structural evaluation for weld H5 meets the recommended 2 cycles of
crack growth and provides for the required structural margin for continued unit operation
for a least one additional fuel cycle. If more realistic crack growth rates (as measured on
both Units 1 and 2) were used, significant additionally structural margin would be
demonstrated
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B212R1 Shroud Weld Evaluation Flow Chart

Evaluate Known
Accessiblilty
Limhtations at Each Weld.

T }

inepect 100% of Accessible
Areas with Scanner
Wailde H1, Hé8a, HE8b, M7.

Lmin Satietied? Yoo

Weilds HS, HMéb, Waeide H1, H4, Héa, M7

.

Quality by DLL Limit Load
Analysis (Use either Full
or Partial Thicknass

Ligaments).

Structural Integrity
Established

(H1,H4,HE, HEa, re cad
HEbL,H7 & HB).

v

Required Inspections Notes:
Compiste. 1

(1) Shroud welds H4 and H5 were not inspected during
“1e B212R1 outage. The data used in the engineering
structural evaluation was taken from the B211R1
inspections.

Prepare Engineering
Evalustion Report .

(2) Information for shroud weld H9 obtained as a part of
vessel beltline inspections.

Figure 2
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Step 1 - Collect Information

The full thickness ligament data was extracted from the verified GE inspection summary
sheets and input into a Lotu: 123 spreadsheet. All uninspected r. jions as well as partial
thickness ligaments were assum ' fully cracked. The following spreadsheet variables were
also input for each weld location « valuated:

Variable Comment
Shroud thickness {tn) 1.50" (No credit taken for any fillet welds)
189.5"; H1
Shroud outside diameter 177.5"; H4, H5, H6a, H6b
171.0"; H7
Crack Growth Rate 5x10°% in/hr

Reference 4.8.

See spreadsheets (Attachment B) and/or Shroud
Weld Evaluation Summary {Table 6.4) for specific
values used.

Tota: inspection Uncertainty

Evaluation Period

| f h
(1 fuel cycle assumed to be 600 days) Usad 3 ovoies of crack growt

Reference 4.9. See Attachment B spreadsheet

Lcalc (for Normal/Upset and Faulted)
outputs for values

From this information, the spreadsheet calculated the weld L, value, the total full
thickness ligament length at the end of the evaluation period and the full thickness ligament
starting and stopping azimuths. Crack growth, inspection uncertainty and crack proximity
were considered in the determination of the end of evaluation period full thickness ligament
length.

Step 2 - Determine if Limit Load Analysis Required

The total full thickness ligament length at the end of the evaluation period (L,,) was
compared to L. If L, was greater than L, then the weld was considered structurally
qualified fer continued service for at least one fuel cycle. If L,,, was iess than L., then
a detailed limit load analysis using the DLL computer program (reference 4.7) was
performed.

Step 2 - Perform DLL analysis

End of evaluation period full thickness ligament data was input into the DLL computer
program along with other required variables. See the DLL computer run outputs contain in
Attachment B. Shroud stress values were obtained from reference 4 5.
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Step 4 - Determine if Weld Structurally Qualified

If the required ASME safety marginrs were met, the weld was considered structurally
qualified for continued service for at least one fuel cycle. If the required ASME safety
margins were not met, then the process (Steps 1 - 4 ) was repeated with iteration on
evaluation period down to 600 days for welds H1, H6a, H6b and H7 and 1200 days for
welds H4 and H5. If a weld could not be structurally qualified by the full thickness ligament
length method for the specified minimum evaluation period, then the partial thickness
ligament analysis method was used.

ial Thick

Step 1 - Coliect Information

The partial thickness ligament depth data was extracted from the verified GE inspection
summary sheets and input into a Lotus 123 spreadsheet. All uninspected regions were
assumed fully cracked. The spreadsheet calculated the new ligament thickness at the end
of the evaluation period (600 days). Additionally, the partial thickness ligament starting and
stopping azimuths were calculated. Crack growth (5x10°®) and inspection uncertainty
(0.106") were considered in the determination of the end of evaluation period ligament
depth.

Step 2 - Perform DLL analysis

End of evaluation period partial thict - ess ligament depth data was input into the DLL
computer program along with the other required variables. See the DLL computer run
output for weld H6b. Shroud stress values were obtained from reference 4.5.

Step 3 - Determine if Weld Structurally Qualified
If the required safety margins were met, the weld was considered structurally qualified for
continued service for at least one fuel cycle.
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Shroud Circumferential Weld
Structural Evaluation - Safety Factors

Table 6.2 - Safety Factors at End of Fuel Cycle 12 (600 days)

Normal/Upset Faulted
Weld 1D Calculated Safety ASME Calculated Safety ASME
Factor Safety Factor Factor Safety Factor
H1 54.58 2.77 26.10
H4 17.37 2.77 9.69 1.39
H5 ; 3.23 2.77 2.37 1.39
Hba 31.48 .77 18.98 1.39
H6b 5.99 2.77 3.65 1.39
17.24 2.77 10.30 1.39

PRS- & 40 T i asr 37 RT3 s e P

—

Table 6.3 - Safety Factors at End of Evaluation Period

1 st Y e P

Normal/Upset Faulted
Weld ID Calculated Safety ASME Calculated Safety ASME
(evaluation period) Factor Safety Factor Factor Safety Factor
e 27.29 2.77 13.06 1.39
e 11.58 2.77 6.46 1.39
i 277 .77 2.03 1.39
Hoe 15.74 2.77 9.49 1.39
hee 5.99 2.77 3.65 1.39
i 8.62
o =R e it
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Table 6.4 - Evaluation Summary - Shroud Circumferential Weids

=i PN

R RS SRR 594

Inspection™ | Eveluation
V:;Id P:::::ﬁo:" e . Evaluation Analysls -
- (in) (days) Wuves
® Acceptable for Continued Operation
® Weld H1 is not a safety significant weld.
® All cracks assumed through-wall ,
® Uninspected regions assumed fully cracked
® Based on conservative evaluations that
30.9%U 0.0 Lz :
H1 1200 3 were performed on the deepest flaw found ji
83.3%L (length) Satisfied bt ,
from the upper and lower examination, the §
sa‘ety factors based on the upper data
were greater than 3 times those for the
lower data, therefore the lower exam data
was used for the structural analysis.
® Acceptable for Continued Operation
0.37 “ le UT inspection data from B211R1
Ha 78.0% 372 | 1 gopw | Lme S '

{length) Satisfied |® All cracks assumed through-wall ‘
® Uninspected regions assumed fully cracked §
® Acceptable for Continued Operation
® Ligament data based on 2-sided visual

examination.
: 1.16 | 1400 | Limit Load . ' : . .
H5 30.6% , ® One sided visual inspection data assumed

(length) | (1723) | Analysis

fully cracked
All cracks assumed through-wall
® Uninspected regions assumed fully cracked
0.0 = ® Acceptable for Continued Operation
Hfa 79.0% ' 1200 e ® All cracks assumed through-wall
(length) Satisfied 1 .
® Uninspected regions assumed fully cracked
HEb 78.4% 0.106 600 © Limit Logd * Acceptgb!e for Continued Operation
(depth) Analysis | ® Partial ligaments analyzed
0.0 i ® Acceptable for Continued Operation
H7 75.6% ' 1200 gl ® All cracks assumed through-wall

(length) Satisfied .

® Uninspected regions assumed fully cracked
H3 =98% ®  No indications requiring engineering evaluation were reported. No analysis required for weid H9

See next page for notes
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Notes to Tables 6.4

(1

(2)

(3)

(4)

(5)

Evaluation Percentage = The percentagz of total weld circumference on which the
structural evaluation is based. Remaining percentage is assumed fully cracked. For
welds H1, H4, Hb6a, H6b and H7, the remaining percentage is the uninspected
percentage. For weld H5, the remaining percentage is the sum of the single side VT
inspection + uninspected regions.

Inspection uncertainty from reference 4.8. (Welds H1, H6a, H6b, H7 ; UT Demo 16:
Scan Type 2A; Surface = ID/Near; Length transducer = 45° Shear; Depth transducer
= 60°Longitudinal). Weld H6b was structurally qualified by taking credit for partial
ligament thicknesses, therefore the uncertainty was - pplied to the depth measurements
where partial ligament credit was taken.

Circumferential shroud welds H4 and H5 were not inspected during the B212R1 outage
(2 sections of H4 were reinspected for crack depth growth during B212R1). The
inspection data from the B211R1 outage was used in the structural evaluation. Per the
guidelines given in reference 4.6, two (2) cycles of crack growth are used in the
calculations to qualify the shroud weld for the next fuel cycle. In this evaluation, 600
days was used as the length of 1 fuel cycle. Since the data is from the B211R1
outage, 1800 days is used in the qualification calculation for H4 (600 days from
B211R1 to B212R1 + 1200 days from B212R1 tc B213R1). Based o this criteria and
the weld inspaction data from B211R1, weld H5 could only be qualified by the full
thickness ligament method for a maximum run time of 1400 days (600 days from
B211R1 to B212R1 + BOO days from B212R1 to B213R1). Actual run time over this
period is projected as 1690 days. Taking credit for the safety factor conservatism
(ASME/BSEP UFSAR) would give an evaluation period of 1723 days for weld H5 .

Ly = Minimum required ligament length for limit load single ligament analysis + (2
x Crack Growth for Evaluation Period) + Inspection Uncertainty. Since L, at the end
of the evaluation period is satisfied ( L,,, > L) a detailed limit load analysis is not
required to show structural acceptance. A limit load analysis was performed for these
welds in order to determine the safety factors used in this report.

Circumferential shroud weld HBb was analyzed using partial ligament thickness.
Measured thickness data was reduced to account for growth and uncertainty. The
crack growth calciietion used a run time of 600 days (1 fuel cycle). Actual projected
length for fuel cycle 12 is 550 days.
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7.0 SHROUD FLUENCE SUMMARY

Based on current industry evaluation guidelines, in order to ensure structural integrity, a
linear elastic fracture mecharics analysis (LEFM) must be performed when the total neutron
fluence accumulation at any shroud circumferential weld reaches 3x10%° n/cm?, E> 1MeV.
No BNP2 shroud weld will reach the fluence threshold level (3x10%° n/cm?, E > 1MeV) for
LEFM analysis during the next fuel cycle. The only welds expected to reach this threshold
level during the current operating license of BNP2 are H4 and H5. The following table gives
the projected neutron fluence levels for each shroud weld at the end of the next fuel cycie
(600 days). These projections are based on the flux data from reference 4.4,

e S ——————

. e e
Note: Fli:x rates taken at weld ID

IV 1 W g e s

Weld ID N;:zzﬁr;ng:;:’?;?) Flux Rate (n/cm? yr)
H1 1.3E+ 18 1.00E+17
Ha 2.9E + 20 2.30E+19
= H5 1.6E + 20 1.24E+19 '
x HEa 9.3E+18 7.41E+17
H6b 8.8E+18 7.00E+17
H7 1.3+ 18 1.00E+17
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8.0 SAFETY ANALYSIS

ATTACHMEN B
Guideline for 10 CFR 50.59 Safety Evaluations

ATTACHMENT 1
10 CFR 50.59 Safety Evaluation Screen

DOES THE ACTIVITY ROUME A CHANGE TO THE OPERATING LICENSE OR TECHNICAL SPECIFICATION? v N

| 1 YES

Basis: ESR 96-00154 is an engineenng evaluation report which documaents the structural qualification of the Core Shroud based on the |
nspections performed durning the B212R1 outage. No physical plant madifications or operational restrictions are required as a result of this)
ESR. Therefore, this ESR does aot require a change to the operating license or technical specification.

Note: If Yas. and the pe of the activity is imited to a Technical Specification/Operating Licensing change, then complete Section #6 of this |
form, and process per plant procedure. nmlmﬂWqubmmonm.m.umm.hmmmrr p
Spec. or OL chang inus the ing process. If No, continue the screening process.

2 IS THE ACTIVITY FULLY BOUNDED BY A PREVIOUSLY PERFORMED 10 CFR 50 59 SAFETY EVALUATION:

IV |YES | INO

Evaluation Mo. The most recent 10CFR 60.59 Safety Evaluation is contained in EER-940077. The previous plant specific evaluations were {
referenced to one fuel cycle. The conclusions from ESR 96-00154 show that the required UFSAR safety margins are maintained
for at least one additional fuel cycie (cycle 12). Therefore the previous safety evaluations are considered bounding. Additionally, |i
a generic safety assessment of shroud weld failures was provided by the BWROG in 1994 “BWR Shroud Cracking Generic Safety]
Assessment”, GENE-523-A107P-0794, Revision 1, August 1994. A BNP plant specific assessment was provided in response 1o
Genernc Letter 94-03.

Nete: If Yes, attach a copy or provide document number for retrieval capability of the previously performed 10 CFR 50 .59 Safety Evaluation and
complete Section 6 of this form. If No, continue the screaning process.

3 DOES THE ACTIVITY MAKE CHANGES TO TME FACILITY AS DESCRIBED IN THE SAR?

"LIYES | INO
Basis

List SAR ltems/Sections teviewed:
{
E DOES THE ACTIVITY MAKE CHANGES TO PROCEDURES AS DESCRIBED IN THE SAR? [ 1YES | INO

Basis

List SAR ltems/Sections reviewed

DOES THE ACTIVITY INVOLVE A TEST OR EXPERIMENT NOT DESCRIBED IN THE

SAR?

List SAR ltems/Sections reviewed:

NOTE: if any question 3 wou 6 is answered YES, then mark Sectian #6 Not Applicable (N/A) and complete Unrevi d Sefety Questi
Determination, otherwise complete Section #6.

6 " DISCIPL'NE PRINT NAME

WYids o 3/5)5¢

1st QSR Structural /
Other QSR / J Date
Other QSR Bike

/ | A - d
2nd QSR “V\lxr (LS ‘ /( M'a“r«- T /me&\- Date: .i'lfl(t’(.

Attach additional sheets if needed

10 CFR 50.59 Rev. 6
OAI-109 Rev. 5
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Figure 3 - Reactor Shroud Three-Dimensional View
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Figure 4 - Roll-Out View of Inside Shroud Surface




Carolina Power & Light Company ESR 96-00154

Brunswick Nuclear Plant - Unit 2 Revision O
Engineering Evaluation Page 21» of 24

A -

g" o ga- -
ﬁ; / ) H pt :‘

i e > -4
P . B s
it | ve mIR

ab ad
ngC -

it
- : 8
dbs e
Je »
alh — e
- b 2l N Pp.4
s ve milhit

==
-

=

E|
i © o) =
T | = - i s
';8 ,4 Y ‘ ;‘z
He -
".:'.E ILJ ! .
o X y®
'i! | i>; +
LT LTI
Pty . i]
3 | %
e, v HH 2
'iO ¥l i [ ;‘:
it == | AT
b i :}!i ; va::g
al @
y o 1y
| oo , ? H 1 '.' . | of @
y §- ii
11 ¥ -l

Figure 5 - Roll-Out View of Outside of Shroud Surface
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Core Shroud Reinspection Plan

Unit 2 B212R1 Outage
February 1996
EXECUTIVE SUMMARY

The scope of reinspection for the Unit 2 core shroud is based on the results of previous
inspections performed on both Unit 1 and Unit 2, follow-up actions and commitments
established from the last inspection documented in Engineering Evaluation Report 94-0077,
guidance on shroud inspections contained in NRC Generic Letter 94-03 and draft 4 of the
BWRVIP "Guidelines for Reinspection of BWR Core Shrouds” dated September 15, 1995.

The reinspection scope focuses on three objectives: re-examination of selected areas to
determine crack growth, examination of a sample of the installed clamps to verify no inservice
degradation, and utilization of specifically developzd tooling to examine accessible portions of
certain welds tha: were previously inaccessible. Inspection of the core shroud in Unit 2 during
May 1994 was performed prior to the issuance of Generic Letter 94-03. The inspection was
also performed utilizing prototype UT tooling under development. Reliability problems arose,
and use of the tooling had to be abandoned. The UT equipment commonly used for core
shroud inspections will not work on the Brunswick Plant shrouds because of interference from
the installed clamps on welds H2 and H3. BNP is developing specialized UT tooling to
inspect certain welds. Specifically, UT examinations will be performed on 100% of the
accessible areas of weid H1. UT will also be performed on areas not previously inspected on
welds H6A, and HSB and H7. Additionally, UT will be repeated at selected areas on wela H4
to assess crack growth during the cycle. -

Additional inspections will be performed if measurements indicate that crack growth is greater
than anticipated. Predictions from crack growth models (GE PLEDGE) and piant specific data
from the Crack Arrest Verification System (CAVS), indicate that little, if any, crack growth is
expected. This is consistent with predictions and actual results from Unit 1.

UT inspections will be conducted utilizing pulse echo technology. Equipment and procedures
for UT, and for any supplemental VT, will be qualified in accordance with the inspection
guidelines of the BWRVIP. The NDE uncertainty will be determined in qualification testing by
the inspection vendor. These qualifications will follow the BWRVIP inspection guidelines.

Two of the twelve clamps installed on welds H2 and H3 during the Spring 1994 outage will be
VT inspected to insure that no adverse degradation has occurred during the operating cycle.
An engineering evaluation of the inspection results will be performed using the flaw evaluation
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guidance issued by the BWRVIP in Core Shroud Inspection and Evaluation Guidelines, or
other accepted industry criteria.

CP&L is working closely with the BWRVIP to evaluate field information and incorporate
"lessons learned” into the inspection program. Inspection of core shroud support legs, and
other vessel attachments and internals, will be performed consistent with the guidance provided
by the BWP.VIP in the future.

UNIT 2 CORE SHROUD INSPECTION PLAN

The scope of this inspection plan along with previous inspections meets the intent of requested
licensee action item 3 of Generic Letter 94-03. This action item requires an inspection plan
for all shroud weids or justification for not inspecting certain welds, and requires use of
technology and industry experience to perform inspections that will consistently detect IGSCC.

The inspection plan scope has been developed from Generic Letter 94-03, the proposed
BWRVIP "Guidelines for Reinspection of Core Shroud Welds" and from knowledge gained
from the previous inspections of BNP Units 1 and 2. The inspection plan for the core shroud
focuses on application of improved inspection iechniques for welds where internal surfaces
were not accessible, and on reinspection of certain areas to determine crack growth rates. “UT
inspection tooling commonly used in the industry will not perform adequately on the BNP core
shrouds due to interference from the clamps installed on the H2 and H3 welds. BNP is
developing specialized tooling to inspect the welds that cannot be inspected with conventional
tooling.

Weld H! was VT inspected at selected outside surface locations in 1994, UT will be
performed during the B212R1 outage on 100% of the accessible areas of weld H1 and its
associated fillet weld. Weld H1 is a ring weld with "end grain" exposure and significant cold
work. Welds H2 and H3 wili not be inspected since their structural function was replaced by
clamps in 1994,

-

Weld H4 will be reinspected in two places to determine crack growth rates. Weld HS is not
scheduled for reinspection, since relatively little cracking was found during the previous
inspection, and since conditions at weld H4 (weld geometry, ECP, fluence, etc.) closely
approximate those at HS.

