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EXECUTIVE SUMMARY

PURPOSE

This ESR Evaiuation is required as part of CP&L's commitment to USNRC Information
Notice 83-79, “Core Shroud Cracking at Beltline Region Welds in Boiling Water
Reactors.” As such, this evaluation accomplishes the following:

i) Documents the In-Vessel Visual Inspections (IVVI) performed on the Core
Shroud during Refueling Outage (RFO) B110R1.

2) Evaluates the current IVVI data reletive to previous inspection results and
analyses.
3) Provides justification to use the Core Shroud for a minimum of another two (2)

operating cycles in the as-found condition. [i.e. concludes that BNP-1 can
safely operate in the present condition during the next t.+o fuel cycles (Cycle
10 and Cycle 11) without any operational changes or restrictions. ]

BACKGROQUND -

In October, 1990, RICSIL No. 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 recommendations contained in this RICSIL, the BNP 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. EER 93-0536 (Reference 3) was issued in 1993 to assess Unit 1 shroud
structural integrity.

CONCLUSIONS

The BNP-1 Refueling Outage (RFO) B110R1 Core Shroud inspections are complete
and evaluated in this ESR. This ESR concludes that structural integrity of the core
shroud will be maintained, with full FSAR safety margins, for at least the next two
fuel cycles (currently scheduled to end in April, 1998), based on analysis of the
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inspection results. Future inspection plans will consider not only these inspection
results, but will also consider continuing developments in the industry, to ensure
utilization of the best information and technology to address the issue.

Crack growth experienced during Cycle 9 was substantially iess than postuiated by
previous analysis. The inspection results from B110R1 show that the existing
condition is essentially unchanged from the condition identified during the B109R1
outage. Furthermore, the postulated crack lengths at the end of Cycles 10 and 11
are fully bounded by previous analyses and will not reduce the structural design
margins below allowable values. Therefore, the condition of the core shroud does not
impose any restrictions to BNP-1 operation during the next two cycles.

The BNP-1 Core Shroud is "acceptable as is" for Operating Cycles 10 and 11.
EVALUATION

DESIGN INPUTS

1. American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code, Section XI, 1980 Edition through Winter 1981 Addenda

v 5 Technical Specifications for Brunswick Steam Electric Plant Unit 1

3. UT and IVVI Inspection data from BNP-1 Refueling Outages 8 (B109R1) and
9 (B110R1)

SHROUD DESIGN

The reactor pressure vessel (RPV) was designed in accordance with applicable
portions of Section Ili of the ASME Boiler and Pressure Vessel Code (B&PV Code),
1965 Edition through Summer, 1967 Addenda (Reference 2). Although the shroud
itself is not v Code component, the B&PV Code was used as the design basis for
determining limits for stress intensities.

The core shroud is a cylindrical assembly inside the reactor vessel, which provides
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a partition to properly distribute the flow of coolant delivered to the vessel. The
safety design basis of the shroud is to:

a) Provide a floodable volume in which the core can be adequately cooled in the
event of a breach in the nuclear system process barrier external to the reactor
vessel.

b)  Limit deflections and deformations of the reactor vessel internals to assure that
the control rods and the core standby cooling systems can perform their safaty
furctions during abnormal operational transients and accidents.

€l Assure that the safety design bases (1) and (2) above are satisfied s0 that the
safe shutdown of the plant and removal of decay heat are not impaired.

The core shroud is composed of three reqions: an upper shroud which is bounded
by the ghroud head and the top fuel guide; a central region which surrounds the
fuel; and a lower region which surrounds the lower plenum and is welded to the
re .or vessel shroud support ring. The three regions are of different diameters: the
top region is approximately 15'-9" diameter; the central region is approximately
14'-8"; and the lower region is tapered from14'-9" to 14'-3" (see Figures 1 and 2,
and Reference 1). Roll out maps of the core shroud depicting the locations of
horizontal weids H1-H9, vertical welds V1-V11, and plates P1-P11 are shown in
Figures 3 and 4. The weld and plate designations were assigned for inspection
purposes. A plan view at the top of the-shroud, depicting the 36 sets of shroud
head boit lugs is shown in Figure 5.

The upper shroud consists of the separator support ring, the upper shroud cylindrical
shell, and the top guide support ring. The separator support ring is constructed from
6 ring segments having a cross section of approxirmately 6™ X 6", cut from rolled
and annealed plate, welded together, then machined to final dimensions. The
separator support ring material is Type 304 stainless steel from a single heat, with
a carbon content of 0.078 wt%. Thirty-six pairs of shroud bolt hold down lugs are
welded to this ring. This assembly is joined to the upper shroud shell at weld H1,
which consists of a Double-J prep weld with 2 fillet on the inside. The shell is
formed from (2) 1%" thick semicircular plates, welded together using @ Double-U
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prep. The carbon contents range from 0.049 - 0.060 wt%. The Top Guide Support
Ring, with a cross section of 7% " X 3", is constructed and welded (H2) to the upper
shroud shell in a manner similar to the separator support ring. The ring material has
a carbon content range of 0.063 - 0.064 wt%. The 6 ring segments were
fabricated from two heats of material. These welds are oriented such that the axial
residual stresses pull across the short transverse orientation (end grain} of the ring
material.

The central region of the shroud consists of the mid-shroud barrel, the core support
ring, and adjoining welds. The barrel is formed in the same manner as the upper
shroud shell, but consists of three cylindrical sections joined together at welds H4
and H5. Carbon contents range from 0.048 - 0.064 wt%. The mid-shroud barrel is
welded to the upper shroud assembly at H3, which consists of a Single-J prep weld
from the inside, with a back gouge and a fillet reinforcement on the outside. It is
welded to the core support ring at H6a, which is a Double-J prep weld with a fillet
reinforcement on the inside. The core support ring is similar to the separator and
top guide support rings, and has a carbon content range of 0.063 - 0.067 wt%.
The 6 ring segments were fabricated from 2 heats of material.

The lower region of the shroud censists of the lower shell course, shroud support
ring, jet pump diffuser ring, and associated welds. The lower shell course is formed
from (3) 1%" thick plates welded together using Double-U prep welds to form a
conical section. Carbon contents range from 0.053 - 0.058 wt%. It is joined to the
core support ring at weld H6b, which is stmilar to H6a. The shroud support ring,
which transfers the shroud weight and other loads to the reactor vessel, is 2" thick
inconel Alloy 600. The lower shell course is joined to the shroud support ring using
a bimetallic Single Bevel prep weld with a backing ring on the outside (H7). The jet
pump diffuser ring is also made of Inconel Alloy 600, and is joined to the shroud
support ring at H8, and to the reactor vessel wall at H3. H8 and H9 are Double-J
prep welds with fillet reinforcements.

Refer to Table 1 and Figure 6 for shroud weld and materials details.
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TABLE 1 - SHROUD WELD DETAILS

COMPONENT DESCRIPTION | PIECE NUMBERS MATERIAL COMMENTS
- and WELD NUMBER an” WELD PREP | and CARBON WT% : o
UPPER SHROUD
SEPARATOR SUPPORT Piece 5° 304 SS SSR assembled from six plate
RING (SSR) 0.078 wt% segments, welded with 308 SS
Double-U welds
WELD H1 Double-J; ¥ 308 S8 ID welded first, OD back-
Fillet on ID chipped, then welded
UPPER SHROUD Piece 1* 304 S8 Assembled from 2 rolled plates,
SHELL COURSE 0.049 - 0.060 wt% welded together by 308 SS
Double-U welds V1 and V2
WELD H2 Double-J; 308 SS ID welded first, OD back-
i Fillet on ID chipped, then welded
TOP GUIDE Piece 6* 304 SS TGSR assembled from six plate
SUPPORT KING 0.063 - 0.064 wt% | segments, welded with 308 SS
(TGSR) Double- U welds
WELD H3 Single-J on ID; 308 sS ID welded first, OD back-
Fillet on OD chipped, then welded
MID-SHROUD BARREL
MID-SHROUD 1 Piece 2°* 304 SS Assembled from 2 rolled plates,
TOP SHELL COURSE . (Upper) 0.056 wt% welded together by 308 SS
J Double-U weids V3 and V4
WELD H4 Double-J 308 SS One of last two welds made to
q_ = assemble shroud.
MID-SHROUD Piece 3* 304 SS Assembled from 2 rolled plates,
MIDDLE SHELL COURSE | 0.050 - 0.064 wt% welded together by 308 SS
| Double-U weids V5 and V6
WELD H5 Double-J 308 SS One of last two welds made to
assembie shroud.
MID-SHROUD ! Piece 2°* 304 SS Assembled from 2 rolled plates,
LOWER SHELL COURSE | (lower) 0.048 - 0.058 wt% welded together by 308 SS
Double-U welds V7 and V8
WELD Hba Double-J; 308 S8
Fillet on ID

* Sun Shipbuilding & Dry Dock Fabrication piece reference numbers.
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TABLE 1 - SHROUD WELD DETAILS

; Z
| COMPONENT DESCRIPTION

| PIECE NUMBERS MATERIAL
j end WELD NUMBER and WELD PREP | and CARBON WT%
i CORE SUPPORT RING Piece 7° 304 SS CSR assembled from six plate
| (CSR) 0.063 - 0.067 wt% | segments, weided with 308 SS
! Double-U weids
| WELD H6b Double Bevel; 308 SS
Fillet on ID
LOWER SHROUD
LOWER SHROUD Piece 4°¢ 304 SS Assembled from 3 rolied plates,

TAPERED SHELL COURSE 0.053 - 0.058 v+ % welded together by Double-U
weids V9, V10, V11
WELD H? Single Bevel on Alloy 82 root Gas Tungsten Arc Welded
ID; Fillet Welded (GTAW) Root; Shielded Metal
Backing Ring Alloy 182 filler Arc Welded (SMAW) Fili
on OD
SHROUD SUPPORT RING N/A Alloy 600 Piate thickness is 2.0".
(SSR)
WELD H8 Double-J Alloy 82 root GTAW root.
with Fillets SMAW fill.
Alloy 182 filler
JET PUMP N/A Alloy 600 Plate thickness is 2.5".
DIFFUSER RING _
| WELD H9 Double-J Alloy 82 root GTAW root.
I (attaches Jet Pump { with Fillets SMAW fill.
I Diffuser Ring to Reactor Alicy 182 filler
|

esul)

- —

* Sun Shipbuilding & Dry Dock Fabrication piece reference numbers.

SHROUD FABRICATION AND INSTALLATION

The core shroud was designed by General Electric and fabricated by Sun Shipbuilding
& Dry Dock Company from January 1970 to November 1971. The core shroud was
installed in February 1974, with fit-up and welding provided by Brown & Root. CP&L
has performed a detailed review of the fabrication and installation records (Reference

1).

No significant fabrication or installation details were discovered that would

indicate any material conditions unique from standard practice at the time of
fabrication and installation.
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The weld material was 308 SS for circumferential welds H1 , H2, H3, H4, H5, H6a,
and HBb and vertical welds V1 - V11 and the Submerged Arc Welding (SAW) and/or
Shielded Metal Arc Welding (SMAW) processes were used. Welds H7, H8, and H9
were made using Inconel 82 and Inconel 182 filler materials and the Gas Tungsten
Arc Welding (GTAW) and SMAW methods.

CAUSAL FACTORS

The factors that affect IGSCC and their relation to the core shroud are detailed in EER
93-0536, Revision 1 (Reference 3). This evaluation considered water chemistry,
shroud materials and fabrication technigues, and critical hours of operation. Cracking
histories of other components were also considered.

INSPECTION RESULTS

Inspections of various components within the reactor are routinely performed each
refueling outage in accordance with the requirements of ASME Code Section Xl,
vendor recommendations, and the plant In-Service Inspection (ISI) Program.

RFO B109R1 o

The inspection plan for RFO B109R1 was based on the experience and observations
from other BWRs and the current understanding of the causal factors contributing to
the cracking. Accordingly, the initial inspection plan provided extensive inspections
for the regions where the most cracking had been observed (above the core plate
(H1-H5) where neutron fluence and the oxidizing environment are most prominent),
and sampled the regions where little or no cracking was present (below the core plate
(HB-H9) and vertical welds). Evaluation and screening was performed in accordance
with GENE-523-123.0993, Revision 2, "Evaluation and Screening Criteria for the
Brunswick 1 Shroud Indications," dated 11/93 (Reference 5). Visual examinations
involved cleaning the weld areas to remove surface film which might hinder detection
of very tight indications. The distance to the shroud surface for visual examinations
was established to discern a 1 mil wire (0.001 inch diameter) in order to ensure
detection of tight cracks.
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Revision 1

Table 2 provides a summary account of the inspection findings. Reference 8 |
contains the specific Inservice Inspection results.

TABLE 2 - UNIT 1 RFO B109R1 DETAILED INSPECTION RESUL

H1

VISUAL INSPECTIONS:

UT INSPECTIONS:

100% of OD and ID surfaces were inspected. The cracks are long but
not continuous. Primary orientation is circumferential, located on the
0D, mainly below the bolting lugs in the Separator Support Ring.
Approximately 268° of the circumference (74 %) has cracking. No
consistent cracking pattern exists, except for some branching
associated with attachment welds. Cracks have been found only on
the outer surface.

Measurements made at 8 locations. Depths range from < 0.3" to
B gt

H2

VISUAL INSPECTIONS:

UT INSPECTIONS:

100% of OD was inspected. 1D is not accessible. The cracks in the
Top Guide Support Ring are long but not continuous. Approximately
224° is cracked on the OD (62%). The cracks above the weld are
small.

Measurements made at 4 locations. Depths range from <0.3" to
0.75".

.-

H3

VISUAL INSPECTIONS:

UT INSPECTIONS:

100% of OD and ID surfaces were examined. The crack is 360°
around the inside of the Top Guide Support Ring, except for gaps at
some of the Top Guide Support Ring's radial welds and some of the
eccentric aligner plate weids. The crack opening is more pronounced
than for other cracks. The crack is approximately 1/16" from the toe
of the weld.

Measurements made at 11 locations. Depths range from 0.95" to
1.71",

H4

VISUAL INSPECTIONS:

UT INSPECTIONS:

100% of the ID and 45% of the OD were examined. Jet pumps
prevented access to the remaining OD areas. Cracks are axially
oriented (vertical). Cracks are located on both the 0D and ID. Most of
the cracks on the OD are located below the weld, while cracks on the
ID are above the weld, Cracking is concentrated at horizontal and
vertical weld intersections. The longest crack extends less than 5"
from the toe of the weld. Plates P3 and P4 exhibited a uniform
distribution of axial cracking on the inside surface.

None performed.
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TABLE 2 - UNIT 1 RFO B109R1 DETAILED INSPECTION RESULTS

H5 VISUAL INSPECTIONS: 100% of the ID and 45% of the OD were examined. 5 of the cracks
on the OD are circumferential, extending from 0.5" to 3" in length.
The remaining cracks are axial, extending less than 9" from the toe of
the weld. Long circumferential cracks (the longest ‘s approximately
42.57) and short axial cracks (less than 4.5") appear on the inside
surface.