The accessible outside areas of weids H6A, H6B and H7 were VT inspected in 1994,
Inspection of welds H6A and H6B and their associated fillet welds will be supplemented by
UT inspection at six locations between jet pump pairs. Access is limited to these six areas due
to the proximity of the jet pump sensing lines. All accessible zreas of weld H7 will be UT
inspected.
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Weld H8 and the shroud support legs below the core plate will not be inspected this outage
because equipment and techniques are still being developed for these inspections. These areas
will be inspected consistent with guidance provided by the BWRVIP in the future.

Although weld H9 is not currently required to be inspected by the BWRVIP guidelines, data
may be available for the H9 weld due to its proximity to a weld that is included in the vessel
beltline inspection program.

Two of the twelve repair clamps will be VT inspected to assure no degradation has occurred
during the last cycle of operation.

Details of the scope of inspection for each weld and for the clamps are provided in Table 1.
INSPECTION SCOPE EXPANSION

Based on the results of the Brunswick Plant Unit 2 Core Shroud Reinspection Plan, additional
inspections of the core shroud (including repair clamps) will be performed, if required to
demonstrate core shroud integrity. CP&L will address any scope expansion in our submittal of
the inspection results to the NRC Staff. No such expansion is anticipated, based on the
operational history during the last cycle, and the results from Unit 1.

EVALUATION

An engineering evaluation of the results of the inspection will be performed, using the flaw
evaluation guidance issued by the BWRVIP in the Core Shroud Inspection and Evaluation
Guidelines, or other accepted industry criteria. CP&L will submit the inspection results in
accordance with the guidance of NRC Generic Letter 94-03.
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TABLE 1

Unit 2 Outage - Core Shroud Reinspection

REINSPECTION
METHOD*

COMMENTS

100% of accessible areas.

None.
(Weld is structurally replaced by installed clamps).

None.
(Weld is structurally replaced by installed clamps).

Two iocations to assess crack growth
(100% of accessible areas were inspected during the
B211R1 Outage).

H5 None planned | Conditions at weld H4 (weld geometry, ECP, fluence,
etc.) closely approximate weid HS.

H6A UT Six (6) areas between jei pump pairs.
H6B UT Six (6) areas between jet pump pairs.
H7 UT 100% of accessible areas between jet pump pairs.
HE None planned | BWRVIP developing inspection tools. techniques.
H9 uT Data may be available as a by-product of the vessel

beitline inspection program.
(from OD as part of vessel beltline inspection)

Shroud None planned BWRVIP developing inspection tools/techniques.
support legs
Two vT VT-3 clamps & hardware for general appearance and
Clamps missing parts.

VT-1 integrity of tack welds.

* NDE methods to be qualified in accordance with “BWRVIP Reactor Pressure Vessel and Internals Examinaiion
Guidelines" issued by the BWRVIP.
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C DOCKET NO. 50-324
OPERATING LICENSE NO. DPR-62
SUBMITTAL OF UNIT 2 CORE SHROUD RE\NSPECT\ON PLANS

LIST OF REGULATORY COMMITMENTS

The { llowing table identifies those
this docu A ions discussed in the submittal repres
actions by Carolina Power & Light Company are des to RC for the NRC's
please notify the Mamger—chuMory Affairs at
t or any associated

information and are not regulatory ommitments.
the Brunswick Nuclear Plart of any questions regarding this




Shroud Circumferentia! Weld Structural Evaluation

Ligament Length Determmnation
Sheoud tn 18 Eval. Period= 1200 days date
Plant 1D 7 BNP2 oD= 1895 in Lealc = 171 in tupsst/norm) Prepared By
Weld 1D W Crack Growth Rate=  SE-O5 maw Leale = 176 in (tauhed)
Data 1D B212R1 Total inspection Uncertainty = 0.00 in Lmin = 1789 in Verntied By .
High Flux Zone
End of Evaluation Ligement Data End of Eval. Crack Tip  input for DLL Analysis Input for DLL Analysis
{Ligament | Azimuth AMI:-::\. [Davs to Fuily L‘-‘w Azimuth | Ligament in Flux Zone? Azimuth | Azimuth Azimuth | Azimuth | Ligament
Number Start top (deg) Cracked Sta Stop Start Stop Start Stop | Length
o 144 18 il No No ]
- L Cracked|
3 L ]
4 301|302 %ll Yes Yes L
i Cracked| This Tabiel Not for
6 516 §38 33} Yes Yas 518 35 Weld H1
- . ! = Cracked) ] :
8 | 6770] 6771] 10 Cracked| 1
i 7073 7381 51 _8n2 716 729 22 No No
10 7622| 8166] 80! 24 [ 771] #0@ 6.1 No No 771 808
41 | @468 8837 60| 1251 @56 878 31 No No 856 874
92 | %073 9622] 81| 2533 96| 953 62 No No 818 953,
3] sase 3528] 15| Cracked o k=g
1 10227 107.71 S¢ 2498 031 106. X No No 103.1 106
i5 | 10952 L7 Y1) X ) - 2533] 710.4] 1143 [ No | WMo 1104|1141
[ 16 17804 127.1] 150! 4993 T169] 1262 121 N Yes 1188] 126
89 737.33| 131.94] 10|  Cracked, Cracked| o
18 | 13254] 7133201 i1 ___c:-:u% e Cracke J} e
1 713562' 13683] 20|  Cracked
20 .'“-’51,_"!?._.’1} 20 Cracked 4 et
|21 | 7e831; 166 283 10939 148.2| 1651 a Yos No 148.2] 1851 B
22 | 19800 20405] 100 2918 1989| 2032 73 No No 1988|2032 I
23 | 20767, 21553] 130 4166 208, 2147 10.1 No Yes 3085|2147 o
24 | 217.34| 21864 21 Cracked
25 | 22650] 22952 50 831 2274 7288 2 1 Yes Yes
| 26 | 23194 24005 134 4338 | 7328| 2392 ics Yes Yes 2328 2382
| 27 | 24348| 24468] 20 Cracked L Crackad| s e
28 | 24831] 25320] B1] = 2119 ,_2492] 2523 52 | __No No | 2482 252.3 ®
29 | 25sa4r| 28952] 581 22942 2553 8] 552 No No 2553| 2886
30 | 291.33| 29501] 6.1 1286 2922 29a 32 No No 2922 29a1 i " e
37 | 29683 29925] 40 ai7 2977] 2984 1.1 No No
32 | 30408] 30468 1.0]  Crach i Cracked| s e
33 | 30831| 34545 61.3] 24307 3092| 3445 585 [ Yes No | 309.2| 3445
== —
Existing igament Length fin) =  304.4 EOE Lg. Length (inl= 2260 | B e e T
Since EOE Ligameni Length > Lmin. a detailed imit load analysis ia not required. The wald is stnichurelly accaptable fo: cantinuad coeration
NOTES
(1} Ligamenr Data from B212R! GE Examination Summary Sheets
2 Crack growth is apnlied st each end of igament
31 Calculation for End of Evaluation Ligament Data includes uncertainty if applicable.
% Days to Fully Crscked = days tifl igament length is zero (actuslly = uncertainty + ASME crack proximity rule) for each figament.
5 High Flux Zone = plus or minus 15 degrees from azimuths 45, 135, 225 and 315 {is 30-80 etc.)
Weld H! will not reach LEFM thrashold level for neutron embrittiement (3x107 208 within current opersting ficense.
6 1deg = 1.6537 in
n Uninsp eQH d tully cracked Al cracks sssumed through-wall
8 Leale = minimum required ligament length for limit loed concemns - reference Structursl intogrity report SiR-84-079 Rev. 0
(] Lmin = Lesle + 2{Crack Growth in Evaluation Period] + Total inspaction Uncertsinty
H1 BNP2CRAK WK4

03/07/96

g WBWYIEY ‘0 UOISIAGY ‘bG L00-96 HS3

g 19
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B212R]1 Shourd Weld H1 Lower Normal /Upset 118.0 7.603E+08 i8260. 27 33 ACCEPTABLE
OLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/94) 120.0 7.706E+08 13506 . 27.76 ACCEPTABLE
DATE OF CURRFNT ANALYSIS: 03/05/1996 125.0 7 T03E«08 18435 27.69 ACCEPTABLE
130.0 7 .686E+09 18460. 27.63 ACCEPTABLE
SUMMARY OF INPUTS: 135.0 7 TR0E.08 18590. 27.82 ACCEPTABLE
ErsLsLEsESE T EEE T 14G6.0 7.789E+08 18707. 28.00 ACCEPTABLE
Aagle i1ncrement - 1.0 deg. (COARSE) 145.0 7.760E+08 18637. 27.89% ACCEPTABLE
Membrane Stress, Pm = 1%2. psi 150.0 7.90%E+08 1899S. 28 .43 ACCEPTABLE
Bending Stress., Pb B 483. psi 155.0 8.216E+08 19732, 29.52 ACCEPTABLE
Safety Factor, SF = 2.M 160.0 8.422ZE+08 20226. 30.25 ACCEPTABLE
Mean Radius, Bm = 94 .00 inches 165.0 8 .563E+08 20566 . 30.75 ACCEPTABLE
Wall Thickness, t - 1.500 inches i70.0 8 647E+08 20766. 31.05 ACCEPTABLE
Material = 104 SS 175.0 8 733E.08 21117, .57 ACCEPTABLE
Stress Intensity, Sm « 16900  psi 180.0 8 _B44E.08 21239. 31.75 ACCEPTABLE
Fluence = 1.9E+19 n/cm”2 185.0 9.217E+0R 22137, 33.08 ACCEPTABLE
(Thus, LEFM evaluation not applicable) 1%0.¢0 9 .409E+.08 22597. 33.76 ACCEPTABLE
195.0 9 .423E+08 22630. 33.e ACCEPTABLE
THETA1L THETA2 THICKNESS 200.0 9.813E.08 23568. 35.20 ACCEPTABLE
REGION {deg ) ideg.] {inches] 205.0 9.8.3E+08 23639, 35.31 ACCEPTABLE
et T 210.0 1.022E+09 24555 36.66 ACCEPTABLE
b 51.6 53.% 1.500 215.0 1. 045E+03 25094. 37.46 ACCEPTABLE
2 7.4 80.8 1.500 220.0 1.060E+09% 25456. 38.00 ACCEPTABLE
3 85.6 87.5 1.500 225.9 1.067E+09% 25624 . 38.25 ACCEPTABLE
4 91.6 95.3 1.500 230.0 1.066E+09 25597. 3. 21 ACCEPTABLE
5 103.1 106 8 1.500 235.0 1.057E+09 25375. 37.88 ACCEPTABLE
6 110.4 ile .} 1.500 240.0 1.039E+09 24961. 37.26 ACCEPTABLE
7 118.9 126.2 1.500 245.0 1.014E+09 241356 36.37 ACCEPTAELE
8 149 2 165.1 1.500 250.0 9 .876E+.08 2378, 35.42 ACCEPTABLE
S 1%3.9 203.2 1.500 255.0 9.551E+08 22938 34.27 ACCEPTABRLE
10 20%.5 214 .7 1.500 260.0 5. 147E+08 219869, 32.83 ACCEPTABLE
11 232.8 239.2 1.500 265.90 8.789E+08 21107. 31.5% ACCEPTABLE
12 249.2 252.3 1.500 270.0 8 .442E.08 20276. 30.32 ACCEPTABLE
13 255 3 288 .6 1.500 275.0 8.189E.08 19668 29 .42 ACCEPTABLE
14 2%2.2 2%4.1 1.500 280.0 7.937E+08 19061. 28.52 ACCEPTABLE
15 309.2 344 .5 1.500 285.0. 7.711E+08 18518. 27.72 ACCEPTABLE
2%0.0 7.590E+08 18227. 27.2% ACCEPTABLE
295.0 7.603E+08 18260. 27.34 ACCEPTABLE
LIMIT LOAD RESULTS: 300.0 7.706E.08 18506 . 27.70 ACCEPTABLE
sxmmmcmEsFlsassmnEn 305.0 7.703E+08 18499 27.69 ACCEPTABLE
310.0 7.686E:08 18460 . 27.63 ACCEPTABLE
ALPHA MOMENT Pb* SAFETY 3is.0 7.740E.08 185%0. 27.82 ACCEPTABLE
[deg) {in-1bs] {psi] FACTOR RESULT 320.0 7.789E+08 18707. 28.00 ACCEPTABLE
= emmessmans o warmesss  Ssecess 0 ssseRssesesose 325.0 7.760E+C8 18637, 27.89% ACCEPTABLE
o 8 B44E+08 21239, 31.75 ACCEPTABLE 330.0 7.903%E+08 189685 28 .43 ACCEPTABLE
5.0 9.217E+G8 221137, 33.08 ACCEPTABLE 335.0 8 .216E+08 19732. 29.52 ACCEPTABLE
10.0 9 409E+08 22597. 331.76 ACCEPTABLE 340.0 B .422E+08 20226. 30.25 ACCEPTABLE
15. 0 9 423E+08 22630. 33. 8 ACCEPTABLE 345.9 B8.563E+08 20566 30.75 ACCEPTABLE
20.0 9 B13E+08 23568 35.20 ACCEPTABLE 350.0 B _64TE«08 207866 . 31.05 ACCEPTABLE
25.0 9 B43E+08 23639. 3.3 ACCEPTABLE 355.0 8 _793E+08 21117. 31.57 ACCEPTABLE
30.0 1.022E+09 24555 36 .68 ACCEPTABLE
5.0 1.045E+09 25094 . 37 .45 ACCEPTABLE
40.0 1.060E+09 25456 . 38.00 ACCEPTABLE ACCEPTABLE: MINIMUM SAFETY FACTOR = 27.29 AT 110.0 DEGREES.
45.0 1.067E+09 25624 . 38.25 ACCEPTABLE
s0.0 1.066E+09 25597. 3e.21 ACCEPTABLE
s5.0 1.0S7E+09 2537s. 37 82 ACCEPTABLE
60.0 1.033E.09 24961 . 37.2% ACCEPTABLE
65.0 1.014E+08 24356 36.17 ACCEPTABLE i
7¢.0 9. .876E+08 23718, 35.42 ACCEPTABLE
75.0 9.551E+08 22938. 34.27 ACCEPTABLE
80.0 9.147E+08 21969. 2.3 ACCEPTABLE
85.0 8_.785E+08 21107. 33i.55 ACCEPTABLE
9c.0 8 442E+08 20276. 30.32 ACCEPTABLE
95.0 8 189E+08 19668 . 29 .42 ACCEPTABLE
100.0 7.937E+08 19061 . 28.52 ACCEPTABLE
105.0 7.711E+08 i8518. 27.72 ACCEPTABLE
110.0 7.590E+08 18227. 27.29 ACCEPTABLE
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03/05/1996 12:22 Filename: DLIHILF. OUT

B212R: Shroud Weld H1 Lower Faulted

DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/9%4)
DATE OF CURRENT ANALSIS: 03/05/199%6
SUMMARY OF INPUTS
Angle increment = 1 0 deg. (COARSE)
Membirane Stress Pm = 798 . psi
Bending Stress, ‘L - 642. psi
Safety Pactor, SF - 1.39
Mean Radius, Rm = 94 .00 inches
Wall Thickness, t - 1.500 inches
Material = 304 SS
Stress Intensicy, Sm = 16900. psi
Fluence = 1.9E+19 n/cm™2
(Thus, LEFM evaluaticn not applicable)
THETA1L THETA2 THICKNESS
REGION {deg } (deg . ) [inches)
1 51.% 53.5 i.500
2 7.1 80.8 1.500
3 85 & 87.5 1.500
4 91.6 95.3 1.500
S 103 .1 106 .8 1.500
6 110.4 118.1 1.500
? 118.9 126.2 1.500
] 14% .2 165.1 1.500
s 198 .9 203.2 1.500
10 2095 214 7 1.500
11 2:2.8 23%.2 1.500
12 249.2 252.3 1.500
13 255.3 288 .4 1.500
14 292.2 2% .1 1.500
15 309 .2 344 .5 1.500
LIMYT LOAD RESULTS:
ALPHA MOMENT Pb* SAFETY
[deq] [in-1bs] [psi) FACTOR RESULT
0 9 09%2E«08 21836 15.72 ACCEPTABLE
5.0 S 48CE«08 22767 16 36 ACCEPTABLT
10.0 9. 704E+08 23306 16.74 ACCEPTABLE
15.0 9.730E+08 23389 16.78 ACCEPTABLE
20.0 1.013E+09 24322 17 44 ACCEPTABLE
25.0 1 .018BE«09 24450 17.53 ACCEPTABLE
30.90 1.057E+09 25379 18.18 ACCEPTABLE
5.0 1.077E+09 25863 18 51 ACCEPTABLE
40.0 1.089E«09 26150 18.71 ACCEPTABLE
45.0 1.093E+09 26238 18.77 ACCEPTABLE
$0.0 1.08BE«09 26126 18.70 ACCEPTABLE
55.0 1.075E+09 25816 18 48 ACCEPTABLE
60.0 1.054E.09 25309 18.13 ACCEPTABLE
65.0 1.020E+0% 24487 17.56 ACCEPTABLE
70.0 9 957E+08 23914 17.16 ACCEPTABLE
75.0 9 .592E+08 23036 16.55 ACCEPTABLE
80.0 9. 164E.08 22008 15.84 ACCEPTABLE
85.0 8.772E+08 21067, 15.18 ACCEPTABLE
90.0 8 .410E.08 20197 14 .58 ACCEPTABLE
95.0 8.132E+.08 19530 14.12 ACCFPTABLE
100.0 7.863E.08 18885 13 .67 ACCEPTABLE
1e5.0 7.668E+08 18416 13.34 ACCEPTABLE
110.0 7.492E+08 179%3 13.05 ACCEPTABLE

118
120
13S.
130.
135,
140.
145,
150.
15>,
160.
165.
170.
195,
180.
185.
196.
195.
200.
2058.
210.
215.
220.
228.
210,
235,
240.
245
250.
255
260.
265.
270.
275.
280.
285.
290.
295.
300.
308
310.
31S.
32¢.
325.
330.
335
340
345 .
350.
ass

OOOOOOOOOOOOQOOOOQOGGOOOOOOOQQOOQDOOQOOOOOOOOOQOO

AT _EPTABLE

;22

S52E+08
.SEBE.08
527E+08
.SO03E.08
.ST2E+08
.660E+08
_64T7E. 08
.795E+08
079E+.08
246E+08
IS50E+08
412E+08
.S44E.08
.SBBE+08
.542E+08
.101E+08
.109E+08
.4BBE«0B
.S00E+08
.876E.08
.012E+0%
.030E+09
049E+09
.D42E+09
.037E+0%
.023E+09
.002E+09
.778E+08
_49%4E.08
_13TE+08
.797E+08
_467E+08
.230E+08
.9672+08
. 7B4E+08
_679E+08
.693E.08
.827E«08
.RE3E+08
.862E+08
.B93E.08
-S03E.08
.BEEE«08
_01SE+08
.33BE+0B
.582E+08
. T62E+08
_BT74E+08
.027E+08

o.....«dd-‘dddQQQIOOOOUuwumunwouwoo...o..-qqqqqqqe

MINIMUM SAFETY FACTOR -

Fii

18138
18176
18077.
18019
18186.
18396
18364 .
18723.
15403
19804.
20054 .
20203.
20520.
20626 .
21475,
21857.
21876.
22785
22815.
23718,
24298
24732.
24978
25034 .
24899.
24575.
24084 .
23484
22801.
21944.
21126.
20335.
19768
19135,
18695,
18442
18475,
18797.
180684 .
186882.
18956
18979,
18850.
19249.
2002¢.
20611.
21042.
21313,
21680.