UT INSPECTIONS: Baseline depth measurements taken in 2 locations to benchmark future
inspections. Depth ranged from < 0.3" to 0.6".

H6a VISUAL INSPECTIONS: 45% of the OD was examined, ID is not readily accessible. Only a few
axial indications were found on the OD. The indications extend less
and than 3" from the toe of the weld.

HEb UT INSPECTIONS: None performed.

H7 VISUAL INSPECTIONS: 17% of the OD was examined, ID is not readily accessible. No
indications identified.

UT INSPECTIONS: None performed.

HB VISUAL INSPECTIONS: 17% of the OD was examined from the top side of the weld. 1D and
bottom are not readily accessible. No indications identified.

UT INSPECTIONS: None performed

H9 VISUAL INSPECTIONS: 17% of the circumference was examined from the top side of the
weld. Bottom is not readily accessible. No indications identified.

UT INSPECTIONS: None performed.

V1-V11 | VISUAL INSPECTIONS: 100% of either the inside or outside surfaces of each vertical weld
was examined. Additionally, the accessibie portions of the other side
were inspected. No indications were found on any vertical welds.

UT INSPECTIONS: None performed.

PLATES |VISUAL INSPECTIONS: All accessible areas of the ID and OD were inspected. One indication
was found on the inside of Plate 6, at mid-plate, between welds Hé4
and H5. The mid-plate indication is oriented approximately 20° from
horizontal, and is about 6.0" long. No other plate indications were
found.

UT INSPECTIONS: None performed.
m
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TABLE 2 - UNIT 1 RFO B109R1 DETAILED INSPECTION RESULTS

ATTACH-
MENTS

and

COMPON.-
ENTS

VISUAL INSPECTIONS: Additional inspections performed include:

UT INSPECTIONS:

INDICATIONS

Top Guide Eccentric Pin and Brackets (4 locations)
Shroud Head Bolts (36 bolts)

Shroud Head Bolt Lugs (36 pairs on the Head and
Shroud)

Shroud Guide Rod Bracket (0° and 180° azimuths)
Shroud Head Guide Pin Bracket (0° and 180° azimuth)
Manway Access Covers (0° and 180° azimuths)
Separator Support Ring Segment Welds (6 welds)
Top Guide Wedges (24 locations)

Top Guide Bolting (80 bolts around the periphery)
Top Guide Hold-Down Latches (4 locations)

Top Guide Support Ring Segment Welds (6§ welds)

1 Eccentric Aligner Pin (180° iocation)

5 Shroud Head Bolt Lugs (6 indications total in weld
material)

1 indication bottom of the Top Guide (running from a
bolt hole to a dowe! pin hole at the 180° location),

UT inspections were performed on the Manway Access Covers
and no indications were noted. 9 Shroud Heed Bolts were
inspected and 7 found to be cracked.
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RFO B110R1

The inspection plan was revised to exclude H2 and H3 since a qualified structural
repair was performed during RFO B109R1. The plan was also modified to take
advantage of weld specific analyses that had been performed - RAM-94-092/SIR-84-
028, "Addendum to the Brunswick Unit 1 Screening Criteria” dated 4/6/94 (Reference
6); and RAM-84-099/SIR-94-031, "Minimum Required Unflawed Core Shroud Materiai
at Brunswick, Units 1 and 2", dated 4/11/94 (Reference 7). Analysis indicated that
the allowable length for an axial flaw exceeded the width of any of the plate material,
so inspection of vertical welds was eliminated. |

The inspection scope was structured to meet the intent of NRC Generic Letter 94-03,
and focuses on three objectives:

1) Re-examination of selected areas to determine crack growth,

2) Examination of some of the installed clamps (spanning H2 and H3) to verify no
inservice degradation, and

3) Utilization of specifically developed tooling to examine accessible portions of
certain welds that could not be fully examined during RFO B109R1. |

A sumrnary of the inspection plan is presented in Table 3, below.

VISUAL INSPECTIONS:

UT INSPECTIONS: Inspect four of eig’it areas previously UT'd in RFO B109R1.
Inspections to be performed from the OD.

H2 No inspections scheduled. Clamps installed during RFO B109R1.

No inspections scheduled. Clamps installed during RFO B109R1.
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INSPECTION METHOD AND SCOPE

H4 inspection not scheduied. No circumferential indications were identified during RFO B109R1
inspections, so sufficient structural margins exist. Any anticipated growth of axial indications
would not impact structural margins. Results of HS inspections wiil be considered since H4
and H5 are similar welds.

HE VISUAL INSPECTIONS: Inspection of “punchmarked cracks” for length on ID.

UT INSPECTIONS: Reinspection of two (2) areas inspected during RFO B109R1 to
determine crack growth.

H6a VISUAL INSPECTIONS: None scheduled.
and
HEbL UT INSPECTIONS: Inspect three (3) accessible areas between jet pumps.

Inspections to be performed from the OD to look for ID-
connected cracking.

H7 No inspections scheduled. Inspection tools/techniques being developed by BWRVIP,

H8 No inspections scheduled. Inspection tools/techniques being developed by BWRVIP,

e

H9 VISUAL INSPECTIONS: None scheduled.
UT INSPECTIONS: 100% of circumference scheduled.
V1-V11 | VISUAL INSPECTIONS: None scheduled. The allowable axial flaw size determined by

References 6 and 7 is greater than the widest plate.
Therefore, the vertical flaws are bounded by analysis.

UT INSPECTIONS: None scheduled.
Shroud
Support | No inspections scheduled. Inspection tools/techniques being developed by BWRVIP,
Legs
Repair VISUAL INSPECTIONS: Inspect two (2) clamps for general appearance, missing parts,
Clamps and integrity of tack welds.

UT INSPECTIONS: Not Applicable
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Revision 2

Table 4 provides a summary of the RFO B110R1 inspection findings. Reference 12
contains the detailed inservice Inspection results.

' TABLE 4 - UNIT 1 RFO B110R1 DETAILED INSPECTION RESULTS

VISUAL INSPECTIONS:

UT INSPECTIONS:

RESULTS

None performed.

Four (4) areas were examined: between Shroud Head Bolt Lug Sets
3-4; 14-15; 26-27; and 33-34. A totai of eight (8) OD surface :
connected planar flaws were detected and maximum observed depth
was 0.728". One ID surface connected planar flaw was detected

and maximum observed depth was 0.354". Compared to previous
sizing data, it was concluded that no change in size occurred during
Fuel Cycle #9.

H5

VISUAI INSPECTIONS:

UT INSPECTIONS:

“Punch marked cracks” on ID were inspected for length. No changes |
from RFO B10SR1 were noted (i.e. no crack growth).

Two (2) areas inspected during RFO B109R1 were reinspected to
determine crack growth. The examination was performed from the
inside surface and from below the weld. Compared to previous
sizing data, it was concluded that no change in size occurred during
Fuel Cycle #9.

H6a

VISUAL INSPECTIONS:

UT INSPECTIONS:

None performed.

Three (3) areas were examined: between the Jet Pumps @ 75.5°
azimuth; @ 225.5° azimuth; and @ 315.5° azimuth. A total of two
(2) planar flaw type indications were detected, however only one
was determined to be surface connected. The maximum observed
depth of the ID connected indication was 0.354".

H6b

VISUAL INSPECTIONS:

UT INSPECTIONS:

None performed.

Three (3) areas were examined: between the Jet Pumps @ 75.5°
azimuth; @ 225.5° azimuth; and @ 315.5° azimuth. A total of
three (3) planar flaw type indications were detected, however only
two were determined to be surface connected (both were ID surface
connected). The maximum observed depth of the ID connected
indications was 0.551",

H9

VISUAL INSPECTIONS:

UT INSPECTIONS:

None performed

100% of circumference was inspected from the RPV OD. No
indications were detected.

Repair
Clamps

VISUAL INSPECTIONS:

SEES e e S e e

Inspection of two (2) clamps for general appearance, missing parts,
and integrity of tack welds was satisfactory.
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ANALYSIS

The RFO B110R1 indications were evaluated by one of the following methods:

1) Comparison of crack depth and length data with conditions assumed in
previous analyses (References 14 and 15).

2) Analysis for structural significance by screening indications in accordance with
Reference 5, as supplemented by References 6 and 7.

3) Performing weld-specific structural analysis 10 determine the aliowable crack
size in accordance with Reference 13.

The screening process (method 2) includes several conservatisms, such as assuming
that all cracks are through-wail. It then provides a bounding crack length for initial
screening. Cumulative effective crack lengths which are smaller than the bounding
crack length are not a structural concern and are considered acceptable.

Flawed welds can be specifically analyzed (method 3) by the “BWR Core Shroud
Distributed Ligament Length (DLL) Computer Program” (Reference 13.) This program
was prepared for the BWRVIP Assessment Subcommittee by GE to evaluate the
structural margins for a given set of flaw configurations in the shroud for both the
upset and faulted loading conditions. H6b was evaluated using the DLL analysis
method since inspection coverage did not aliow application of the (method 2)
screening criteria.

-
-

The H6b analysis bounds the HBa condition since: (1) the applied stresses are higher
at HBb than at H6a and (2) tha maximum recorded flaw depth is greater at H6b than
at H6a. Analysis conservatively assumed a 360° flaw with the maximum recorded
flaw depth and a crack growth rate of 0.1" per cycle through the next three fuel
cycies. (Attachment C provides a surnmary of loads at each horizontal weld location
and was used in conjunction with Reference 13.) The C.1" per cycle growth rate was
established by UT equipment uncertainties, as described in Attachment E, and is
considered conservative based on comparison of B110R1 inspection results to
B109R1 inspection results. Attachment A presents the results of the HEb analysis.
The analysis results are summarized in Table 6.

Table 5 provides a summary of the analysis results for each weld joint.
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TABLE 5- UNIT 1 ANALYSIS AND RESULTS SUMMARY

¥ : e = AND B

H1 Four (4) areas were examined that had been previously examined in RFO B109R1, A

total of nine planar flaw type indications were detected.

1) Comparison to RFO B109R1 data is shown in Attachment D, along with
postulated crack depths at the end of two additional fuel cycles (RFO
B112R1) and a bounding curve from Reference 15. The postulated extent of
cracking in RFO B112R1 is fully bounded by Reference 15, except for the

two indications listed below, which were not addressed by the analysis.

2) Indication #2 between lugs 26 and 27 was not previously reported by GE in
the RFO B109R1 report, however a review periormed by GE (Reference 10)
demonstrates that the same indication was located in RFO B109R1.
Connection to the OD surface was indeterminate by GE since a 45° shear

wave transducer was not used on the lower side of H1.

3) Indication #1 between lugs 3 and 4 was not previously reported by GE in the
RFO B10SR1 report, however a review (Reference 16) demonstrates that the
same indication was located in RFO B109R1, but was interpreted as
geometry.

4) Reference 15 does not specifically evaluate the two indications above. The
indications are both below the H1 weld and therefore the depth of the H1
reinforcement fillet weld leg cannot be added to the remaining ligament for
structural evaluation. However, the remaining net section area evaluated in
Reference 15 is less than that projected for the section immediately below
the H1 weld at the end of the next two fuel cycles. Therefore, the Reference
15 evaluation fully bounds the identified condition belcw the H1 weld. A

detailed discussion is included in Attachment E.
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TABLE 5- UNIT 1 ANALYSIS AND RESULTS SUMMARY.

: : ANA wia ANL) H S

HS Two (2) areas inspected during RFO B102R1 were reinspected to determine crack

growth. Cracking below the weld in the 169° and 274° areas was detected by VT

and sized by UT during RFO B109R1.

1) The RFO B110R1 UT inspections revealed no changes in crack depth or
length, as depicted in Attachmen: D, and therefore the condition of HS is
fully bounded by previous analysis.

2) A deviation in reported flaw locations from RFO B109R1 (GE) and RFO
B110R1 (Siemens) was evaluated by GE and concluded to be a reporting
error in the B10O9R1 report. Appropriate correction demonstrates close
correlation between B109R1 and B110R1 results.

H6e Three (3) areas were examined: between the Jet Pumps @ 75.5° azimuth; @ 225.5*

azimuth; and @ 315.5° azimuth. A total of two (2) planar flaw type indications were

and detected in H6a and three (3) in H6b.

Héb 1) A structural integrity analysis of the core shroud was performed for both the

upset and the faulted loading conditions and is included as Attachment A,
HEb was analyzed as the limiting case since the applied stresses are higher at
HBb than at H6a. The results-of the Attachment A analyses are summarized
in Tabie 6.

2) The analyses conciude that the core shroud is structurally adequate for
continued operation during Fuel Cycles 10 and 11,

HS UT examination of 100% of the circumference identified no reportable indications.
Repair Inspection of two (2) clamps (spanning H2 and H3) for general appearance, missing
Clamps parts, and integrity of tack welds was satisfactory.

Lsnpyorers sy 4
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TABLE 6 .
HBB SareTy FACTORS FOR WALL THICKNESS
Using NRC CRAcK GROWTH VALUES
(1) Required {2) (3) REMAINING SAFETY
Loaping Safety WELD CraCK GROWTH | ASSUMED WALL Factor
ConpiTioN Factor DESIGNATION ALLOWANCE FLaw Size THICKNESS
{in.) {in.) {in.)
NormaL/Upser | 2.77 Hé6b 0.6 0.551 0.34% 5.71 l
FauLTED 1.39 H6b 0.6 0.551 0.349 3.53
HEB SAFETY FACTORS FOR WALL THICKNESS
Using BNP U1 Calculatep Crack GROWTH VALUES
(1) Required (4) {3) REMAINING SAFETY
LoADING Safety WELD Crack GROWTH | ASSUMED WaLL FacTor
ConoiTion Factor DESIGNATION ALLOWANCE FLaw Size THICKNESS
{in.) (in.) (in.)
NoRMAL/UPSET | 2.77 H6b 0.1 0.551 0.849 13.72
{1 cycle!
FAULTED 1.39 H6b 0.1 0.551 0.849 8.31
(1 c;'ae)
NorRmAL/UPSET | 2.77 H6b 0.3 0.551 0.649 10.52
(3 cycles)
FauLTep 1.39 H6b 0.3 0.551 0.649 6.39
(3 cycles)
S
(1) Includes Power Uprate pressures and asymmetric loading for the shroud.
(2) NRC mandated allowance of 5x10® in/hr for one cycle of operation = 0.6"/cycle for BNP.
(3) Flaw size used is maximum observed crack depth for the HEb weld and is assumed 360° thru-wall.
4) The crack growth used for BNP U1 is 0.1%/cycle and is based on the results of the H1 weld

inspections.
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SUMMARY

The BNP-1 Refueling Outage (RFO) B110R1 Core Shroud inspections are complete
and evaluated in this ESR. Core shroud relevant indications from the RFO B110R1
inspections have been evaluated by methods 1, 2 or 3 as presented in the previous
section and have been judged to be acceptable for continued operation of BNP-1 for
iwo cycles of operation.

This ESR concludes that structural integrity of the core shroud will be maintained,
with full FSAR safety margins, for at least the next two operating cycles based on
analysis of the inspection resuits.