13.18
13.18
13.11
13.07
13.18
13.33
13.31
13.56
14.03
14 .31
14 .48
14 .58
14.e0
14 88
15 .47
15.73
15.7%
16.38
16.40
17.02
17.43
17.72
17.%0
17 .94
17.85
17.62
17.27
16 .86
16.39
15.79
15.23
14 .68
14.28
13 .84
13.54
13.36
13.38
13.61
13.87
13.67
13.72
13.73
12.67
13.92
13 .46
14 87
15.17
15.35
15.61

13.05

AT 110.0 DEGREES.
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03/07/1996 12:23 Filename: DLLHIN OUT Page 1 3/07/19 :
B212R1 Shroud Weld H1 Upset 185.0 2. .036E+08 4891 7.53 ACCEPTABLE
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/%4) 1%0.0 2.03RE-D8 4891. 7.53 ACCEPTABLE
DATE OF CURTMENT ANALYSIS: 03/07/1996 195.0 2 036E+08 4851 7.53 ACCEPTABLE
z200.0 2.038E+08 4891 . 7.53 ACCEPTABLE
SUMMARY OF INPUTS 205.0 2.036E+08 4891 7.53 ACCEPTABLE
Frassscssssssssuns 210.C 2.036E+08 4891. 7.53 ACCEPTABLE
Angle increment - 1.0 deg. (COARSE) 215.0 2 .D38E+D8 4891. ?7.53 ACCEPTABLE
Membrane Stress, Pm = 192. psi 220.0 2 .036E+08 4891 7.53 ACCEPTABLE
Bending Stress, Pb = 4831 psi 225.0 2.036E+08 4891. 7.53 ACCEPTABLE
Safety Factor, SF . 2.7 230.0 2.036E+08 4851 . 7.5 ACCEPTABLE
Mean Radius, Rm = 94 .00 inches 235.0 2.036E+08 4891 . 7.53 ACCEFTABLE
Mall Thickness, ¢t = 1.500 inches 240.0 2 .036E+08 4891 . 7.53 ACCEPTABLE
Material = 304 SS 245.0 2.036E+08 4891 7.53 ACCEPTABLE
Stress Intensity, Sm = 16900  psi 250.0 2.036E+08 4891. 7.53 ACCEPTABLE
Fluence = 1.9E+19% n/cm™2 255.0 2 036E+08 4891 . 7.53 ACCEPTABLE
(Thus, LEFM evaluation not applicable) 260.0 2.036E«08 4891 7.53 ACCEPTABLE
265.0 2.036E+08 4891. 7.53 ACCEPTABLE
THETA) THETA2 THICKNESS 270.0 2 036E+.08 4891. 7.53 ACCEPTABLE
REGION jdeg .} [deg ) [inches] 275.0 2 .036E+08 4891 . 7.53 ACCEPTABLE m
- - o e e i 280.9 2 .036E+08 4891 7.53 ACCEPTABLE w
1 0 360.0 134 285.0 2.0316E+08 4891 7.53 ACCEPTABLE pe + §
2%0.0 2.036E.D8 4891 . 7.53 ACCEPTABLE
29s5.0 2.036E+08 4891 7.53 ACCEPTASLE g
LIMIT LOAD RESULTS: 300.0 2 D36E+08 4891 . 7.53 ACCEPTABLE
ressssssmossEEEmsEe 3058 o0 2.036E+08 4891. 7.53 ACCEPTABLE
310.0 2.036E+08 4891 . 7.53 ACCEPTABLE
ALPHA MOMENT Pb* SAFETY 315.0 2.036E+08 4891. 7.53 ACCFPTARLE -
[deg] {in-1bs] ipsi) FACTOR RESULT 320.0 2.036E+08 4891 . 7.53 ACCEPTABLE
~~~~~ - - e s e 328.0 2 036E+08 4891. 7.53 ACCEPTABLE g
.0 2 C3EE-08 4891 7.53 ACCEPTABLE 330.0 2.036E+08 4891 . 7.53 ACCEPTABLE 1
5.0 2_C36E+.08 4891 . 7.53 ACCEPTABLE 335.0 2.036E:08 4891 7.53 ACCEPTABLE ?
10.0 2 .036E+08 4891. 7-53 ACCEPTABLE 0.0 2 036E+08 4891 7.83 ACCEPTABLE
15.0 2.036E.08 4891 7.53 ACCEPTABLE 345.0 2 .036E+08 4891 . 7.53 ACCEPTABLE s,
20.90 2.036E+08 4891 7.53 ACCEPTABLE 350.0 2 .036E+08 4891 . 7.53 ACCEPTABLE 2.
25.0 2.036E+08 4891. 7.53 ACCEPTRBLE 3ss5.¢0 2.036E+«08 4891. 7.53 ACCEPTABLE
30.0 2.036E+08 4891 . 753 ACCEPTABLE g
35.0 2 036E+08 4891 . 7.53 ACCEPTABLE o
40.0 2 036E+08 4891. 7.53 ACCEPTABLE ACCEPTABLE! MINIMUM SAFETY FACTOR = 7.53 AT 80.0 DEGREES -
45.0 2.036E+08 4891 . 7.53 ACCEPTABLE >
50.0 2.C36E+08 4891 . 7.53 ACCEPTABLE
55.0 2.036E+08 4891 7.53 ACCEPTABLE =
60.0 2.036E.08 4891 7.53 ACCEPTABLE s
65.0 2.036E+08 4891 . 7.53 ACCEPTABLE
70.0 2 026E.08 4891. 7.53 ACCEPTABLE
75.0 2 036E«08 4891 . 7.53 ACCEPTABLE
80.0 2 . 036E+08 4891 . 7.53 ACCEPTASLE
85.0 2.036E+08 4891. 7.53 ACCEPTABLE 3
90.0 2_036E+08 4891. 7.83 ACCEPTABLE
95.0 2.036E+08 4891. 7.53 ACCEPTABLE m
100.0 2.036E+08 4891 . 7.53 ACCEPTABLE
105.0 2.036E+08 4891 . 7.93 ACCEPTABLE
110.0 2.026E+C8 4891. 7.53 ACCEPTABLE
115.0 2.036E+08 4851 . 7.53 ACCEPTABLE
i20.¢0 2.036E+08 4891 . 7.53 ACCEPTABLE
125.0 2. 036E+08 4891 . 7.53 ACCEPTABLE
130.0 2 036E+«08 4891 . 7.53 ACCEPTABLE
135.0 2.036E+08 489i1. 7.53 ACCEPTABLE m
140.0 2.036E«08 4891 . 7.53 ACCEPTABLE ) -b
145.0 2.036E+08 4891 7.53 ACCEPTABLE '
150.0 2.036E+08 4891. 7.53 ACCEPTABLE : °
155.0 2.036E+08 4891 . 7.53 ACCEPTABLE | *
160.0 2.036E+C8 4891 . 7.53 ACCEPTABLE
165.0 2.036E+08 4891 .53 ACCEPTABLE [ m
170.0 2.036E+08 4891. 7.53 ACCEPTABLE i w ‘
175.0 2.036E+98 4891, ?.53 ACCEPTABLE ' |
180.0 2. 036E+08 4891. 7.53 ACCEPTABLE (&




03/07/1996 12:39 Filename . DLLHIF OUT Page 1 03/07/1996 12:30 Filename: DLLHIF OUT

B212R! Shroud Weld Hl Fauited 185.0 1.926E+08 4625 3.7
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/94) 19¢.0 1.926E+08 4625 3.
DATE OF CURRENT ANALYSIS: 23/07/1996 195.¢ 1.926E+08 4625 3.77
200.0 1.526E+08 48625 Iimn
SUMMARY OF INPUTS 205.0 1 .926E+08 4625 . 3.m
shcasEERETseURRESS 210.0 1.926E+08 4625 3.77
Angle increment - 1 0 deg. (COARED) 215.0 1.926E+08 4625, in
Membrane Stress, Pm = 798 . psi 220.0 1.926E+08 4625. 3.77
Bending Stress, Pb - €42. psi 225.0 1.926E+08 4625 . .M
Safety Factor, SF - 1.39 230.0 1.926E+08 4625. in
Mean Radius, Rm - 94 .00 inches 235.¢ 1.926E+08 4625 . .M
Wall Thickness, t = 1.500 inches 240.0 1.926E+08 4625 3.7
Material = 304 SS 245.0 1.926E+08 462S. N
Stress Intensity, Sm = 16900 psi 250.0 1.926E+08 4625. .7
Fluence = 1.9E+19 n/cm™2 255.¢ 1.926E:08 4625 . o ¥
{Thus, LEFM evaluation not applicable) 260.0 1.926E+08 4625. 3.1
265.0 1.926E+08 4625 . an
THETA1L THETA2 THICKNESS 270.0 1.926E+08 4625. 3.7
REGION [deqg. ] [deg.] {inches] 275.0 1.926E+08 4625 3. 79 ACCEPTASLE m
~~~~~~ e 280.0 1.926E.+08 4625 3.1 ACCEPTABLE 17
1 0 360.0 114 285.0 1.526E+08 4625 . 3.7 ACCEPTABLE b« ]
2%0.0 1.926E+08 4625 3.77 ACCEPTABLE
295.0 1.926E.08 4625 . 3.717 ACCEPTABLE 8
LIMIT LOAD RESULTS: 300.0 1.926E+08 462S. 3.77 ACCEFTABLE
eEssssEEEssEsISEEe e 305.0 1.926E+08 4625. 3.7 ACCEPTABLE
310.0 1.926E+08 4625 3.77 ACCEPTABLE
ALPHA MOMENT Pb* SAFETY 315.0 1.926E+08 4625. .m ACCEPTABLE =3
{deg) {in-1bs} (pai) FACTOR RESULT 320.0 1.926E+08 #3285 3.77 ACCEPTABLE :
------------------------------------------- 325.0 1.926E+08 4625 3.77 ACCEPTABLE
o 1.926E+«08 4025. i.m ACCEPTABLE 33c.0 1.926E+08 4625 . an ACCEPTABLE "
5.0 1.926E.08 €625 . 3.7y ACCEPTABLE 335.0 1 _S26E«08 4625. 392 ACCEPTABLE o+ |
10.0 1.926E+08 4625 3.3 ACCEPTABLE 340.0 1.926E+08 4625 . 3.77 ACCEPTABLE ]
15.0 1.926E+08 4625 . 3.7 ACCEFTABLE 345.0 1.326E+08 4625 3. N ACCEPTABLE
20.0 1.926E+08 4625 i.m ACCEPTABLE 3so0.¢ 1.926E+08 4625. 3" ACCEPTABLE
25.0 1.926E+08 4625. . P ACCEPTABLE 358.0 1.926E+08 4625. i ACCEPTABLE
30.90 1.926E+04 4625 . im ACCEPTABLE g
35.0 1.926E+.08 4625 3. ACCEPTABLE
40.0 1.926E+08 4625. 3. ACCEPTABLE ACCEPTABLE! MINIMUM SAFETY FACTCR = 3.77 AT 85.0 DEGREES 9
45.0 1.926E+08 4625 3.7 ACCEPTABLE
50.0 1. 926E+08 4625, 377 ACCEPTABLE >
$5.0 1.926E+08 462S. . ACCEPTABLE
60.0 1.926E+08 4625 3.7 ACCEPTABLE
65.0 1 S526E.08 462S. 3.7% ACCEPTAPLE
7¢.0 1.926E+08 4625 . in ACCEPTABLE
75.0 1. 926E+«08 4625 . 3.7 ACCEPTABLE
80.0 1.926E+08 4625 3.7? ACCEPTABLE
85 .0 1.926E+08 4625 an” ACCEPTABLE 3
90.0 1.526E+08 4625 3.7% ACCEPTARLE
95.¢ 1. 926E+08 4625. am ACCEPTABLE m
i0e.0 1.926E+08 4625 3.77 ACCEPTABLE
105.0 1 .926E+08 4625. 3.77 ACCEPTABLE
110.0 1 926E+08 4625 3.7 ACCEPTABLE
115.9 1.926E.08 4625 in ACCEPTABLE
120.0 1.%26E+08 4625. 3.7 ACCEPTABLE
125.0 1.92€E+08 4625. inmn ACCEPTABLE
130.0 1.926E+08 4625. .mn ACCEPTABLE
135.0 1.926E+08 4625 3.77 ACCEPTABLE (4]
140.0 1.526E+08 4625 . 3.7 ACCEPTABLE :
145.0 1.926E+08 4825 . 3.7% ACCEPTABLE i U"
150.0 1.926E+08 4625. m ACCEPTABLE
155.0 1.926E+08 4625 .M ACCEPTABLE (]
160.0 1.926E+08 4625. 3.m ACCEPTABLE 4
165.0 1.926E+08 4525. n ACCEPTABLE
170.0 1.%26E+08 4625, m ACCEPTABLE m
175 0 1.926B+08 4525 3.7 ACCEPTABLE !
1800 1. 926E+08 4625, 3.7 ACCEPTABLE tc‘)'




Shroud Circumferential Weld Structural Evaluation

Ligament Length Determination
Shroud tn 15 Evst Period= 1800 days date
Pant 1D BNP2 00= 1775 . Leale = 185 in fupsetinorm) Prepared By:
Weld 10 ,  Ha Crack Growth Rate=  5E-05 v tealc = 180 in taulted)
Data 1D ~ B211R1 Total inspection Uncertainty = 0.74 w tmin = 190.1 in VerifiedBy:
High Flux Zone
e L1ECN End of Evaluation L Data End of Eval. Crack Tip  input for DLL Analy Input for DLL Analysis
[Days to Fully| g" Al-' IL.. wJ _In High Flux Zone? Azimuth | Anmuth Azimuth | Azimuth | Ligament |
Cracked g Stant Stop Stant Start Length
| 31356 439 1.7 739 Yes No 433 g%g‘ ®, 60.0 &%7 450
2317 1026 1065 44 No No 1036] 1065 1036 106 44
10316 1148] 1301 234 . No Yes 1148] 1301 1149] 1200 78
8]  Cracked e Cracked) Cracked|
| Cracked Cracked| Cracked|
. 163m2 1488 1734] 380 Yes No 1488 1734 1500, 1734 3.2
3732 2019 2068 76 No No | 2019 2068 2018 206 7
3861 2135] 2187 79 Yos Yes 2135] 2187 [ Cracked|
3803 2248] 2294 73 Yes Yes 2246 2294 Cracked|
Cracked! Cracked . 3 Cracked|
Crackad o Cracked |
_7:311 2487| 2483 Cracked No No Cracked|
Cracked Cracked | Cracked|
2118 [ 287.1| 2596 38| No No 2571 2586 2571 2596 38|
~ Cracked Cracked | Cracked|
3 5798 2658] 2740 126 No No 2658] 27ac 2658 2740 126
62| 13543 2774| 2976 N2 No No 2774 2976 2774 2976 N2
3281 3025| 3068 68 Yes Yeos 3025| 3068 _Cracked,
2248 318 314 5 4 Yes Yes 318] 3145 Cracked|
2571 | 3251 328 3 48 Yes Yes 3261 3283 Cracked|
3732 3320 3380 78 No No 3340 3390 33a0] 3380 76
Cracked Cracked
- — b
FHBAL [—— (S,
b ———— - b—— 4+ ——
PRRSESNEEY -— e S =
—-- 1 e p————— —L——— 4 —
- e el e B — —
-_— ]»—— 4
Existing Ligament Length finj= 3189 £OE Lig Length in)= 2333 this data not used

Since EQOE Ligament Length > Lmin. ¢ detailed mit load snalysiz is not reguind

NOTES
(1) B211R1 Ligament Data from EER-940077 and GE Examination Summary Sheets
@ Total Ligament uncertainty {0 744} from reference 8 (demo 1)
(31 Crack growth is applied at each end of ligament
- Days to Fully Cracked = days tifl ligament length is zero (ectually 3 744" = uncertainty + ASMe crack proxdmity rulej for each ligement
5 High Flux Zone = plus or minus 15 degrees from azimuths 45, 135, 225 snd 215 (ie 30-80 etc.)
16} Weld H4 will not reach LEFM threshold level for neutron embrittlement (3x 10" Z0) within: fusl cycle 12
mn ldeg = 1 54898 in
[} Urinspected regions as: smed tully cracked. All cracks assurmed through-wall
9 Lemlc = minimum required hgament length for limit losd concerma - referance Structursl integrity report SIR-84-029 Rev. O
(10)  Lmin = Lcalc + 2(Crack Growth in Evaluation Period) + Total inspection Uncertainty

03/07/96 He BNP2CRAK WK4
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D2/28/199¢6 15:22 Filename : DLLH4NU OUT

B212R1 Shroud Weld H4 Normal/Upset Evaluation {(data from B211R1)
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/94)
DATE OF CURRENT ANALYSIS: 02/28/199%%

SUMMARY OF INPUTS
Angle increment = 1.0 deg. (COARSE)

Membrane Stress, Pm =« 173. psi

Bending Stress, Pb - 1006. psi

Safety Factor, SF = 2.7

Mean Radius, Rm - 89 .00 inches

Wall Thickness,K t - 1.500 inches

Marerial = 304 SS

Stress Intensity, Sm « 16900, psi

Fluence = 2.2E+19 n/om”2
(Thus, LEFM evaluation not applicable)

THETAL THETA2 THICKNESS

REGION (deg | {deg ] {inches|
1 60.0 91.7 1.500
2 103.6 106.5 1.500
3 114.9 120.0 1.500
4 150.0 173 4 1.500
5 201.9 206.9 1.500
3 2571 259.6 1.500
2 265.8 27%.0 1.500
8 277.4 297.6 1.500
5 134 0 139 0 1.500

LIMIT LOAD RESULTS:

ALPHA MOMENT Pb' SAFETY
{deg] {in-1bs} {psi] FACTOR RESULT
0 7.S77E+08 20784 . 17.76 ACCEPTABLE
5.0 7 S44E.08 20672 17.68 ACCEPTABLE
10.0 7 452E.08 20422 17 47 ACCEPTABLE
15.0 7.30SE+08 20017 17.12 ACCEPTABLE
20.0 7.101E+08 19459 . 16.65 ACCEPTABLE
25.0 € B99E+08 18905 . 16.18 ACCEPTABLE
20.0 6 TRIE+08 18586 . 15.91 ACCEPTABLE
35.0 6. 736E+0B 18460 15.80 ACCEPTABLE
40.0 6.6567+08 18238 15 .62 ACCEPTABLE
45.0 6.S24E.08 17878 5.3 ACCEPTABLE
50.0 6. 3B2E.D8 17488 . 13 .98 ACCEPTABLE
55.0 6 .307E+08 17284 14 .81 ACCEPTABLE
6C.0 6.191E+08 16966 . 14 .54 ACCEPTABLE
65.0 6 _02BE.08 16519. 14.16 ACCEPTABLE
0.0 5.819E+08 15947 13.67 ACCEPTABLE
75.0 5_S€EE.089 15253, 13.08 ACCEPTABLE
60.0 5 .294E+08 14507 12 .45 ACCEPTABLE
85.0 5. 0SSE+08 13851. 11.9¢ ACCEPTABLE
9¢.0 4 549E.08 13561. 11.65 ACCEPTABLE
95.0 4 _925E+08 13497, 11.59 ACCEPTABLE
100.0 S.011E.08 13730. 11.79 ACCEPTABLE
105.0 5 .068E«08 13889 11.93 ACCEPTASLE
110.0 S.158E«08 14133, 12.13 ACCEPTABLE
115.0 5.343E+08 14642, 12.57 ACCEPTABLE
120.0 S.560E+08 15235. 13.07 ACCEPTABLE
125.0 5.733E+08 15711, 13.47 ACCEPTABLE
130.0 S.B64E+08 16068 . 13.78 ACCEPTABLE
135.0 6 _0SCE+08 16579. 14.21 ACCEPTABLE
140.0 6.338E.08 17369. 14 .88 ACCEPTABLE

3 1

145
150.
1588
160.
165.
170.
175.
180.
185.
190,
195
200.
205,
210.
215,
220
225.
230.
235,
240.
245.
250.
255.
260.
265.
270.
278.
280.
285 .
290.
295.
300.
30S.
310.
315.
320.
328
330.
338.
340.
345.
356.
358

OOOOOOGGOOQOOOOOOOOGOQOGOOOBOOOOb\JOOOOOOQOO

i)

S99E+08
.B0BE+08
966E+08
120E+08
. I46E+08
S02E+08
601E+08
.643E+08
.E26E+08
.SS1E«08
.41BE-08
.229E+08
.B9SE.08
.TRIE«08
.859E+08
763E+08
.616E+08
.3B2E+08
.383E+08
250E+08
.D69E+08
.B43E.08
.ST72E+08
.285E+08
.Q26E«08
.920CE«08
.92SE+08
.00SE+08
-068E+08
-158E+08
.343E+08
.S97E«08
.7BBE«08
.936E«08
.050E+C8
.400E+08
.643E+08
835E+08
S7SE«08
.134E+08
33LE+08
472E+08
SS53E«08

NNNNGSOAROARA NN NN REANNUNRONRANRRND DD D) sdod ddd N

MINIMUM SAFETY FACTOR

18082.
18657
190850,
19510,
20131,

20559

20830.
20543
20096 .

20891
20328

1%810.
18905 .
18586 .
18795,
18532.
18129.
17488 .
17450,
17126€.
16632.
16010.
15267
14482
13773.
13483,
13497.
13716.
13889
14133,
14642
15327,
15862 .
16266 .
16579.
17538.
18204 .
18730.
1911S.
19550.
20096 .
20475.
20698 .

48

57
3¢

.70
.22
.58

a1

.91
.87
.70
.39
-9
.18
-9
.09
.87
.52
.98
.98
.87
.25
.72
.10
.43
.83
.58
.59
.78
.93
.13
.57
.18

0

.54

21

.02
.59
.03
.38
.73
.19

s1
70

ACCEPTABLE

.58 AT 270.0 DEGREES.

o¢d +° /4
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Filename: DLIH4F OUT

WO SO NS WN -

0000000000000 CO000OCOR0S
ANV NNNVANBBNVNDDARRRO RN R~

INPUTS
Angle increment
Membrane Stress, Pm
Bending Stress. Pb
Safety Factor, SF
Mean Radius, Rm
Wall Thickness, t

Stress Intensity, Sm

THETAL
[deg
69
103
114
150
201
257
285.
277.
334

CEE R E-E B

LIMIT LOAD RESULTS:

MOMENT

437E.08
ITOE+08
247E+08
069E+08
.B317E+08
.63ISE+08
.S1BE+08
483E.08
.432E+08
.331E+08
.201E+08
.147E+08
.064E+08
.936E«08
. T62E+08
.S4SE«08
294E.08
.O76E+08
.970E+08
.961E+08
.D0SE+08
.DATE+C8
.115E+08
.293E+08
L474E+08
.613E+08
.T16E+08
.903E.08
.205E+08

Shroud Weld H4 Faulted Evaluation
CISTRIBUTED LIGAMENT LENGTH EVALUATICON (REVIEION:

CURKENT ANALYSIS: 02/28/199%¢6

B822. psi
1377
1.39
88 00 inches
1.500 inches

3104

16900 psi
2.2E+19 n/em™2
LEFM evaluation not applicable)

THETA2
fdeg )
9.
106.
120.

173
20%

259.

274
297

339.

(data from B211R1)

oo wacng
B e b g e e

145.
150.
185.
16G.

165

170.
175.
180.
185.
190.
195

200
208

210.
215.
220.
225.

23¢

215.
240.
245,
250.
255.
260.
265.
270.
27S8.
280.
285.
290.
295.
300.

308

310.

ns
320

325.

330

33s.
340.
345.
350.
358,

ACCEPTABLE !

L L Y
NSNS OARNRRPNNNPNEBABNNNRRRRR O < nddadddddd DD

3

495E+08

. T44E+ D8

32BE.08
O9RE+08

.361E.08
.SS3E+08
.6BT7E+0D8

T63E.08
780E-08
T37E.08

.636E+08
47T7E+08

158E+08

.041E+08
.09SE+08
.969E+08
.790E+08
.55SE+08
.S23E+08
.ISEE+08
.141E+08
.B7BE+08
.SEEE+08
.256E+08
.9%0E+08
.S01E+08
.BB2E+08
.984E.08

076E+08

.210E+0R
-379E+08

661E+08

.BBBE.08
.070E+08
.191E+08
.S14E+08
.T21E+08
.878BE«08
.983E+08
.141E+08
.298BE+08
-401E+08
.447E+08

17809.

18481

19011.

19452

20170.
20696.
21064 .

21272

21218
21202,
209258,
20488
19614.
19295.
19441.
19096 .
18€05.
17964 .
17876 .
17418

16827

16109,
15253,
14403,

13675

13429.

13379

13657.
13909.
14276.
14740
15513.
16134
16633
1696S.
17849.
18419,
18848
19134.
19569 .
19998
20280.
204067.

MINIMUM SAFETY FACTOR =

Dl
VOOV ERPERIINAANOAAT AN I NI RDROVOVOVIOIOICOCO VOO D®

.47

78

.02
.22
.58
.79
98
.08

07

.02
.89
.69
.29
.15
.21
.06
.83
.54

S50

29
.03
.70
5 |
.92
.59

48
45

.50
.70
.87
.08
.43
-n
.54
.09
.49
.75
s
.08
.27
.47
.60
.65

.46 AT 275.0 DEGREES.

& Wewiyoeny ‘g uosineY ‘v5100-96 HS3
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Ligament Length Determination
Shroud tn 185 in Eval. Period = 1400 agays date
Plant 1D _BNP2 op= 1775 in teale = 214 in tupset/norm) Prepared By LB
Weld ID: .. Crack Growth Rate=  SE-05 wtw Lealc = 202 in Haulted)
Data 10 _B211R1 Total inspection Uncertainty = 232w tmin =  219.7 in Veritied By: .
High Flux Zone
____ mnspection Data End ot Evak 1 Ligament Data End of Eval Crack Tip Input for DLL Analysis Input for DLL Analysis
igament | Azimuth | Azimuth | Existing [Days to Fully Azimuth | Azimuth | Ligament %ﬂul«n? Anmuth | Azmuth Arnmuth Ligament
Num Starn QIQJ.W"M Cracked {in)| Stop Start Stop Start Stop Length |
bl ___©0oo 12.00 186 5528 18 10.2 129 No No 18 10.2
- 1300; 2000 108 2301 148 182 §3 No No i4e 182
|3 | 4100, 5000 139 3582 428 482 83 Yes Yes 42 482
4 | 7000 8000 155 4237 T8 782 98 No No 71k 782
3 10000] 11000| 55| 4237 018| 1082 58 No No T018] 1082] [ThsT for
B 130 140 i55 4237 1318] 1382 58 Yes Yes 1318 1383 Weld 1
|7 | 16400 167 00 46 Cracked Cracked’ b
o 22000| 22600 93 1656 2218| 2242 i6 Yos Yes 2718| 2242
5 1 22700; 23000 i€ Cracked| Crackec N
10| 28000| 29000 155 4237 2618| 2882 98 No No 3818| 2082
| 11| 35000, 360.00 155 4237 3518 82 98 Ne No 3518, 3582
RS- RS S, TR
o s NS TP = E
ey wa
s —
e e e P R g ——_
DRSSV SIS NSNS =
Com— _{ " E—— — -
SIS, TSR SRS RN e
e Tl p o
e e -
HATREE AP PR WA AR , .
Existing Ligament Length (] = 1394 EOE Lig. Length (in) = 790
Since EOE Ligament Length < Lmin. a detalled fimit load analysis is required (DLL comauter programi.
NOTES
1} Ligament Datas trom 821 1R date & GE Examination Summary Sheets
12)  Total Ligament uncertainty = (1.16" x 2| (reference: BWRVIP-03)
3 Crack growth is appled at each snd of kgament
4) Ceicutation tor End of Evaluation Ligament Data includes uncertsinty in azimuth and length - 1/2 totsl uncertsinty from each end :
(s Days to Fully Cracked = days till hgament tangth is zevo (sctusily 5.32° = uncertainty + ASME crack proximity rule) for sach ligament. i i
6) High Flux Zone = plus or minus 15 degrees from azimuths 45, 135, 225 snd 315 (ie 30-60 etc ) g ’
Waeld HS will not reach LEFM thrashold level for neutron embrittlement (3x10720) until 24 EFPY. It will not be considered in this evaluation.
n Ydeg = 1.54898 in
8} Mwmmm All cracks assumed through-wsll
9 Leale = min tangth for limit load concerns - reference Structursl integrity report SIR-894-029 Rev. 0
0o Lm-tcn'zqomGMhEMW+rumum
03/05/96 HS5 BNP2CRAK Wka

7] Wswyoely ‘Q UOISIARY ‘G L00-96 HSI
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03/C5/199%6 12:44 Filename: DLLHSNU. OUT

B212R1 Shroud Weld HS Normal/Upset
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/3%4)
DATE OF CURRENT ANALYSIS: 03/05/199%6

SUMMARY OF INPUTS

Angle increment 1.0 deg. (COARSE)

Membrane Stress, Pm 149, ps:
Bending Stress, Pb 1814 psi
Safety Factor, SF 2.77

88 090 inches
1.500 inches

Mean Radius, Rm
Wall Thickness,K t

LB NN B R BN D NN

Material 304 SS
Stress Intensity, Sm 16900. psi
Fluence = 2 _2E+19 n/om™2
{(Thus, LEFM evaluation not applicable)
THETAl THETA2 THICKNESS
REGION {deg | [deg.) [inches)
1 1.8 10:.2 1.500
& 14.8 8.2 1.560
3 42 8 48.2 1.500
4 71 8 8.2 1.500
s 101.8 108.2 1.500
6 1318 138.2 1.50¢
7 221.8 224 .2 1.500
L 281.8 288.2 1.500
9 351.8 3s8.2 1.500
LIMIT LOAD RESULTS
ALPHA MOMENT Pb* SAFETY
[deg] {in-1bs] {psi] FACTOR RESULT
0 1 285E.08 2001. 4 .66 ACCEPTABLE
5.0 3.398E.0B $312. 4. .02 ACCEPTABLE
10.0 3 .48B8E+08 9553, 4.93% ACCEPTABLE
15.0 3 S46E.08 9716. $.03 ACCEPTABLE
20.0 3 . 562E+08 9761. 5.08 ACCEPTABLE
2.0 3 .551E.08 9732. 5.03 ACCEPTABLE
30.0 3.515E+08 9686 . .01 ACCEPTABLE
35.0 3.575E+08 9795. 5.07 ACCEPTABLE
40.0 3 . SBT7E.08 $830. 5.08 ACCEPTABLE
4.0 3.573E«08 9790. 5.06 ACCEPTABLE
s0.90 3.S31E+08 9676 5.0 ACCEPTABLE
55.0 3.462E+08 9488 4.7 ACCEPTABLE
80.0 3.231E+08 885S. 4.59 ACCEPTABLE
65.0 3.276E+08 8978 . 4.65 ACCEPTABLE
70.0 3 1S7E«D8 8632, 4 .48 ACCEPTABLE
75.0 2_.936E+0C8 8051 4.18 ACCEPTABLE
80.0 3.035E+08 8318. 4.1 ACCEPTABLE
85.0 3.032E+08 8308. 4.31 ACCEPTABLE
50.0 3 .D0€E+Q8 8237. 4.27 ACCEPTABLE
95.0 2.957E.08 8103. 4.20 ACCEPTABLE
100.0 2 BBEE«08 7908. 4.10 ACCEPTABLE
105.0 2.793E+08 7652. 3.97 ACCEPTABLE
110.0 2.678E.08 7338 3.81 ACCEPTABLE
115.0 2.543E.08 6969 3.63 ACCEPTABLE
120.0 2.3685E.08 6546 . 3.4 ACCEPTABLE
125 .0 2.09SE+08 $740. 3.00 ACCEPTABLE
130.0 2.204E+08 6040. 3.15 ACCEPTABLE
135.0 2.1S9E+D8 $917. 3.09 ACCEPTABLE
140.0 2.098E+08 $749. 3.00 ACCEPTABLE

145.0
150.90
155.
160
165,
170.
175
180
185,
190.
195.
200.
205.
210.
215.
220.
22§5.
230.
235,
240.
245,
250.
255.
260.
26S.
270.
27S8.
280.
285.
290.
295.
300.
30S.
310.
31s
320.
325.
330.
33S8.
340.
34S.
350.
358.

0000000000000 ODDOOODDOUDOO0O0OCODOD

ACCEPTABLE!

Page 1 03/05/1986 245

.931E.08
-139E+08
.222E+08
.288E+08
.395E+«08
_SS8E.08
.795E+08

ST1E+«08
.150E.08
.306E.08
.436E.08
.S41E.08
.61BE+08
.6EBE«08
.690E+D8

684E+08
.6TIE+CE
.711E«08
.711E+08
.682E+08
.625E+08

S40E«08
.343E+08
.39SE«08
.326E+08
.2S3E+08
.265E+08
.259E+08
.228E+08
.173E+08
.09%93E+08
.990E.08

T20E+08
.796E+08
LE99E+08
.S9BE.08
~4S4E+0&

622E+08

645E-+08
.EE6TE«08
.804E.08
.983E.08
.146E+08

WRNNRNNNNNRUNNRONWGWWWWWWWWWWWWWWeeoWewowwwieonememww e

MINIMUM SAFETY FACTOR =

il

5291.
S8€1.
6088 .
6269.
6574 .
7118
7658 .
8140.
8632
9059
9417,
$703.
9915.
10052.
10112,
10095.
1007S.
10170.
101€8.
10088e.
9932.
9700.
9160.
9303.
9115.
2914.
8947.
8931.
8846.
B8654.

8476

8194.
7453
7661.
7395.
7120.
6724 .
7185,
7249.
7309.
7684
8175,
8620,

.ouT

- 8

BB W W e A e AAL AR VNN NN R R W W N

.77
.06
.18
.27
.43
.70
.98
.22
.47
.69
.87
.02
S 6
.20
.23
.22
P
.26
.26
.22
J14
.02
.74
.82
72
.62
63
.63
.58
.50
I |
.25
.87
.98
.84
.70
.50
.74
kx
.80
.99
.24
.47

ACCEPTABLE
ACCEPTAELE
ACCEPTABLE
ACCEPTABLE
ACCEPTRBLE
ACCEPTABLE
ACCEPTABLE

77 AT 145.0C DEGREES.

- B
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03/05/1936 12:43

B212R! Shroud Weld HS Faulted
DLL: DJ,STRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/94)
DATE OF CURRENT ANALYSIS: ©03/05/199%6

SUMMARY OF .NPUTS
saveEiessEsssAsExan
Angle increment
Membrane Stress, Pm
Bending Stress, Pb
Safety Factor, SF
Mean Radius. Rm
Wall Th.ckness,
Material
Stress Intensity. Sm
Fluence

1.0
799
2059
1.239
88 .00
1.500
304 SS
16900
2.2€+15

Filename . DLLHSF.OUT

Page 1

deg. (COARSE)
ps1
psi

inches
inches

psi
n/em™2

iThus, LEFM evaluation not appiicablel

THETAL
REGTON {deq |

14.

42

71
101.
131
221.
281.
sy

WS W
@@e®o»® 0 ®®

LIMIT LOAD RESULTS:

ALPHA MOMENT

{deg] {in-1bs]
1] 3 171E+08
s 0 2.320E+08
10.0 3. 443E+08
15.0 3.540E+08
20.0 3 SS8E.08
25.0 3. 623E408
0.0 3 B27E.08
35.0 3 667E+08
4Cc.0 3 _673E+08
45.0 3 E77E.08
0.0 3 66BE+08
5.0 1.632E+08
60.0 31.S68E+«08B
65.0 3.477E.08
70.0 3 360E«08
75.0 3 143E+08
80.0 3.221E+08
85.0 1 186E+08
%0.0 3.133E+08
85.0 3 118E.08
106.0 3.079E+08
105.0 3 016E+08
110.0 2.931E+08
115.0 2.823E+08
120.0 2 694E+08
125.0 2.410E+08
130.0 2 SOSE+.08
135.0 2 434E.08
180.0 2.351E.08

-
i=3
@
NNNNNNNNN

THRICKNESS
linches]

B p e g e b
w
<
(-]

SAFETY
FACTOR RESULT
2.83 ACCEPTABLE
2.95 ACCEPTABLE
3.08 ACCEPTABLE
3.13 ACCEPTABLE
3.17 ACCEPTABLE
3.19 ACCEPTABLE
31.20 ACCEPTABLE
1.23 ACCEPTABLE
3.24 ACCEPTABLE
3.24 ACCEPTRBLE
3.23 ACCEPTABLE
3.20 ACCEPTABLE
3.15 ACCEPTABLE
3 08 ACCEPTABLE
2 .98 ACCEPTABLE
2.80 ACCEPTABLE
2.87 ACCEPTABLE
2.84 ACCEPTABLE
2.79 ACCEPTABLE
2.78 ACCEPTABLE
2.75 ACCEPTABLE
2.70 ACCEPTABLE
2.63 ACCEPTABLE
2.54 ACCEPTABLE
2.44 ACCEPTABLE
2.20 ACCEPTABLE
2.28 ACCEPTABLE
2.22 ACCEPTABLE
2.16 RCCEPTABLE

03/05/1596 12:43 Filename: DLLHSF_OUT

145.
150.
185,
160.
165,
170.
17%
180
185
190.
195.
200.
20%.
210.
215.
220
225.
230.
238.
240.
245.
250.
255.
260
265.
270.
275,
280.
2ES.
2%0.
295.
300,
305.
310.
3318.
320.
325.
330.
335.
330.
345 .
350.
35S.