Crack growth experienced during Cycle 9 was substantially less than postulated by
previous analysis. The inspection results from B110R1 show that the existing
condition is essentially unchanged from the condition identified in B109R1.
Furthermore, the postulated crack lengths at the end of Cycle 11, based upon
B110R1 results, are fully bounded by previous analyses and will not reduce the
structural design margins below allowable values. Therefore, the cendition of the core
shroud does not impose any restrictions 1o BNP-1 operation during the next two
operating cycles. The BNP-1 Core Shroud is "acceptable as is” for Operating Cycles
10 and 11.

Future inspection plans will consider not only these inspection results, but will also
consider continuing developments in the industry, to ensure utilization of the best
information and technology to address the issue.
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15. GE Report GENE-523-144-10983, “Analysis of Unit 1 Welds H1, H2, & H3 .
Revision 1, November, 1993
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DOCUMENT UPDATES

No document updates are required as a result of this ESR.

ESR ACTION ITEMS

No ESR action items are required as a result of this ESR. Future inspections and
reportings are governed by OPT-90.1.
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1 L
CORE SPRAY SPARGERS '

CORE SHROUD

REACTOR vESSEL

FIGURE 1 - Reactor Vessel Cross-Section Showing Reactor Internals
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FIGURE 3 - Roll-Out View of Inside Bhroud Surface
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H6B Weld Location:

Assumed Crack Growth = 0.6"/cycle: Upset
Load Case
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION:
10/07/94) DATE OF CURRENT ANALYSIS: 05/14/1995
SUMMARY OF INPUTS:
M
Angle increment = 1.0 deg. (COARSE)
Membrane Stress, Pm = 309. psi
Bending Stress, Pb = 2375. psi
Safety Factor, SF = 2.77
Mean Radius, Rm = 88.75 inches
Wall Thickness, t = 1.500 inches
Material = 304 SS
Stress Intensity, Sm = 16900. psi
Fluence = 1.9E+19 n/cm"2
(Thus, LEFM evaluation not applicable)
THETAl THETA2 THICKNESS
REGION [deg. ) [deg. ) [inches)
1 .0 360.0 .349
LIMIT LOAD RESULTS: o
Mm
ALPHA MOMENT Pb' SAFETY
[deg) [in-1bs) (psi) FACTOR RESULT
.0 5.569E+08 1500%5. 5.71 ACCEPTABLE
5.0 5.569E+08 15005. .71 ACCEPTABLE
10.0 S.569E+08 15005. 5.7 ACCEPTABLE
15.0 5.569E+08 15005. 5.7 ACCEPTABLE
20.0 5.569E+08 15005. $.71 ACCEPTABLE
25.0 5.569E+08 15005. $.71 ACCEPTABLE
30.0 5.569E+08 15005. $5.71 ACCEPTABLE
35.0 5.569E+08 15005. 5.71 ACCEPTABLE
40.0 5.569E+08 15005. 9.7 ACCEPTABLE
45.0 5.56%E+08 15005. $.71 ACCEPTABLE
56.0 5.569E+08 15005. 5.71 ACCEPTABLE
55.0 5.569E+08 15005. .71 ACCEPTABLE
60.0 S.569E+08 15005. 8,71 ACCEPTABLE
65.0 5S.569E+08 15005. 2,71 ACCEPTABLE
70.0 S5.569E+08 15005. 5.7 ACCEPTABLE
75.0 5.569E+08 15005. $.71 ACCEPTABLE
80.0 5.569E+08 15005. .71 ACCEPTABLE
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85.0

90.0

95.0
100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0
305.0
310.0
315.0
320.0

5.569E+08
5.5€69E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
S.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
S.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
S.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
5.569E+08
S5.569E+08

15005.
15008.
15005.
15005.
15005.
15005.
15005.
1500S.
1500S5.
15005.
15005.
1500S5.
1500s5.
15005.
15005,
15005.
15005.
15005.
15005.
15005.
15005.
15005.
15005.
15005.
15005.
150079,
15005.
15005.
15005.
15005.
15005.
15005.
15005.
15005,
15005.
15005.
150085.
15005.
15008.
15005.
15005.
15005.
15005.
15008.
15005.
15005.
15005.
15005.

5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
5.71
.71
5.71
5.71
5.71
5.71
5.71
5.71

71
5.71
5.71
5.71
5.71
5.71

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTAELE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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325.0 5.569E+08 15005. 5.71 ACCEPTABLE
330.0 5.569E+08 15005. 8.72 ACCEPTABLE
335.0 5.569E+08 15005. S5.71 ACCEPTABLE
340.0 5.569E+08 15005. 5.71 ACCEPTABLE
345.0 5.569E+08 15005. 5.7 ACCEPTABLE
350.0 5.569E+08 15008. 5.71 ACCEPTABLE
355.0 5.569E+08 15005. 5.71 ACCEPTABLE

ACCEPTABLE! MINIMUM SAFETY FACTOR = 5.71 AT 155.0 DEGREES.
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H6B Weld Location: Assumed Crack Growth = 0.6"/cycle: Faulted
Load Case
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION:
10/07/94)
DATE OF CURRENT ANALYSIS: 05/14/1995
SUMMARY OF INPUTS:
_-M
Angle increment = 1.0 deg. (COARSE)
Membrane Stress, Pm = 1099. psi
Bending Stress, Pb = 3423. psi
Safety Factor, SF = 1.39
Mean Radius, Rm = 88.75 inches
Wall Thickness, t = 1.500 inches
Material = 304 SS
Stress Intensity, Sm = 16900. psi
Fluence = 1.9E+19 n/cm”2
(Thus, LEFM evaluation not applicable)
THETA1 THETA2 THICKNESS
REGION [deg. ) (deg. ) [inches)
1 .0 360.0 . 349
LIMIT LOAD RESULTS:
*--...'.-m
ALPHA MOMENT Pb' SAFETY
[deg) (in-1bs) (psi] FACTOR RESULT
.0 5.513E+08 14854. 3.53 ACCEPTABLE
5.0 5.513E+08 14854. 3.53 ACCEPTABLE
10.0 5.513E+08 14854. 3.53 ACCEPTABLE
15.0 5.513E+08 14854. 3.53 ACCEPTABLE
20.0 5.513E+08 14854. 3.53 ACCEPTABLE
25.0 5.513E+08 14854. 3.53 ACCEPTABLE
30.0 5.513E+08 14854. 3.53 ACCEPTABLE
35.0 S.513E+08 14854. 3.53 ACCEPTABLE
40.0 5.513E+08 14854. 3.53 ACCEPTABLE
45.0 5.513E+08 14854. 3.53 ACCEPTABLE
50.0 5.513E+08 14854. 3.53 ACCEPTABLE
$5.0 5.513E+08 14854. 3.53 ACCEPTABLE
60.0 5.513E+08 14854. 3.53 ACCEPTABLE
65.0 5.513E+08 14854. 3.53 LCCEPTABLE
70.0 5.513E+08 14854. 3.%5) ACCEPTABLE
75.0 S.513E+08 14854. 3.53 ACCEPTABLE
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80C.0

85.0

90.0

95.0
100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
2585.0
260.0
265.0
270.¢0
275.0
280.0
285.0
290.0
295.0
300.0
305.0
310.0
315.0

5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
S.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+0C8
5.513E+08
S.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
S.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
S.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5S.513E+08
5.513E+08
5.513E+08
5.513E+08
S.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08
5.513E+08