Lo - - - R - - - - - - - - - - - B - - R - . e R O i i R G R G S

ACCEPTABLE!

.19SE.08
.38SE+08
.440E+08
.481E+08
60SE+08
.803E+08
.998E.08
.171E+08
.320E.08
.443E.08
S54CE+08
.S9BE.08
.623%+08
.627E.08
€6TE+08
.6T79E+08
.677E+08
.66BE+08
.632E+08
.SEBE+08
.477E+08
.360E«0R
144E.08
.221E+08
.1B6E+08
.133E+08
.118E+«08
.079E+08
.016E+08
.931E«08
.823E«08
.694E+08
.410E+«08
.SOSE+08
.434E.08
.351E+08
.19SE+08
.386E. 0B
.440E.08
.481E+08
.60SE+08
.BO3IE.CH8
.998E.08

NWRNNMNMEUNNNNNNNNNWWWWWW W WWe e Wwe weowewee oo o

MINIMUM SAFETY FACTOR =

6018

6539
6685 .
6798 .
7138
7681.
8217.
8690.
$057.
5435.
$701.
9859
9927,
$939.
10048.
10080.
10075.
10052.
9953.
$778.
9528.
9206.
861l4.
8827.
8730.
85S85.
8543
8437.
8266 .
8032.
g4 i A
7383.
€603 .
6864 .
6671.
6442
6015.
6539.
6685 .
6798.
7138.
7681.
8217.

NNN'NMNNNNNNNNNNNNNNNNN&U\#U\JUW'&“\#HUNNNMNNNNN

.03
8 %
.23
.26
.38
.53
.68
.83
.95
.08

13

17
-39
.20
.23
.24

24
23

.20
G
.08
.98
.80
.87
.84
TS
.18
-
.70
.83
.54
44
.20
.28
.22
.16
.03
19
.23

286

.36
.53
€8

ACCEPTABLE

.03 AT 145.0C DEGREES.
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u.mum Determination
Shroud tn 15 mn Eval Period = 1200 days date
Plant 1D - BNP2 0D= 17785 in Lealc = 226 w tupset/norm) Prepared By:
Weid 1D HBA Crack Growth Rate = S5E-05 it Leale = 210 in tfavited)
Data ID B212R1 Total ingpection Uncenaintly = 0.00 n imin= 2289 in Veritied By
High Flux Zone
inspection Data End of Evatuation Ligament Data End of Eval. Crack Tip input for DLL Analy for DLL A'ailysis
[Ligament Anmum Anmuth Days te Fully Azmuth | Azmuth | Ligament in High Flux Zone? Azimuth | Azmuth Azimuth | Aznimuth | Ligament
[Number 0p ngmm Crackea art 3 Start Stop Start Stop | Stant Stop | tength |
[ w 10 76 32 302 36326 19 754 : No No 180 754
I 7753 7936 28 Cracked| Cracked
3 8240 8534 a7 712 833 845 18 No No
] 8726 1as22] @82 35812 882 1433 853 No Yes 882 1233
5 | 14602| 15753 178 6179 1465] 1566 149 Yos No 1469 15686 This Tabiel Not for
"6 | 1963] 2243 a3a 16821 1872 2234 2035 [ No Yes 197.2] 223, [Weid HBA
7 | 22672 26186 544 21430/ 2276| 2609 516 Yes No 227€] 2809
8 | 36308] 26429 18]  Cracked| ' Cracked
| 9 | 26612] 33758] 1107 42877 2670] 3367 mv.il No No 2670| 3367
70 339.42|" 34135 28 Cracked Cracked|
Bk i
§
ER- il
3 )
“xisting Ligament Length Gin) =  417.0 EOE Uig. Length (inj=  389.3 TE T
Since EQE Ligament Langth > Lmin. a deteiiad fimit load analysis is not required. The weld is structurally acceptabls for continuad oparation
NOTES
11 Ligament Data from 8212R1GE Examination Summary Sheet
12)  Crack growth is spplied 8t sach end of ligament
> Calculation for End of Evaluation Ligament Data includes uncertsinty It spphicabls
14) Days to Fully Cracked = days till kgament length is zero (actuslly = uncertainty + ASME crack proximity nde; for sach ligsment. i
(7] High Flux Zons = plus or minus 15 degrees from srimuths 45, 135, 225 and 315 (le 30-80 etc } .
81 Weld HEA wili not reach LEFM threshold level for neutron embrittiement (3x10720) within current ~r<rating licenss.
m 1deg = 1.54‘90 in
8 Uny d tully cracked. MMMM-‘
(L] m-mmwmhmm - Structurs! Integrity report SIR-94-029 Rev. O
{100 Lmin = Lealc + 2(Crack Growth in Evalustion Period) + Total inspection Uncertainty
03/05/96 HEA BNP2CRAK WK4

& uswyoRrlY ‘O UOISIAGY ‘PG L00-96 HST
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023

873739

23

4

Filename :

Page 1

B212R1 Shroud Weld Héa Normal/Upset Evaluation
DLL; DISTRIBUTED LIGAMENT LENGTH EVALULTION fREVISION: 10/07/94)

DATE OF CUKRENT ANALYSIS:

SUMMARY

Material

OF INPUTS:

sszsvesscesssanann
Angle incrament
Membrane Stress, Pm
Bending Stress, Pb
Safety Factoy, SF
Mean Radius. Rm
®all Thickness, t

Styess Intensity, Sm

Fluence

(Thus, LEFM evaluation not applicable)

REGION

DANS W

THETAL
(deag )

1%9.0
88 .2
146 .9
1472
227 .8
267.0

LIMIT LOAD RESULTS:

SReEsscENSERosROAER

ALPHA
[deq]

188.

S0o0O0O0oo0OCovOoOOQSGana

OO0 LNHODTDOY

i

1
1
1
1
1
1
1
1
1
i
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1

MOMENT
in-1lbs)
933E.09
LR22E+09
BI8E+D3
.B56E.NS
BO2E.08
T46E~09
635E+09
649E.09
609E.09
STIE D09
536E+Q%
S06E.09
4828+0%
466E409
454E«09
4S3E+09
$53E.09
242E.08
430E+09
418E+09
414E.08
417809
42TE+09
444E.09
4€9E+09
.459E,09
S3ITE+09
.SBOE+09
€30E+09%
.681E.09
TISE.09
CT9REL03

02/28/1996
1.0 deg. {(COARSE)
320 psi
2182 . psi
2.Mm
68.00 inches
1.500 inches
304 SS
16900, psi
1.9E418% riyem™2
THETAZ THICKNESS
ldeg . ] linches])
75 .4 1.500
L PR 1.%00
“.8 1.500
P 4 1.500
2 9 Y S0o
136.7 1.500
Ph* SAFETY
fpsil FACTOR RESULT
52972, 21.47 ACCEPTABLE
526¢€S 21.358 ACCEPTABLE
51957. 21.06 ACCEPTABLE
50859 . 20.62 ACCEPTABLE
23368 . 20.02 ACCEPTABLE
478456 19.42 ACCEPTABLE
46450 . 18 .84 ACCEPTABLE
15193 1834 ACCEPTABLE
44083 . 17 .89 ACCEPTABLE
13093 17.49 ACCEPTABLE
42081 17.08 ACCEPTASLE
41264 . 16.75 ACCEPTABLE
40624 16.50 ACCEPTABLE
40185 16.11 ACCEPTABLE
39891 16.20 ACCEPTABLE
3980S 1€.17 ACCEPTABLE
15828 1618 ACCTPTABLE
39713 16.05 ACCEPTRBLE
39i8: 15.92 ACCEPTABLE
IS8R0 15.79 ACCEPTABLE
3I8TSS 15.74 ACCEPTPSLE
188136 15.78 ACCEPTABLE
3s112. 15.89% ACCEPTAELE
39582, 16.08 ACCEPTABLE
40241 . 16.34 ACCEPTRBLE
41086 16 .68 ACCEPTABLE
42109 17.09 ACCEPTABLE
43302. 17.58 ACCEPTABLE
44857 18.12 ACCEPTABLE
46051, 18 .68 ACCEPTABLE
47556 19.29 ACCEPTABLE
9172, 1% .94 »CCEPTABLE

03/2871996  17:42 Filename: DLLHEAN OUT
160.¢ 1 B42E+09% 50474 . 20.87 ACCEPTABLE
165.0 1 .875E+09 5.392. 29.83 ACCEPTABLE
170.0 1.895E+08 51919. 21.05 ACCEPTABLE
175.¢ 1.900E+08 52069 21.11 ACCEPTABLE
180.0 I _S04E.09 52165. 21.15 ACCEPTABLE
185.0 1.85%E+09 52044 21.10 ACCEPTABLE
190.0 1.EBOE+D3 51527. 20.89 ACCEPTABLE
195.0 1. 847E+09 S0618. 20.52 RCCEPTABLE
200.0 1.800E+08 49324 20.09 ACCEPTABLE
205.0 1.743E+«09 47787. 19.38 ACCEPTABLE
210.0 1.693E.09 46391, 18 82 ACCETTRSLE
215.0 1.647E+0% 45134. 18 .31 ACTEPTABLE
220.0 1.607E+09 43024 . 17.87 ACCEPTABLE
225.0 1.567E+09 §2932. 17.43 ACCEPTABLE
23¢.0 1.531E«0% 41344 17.03 ACCEPTABLE
235.0 1.50.:5+09 41127. 16 .70 ACCEPTABLE
240.0 1 477E+09 40486 . 16 .44 ACCEPTABLE
245.0 I.461E+09 40027. 16 .26 ACCEPTABLE
250.0 1.451E+09 39754 . 16.15 ACCEPTABLE
255.0 1.448BE+09 39667. 16.11 ACCEPTABLE
260.0 1.447E+09 315656 . 16.11 ACCEPTABLE
265.0 1.443E.09% 35542. 16.06 ACCEPTABLE
270.0 1.430E+09 39181. 15 92 ACCEPTABLE
27¢.0 1 S$1RE«09 38870. 15.79% ACCEPTARLE
280.0 1 414E.08 3878S. 15. 74 ACCEPTABLE
285.0 1.417E+09% 3g8is. 15.78 ACCEPTABLE
29 1. 427E+0% 3s112. 15.e9 ACCEPTABLE
29 1.444E+09 39582 . 16.08 ACCEPTABLE
300.9 1 .46%9E+09 40241 16 .34 ACCEPTABLE
305.¢0 1 439E+09 41086 . 16 .68 ACCEPTABLE
3109 1.537E.09 42109 17.09 ACCEPTABLE
315.4 1.5S80E+09 43302. 17.58 ACCEPTABLE
320.0 1.630E+09 44657 16..2 ACCEPTABLE
325.0 1.€85E.09% 461.:4. 18.723 ACCEPTABLE
330.0 1.735E+0% 47648 15.33 ACCEPTABLE
335.0 1.798E+«09 49275. 17.98 ACCEPTABLE
3400 1.853E.08 $0788. 20.59 ACCEPTABLE
345.0 1. 894E.09 57899 21.08 ACCEPTABLE
150.9 1.920E+99 52615. 21.33 ACCEFTABLE
3ss5.0 1.932E+09 + 52932. 21.45 ACCEPTABLE

ACCEPTABLE! MINIMUM SAFETY FACTOR = 15.74 AT 1C0.0 DEGREES.
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02/28/13%8 17:41

Filecame: DLLHEAF OUT

212H) Shroud Weld Héa Faulted Evaluatioen
DLL: DISTRIBUTED LIGAMEHT LENCTH EVALUATION (REVISION

DATE OF CURRENT ANALYSIS:

SUMMARY OF INPUTS

sssmpasnERsEENEES,
Amale increment
Membrane Stryess. Pm
Bending Stress, Pb
Satety Factor, SF
Mean Radius, Rm
®all Thickness, t
Material
Stress Intensity. Sm
Fluence

-
-
=
=
-
=
.
-

(Thus, LEPM evaluation not applicable)

THETAL
REGION {deg . )

e
-
-
-

m
¥
@
~

LIMIT LOAD RESULTS:

e L )

ALPHA
{deq) [in-1bs)
2 1 9328409
5.0 1 S20E«09
10.9 1 89SE«09
5. ¢ 1 BS4E«0S
20.0 1.799E:0%
25 0 1. T44E.09
g~ 1.693E.09
3s. e 1 .647E-0%
49.0 1. 607E:09
% 0 1 S72E.09
S0 0 1 S38E.0%
55.0 1 . SORE«0%
60 ¢ 1 .485E+09
§5.0 1 468BE+09
70.0 1 458E.09%
.0 1 455E.09
£0.0 1.450E+09
LS 1 438E.09
se.0 1. 427E+08
b oW I 415E.09
1900.0 i1 41E+D9
105.0 1 414E:09
119.0 1 424E.03
115.0 1.841E.0%
120.0 1 46SE«09
125.0 1 .456E.09
ida. o 1.533E+09
135.0 1.5778:09
140.0 1.626E+09
145.0 1. 67RE«0%
ise.0 1.732E+09
155.0 1.787E+09

10/07,94)
02/28/19%6
1. 0 deg. (COARSE)
1079. psa
31103 psi
1.39
E8 .02 inches
1.570 inches
108 o
16900. psi
1.9E+19 n/em”2
THETAZ THICKNESS
{deg . ) linches]
3 1.500
143.3 1.500
156 & 1.500
222 4 1.500
2R0.9 1.500
3136.7 1.500
b’ SAFETY
{psil] FACTOR RESULT
§293S8. iz.%0 ACCEPTABLE
52827, i2.82 ACCEPTAELE
51918 12.65 ACCEPTABLE
S0814 12.39 ACCEPTABLE
49309 12.02 ACCEPTABLE
47787 11.867 ACCEPTABLE
46391 x¥.33 ACCEPTABLE
45134 1.0} ACCEPTABLE
44024 10.77 ACCEPTABLE
13069 10.54 ACCEPTASLE
42140 1¢.32 ACCEPTABLE
41323 16.12 ACCEPTABLE
40681 9.97 ACCEPTABLE
40224 9.86 ACCEPTABLE
39950 9.80 ACCEPTABLE
39864 . 9.78 ACCEPTABLE
39724 9.74 ACCEPTABLE
38395 9.66 ACCEPTABLE
3917 9.60 ACCEPTABLE
38772 9.52 ACCEPTABLE
3gss? 3.39 ACCEPTABLE
38738 9.5 ACCEPTABLE
35014 9.57 ACCEPTABLE
35484 9.69 ACCEPTABLE
30143 3 .84 ACCEPTABLE
40988 10.04 ACCEPTABLE
42011 . 10.29 ACCEPTABLE
43204 10.57 RCCEPTABLE
44559 10.90 ACCEPTABLE
45972. 11.23 ACCEPTABLE
47471, 11.5% ACCEPTABLE
48981 11.9% ACCEPTABLE

Page 1 02728/1996 17:4)

Filename: DI.HEAF. OUT

160.0 1.820E+09
165.0 1.858E+.09
170.¢ 1.B72E+09
175.¢ 1.866E+09
80 ¢ 1 _B70E«09
185.0 1.879E+0%
1%0.¢0 1 865E«09
195.0 1.837E+09
200.0 1.79SE+09
205.0 1.742E+09
210.0 1.691E+09
21s. - 1.645E+09
22¢ 1.604E+09
225 1.563E+09
230 1 S527E+09
235.0 1.497€+09
240.0 1.474E+09
245.¢ 1.457E+09
250.0 1.447E+09
255.0 1 .444E .09
260.0 1 835F+09
265.0 1.4363+09
270.0 1.427€+09
27%.0 I.ax.2409
280.0 1.413E+09
285.0 1.416E+09
29¢.0 1.426E+09
2%95.0 1.443E+09
3o0.0 1 467E+09
30s.¢ 1. 498E«09
310.0 1.S3SE+09
315.¢0 1.579E+09
320.0 1.628BE+DS
325.¢ 1.683E+09
330.0: 1.739E+09
335.0 1.79BE«09
340 .0 1.853E+09
345.0 1.894E+02
350.0 1 920E+09
355.0 1.9328+09
|
!

50137

SN912.
51300.
51135,
$3231.

51480

51104.

503219

49191.
47728.
46330
45075.
43565,
42833
41246
41028 .
40388.
35929.
39655.
39569.

39323
39351

39142.
38831.
38716

38796

35073.
39543,
40202.
41047,
42070.
43263 .
44618
46124.
47648 .
49275.
50768.

51892
52615
52931

12

12

12.
12.
12.

12

11.
8

11
11

10.

10

10.
10,
.90
.1

ACCEPTABLE! MINIMUM SAFETY FACTOR = 9

WL rwovwOWwWeOewww

-

.23
i2.
12.
12.

41
S1
47
45
55
46
28
oo
65

02
7%
45
25
0s

7

.n
.65
.65
-60

53
50
52
59
70
86

.08
.30
53
.91
27
.63
.02
.38
.65
.82
.99

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE

-4% AT 100.0 DEGREES.
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Shioud Circumferential Weld Structural Evaluation

Ligament Length Determination
Shrousd 15m Eval Penod = € ws
Plant 1ID: ~ BNP2 oD= 1775 Leaic = 256 in (upsetinorm)
Wetd 10 ~ H6B Crack Growth Rate=  SE.05 infhe Leake = 222 in (tavhred)
Onts 1D _ B212R1 Total Inspection Uncertainty = 0.00 in tmin = 2394 n
, _____inspection Data e £nd of Evaluation Ligament Dats End of Eval Crack Tip  Input tur DLL Analysis input for DLL Analysis
ikwidn | Azt | Existing Anmuth | Azimurth | Ligament | ’_hyﬁuhnr Anmuth | Azimuth A h | Az
[Numbe- " ! Stop (degiien ;v: art e Stan Stop_ Stant Stop
3 ’ . "3 37
5 Vo5 221 3318 3 37 3z7 16 Yes Yes
. _, €84 4110] 68 373, 406 52 Yes Yes 373] 406
4 39| 5399 Tal | 4898 52.7 6.0 Yes Yes 48.9 527
s 5569 6019 0 562 59 7 5% Yes Yes 562 §9.7
6 6169 6219 0B
5l aarsl ssesl o ﬁ
8 | 7085, i8] 08 o,
3 | e8| 35| o8] Cracked|
10| 7965] ®0is| 0@ Cracked|
19| 9268| 8379 o8 Cracked|
12| TO585] 106715] 5% b Cracked|
13 ] 11268] 11319 o8 Cracked|
" ¥4 | 11818 11978 1§ B Cracked|
15 | 13278 13319 16
16 | 131.19] 14278 18]
|17 1 15088 15178 08 Cracked,
_ 18 1 30236] 20378 24} Cracked) bl
| 79 | 204 75| 27186 10 2053 2114 95 Mo Yes 053] 2114
i | 21338 21977 s 2138] 2193 85 Yes Yes 2138| 2183
| 23138 2328 34 A
23532| 22583; 08 Cracked|
23088] 330 38 2313 2327 22 Yes Yes
236 74! 238 23 [ dl
24779, 24239] ©8 |
243 30| 24583 38 2438 2454 25 No No
| 25038] 25088 08
25280 25320 12 i Crackad
25623 25876 39 2667 2583 25 No No
267 24| 27320] 185] 261.7| 2727 176 No Mo 2617 2727
27674 27876] 3.1 277.2] 2783 1.7 " No No
| 2s240] 29320, 13 yoam Cracked n i
| J0078] 30381] 47 301.2 3033 33 Yes Yes 3012 3033
| 30532| 3i320] 122 . 3127 108 | Yes Yes . 3058] 3127
|- "332s0| 34125 37| 3328 3408 12.3 No No 3329] 3408
Existng L. ament Length bmj = 1329 EOE Lig. Length (inl = BA 3
Since EOE Ligament Length < Lmin.

KOTES

m Ligement Data from B212R1GE Examvnation Summary Sheet

121 Crack growth is apphed at each end of ligament

3 Calcutation for End of Evaluation Ligament Date includes uncertainty it applicable.

4 Days 10 Fully Cracked = days till igament length is rero (actuaily = uncertsinty + ASME creck proxmity nde) for each iigament.
1Sy High Flux Zone = plus or minus 15 degraes from ezimuths 45, 135 225 and 315 fio 20-8C etc.)

Weld HED will not reach LEFM thrashald lnve! for neutron ambrittiement (3x10720) within curment opersting licanse.

n Tdag = ) 54838 in
8 t d reyr med fully ked AR * smed through- wall

% Loale = minemum required iigament langth for imit load concerns - refersnce Structurs! Integrity report SIR-94-029 Rev. 0
(10 Lmin = Leaic + 200 sck Growth in Evalustion Period] + Total inspection Uncertainty

030596 Hee
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02/28/13%6 14.02 Filepame: DLLH6BNU OUT

B212R!1 Shroud Weld H6b Normal/Upset Evaluation
DLL: DISTRIRUTED LIGAMENT LENGTH EVALUATION (REVISION: 02/27/94)
PATE OF CURRENT ANALYSIS: 02/28/199%

T{MMARY OF INPUTS

TasEmssssCETERTRERY

Angle increment 1 0 deg. {(TIARSE)

Membrane Stress, Pm 309. psi
Bending Stress, Pb 2375, psi
Safery Factor, SF 2.1

88 .75 inches
1.500 inches

Mean Radius., Rm
Wall Thickness, t

Material 104 SS
Stress Intensity, Sm = 16900. psi
Fluence = 1.9E+19 n/om”2
{Thus, LEFM evaluation not applicable)
THETAL THETA2 THICKNESS
REGION (deg ) fdeg.) linches)
1 14.2 4.8 324
2 14 .8 5.8 294
3 16 .8 17.4 424
B 17 & 18 .1 134
S 18 .1 18.7 544
€ 18.7 19 .4 104
? 12 4 20.9 414
L] 20.0 20.7 .114
: 4 20.7? 21.3 .204
19 21.3 21.5 504
11 21.5 23.3 674
12 3.3 24.0 144
13 24.0 24.6 (214
14 24 .6 25.3 4745
15 25.3 25.9 .154
16 25.9 26.6 .074
17 27.8 28 5 674
18 28 .5 29.2 234
19 2%.2 29.8 434
29 29.8 30.5 .424
21 30.5 3.1 484
22 3.1 1.2 .054
23 31.2 33.2 .874
24 33.2 a3 8 134
25 33 .8 4.5 174
2 4.5 351 424
27 35.1 35.8 404
29 s 8 36 .4 .474
25 35 .4 3.3 .55%
30 371.1 i7.8 594
31 7.8 40.6 1.500
32 40 & 41.1 544
3 41.1 41 .8 .544
33 41.8 42 .4 .€24
35 42 .4 43.0 .584
38 42.0 3.7 .584
37 437 44 3 674
k1 L 45.0 .634
is 45.0 45.7 554
40 45.7 46 3 .544
41 46.1 47.0 274
42 37.0 47.6 .344
43 47.6 48.9 . 3a8
44 48 .9 s2.7 1.500
45 52.7 $3.2 .594
4 53.2 53.8 594

Page 1

8/199€

47
48
49
s0
51
52
53
54
5%
Sé
57
58
59
€0
61
62
63
£4
&5
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
8s
86
87
es
(3]
S0
91
32
93
9
95
56
97
g8
95
100
101
162
103
104
105
106
107
108
109
110
i1
112

14:02

53
Se
55
55.
56
S9.
60
61
62
62.
63

€3
64.
65.
65.
€5
€6.

€7
68 .

€8.
€9 .

70.
0.

7.

2.
73.
3.

4.

15.

75.
76.
77
7.
78.

19.
0.

81

82.

82.
3.
84
84
8s.
86.
86
ar.
88
es.
89,
89.
S0.
91.
91.
"
93.
93.
94
9s.
95,

9.

w
-
BUFABHNBNNON OO WADO W IO DI AEN TBNIOS S SBRNONNBND = NBNONDWN S WINDNAD B DD

98.

Filename .

54.5
55.1
§s.8
56.4
59.7
60.8
61.5
62.2
62.8
631.5
63.7
64.3
65.0
65.6
66 3
66.9
67.6
€8.2
68.8
€3.5
70.1

333228

S B G DN

Page
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£2/23871936  14:02 Filename: DLLHSBNU OUT
113 100.3 101, ¢ 174
114 101.0 101.6 414
115 101.6 102.13 424
116 102.3 102.9 454
117 102.% 103.6 524
118 103 6 104 .2 6574
119 104 .2 104 .9 564
120 104.9 10585 564
121 1058 106 .2 874
122 106 .2 1068 534
123 106.8 107.5 124
12¢ 107.5 1081 074
125 108 .2 108.8 024
126 108 .8 109 .4 104
127 109.4 110.1 674
120 1101 110.7 424
129 110.7 111.4 464
13 111.4 112.0 484
131 112.0 112.7 274
132 112.7 113.2 454
145 113.2 113 .8 .504
134 1131 .8 114 .5 LET
13% 114.5 115.1 074
136 115.1 115.8 224
137 116 4 117.1 293
138 171 117.7 244
139 117.7 118 .4 .254
140 118 4 119.2 674
131 119.2 119.8 424
142 119 .8 120.5 554
143 120.5 121 .1 174
144 1211 121.8 044
145 121.8 122 .4 014
136 122 .4 1231 444
147 123.1 123.7 53¢
149 124 4 125.0 488
145 125.0 125 .7 144
150 125.7 126 3 iga
151 126 .2 127.¢ 174
152 127.0 127.6 424
153 127 6 128.3 074
154 128.3 128.9 364
155 128.9 129 .6 414
1586 1256 13¢.2 164
157 138.2 130.9 344
158 130 9 131.5 054
153 1318 132.2 504
160 132.2 133 .2 534
161 133.2 133.8 564
162 1313 8 134 5 484
163 134.5 135.1 104
164 135 1 135.8 154
165 135 .8 136.4 414
168 136 4 137.1 84
167 137 1 132,12 454
168 137.7 138 .4 .524
169 138 .4 139.0 393
170 139.¢ 139.7 384
m 139.7 140.3 404
172 140.3 141.0 294
173 141.0 141 .6 674
174 141 .6 142 .2 674
178 142.2 142.8 674
176 142.8 143.5 424
177 143.5 144 .1 464
178 1441 144 @ 594

179
180
181
182
183
184
18S
186
ie7
188
189
ise
191
192
193
194
198
156
197
198
199
200
201
202
203
204
208
206
207
208
209
210
21
212
213
214
215
216
217
218
219
220
21
222
222
224
225
226
227
228
225
23¢
21
232
233
234
235
236
2
238
239
240
242
242
243
244

134 .8
145 .4
145 .1
146.7
147 .4
148.0
148 .7
14%.3
150.0
150.6
151.2
i51.8
1%2.8
153.1
196.2
196.9
197.5%
198.1
198.8
199.4
200.1
300.8
201 .4
202.1
202 ©
203 8
204 .4
204.8
205.3
211 .4
212.8
213.2
213.8
2192.3
220.4
221.1
221.7
2228
223 .4
2241
224.8
225.4
225.8
226.5
227.1
227.8
228 .4
229.1
229.7
230.4
2n.¢0-
23117
233.2
233.9
235.1
2371

238.3

238.9
239.6
240.2
240.9
241.5
242.3
242.9
243.6
244 .2

145.4
148 .1
146.7
147 .4
148.0
148.7
149.3
150.0
150.6
151.2
151.80
152.5
1583.1
153.8
196.9
15975
188.1
198.3
199.4
200.1
200.8
201 .4
202 .1
202.7
203.8
204 .4
204.8
205.3
211.4
212.5
213.2
213.8
219.3
220.4
221.1
2232.72
222.8
223.4
222 1

L 224.8

225.4
225.8
226.5
2271
227.8
228 .4
229.1
229.7
210.4
231.¢
2317
233.2
233.9
234.5
235.8
238.3
238.9
233.6
240.2
240.5
241.5
242 .3
242.9%
243.6
248 .2
245.8

L4643
.23
554
.554
.124
-184
114
.104
454
L3284
.678
554
03¢
674
.243
.254
.314
. 344

-324
L1448
.264
.154
.304
.284
-193
.194
.19¢

1.500

484
L4849
.52¢

1.500

574
574
674
€74
674
.874
534
874
674
674
L3134
.254
.274
.324
.524
.0%4
.224
.674
.674
.204
.C3a
.094
.674
.674
-674
574
.524
-394
.154
.674
.424
674
.674

F Wewyoeny ‘g uoisiney ‘G 1L00-96 HS3I

Qed f° (z2g



0272871936

238
248
297
248
249
250
251
252
2513
234
255
256
257
258

260

2n
273
273
274
s
276
27
78
278
299
281
282
243
2813
285
286
287
288
289

25
292
233
2%4
295
2%¢
297
298
299
3ap
inn
302
el
3104
305
Jos
307
308
309
310

E——— T S ——_——

Filename: DLLNSBNU OUT

1482
245.8 246 .5
245 .8 247 .1
247 1 247 .8
247.8 248.0
243 .0 248 .6
248 & 249.3
249.3 249 .3
249 .9 250.8
250 % 250.9
%0 9 >31.5
251.5 2%2.2
252.2 252.8
252.8 253 2
253.2 253.9
254 5 255 .1
255 ) 285 .8
255 .8 256.8
256 .5 258 8
2688 25%.4
259 .4 260.1
260.7 261 .4
2ul.2 261 .7
261.7 272.7
2727 2739
273 .9 274.5%
274.5 ?75.1
275.1 275 8
275 8 2755
276.5 2771
2717.1 278 .8
278 8 279 .4
279 .4 2801
2801 280.7
281 .4 282.0
282 .0 282 7
282.7 283 .1
2813 284 0
284.0 284 .6
284 & 285 .3
28% 3 286 6
207.2 287 .9
287 3 2885
288 5 288 9
288 3 289.5
289 5 290.2
290 2 250 8
290.8 291.%
291.% 292 .1
292.1 292.8
292 8 293 2
293.2 293.9
253 3 294.5
295 .8 296.5
296 .5 297.1
297 1 297 8
257.8 290 4
299 ¢ 299.7
293 .7 j0c. 4
300 4 010
301.0 301.6
3018 303.3
032 304.5
308.5 31051
305 1 305 .8
105 8 312.7
312.7 313.2

Page S

673
414
494
674
404
=54
434
S14
LT |
674
12¢
co4
674
.07
0la
414
-104
674
674
464
074
074
1.500
574
5714
574
.574
494
674
£74
.674
204
424
.104
474
674
674
524
674
294
40q
114
.534
594
494
i84
014
024
674
334
574
2413
074
.204
034
.254
.454
.514
.454
624
1.500
.38e
.3aa
- 348
1.500
A74

02/28/1996 14:02

1
312
313
314
s
318
17
218
119
320
i1
322
323
3124
325
326
327
32e
329
330
i
332
333
338
335
336

LIMIT LOAD RISULTS:

MOMENT
[in-1hs]
.BSSE.08
.775E+08
. T6BE+08
.G46E+08
.46SE+08
.227E+08
.986E«08
.T62E+08
ST74E.08
-440E.08
.322E+08
_178E+08
.097E+08
.0STE+08
.9S0E+D8
.DO6E+08
CB7E+08
i9SE+08
.337E+08
.S17E+08
.T01E+08
.B73E+08
.03SE+08
L164E.
.307E+0
7.441E+08
7.S60E+08
7.690E+08
7.8B6E«O8
8.062F+08
8.180E«08
8.237E+08

SNNAROANDN PR RANNRANARRNDO G DN ddd

33
314
318
315
316
37
317.
3ie.
318.
319
320.
321.
1
322.
323.
323.
328.
328
326.
P F
330
332
332
332,
341
341.

WBOW IO HNONNNS WO DS SO ® i ® e

Filename: DLLHEBNU. OUT

174
074
-114
o8e
.154
114
-114
. 014
054
.454
-534
.4eq
474
.574
574
374
.064
.Dss
.404
.064
. 064
144
154
-154

1.500

574

= Juswiyoeny ‘g uoisney ‘pGLO0 9L HSI

CEd o 229



42/2871996 1402 Filename: DLLHSBNU.OUT
1600 8 2106408 22174 8 38
165 .0 8 161E+08 21988 8 31
170.0 8 03118408 21636 8 18
175 0 7 BEZE.O08 21236 8.03
180 ¢ T.526E+08 20276. T.67
185.0 7 46SE+0R 20111 7.61
190 .0 7 4B2E08 20158 7.63
195 0 7.416E+08 19980 7.56
200.0 7 294E+08 19650, 7. 44
208 @ 7 116E+08 19171 7.26
210 @ & BBSE.08 18550 7.03
215 . 7 & 729E+08 18129 6.87
220 ) & S13IE.08 17627. 6 68
225 0 § 383E.08 171197, 6.52
239 0 & 240E.08 16813 638
23¢ 0 6 D37E+08 16426 6.23
.0 & 001E+08 16167 6.14
2459 5. 321E+08 15953 606
250 0 5 BSEE.08 15778. 5.99
285 .0 S 9C2E.08 1,901 6.04
2600 & 00SE«08 16179, 6.14
265 0 §.115E+08 16476 6.25
276 0 5 292E.08 16953 6 .43
275 ¢ 6 483E.08 17466, 6 62
2800 € 654E+08 17926, 6.79
285 0 € 825E+08 18387, 6.97
2900 6. 970E408 18779 7.11
295 6 7 095E408 19115, 7.24
300.0 7 260E+08 19560 7.40
305, 9 7 321E«08 19994 7.56
310.0 7 S33E.08 20456 7.74
3150 7.767E+08 2092% 7.91
320 .0 7.952E.08 21423, 8.10
325.0 8.110E.08 21851 8.26
310 ¢ B 241E408 22202 8.39
135 .0 8 335E.08 22465 8 49
34¢.0 8 183E.08 22585 853
3450 £ 364E+08 22533 8.51
1500 8 2BOE.08 22309 8.43
155 ¢ 4. 134E.08 21918 8 28

ACCEPTABLE! MINIMUM SAFETY FACTOR 5

99 AT 250.0 DEGREES.

G UsWyorlY ‘Q uoIsIAGY ‘pGL00-96 HSI

QEd o =29
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£02/28/123%6 _14:03

iilename. DLLWGBF OUT

Page 1

BI12R]1 Shroud Weld Héb Faulred Evaluation

DPLL. DISTRIBUTED LIGAMENT LENGTH EVAUATION

DATE OF CURRENT ANALYSIS: 02/28/199¢

SUMMARY OF INPUTS
TsassxssEsRNERREDD
Angle increment

Membrane Stress,

Hending Stress. Pb

Safety Facror, SF
Mean Ra.ius, Rm
Wall Thickness, t
Material

Stress Intensity,
Filuence

Pm =

Sm

10

1.0
39

2323

1

88

: |
3oq
168
1.9€

.35
75
soo
ss
00.
+18

deg. (COARSE)
psi
psi

inches
inches

psi
n/fem”2

{Thus, LEFM evaluation not applicable)

THETAL

REGION {deq )
1 14.2
2 4.8
3 16 8
4 17 .4
5 18.1
6 187
7 19 4
- 20.0
3 20.7
10 21.3
11 215
12 23.3
i 24.0
14 24.6
15 25.3
16 25 3
17 21.8
18 285
19 29.2
20 29 8
21 30.5
22 3.1
23 31.2
24 33.2
25 138
26 34.5
27 35 1
28 35 8
29 364
30 171
31 7.8
32 40.6
31 41.1
% 418
s 42.3
13 430
37 9.7
38 4.2
1] 45.0
a0 45.7
41 45 .3
42 47.9
43 a1 6
34 48.9
53 §2.7
a6 53.2

THETA2

{deg
1a
15

1?7
18

18,

19
20
20
21
21

23.
24,
24.

25

28.

26
28
2s

29.

30

3.
31.
33.
2 3 18

34
is

3S.

36

37.

7

40.
41.
41.
42.

43

43,
44
48.
45.
46 .

47
47
48
52

53.

s3

.uqgnquqow.aoac-—ao—-o-wmun-—-m.ummwiuo-o«ainu-ar:o.u-owa:

THICKNESS
{inches])

-634
S54e
.544
.274
. 344
S3ea
1.500
594
-594

(REVISION: 02/277%4)

02/28/1995 14:03 Filename: DLLHESF. OUT

47
48
43
50
51
52
52
£4
55
56
: ¥ §
S8
59
60
61
62
63
54
65
66
67
&2
69
70
ES
72
73
74
75
76
”
78
79
80
81
82
83
84
8s
86
87
L1}
89
90
91
92
33
99
95
96
97
98
93
100
101
102
103
104
175
1J6
ie?
108
109
110
i
112

79.0
7%.7
8Cc.2
8c.e
81.5%
82.1
82.8
83.4
B4a.1
84.7
85.4
86.0
86.7
87.3
88.0
88.6
89.3
89.9
0.6
91.2
9.9

92.5 .