14854,
14854.
14854.
14854 .
14854,
14854,
14854.
14854,
14854,
14854,
14854.
14854.
14854,
14854 .
14854.
14854.
14854.
14854,
14854,
14854,
14854,
14854,
14854,
14854,
14854,
14854
14854,
14854.
14854,
14854,
14854,
1485%-
14854,
14854,
14854,
14854,
14854,
14854,
14854,
14854,
14854,
14854,
14854.
14854.
14854,
14854,
14854 .
14854,

3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTARLE
ACCEPTABLE
ACCEPTAEBLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
F,CCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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320. «.513E+08 14854. 3.53 ACCEPTABLE
325. «S513E+08 14854. 3.53 ACCEPTABLE
330. «S513E+08 14854. 3.53 ACCEPTABLE
338. «S513E+08 14854. 3.53 ACCEPTABLE
340. «513E+08 14854. 3.53 ACCEPTABLE
345, .513E+08 14854, 3.53 ACCEPTABLE
350. S5.51JE+08 14854. 3.53 ACCEPTABLE
355. 5.513E+08 14854. 3.53 ACCEPTABLE

ACCEPTABLE! MINIMUM SAFETY FACTOR = 3.53 AT 155.0 DEGREES.
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H6B Weld Location:

of growth:

DLL: DISTRIBUTED L

10/07/94)

DATE OF CURRENT ANALYSIS: 05/14/1995

SUMMARY OF INPUTS:

Rttt T T —
Angle increment
Membrane Stress, Pm
Bending Stress, rb
Safety Factor, SF
Mean Radius, Rm
Wall Thickness, t

Material
Stress Intensity, Sm
Fluence

Assumed Crack Growth = 0.1"/cycle:
Remaining Wall Thickness = 0.849":

(Thus, LEFM evaluation not applicable)

25.0

THETA1
(deg. )

MOMENT
[in-1bs)
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09%
1.356E+09
1.356E+0%
1.3856E+09
1.356E+09
1.356E+09
1.356E+09
1.256E+09

1.0 deg. (COARSE)
309. psi
2375. psi
.77
88.75 inches
1.500 inches
304 SS
16800. psi
1.9E+1% n/cm”2
THETA2 THICKNESS
(deg. ] [inches)
360.0 . 849
Pb' SAFETY
(psi) FACTOR
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.73
36524. 13.72
36524. 13.72
36524. 13.72
36524. 13.72
36524. 132.72
36524. 13.72
36524. 13:73

IGAMENT LENGTH EVALUATION (REVISION:

RESULT

1 cycle
Upset Load Case

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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80.0

85.0

90.0

95.0
100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.C
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0
305.0
310.0
315.0

1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09%
1.356E+09
1.35€E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+0¢%
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09%
1.356E+0%
1.356E+09
1.356E+09%
1.356E+09
1.356E+09
1.356E+08
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09
1.356E+09

36524.
36524.
36524.
36524.
36524,
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524~
36524.
36524.
36524.
36524.
36524.
36524~
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.
36524.

13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72
13.72

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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320.0 1.356E+09 36524. 13.73 ACCEPTABLE
325.0 1.356E+09 36524. 13.72 ACCEPTABLE
330.0 1.356E+09 36524. 13.72 ACCEPTABLE
335.0 1.356E+09% 36524. 13.72 ACCEPTABLE
340.0 1.356E+09 36524. 13.72 ACCEPTABLE
345.0 1.356E+09 36524. 13.272 ACCEPTABLE
350.0 1.356E+09 36524. 13.72 ACCEPTABLE
355.0 1.356E+0% 36524. 13.73 ACCEPTABLE

ACCEPTABLE! MINIMUM SAFETY FACTOR = 13.72 AT .0 DEGREES.
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H6B Weld Location:

of grwoth: Remaining wall
DLL: DISTRIBUTED
10/07/94)

SUMMARY OF INPUTS:

M
Angle increment
Membrane Stress, Pm
Bending Stress, Pb
Safety Factor, SF
Mean Radius, Rm
Wall Thickness, t
Material
Stress Intensity, Sm
Fluence =

Assumed Crack Growth = 0.1"/cycle:

1 cycle

Thickness = 0.849": Faulted Load Case

LIGAMENT LENGTH EVALUATION (REVISION:
DATE OF CURRENT ANALYSIS:

05/14/1995

1.0
1099.
3423.

1.39
88.75
1.500

304 ss
16900.
1.9E+19

deg.

psi
psi

(COARSE)

inches
inches

psi
n/cm”2

(Thus, LEFM evaluation not applicable)

THETA1
REGION (deg. ]
1 .0

.-..—ﬂ-m-._
ALPHA MOMENT
(deg] [in-1bs)

.0 1.354E+09
5.0 1.354E+09
10.0 1.354E+08%
15.0 1.354E+09
20.0 1.354E+09
25.0 1.354E+09
30.0 1.354E+09
35.0 1.354E+409
40.0 1.354E+09
45.0 1.354E+09
50.0 1.354E+09
55.0 1.354E+09
60.0 1.354E+09
65.0 1.354E+09
70.0 1.354E+09
75.0 1.354E+409

THETA2 THICKNESS
(deg. ] [inches)
360.0 . 845
Pb' SAFETY
(psi) FACTOR RESULT
36468. 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468, 8.31 ACCEPTABLE
36468, 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
J6468. 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468, 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468, 8.31 ACCEPTABLE
36468. 8.31 ACCEPTABLE
36468, 8.31 ACCEPTABLE
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80.0

85.0

90.0

95.0
100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0
305.0
310.0
315.0

1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09%
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09
1.354E+09

36468.
16468.
16468.
36468,
36468,
36468.
36468.
16468,
36468.
36468.
36468.
36468.
36468.
36468,
36468.
36468.
36468.
36468.
36468.
36468.
36468.
36468.
36468.
36468.
36468,
36468
36468.
36468,
16468,
36468,
36468.
36468.
36468.
36468.
36468.
36468.
36468.
36468,
36468.
36468.
36468,
36468.
36468,
36468.
36468.
36468,
36468,
36468.

8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.21
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31
8.31

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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320.0 1.354E+09 36468. 8.31 ACCEPTABLE
325.0 1.354E+09 36468, 8.31 ACCEPTABLE
330.0 1.354E+09 36468. 8.31 ACCEPTABLE
335.0 1.354E+09 36468, 8.31 ACCEPTABLE
340.0 1.354E+09 36468, 8.31 ACCEPTABLE
345.0 1.354E+09 36468. 8.31 ACCEPTABLE
350.0 1.354E+09 36468, 8.31 ACCEPTARLE
355.0 1.354E+09 36468. 8.31 ACCEPTABLE

ACCEPTABLE! MINIMUM SAFETY FAéTOR - 8.31 AT 350.0 DEGREES.
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H6B Weld Location:

of growth:

DLL:
10/07/94)

DISTRIBUT

Assumed Crack
Remaining Wall Thickne

DATE OF CURRENT ANALYSIS: 05/14/1995

SUMMARY OF INPUTS:

M
Angle increment
Membrane Stress, Pm
Bending Stress, pb
Safety Factor, SF
Mean Radius, Rm
Wall Thickness, t

Material

Stress Intensity, sm

Fluence

(Thus, LEFM evaluation not

THETA1
(deg. )

LIMIT LOAD RESULTS:

—--...-.-.-—-
ALPHA MOMENT
[deg) (in-1bs)

.0 1.036E+09
5.0 1.036E+09
10.0 1.036E+09
15.0 1.036E+09
20.0 1.036E+09
25.0 1.036E+09
30.0 1.036E+09
35.0 1.C36E+09
40.0 1.036E+09
45.0 1.036E+09
50.0 1.036E+09
55.0 1.036E+09
60.0 1.036E+09
65.0 1.036E+09
70.0 1.036E+09
75.0 1.036E+09

Growth = 0.1"/cycle:
88 = 0.649":

1,0 deg. (COARSE)
309. psi
2375. psi
.77
88.75 inches
1.500 inches
304 sS
16900. psi
1.9E+19 n/cm”2
applicable)
THETA2 THICKNESS
[deg. ] [(inches)
360.0 649
Pb' SAFETY
(psi) FACTOR
27920. 10.52
27920. 10.52
27920. 10.852
27920 10.52
27920. 10.52
27920. 10.52
27%920. 10.52
27920. 10.52
27%920. 10.52
27920. 10.52
27920 10.52
27920. 10.52
27%920. 10.52
27920. 10.52
27920. 10.52
27920. 10.52

ED LIGAMENT LENGTH EVALUATION (REVISION:

RESULT

3 cycles
Upset Load Case

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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80.0

85.0

90.0

95.0
100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0
305.0
310.0
315.0

1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+0¢9
1.036E+09
1.036E+09
1.036E+09
1.036E+0°9
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09%
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09
1.036E+09

27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920°
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.
27920.