83.2

93.8

94.5
95.1
95.8
96.4
97.1
97.7
98 ¢

54.5
55.1
55.8
56.4
9.7
60.86
61.5
62.2
62.8
63.%
63.:%
64.3
65.0
65.6
66.3
66.9
67.6
68.2
68.8
69.5
70.1
70.8
.2
71.8
2.5
73.2
73.8
74.5
i
75.8
76.4
7.2
b o
78.4
7%.0
7.7
80.2
80.8
e1.5
82.1
82.8
83.4
84.1
es.7
85.4
86.0
88.7
87.3
68.0
ee.6
89.3
8%.9
90.6
91.2
-
92.5
93.2
93.8
94.5
$5.1
95.8
96.4
97.1
& i 4
98.4
9%.0

454
. 554
454
445
1.500
-454
-454
604
.674
174
.674
.674
574
424
.534
L4224
-174
574
454
674
.164
.494
.674
L483
.374
.35
-604
.384
.574
.454
414
-494
364
-334
.29
.674
674
.674
.674
.674
.674
.464
434
.434
.514
474
.524
474
504
. 554
484
674
.674
.654
.434
.674
-434
574
-164
.034
.154
.264
.544
L4034
-364
.07%

1 usWyoeny ‘) uolsIAeY ‘v5L00-96 HS3

QST jo b2 @



02/28/1956 14:03 Filename: DLLHESF OUT
113 100.3 101.90 174
11a 101.0 102 6 433
115 181.8 102.3 424
118 182 3 1629 454
3L 102.9 103 .6 -524
118 103 .6 104 .2 674
119 104.2 104.9 564
i29 104.9 105.§ 564
121 108%.5 106.2 674
122 106 .2 106 .8 534
123 106 .8 107.5 424
125 107.% 108.13 074
125 108 .1 108.8 024
126 108.8 105.4 104
127 109.4 110.1 673
128 110.1 110.7 424
12% 110.7 111.4 .464
130 111.4 212.0 484
131 112.0 112.7 274
132 112.7 113.2 464
1313 113.2 113.8 .504
134 1128 114.5 414
135 b BN 115.1 074
136 115.1 115.8 224
137 116 4 117.1 .293
138 117.1 117.7 2414
1318 inr.? 118.4 - 258
130 118 .4 119.2 674
141 119.2 119.8 L4248
142 119.8 120.5 554
1413 120.5 12112 L1174
144 1211 121.8 044
145 121 .8 122.4 .01
146 122 .4 2.2 -444
147 123.12 123.7 534
148 124 .4 125.0 484
149 125.0 125.7 -144
150 125.7 126.3 384
151 126 .3 127.0 174
152 122.0 127.6 424
153 127.% 128 .3 07s
154 128 3 128.9 384
155 9.9 129.6 414
156 129 & 130.2 364
157 130.2 110.9 32
158 130.9 131.5 054
159 131.5 132.2 S04
180 132.2 133.2 534
igl 133.2 133.8 564
162 133 8 134.5 484
163 134.5 135.12 104
164 135.1 135.8 154
165 135.8 136.4 41a
186 136 .4 137.1 384
167 137.1 137.7 154
168 121.7 138.4 .524
169 138 .4 i3%.0 -394
17 12%. 0 139.7 . 384
mn 139.7 140.3 404
172 140.3 141.0 .284
11 141.0 141.6 .674
174 1416 132.2 674
175 142.2 142.8 .674
176 142 .8 143.5 424
17 143 .5 144 .1 464
178 144 1 144 .8 594

Page 3

02/28/199%6 14:03 Filename: DLLHGEF OUT

179
180
181
132
183
185
185
186
187
188
189
130
19
182
193
194
195
196
197
198
199
200
201
202
203
204
208
206
207
208
209
210
211
212
213
214
215
216
217
218§
219
220
221
222
223
224
225
226
227
228
229
220
21
232
233
234
235
238
237
238
239
240
241
242
243
244

144.8
145 .4
146.1
146.7
147.4
148.0
148.7
145.3
150. ¢
150.6
151.2
151.8
152.5
153.1
196 .2
196.9
197.%
198.1
198.8
199 .4
200.1
200.8
201.4
202 1
202.7
203.8
204 .3
204 .8
205.3
211 .3
212.5
213.2
213.8
219.9
220.4
2211
221.7
222.8
223 .4
224 .1
224.8
225 .4
225.8
226.5
227.1
227.8
228 .4
229.1
229.7
230.4
231.0
231.7
233.2
233.9
235.1
237.1
238 .3
238.9

219,61

240.2
240.9
241.5
2423
242 .9
2413.6
244.2

i45 .4 L4584
iss. i .234
1467 554
147 .4 554
148.0 -124
148.7 .184
145 .3 174
150.0 .104
150 .6 454
151.2 .324
151.8 L6784
1582.5 .554
153.1 .03a
153.8 674
196.9 (244
192.5 .254
198.1 L3148
196.8 .34¢
199 .4 .544
200.1 -32a
z00.8 L1144
201 & .264
202.1 .154
202.7 .304
203.8 .284
204 & .194
204 .8 .153
205.3 194
211.4 1.500
212.5 4835
213.2 484
213.8 .524
21%.3 1.500
220 .4 574
221.1 574
221.7 674
222.8 674
223.4 674
224 .1 674
224.9 534
225 .4 674
225.9 .674
226.5 674
2W27.1 .134
227.8 .254
228 .4 274
229.1 .324
229 7 .524
230.4 .09
231.0 .224
23.7 . 674
233.2 678
233.9 .204
234.5 .03s
235 .8 L0954
236.3 674
238.9 674
239.6 .674
240.2 .574
240.9 .524
241.5 L3394
242.3 .15%
242.9 .674
243 6 424
244 .2 .674
245.8 674

) WBWIIBY ‘Q UOISIAGY ‘HG100-96 HS3

Qed fo 529



Filename: D.LHEBF OUT

02/28/1396 14:93
245 245 8 235
2456 246 .5 237
247 247.1 37
248 247 .8 248
249 248 0 248
250 248 .6 249
252 249.1 239
252 249 .9 250
253 250.6 250
264 250.9 251.
25% 251.% 252
256 282.2 252
257 2352 .8 253
253 253.2 253.
%9 2%4 .5 2%%
260 5% 1 255
261 255 .8 256
262 256 .5 258.
2613 258 .8 259
264 259 .4 280
265 260.7 261
2606 261 38 261
267 261 .7 272
268 272.7 273
269 273.9 274
270 274 .5 275.
am 2752 275
272 275.8 276.
2713 276 S 27
27% 2171 278
275 278.8 279
278 279 .3 280
I 280 2 280
278 281 .4 282
2 282.0 282
280 282.7 283.
281 283.3 284
282 284, 0 284
283 284 .6 285
284 285.9 286
28% 287.2 287
288 287.9 2e8.
297 288 .5 288
288 288 .9 289
289 289 .5 230
%0 2%90.2 250.
291 2%0 .8 291
292 2711.95 252
293 792 1 292
2% 282 .8 293
2%% 293.2 29%3
296 2%3.5 2594,
29 295 .8 296 .
258 296 .5 297.
295 297.12 297.
aGo 23%37.8 298.
m 29%.0 29S.
jo2 29% .7 300
303 i00.4 30%.
304 jor.o n.
o8 01.% 303.
308 303 .3 304
307 3os .S 308.
308 3os.1 305.
3os 305.8 312.
310 nanr 313

NCUBENWROSIED NN SNV BB ONON O WwLdO ded D BT DN g dod e @dD D ONTNNDND WS ® =

674
414
434

594

.364
014
-024
674
. 338
5%
244
.074
.204
.39
.254
454
.514
454
.624
1.500
.384
. 344
344
1.500
L1174

ni
312
313
ER S}
315
316
an?
312
3119
ze
21
322
23
324
325
326
127
328
329
330
33
332
33
334
315
336

4:03

313
313.
314
315.
315.
316.
3117

317.
318

319.
3115

320.
3.
a2
322
323
324.
325.
326
328.
329.
3.
132.
332
332.
340.

BUIOSNBRNNDDWROD < OB KNG -GN

LIMIT LOAD RESULTS:

MOMENT
{in-1bs)

137E+08
.952E+08

GIEE+D8
-773E+08

S5S1E+08
.2B0E+08
.025E+08
.T74E.08
.S76E+08
.45S1E+08
.345E«08
.234E+08
.173E«08
.110E+08
.103E+08
.094E+08
.143E+08
.230E+08
.349E+08
_S00E+08
-675E+08
.8SEE+08
.027E+D8
.183E+08
.311E+98
L415E«08
.522E+08
.613E«08
.T49E+08
.898E+08
7.961E+08
7.964E+08

NENCONYGYN N AN NN NN N NN N AL S d D

File

313
314.
318.
318.
318.
317
7.
318
319.
319
320.
321.
321.
322.
323
323.
328.
32¢.
326.
328.
330.
332.
332.
332.
3431.
31 .

WOV IO NONUVIOWROE OB DI ®e Y

mi
(psi)

OouT

174
.07¢
-114
.08s
-154
-114
.114

014
0S4

-454
-534
484
474
574
.574
<304
.064
.044
L4048
.064
064
.144
.154
-154

.500

.674

LR

BB EBEA S WEWWW W W RS aesnas s DS
G 7 s
~

gege3igsy

-
-

fage

F uswiyoeny ‘Q uoIsIAeY ‘$GL00-96 HST
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02/28/19%6 _14:0)  Filename: CLLHEBE OUT
160. 0 7.508E.08 2129% 4.95% ACCEPTABLE
165.0 7 B25E+08 21082 4.9 ACCEPTABLE
1700 7 SBERE+O8 20442 4 78 ACCEPTABLE
17% 0 7 4B2E.O8 20159 4.70 ACCEPTABLE
180 .9 T 4Z0E«08 19591 4.865 ACCEPTABLE
185.0 T.131E.08 18213 4 49 ACCEPTABLE
1%¢.0 7.090E«08 19101. 4 47 ACCE¥TABLE
195 .0 T . 176E+0n 19334 4 .52 ACCEPTABLF
200 .0 7.105E.08 19142 4 .48 ACCEPTABLE
205 . ¢ €. 980E.08 18805 4 .40 ACCEPTABLE
210.0 5 . 8268E.0D8 18351 4.0 ACCEPTASLE
215 0 6 _655E.08 17929. 4.21 ACCEPTABLE
220.¢ & 485E.08 174721 4.11 ACCEPTABLE
22% .0 & 309E.08 16998 4.00 ACCEPTABLE
230.0 6 1317E+08 1853S . 3.%0 ACCEPTABLE
23590 S.9%1E+08 16141 . 3.8 ACCEPTABLE
240.0 5 878E.08 15835, 3.7¢ ACCEPTABLE
2450 S .7TISE«08 15559 . 3 68 ACCEFTABLE
250.0 S.719%9E.08 15408 3. 65 ACCEPTABLE
258 0 5. 173E.08 18552, 3. 68 ACCEPTABLE
260.0 S.910E«08 15922. 3.76 ACCEPTABLE
365. 0 S D46E+0OR 16288 . 1.84 ACCEPTABLE
270.0 6 218E.08 16752 198 ACCEPTABLE
275.¢ % 38SE.08 17203. 4.05 ACCEPTABLE
280 0 6 . S41E«08 17623. 4 14 ACCEPTABLE
285 .0 6.692E.00 18029 4.23 ACCEPTABLE
2% .¢C € 829E.08 18389 4 N ACCEPTABLE
2%5 90 6 S93E.08 18839 4.41 ACCEPTABLE
3000 7.191E+08 18373 4.53 ACCEPTABLE
3os. 0 7 31B3E.00 19851 4 64 ACCEPTABLE
310.0 7 .S85E.08 20434 4.76 ACCEPTABLE
315. ¢ 7.780E+08 20962 4.88 ACCEPTABLE
320.¢0 T7.942E+«08 21398 4 98 ACCEPTABLE
325.¢ 8 084aE.08 21780 s.06 ACCEPTABLE
330.0 8 18,2408 220862 $.12 ACCEPTABLE
s o 8 334E.08 22481 $.21 ACCEPTASLE
3400 B _427E.08 22703 . 5.26 ACCEPTABLE
345.0 8 443E.08 22748 s.27 ACCEPTABLE
I3sp. 0 8 I96E«CB 22619 5.2% ACCEPTRBLE
i55.0 8 2B4E.08 22319 5.18 ACCEPTABLE
ACCEPTABLE! MINIMUM SAFETY FACTOR 3 65 AT 250.0 DEGREES.

¢ Juswiyoeny ‘g uosiAey ‘vGL00-96 HS3



Ligament Length Determination
Sivoud tn 1.5 in Eval Pericd= 1200 days date
Pamd  BNP2 op= 171 in Leslc = 248 in lupsstinonm) Pl B
WeldiD HT Crack Growth Rate = 5E-05 ity Leake = 222 in ttavited
Detsi: B212RY Total Inspection Uncertainty = 0.00 in Lmin = 248.9 in Veritied By
High Flux Zone
Data x. End of Evaluation Ligament Dota End of Eval. Crack Tip  input for DLL Analysis  input for DLL Analysis
Exisung [Days to Fully IAM Anmuth | Ligar h&gm!m? Azimuth | Azimuth Azimuth | Azimuth | Ligament
e Gl Cr tin) Stant Stop Stant Stop Length
r%cgf 8 (17.3] 1524 1.8 No No 173|524
87 1534 1875|2000 is No No | 1975] 2000]
a7 31t " 2040] 2045 LE [ No_
[ 37 304 2100] 2106 o No Yos |
118 3525 2150 3207 88 Yes Yes 2180 2207 Not for
1 ; ___ Cracked| Cracked| Weld H7 m
2 Cracked| N Cracked| | w
i1 e 3706 3293 . i Yeos Ves 2293|2353 -
45 622 2397 245 1 Yes No
08| Cracked Cracked| b
0.7 Cracked]
33| Cracked| & g
59 1218 | 251.7) 2837 3 No No [ 281.7| 2537
80| 18 7587 7 478 No No 2587, 2907 rd
87 6541 | | 2953] 3058] 15 “No Yes 29532| 3058 L4y
223 8052 2| 3222 194 Yes Yes [ 309.2] 3222 e
ics 3102] 335, 3307 76 Yes No 3257] 3307 :D
2
I <.
s
c
=]
- - -
— -
ST e — 1
S 3 - o
R EENIE (2]
| » 3
e -~ ®
N 2
S o R & T A
Eusting Ligament Length fin] = 3622 EOE Lig Lennth (in) = 3261 in m

Since EOE Ligament Langth > Lmin. a detaited kit ioad anaiysis is not raguired. The weld is structurally accaptsbie for continusd operation

NOTES

{3)  Lmun = Lesle + 2(Crack Growth in Evaluation Period) + Total inspection Lincertainty

{11 Lgamant Data trom B212R1 GE Examunation Summary Sheet o

2 Crack growth is anplied at each end of lgament ')

& ] Caleutation for End of Evalustion Ligament Data includes uncertainty it applicable 0

(L] Days to Fully Cracked = days tili “gament length is zero (sctuslly = uncertainty + ASME crack proximity rule) for sech hgament. i

1s) High Flux Zooe = plus or minus 15 dagrees from szimwsths 45, 135, 225 and 315 fie 30-80 etz ) 1 o
Wold H7 wili not reach LEFM thrashols ievel for embrittlemant (3x10720) within currert opersting licanse.

6 tdeg = 149226 in i

m £ cted reg smad hlly kod Al cracks assumed through-« all

8 Lesk = a I tength for limit load - rete Structurs! irtegrity report SIR-94-029 Rev. 0 o

©3/05:96 H? BNP2CRAK WK4
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B212R)1 Shroud Weld H? Normal 150.0 1.252E+09 37002. 11.22 ACCEPTABLE
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION: 10/07/94) 155.0 1.270E+0% 17524 11.37 ACCEPTABLE
DATE OF CURRENT ANALYSIS: 03/07/19%6 160.0 1.278E+09 37761. 11.45 ACCEPTABLE
165.0 1.271E+09 37563. 11.39 ACCEPTABLT
SUMMARY OF INPUTS i78.0 1.280E+09 37813. 11.46 ACCEPTABLE
Tasssszeesaseunns 175.¢0 1.292E+09 38164. 13 .57 ACCEPTABLE
Angle increment - 1.0 deg. (COARSE} 180.0 1.307E+09 38615 11.70 ACCEPTABLE
Membrane Stress, Pm = 388. psi 185.0 1.325E+09 39161 11.87 ACCEPTABLE
Bending Stress, Pb - 2945. psi i%0.0 1.35BE+09 40134 . 12.16 ACCEPTASLE
Safety Factor, SF . 2.Mm 195.0 1.374E+08 40585, 12.29 ACCEPTABLE
Mean Radius, Rm = 84.75 inches 200.0 1.378E+.09 46727 12 .34 ACCEPTABLE
Wall Thickness, t - 1.509 inches 205.0 1.373E+09 40558 12.29 ACCEPTABLE
Material = 304 SS 210.¢ 1.357E+09 40081 . 12.14 ACCEPTABLE
Stress Intensity, Sm = 16900. psi 215.0 1.334E+09 39413 11.94 ACCEPTABLE
Fluence = 1. 3E+19 n/em™2 220.¢ 1.307E+09 38617, 11.70 ACCEPTABLE
{Thus, LEFM evaluation not applicable) 225.0 1.271E+09 37541, 11.38 ACCEPTABLE
230.0 1.242E+0% 36686 . 11.12 ACCEPTABLE
THETAL THETA2 THICKNESS 235.0 1.206E+09 35636 10.91 ACCEPTABLE
REGION {deg.} [deg.) {inches] 24¢ .0 1.175E+09 34726. 10.54 ACCEPTABLE
-------------------------- 245.0 1.138E+0% 33558. 10.18 ACCEPTABLE
1 17.3 152.4 1.500 250.0 1.0P8BE«D9 32:158. 9.78 ACCEPTARLE
2 197.5 200.0 1.500 255.0 1.045E+09% 3c8e1. 9.38 ACCEPTABLE
3 215.0 220.7 1.500 260.0 1.010E+09 29654 . 9.07 ACCEPTABLE
4 229.2 235.2 1.500 265.°0 9. B44E+08 29085 . 8.84 ACCEPTABLE
s 258 .7 290.2 1.500 270.0 9 673E+08 28579. 8.6% ACCEPTASLE
6 295.2 395.8 1.500 275.0 9.592E+08 28339, 8.62 ACCEPTABLE
7 309.2 322.2 1.500 280.0 9.602E+08 28369 8.63 ACCEPTABLE
8 3257 330.7 1.500 285.0 3 .609E+08 283590 8.63 ACCEPTABLE
2%0.0 9.717E+08 28709, 8.73 ACCEPTABLE
295.0 9.942E+08 23374 8.93 ACCEPTABLE
LIMIT LOAD RESULTS: ico.0 1.011E+05 29877. 9.08 ACCEPTABLE
D 305.0 1.041E+09 30765 9.35% ACCEPTABLE
310.0 1.083E+09 32005. $.72 ACCEPTABLE
ALPHA MOMENT Pb' SAFETY 315.0 1.125E+09 33227 10.09 ACCEPTABLE
[deq) {in-lbs] [pet) FACTOR RESULT 32¢.0 1.3164E-09 3438S. 10.43 ACCEPTABLE
------------------------------------------- 325.0 1.194E+09 is2e2. 10.70 ACCEPTABLE
.0 1 .260E+09 3212 11.28 ACCEPTABLE 330.0 1.21SE+09 35909 10.89% ACCEPTABLE
5.0 1.278E+CY 377%8. 11.45 ACCEPTABLE 335.0 1.227E+09 36264, 11.00 ACCEPTABLE
10.0 1.300E«09 38397, 11.64 ACCEPTABLE ja5.0 1.219E+09 36015. 10.92 ACCEPTABLE
15.0 1.332E+08 39358 11.%2 ACCEPTABLE 345.0 1.224E409 . 36161. 10.97 ACCEPTABLE
200 1.343E.09 39669. 12.02 ACCEPTABLE 350.0 1.232E+0% 16410. 11.04 ACCEPTABLE
25.0 1.333E+09 35678. 12.02 ACCEPTABLE 355.0 1.244E+09 36781, 11.15 ACCEPTABLE
n.o 1.333E+09% 39385. 11.93 ACCEPTABLE
s @ 1.314F+«09 318811 11.76 ACCEPTABLE
40 9 1.293E+09 IR187. 11.57 ACCEPTABLE ACCEPTARBLE! MINIMUM SAFETY PACTOR = 8.62 AT 275.0 DEGREES.
45 .0 1.259E+«09 37268, 11.28 ACCEPTABLE
8.0 1.234E+0% 3€4S1. 11.0% ACCEPTABLE
5.0 1.202E.09 15498 10.77 ACCEPTABLE
§0.0 1.173E+09 13648 10.51 ACCEPTABLE
€50 1.141E+09 31375 10.23 ACCEPTABLE
70.0 1.100E.09 312491. 9.86 ACCEPTABLE
7%.0 1.057E«09 31214. 9 48 ACCEPTABLE
80. 0 1. 022E+08 I01R7. 9.17 ACCEPTEBLE
85.0 9 _S57E.08 29418 8.5 ACCEPTABLE
%0.2 9 TREE.CB 28912 879 ACCEPTABLE
35.0 9.705E+08 28672. 8.72 ACCEPTABLE
100.0 9. 71SE+08 28702. 8.73 ACCEPTABLE
05.0 § 796E.08 289%41 . 8.80 ACCEPTABLE
110.0 % 869E+08 29155, 8 86 ACCEPTABLE '
115 © 1.007E«09% 29740 9. 04 ACCEPTARSLE
120.0 1. 0D29E+09 30403. 9.2¢ ACCEPTABLE
125.¢ 1._059E.09 31295 9.51 ACCEPTABLE
130.0 1.098E.09 32428 9.85 ACCEPTABLE
135.9 1. 144E.09 33791. 10.2% ACCEPTABLE
140 .0 1 18%E+09 15118 12.65 ACCEPTABLE
145.0 1.225E+09 36198 . 10 98 ACCEPTABLE