10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52
10.52

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTAELE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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320.0 1.036E+09 27920. 10.52 ACCEPTABLE
325.0 1.036E+09 27920. 10.52 ACCEPTABLE
330.0 1.036E+09 27920. 10.52 ACCEPTABLE
335.0 1.036E+09 27920. 10.52 ACCEPTABLE
340.0 1.036E+09 27920. 10.52 ACCEPTABLE
345.0 1.036E+09 27920. 10.52 ACCEPTABLE
350.0 1.036E+09 27920. 10.52 ACCEPTABLE
355.0 1.036E+09 27920. 10.52 ACCEPTABLE

ACCEPTABLE! MINIMUM SAFETY FACTOR = 10.52 AT 25.0 DEGREES.

~ -
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H6B Weld Location: Assumed Crack Growth = 0.1"/cycle: 3 cycles

of growth: Remaining Wall Thickness = 0.649": Faulted Load Case
DLL: DISTRIBUTED LIGAMENT LENGTH EVALUATION (REVISION:
10/07/94)
DATE OF CURRENT ANALYSIS: 05/14/1995
SUMMARY OF INPUTS:
M
Angle increment = 1.0 deg. (COARSE)
Membrane Stress, Pm = 1099. psi
Bending Stress, Pb = 3423, psi
Safety Factor, SF B 1.39
Mean Radius, Rnm = 88.75 inches
Wall Thickness, t B 1.500 inches
Material = 304 SS
Stress Intensity, Sm = 16900. psi
Fluence = 1.9E+19 n/cm"2
(Thus, LEFM evaluation not applicable)
THETA1 THETA2 THICKNESS
REGION [deg. ) (deg. ) (inches)
1 0 360.0 .649
LIMIT LOAD RESULTS:
m-.m
ALFPHA MOMENT Pb!' SAFETY
(deg) (in-1bs] (psd] FACTOR RESULT
.0 1.032E+09 27801. 6.39 ACCEPTABLE
$.0 1.032E+09 27801. 6.39 ACCEPTABLE
10.0 1.032E+09 27801. 6.39 ACCEPTABLE
15.0 1.032E+09 27801. 6.39 ACCEPTABLE
20.0 1.032E+09 27801. 6.39 ACCEPTABLE
25.0 1.032E+09 27801. 6.39 ACCEPTABLE
30.0 1.032E+09 27801. 6.39 ACCEPTABLE
35.0 1.032E+09 27801. 6.39 ACCEPTABLE
40.0 1.032E+09 27801. 6.39 ACCEPTABLE
45.0 1.032E+09 27801. 6.39 ACCEPTARLE
50.0 1.032E+09% 27801. 6.39 ACCEPTABLE
$5.0 1.032E+09 27801. 6.39 ACCEPTABLE
60.0 1.032E+09 27801. 6.39%9 ACCEPTABLE
65.0 1.032E+09 27801. 6.39 ACCEPTABLE
70.0 1.032E+09 27801. 6.39 ACCEPTABLE
785.0 1.032E+09 27801. 6.39 ACCEPTABLE
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80.0 1.032E+09 27801. 6.39 ACCEPTABLE
85.0 1.032E+09 27801. 6.39 ACCEPTABLE
90.0 1.032E+09 27801. 6.39 ACCEPTABLE
95.0 1.032E+09 27801. 6.39 ACCEPTABLE
100.0 1.032E+09 27801. 6.39 ACCEPTABLE
105.0 1.032E+09 27801. 6.392 ACCEPTABLE
110.0 1.032E+09 27801. 6.39 ACCEPTABLE
115.0 1.032E+09 27801. 6.39 ACCEPTABLE
120.0 1.032E+09% 27801. 6.39 ACCEPTABLE
125.0 1.032E+09 27801. 6.39 ACCEPTABLE
130.0 1.032E+09 27801. 6.39 ACCEPTABLE
135.0 1.032E+09 27801. 6.39 ACCEPTABLE
140.0 1.032E+09 27801. 6.39 ACCEPTABLE
145.0 1.032E+09 27801. 6.39 ACCEPTABLE
150.0 1.032E+09 27801. 6.39 ACCEPTABLE
155.0 1.032E+09 27801. 6.39 ACCEPTABLE
160.0 1.032E+09 27801. 6.39 ACCEPTABLE
165.0 1.032E+09 27801. 6.39 ACCEPTABLE
170.0 1.032E+09 27801. 6.39 ACCEPTABLE
175.0 1.032E+09 27801. 6.39 ACCEPTABLE
180.0 1.032E+09 27801. 6.39 ACCEPTABLE
185.0 1.032E+09 27801. 6.39 ACCEPTABLE
190.0 1.032E+09 27801. 6.39 ACCEPTLBLE
195.0 1.032E+09 27801. 6.39 ACCEPTABLE
200.0 1.032E+09 27801. 6.39 ACCEPTABLE
4 205.0 1.032E+09 27801. 6.39 ACCEPTABLE
210.0 1.032E+09 27801. 6.39 ACCEPTABLE
215.0 1.032E+09 27801. 6.39 ACCEPTABLE
220.0 1.032E+09 27801. 6.39 ACCEPTABLE
225.0 1.032E+09 27801. 6.39 ACCEPTABLE
E 230.0 1.032E+09 27801. 6.39 ACCEPTABLE
235.0 1.032E+09 27801. 6.39 ACCEPTABLE
240.0 1.032E+09 27801. 6.39 ACCEPTABLE
245.0 1.032E+09 27801. 6.39 ACCEPTABLE
250.0 1.032E+09 27801. 6.39 ACCEPTABLE
255.0 1.032E+09 27801. 6.39 ACCEPTABLE
260.0 1.032E+09 27801. 6.39 ACCEPTABLE
265.0 1.032E+09 27801. 6.39 ACCEPTABLE
270.0 1.032E+09 27801. 6.39 ACCEPTABLE
275.0 1.032E+09 27801. 6.39 ACCEPTABLE
280.0 1.032E+09 27801. 6.39 ACCEPTABLE
285.0 1.032E+09 27801. 6.39 ACCEPTABLE
290.0 1.032E+09 27801. 6.39 ACCEPTABLE
295.0 1.032E+09 27801. 6.39 ACCEPTABLE
300.0 1.032E+09 27801, 6.39 ACCEPTABLE
- 305.0 1.032E+09 27801. 6.39 ACCEPTAEBLE
310.0 1.032E+09 27801. 6.39 ACCEPTABLE

. 315.0 1.032E+09 27801. 6.39 ACCEPTABLE
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320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0

ACCEPTABLE!