7 uswyoeny ‘g uorsinay ‘v51L00-96 HSI
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03/97/1996 12:36 Filename : DLLHTF OUT

B212R1 Shroud Weld H7 Faulted
DLL: DISTRIBUTED LIGAMENT LENGTH

EVALUATION (REVISION: 10/07/93)

DATE OF CURRENT ANALYSIS: 03/07/199%6

SUMMARY OF INPUTS

FERAHASETETSAARATR

deg. [(COARSE)
psi
psi

inches
inches

ps:
n/em™2

THICKNESS
[inches]

Angle increment - 1.9
Membrane Stress, Pm < 1235.
Bending Stress, Pb = 44130
Safety Factor; Sr = 1.39
Mean Radius, Rm - 8475
Hall Thickness, ¢ = 1.500
Material = 304 S8
Stress Intensity, Sm » 18900.
Fluence = 1 SE«19
{Thus, LEFM evaluation not applicable)

THETA1 THETA2

REGION {deg.} {deg.]
i 17.3 152.4

2 197.5 200.0

3 215.0 220 7

1 229 .2 235.2

s 258.7 2%0.7

6 295.2 305.8

? 309.2 322.2

8 326 7 330.7

LIMIT LOAD RESULTS

SEsssEsENsIssaRaAnEnS

ALPHA MOMENT b
[deg] fin-1bs) {psil
] 1.235E+09 36488
5.0 1 2S4E.09 37033
10.0 1.27SE+09 17673
1S 0 1.29%93E+09 18353 .
200 1.313E+09 38786
25.0 1 317E+09 38524
jeo.o 1,312E.09 38766
5.0 1.297E«09 38313
40.6 1.278E+09 37764
45.0 1.253E+09 3012
50.0 1.224E+09 Is172.
€50 1.196E+09 15346
€0.0 1.155E+0% 34432
€5 .0 1. 141E4+09 33718
0 0 1.10SE«09 32653,
5.0 1.081E+09 31382,
80.0 1 026E+03 3032%
85 .0 1.000E+C9 29555.
%0.0 9.832E+08 295049
95 .0 $.751E-08 28810.
100.0 9 .761E.08 28839 .
105.0 9 ._EBCE.08 29191.
110.0 9 _995E.08 29531.
115.90 1.019E+09% 30112.
120.0 1 044E.09 10852
125.0 1.074E+09 31744
130.9 1.113E+09 1287
135. 0 1.152E-09 33044
140.0 1 20C4E+09 38570.
i45.¢ 1.245E+0% 36790,

P e e e e
w
o
(=]

SAFETY

FACTOR RESULT
€.686 ACCEPTABLE
6.76 ACCEPTABLE
6.87 ACCEPTABLE
6.95 SCCEPTABLE
7.08 ACCEPTABLE
7T 09 ACCEPTABLE
7.06 ACCEPTABLE
6.98 ACCEPTABLE
6.88 ACCEPTABLE
6.75 ACCEFPTABLE
6.60 ACCEPTABLE
6.45 ACCEPTABLE
6.30 ACCEPTABLE
617 ACCEPTABLE
5.98 ACCEPTABLE
S$. 78 ACCEPTABLE
5.57 ACCEPTABLE
5 43 ACCEPTABLE
5.35 ACCEPTABLE
5.30 ACCEPTABLE
3.3% ACCEPTARLE
5.37 ACCEPTABLE
5.43 ACCEPTABLE
5.53 ACCEPTABLE
5.66 ACCEPTABIZ
5.82 ACCEPTASLE
6.02 ACCEPTABLE
6.23 AOCEPTABLE
6.50 ACCEPTABLE
6.7 ACCEFTABLE

150.
155.
160
168
170,
175.
180
185.
190.
19S.
200.
205
210
215
220.
225.
230.
238.
240
245.
250.
255
260.
265,
270.
278,
280.
285.
250.
295.
300.
308
310.
318.
320.
325.
339.
33§.
340.
345.
350
3s5S.

CO0COOORO00ROVOCOLOROCODOITCOO0D b COoO0CODOOOO0

ACCEPTABLE!

277E409
.299E.05%
.311E.09
.J17E«09
.I2SE+09
.337E+09
.3S2E+D5
.371E+09
.I91E+C9
.402E.09
.402E+0%
-392E+09
.371E+09
.346E+09
-315E+09
.279E«09
.244E+09
.207E+09
-173E.09
.128E+09
.07SE+09
.031E+09
.966E+08
.T70SE+08
.S34E+08
.453E«08
.498E.08
.S23E+«08
.632E+D8
.796E+08
.001Es909
.032E+09
.062E+09
.107E+09
.142E+09
J168E.09
.18SE+09
.193k403
.194E«09
.199E+0%
.208E«09
.220E+D9

B e e e b b b WD ND D D D D D D B b e bt b b e e B B e et b b e bk e e e (et e e

MIMIMUM SAFETY FACTOR =

37729.
ja3e2.
38742.
38503.

39153

39504
39955,
40501.

41092

41417,
41427,
$1122.
40504 .
39775
318837,
37796.
36760.
35675.
34648 .
33337,
31747,
30471.

29444

28674 .
28168.
27929
28061 .
28136

28456

28941,
29585.
30477.
31365.

32719

33738.

34501

3s002.
35235.
35292.
35436
35886 .
36037.

Filename: DLLHTF OUT

®
€
7
7

7
?

7.

6.
6.
6.
6.
5.
S.
5.
5.
5.
S.
.17
.24

s

S
5

-
5
5.
8
6.
£.
6.
6.
6.
6.
6.
L

5.15 AT 275.0 DEGREES.

.88
.99
.06
.09
X3
P
L4
L B
£ B
¥
)
L B

15
27
3?
47
53
53
48

Sell

24
07
8s
7
52
13
10
82
60
4?2
28
19
s

18

33
44
50
s
99
b
31
40
44
5
L&)
52
58

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTASLE
ACCEPTABLE
ACCIFTABLE
ACCEPTABLE
ACCEPTABLE

ACCEPTABLE
ACCEPTABLE
ATCEPTABLE
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Rev. 10/94 ATTACHMENT 3
Page 1 of 1
illegible Record Acceptance Sorm

Originator requests acceptance of this document and accepts responsibility for the illegible
condition of this data.

ESR 9¢ -00I154 Rey O

Document Identity

The identity of the illegible record or illegible page(s) within the record shall
be provided by the originator of this form by identifying and inserting this
form preceding the illegible data. In cases where the entire record is
considered illegible, this form precedes the record. Please complete Part A

or B.
e s st

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

PART A

The attached rocord is suitable for microfilming because:

It is non-Q or non-vital records or the data which is relevant to the identification of the
item is legible ard/or the data can be provided from other sources.

= o
Lisgare L L_3/9/%

Title: y
Date

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

PART B

The attached record is the most legible copy available and may be retained in the RFR.

L
Originating Supe rvisor Date

/

Manager - Nuclear Records Date
Maiiagement/Nuciear Document Control

Reviewed:

ORMP-007 Rev. 13 Page 20 of 21
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BWRVIP T
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BY/R V & Phone & | Promd (ny~ PAT-2098
Pﬂﬂ ¢ Qﬁ- Qf‘?- lm Fax ¢ x L. 3

e Ty s SRS
[ AL Jnd I

EMORANDUM

March 1, 1996

TO: Vaughn Wagoner, CP&L
FROM: | RajPathania, EPRI Rf

SUBJECT} Application of the BWRVIP Crack Growth Model to Estimate
Crack Growth Rate of H6B Core Shroud Indications in BNP-2

The crack rates of ID initiated cracks in the H6B weld at BNP-2 were
estimated |for the next cycle using the BWRVIP crack growth model described in
TR-105873. The following chemistry conditions were assumed for the next cycle
after revigwing the data for the previous cycle provided by Joan Bozeman.

can easily be performed for other assumed conditions.

Table 1: Assumed Chemistry for the Next Cycle %

Duration {months) FWH2 (ppm)  ECP(mVSHE)  Cond. (uS/cm)

2 0 190 02

4 05 -10, 0.15

13 1 -240 0.1

Crack rate is a function of the initial crack depth (which affects the stress

. Therefore crack growth rates were calculated for three initial crack
depths of .1, €.26 and 0.63 in. These represent a shallow indication, an average

tions and an average of the deepest indication #26. The results
| below: l

Table 2: Crack Growth Rates for H6B ID Indications

Initial Crack Depth (in) Crack Growth Rate (in/h)
0.1 4.8“4.5-6
0.26 3.8BE-6
0.6 3.1BE-9

The results show that the crack growth rates are well below the NRC rate of 5E-5
in/h. Figlre 1 “hows how crack depth and K change with time for a 0.26 in deep
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crack. It ig important to note that the crack growth rate is not constant but
decreases ps the crack grows because of decreasing K provided the chemistry is
constant. Conductivity and ECP increases result in increases in crack growth

Methodolegy

1. The 95th percentile crack growth model described in TR-105873 was used.
This a factpr of 10.3 greater than the best fit model (equation 3-2) for type 304 in

ibution was as shown in Figure 5-3 of TR-105873.

were estimated by Kathleen Ramp assuming that Hatch 2 results
plant radiolysis study by GE (TR-106068, BWRVIP-13) were
to Brunswick since the plants are similarly designed.

me if you have any questions.
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'MEMORANDUN™

March 5, 19?6

TO: Joan Bozeman, CP&L
FROM: | RajPathania, EPRI [P

SUBJECT: | Application of BWRVIP Crack Growth Model to Estimate Crack
Growth Rate of H4 ID Indications in BNP-2

As requested | estimated the crack growth rate of several indications on the D of
d welds between 1994 and 1996 and compared the model

ith repeat UT measurements. The BWRVIP model predicts
measurable growth in these indications in the last cycle. This
istent with the repeat UT measurements which showed little change
inty is taken into account. If similar chemistry is maintained in
the next cycle the change in the crack depth should again be less than the UT
uncertainty.

tthec.hemistrydun’ngt.helastcydewasthesameasthatinmy
memo of Mapch 1 to Vaughn Wagoner which was based on data provided by
you. I also absumed that the ECP at the H4 weld ID was the same as that at the
HS weld ID. | This assumption is supported by the calculations reported in
Radiolysis Modeling report (TR-106068, BWRVIP-13). The feedwater H2 vs. ECP
relationship was the same as that in the BWRVIP Crack Growth report (TR-
105873) for I-F ID. The estimated ECPs are shawn below:

Table 1: Assumed Chemistry from 1994-96

Duration (ménths) FW H2 (ppm) ECP(mV SHE) Cond. (US/cm) g
H4ID

1 0 100 0.2

4 05 -180 0.15

1

3 1 ~400 0.1 -
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l V.49
Sy 0.1 2
Crack rates and crack extensions 3t
: were estimated for 7 indicati
comp:;ed the UT meagurements (Table 2). For several indicatio:smU'al'nd
show - ve growth of upto -0.09 in. which resuits from UT uncertainty
negsmmaﬁv tions were reported from KKM in the Crack Growth report whete
mwt;e gfugxto-o.lmwaereponedforsomeindiaﬁm.ﬂdsleads
ot at crack depth changes of less than 0.1 in are within the
and should not be considered significant. The crack depths in
MAR S '96 18:45 FROM EPRI
PAGE . 282
i 2
Table 2 are aximum depths that you provided. Tl results show that i

negligible cpack growth in the last cycle for these indications particularly the

. The table also shows that the crack growth rate decreases because
ing stress intensity as the crack grows deeper. The estimated crack
well below the UT uncertainty. Calculations can also be done
depthforeachmdiaﬁmnthzrthmthemmmumbutlexped
will be similar.

Table 2: Crack Growth Rate Estimates for H4ID

Ind. No. Initial max Crack Growth Crack Growth Crack Growth
depth, in Rate,in/hr  in (Calc) in (Msd.)

5 05 3.9E-06 0.005 0.06

6 0.58 6.3E-08 0.001 .09

7 0.86 0 i 0 0.06

12 0.72 0 0 0.08

13 0.79 0 0 0.01

14 0.75 0 0 0

15 0.79 0 0 £0.09

Please call me if you have any questions.

¢. Vau Wagoner CP&L
Warren Bilanin
Joe Gilman
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CP&L

Carolina Power | Light Company William R. Campbell
PO Box 10429 Vice President
Southport NC 213461-0429 Brunswick Nuclear Plant

November 2, 1995
SERIAL: BSEP 95-0570

U. S. Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, DC 20555

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO. 2
DOCKET NO. 50-324/LICENSE NO. DPR-62
SUBMITTAL OF UNIT 2 CORE SHROUD REINSPECTION PLANS

Gentiemen:

The purpose of this letter is to provide to the Nuclear Regulatory Commission (NRC) the latest
plans for reinspection of the core shroud for the Brunswick Steam Electric Plant (BSEP), Unit 2.
These reinspections are planned for the upcoming B212R1 refueling outage which is presently
scheduled to begin on February 2, 1996.

On July 25, 1994, the NRC staff issued NRC Generic Letter 94-03, “Intergranular Stress

Corrosion Craciing of Core Shrouds in Boiling Water Reactors.” The generic letter requested

that licensees submit plans for inspections of the core shroud at least 3 months prior to

performing such inspections. Although the generic letter does not address reinspection plans,
Carolina Power & Light Company’s (CP&L) is submitting the Unit 2 reinspection plans using the
genenc letter as guidance. Enclosure 1 of this letter provides the Unit 2 reinspection scope and
associated technical bases. The results of these reinspections will be submitted to the NRC

within 30 days following completion of the inspections. "

Please refer any questions regarding this submittal to Mr. George Honma at (910) 457-2741.

Sincerely,
William R. Campbell
WRM/wrm

Enclosure

cc Mr. S. D. Ebneter, Regional Administrator, Region ||
Mr. D. C. Trimble, Jr., NRR Project Manager - Brunswick Units 1 and 2
Mr. C A. Patterson, NRC Senior Resident Inspector - Brunswick Units 1 and 2
The Honorable H. Wells, Chairman - North Carolina Utilities Commission

Tel 910 457-2496  Fax 910 457-2803

PEHOTENY 4 D
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CP&L

Caroling Power & Light Comparny Williom R. Campbell
PO Box 10429 Vice President
Southport NC 28461-0429 Brunswick Nuclear Plant

November 2, 1995
SERIAL: BSEP 95-0570

U. 8. Nuclear Regulatory Commission
ATTENTION: Document Controi Desk
Washington, DC 20555

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO. 2
DOCKET NO. 50-324/LICENSE NO. DPR-62
SUBMITTAL OF UNIT 2 CORE SHROUD REINSPECTION PLANS

Gentiemen:

The purpose of this letter is to provide to the Nuclear Regulatory Commission (NRC) the latest
plans for reinspection of the core shroud for the Brunswick Steam Electric Plant (BSEP), Unit 2.
These reinspections are planned for the upcoming B212R1 refueling outage which is presently
scheduled to begin on February 2, 1996.

On July 25, 1894, the NRC staff issued NRC Generic Letter 94-03, “Intergranular Stress

Corrosion Cracking of Core Shrouds in Boiling Water Reactors.” The generic letter requested

that licensees submit plans for inspections of the core shroud at least 3 months prior to

performing such inspections. Although the generic letter does not address reinspection plans,
Carolina Power & Light Company’s (CP&L) is submitting the Unit 2 reinspection plans using the
generic letter as guidance. Enclosure 1 of this letter provides the Unit 2 reinspection scope and
associated technical bases. The results of these reinspections will be submitted to the NRC '
within 30 days following completion of the inspections. r

Please refer any questions regarding this submittal to Mr. George Honma at (910) 457-2741.

William R. Campbell
WRM/wrm
Enclosure
cc: Mr. 8. D. Ebneter, Regional Administrator, Region |l
Mr. D. C. Trimble, Jr., NRR Project Manager - Brunswick Units 1 and 2

Mr. C. A. Patterson. NRC Senior Resiuent Inspector - Brunswick Units 1 and 2
The Honorable M. Wells, Chairman - North Carolina Utilities Commission

Tel 910 457-2496 Fax 910 457-2803

q5HOTEEMT 2 pD
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ENCLOSURE 1

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO. 2
DOCKET NO. 50-324/LICENSE NO. DPR-62
SUBMITTAL OF UNIT 2 CORE SHROUD REINSPECTION PLANS