1.032E+0¢%
1.032E+09
1.032E+09
1.032E+09
1.032E+08
1.032E+09
1.032E+09
1.032E+09

MINIMUM SAFETY FACTOR =

27801.
27801.
27801.
27801.
27801.
27801,
27801.
27801.

-

6.39
6.39
6.39
6.39
6.39
6.39
6.39
6.39

6.39 AT 25.0 DEGREES.

ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE
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ATTACHMENT A
CP&L SAFETY REVIEW PACKAGE

PART |: SAFETY ANALYSIS
{See instructions in Section 8.4.1)
(Attach additional sheets as necessary.)

DOCUMENT NO. SE 95-0134 REV. NO. _1_

DESCRIPTION OF CHANGE: Invessel Visual Inspection (IVVI) of selected Core Shroud
welds was performed per OPT-90.1 during the B110R1 outage. Additionally, Ultrasonic UT)
inspections were performed on selected welds. Inspections revealed minimal growth in
cracks which had been identified and analyzed during the previous Refueling Outage (RFO
B109R1). Relevant indications were identified in welds HGa and HED in areas that had not
been previously UT inspected.

ANALYSIS:  The reactor internals perform the following safety related design basis functions as
specified in the UFSAR:

1. Provide a flocdable volume in which the core can be adequately cooled in the event of
a breach in the nuclear system process harrier external to the reactor vessel.

s Limit deflections and deformation to assure that the control rods and the core standby
cooling systems can perform their safety functions during abnormal operational
transients and accidents. 5.

3 Assure that the safety design bases (1) and (2) above are satisfied s0 that the safe
shutdown cf the plant and removal of decay heat are not impaired.

Intergranular stress corrosion cracking (IGSCC) of the type and form experienced with recirculation
piping and related systems in Boiling Water Reactors (BWRs) is the cause of cracking. Crack extension
is possibly assisted by neutron fluencs and "oxide wedging” at certain locations. Susceptible mataerial
conditions, high residual stress from fabrication, and 6xXpusure to & strong oxidizing environment are
sufficient to produce the cracking observed. Because these factors sre not consistently present across
the shroud. the location and degree of cracking varies across the shroud.
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The core shroud must maintain a floodable volume sbove the two-thirds core height elevation. The
cracks are caused by intergranular stress corrosion cracking, and inherently are tight. Any through wall
cracks would result in negligible leakage into the downcomer region and the leakage would be
contained by the reactor pressure vessel. The Emergency Core Cooling systems provide sufficient
make-up and cooling capacity to ensure that the fuel will remain covered.

93-0536 was issued to assess Unit 1 shroud structural integrity after RFO B109+1 and to justify
continued operation for one cycle. The RFO B110R1 inspections are complete and ESR 85.00785
m«iuum»ltholndvdoonhocucungonthoum 1 shroud, and therefore serves as an update
to EER 93-0536, Revision 1. Structural integrity of the core shroud will be maintained, with full FSAR
safety margins, for a minimum of two operating cycles based on analysis of the inspections
performed.

The current inspection results show no significant changes in crack length or patterns, axcept for the
new indications identified by UT on welds H6a and H6b. A weld-specific structural analysis
(Attachment A to ESR 25-00765) wes performed for these indications in accordance with ASME
Section I, Appendix A Quidelines and results were acceptable.

Estimat.d crack lengths and patterns through the end of Fuel Cycle #11 {two fuel cycles from the time
of this evaluation) are fully bounded by the previous analyses (References 1, 2 and 3), based on
trending from inspection results and on conservative snalyses. Therefore, all conclusions reached in
the analyses remain valid for the next two fuel cycles. The Core Shroud cracks have been previously
addressed in a 10 CFR50.59 Safety Evaluation in EER 930536, Revision 1 (Reference 4). Since the
Safety Evaluation considered crack growth rates and end-of-cycle crack lengths, patterns, and
consequences postulated by the analyses, the Satety Evaluation fully bounds the current condition and
supports continued operation for the next two fuel cycles.

REFERENCES:

1) General Blectric Report # GE-NE-523-123-0993, Revision 2. Noveraber, 1993
2) Structural Integrity Report # RAM-94-092/SIR-94-029, April, 1994

3) Structural integrity Report # RAM-94-099/SIR-94-031, April, 1994

4) EER No. 93-0536 and associated 10 CFR50.59 Safety Evaluation, Revision 1
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10 CFR50.59 Program Manual Rev. 3

ATTACHMENT A
CP&L SAFETY REVIEW PACKAGE
PART li: ITEM CLASSIFICATION

DOCUMENT NO. ___SF-95.0134

Does this item represent:
a. A change to the facility as described in the SAFETY ANALYSIS
REPORT?

A change to the procedures as described in the SAFETY ANALYSIS
REPORT?

c. A test or experiment not described in the SAFETY ANALYSIS REPORT?

Does this item involve a change to the individual plant Operating License or to
its Technical Specifications?

Does this item require a revision to the FSAR?
Does this item involve a change to the Off-Site Dose Caiculation Manual?
Does this itern constitute 2 change to the Process Control Program?

Does this item invoive 8 major change to a Radwaste Treatment System?

Does this item involve a change to the Technical Specification Equipment List
(BSEP and SHNPP only)?

Does this item impact the NPDES Permit (all 3 sites) or constitute an
"unreviewed environmental question”™ (SHNPP Environmentai Plan, Section 3.1)
or @ "significant environmental impact” (BSEP)2.

Does this item involve a change to a previously accepted:

a. Quality Assurance Program

b, Security Plan (including Training, Qualification, and Contingency Plans)?

C Emergency Plan?

d. independent Spent Fuel Storage Installation license? (if "yes,” refer to
Section £.4.2, "Question 8, for special considerations. Complete Part
Vlin accordance with Section 8.4.6)

SEE SECTION 8.4.2 FOR INSTRUCTIONS FOR EACH "YES" ANSWER,
REFERENCES. List FSAR and Technical Specification references used to answer questions 1-9 above.

ldentity specific reference sections used for any "Yes" answer.

UESAR Sections 1.2.2 6§ 11 212 12392581, 3951, 583158331213 541, .7331358,
1231423 7413 8.3.4.2, and Chapter 15
Unit 1.T WM@WJ&-&WM
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ATTACHMENT 2

10 CFR50.59 Program Manual Rev. 3

PART Ill: UNREVIEWED SAFETY QUESTION DETERMINATION SCREEN

DOCUMENT NO. SE 95-0134 REV. NO. 1
Yes No
1. Is this change fully addressed by another completed [X] 1]
UNREVIEWED SAFETY QUESTION determination? (See
Sections 7.2.1, 7.2.2.5, and 7.9.1.1)
REFERENCE DOCUMENT: EER No. 93-0536 REV. NO. _1_
Yes No
2. For procedures, is the change & non-intent change
which anly (check all that appiy): (See Section 7.2.2.3) [NA] [NA)

] Corrects typographical errors which do not alter
the meaning or intent of the procedure; or,

{ Adds or revises steps for clarification (provided
they are consistent with the original purpose or
applicability of the procedure): or,
(] Changes the title of an organizationial position; or,
{] Changes names, addresses, or telephone numbers of persons: or,
[ Changes the designation of an item of equipment where the
equipment is the same as the original equipment or is an
authorized replacement; or, =

( Changes a specified tool or instrument to an equivalent
substitute; or,

(! Changes the format of a procedure without aitering the
meaning, intent, or content; or

{1l Deletes a part or all of 2 procedure, the deleted portions of
which are wholly covered by approved plant procedures?

NMamtomoucmoniorOucstionzinPAl‘l’mia'Yu.' then PART IV need not be completed.
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Referances: BWR Com Shroud Evaluation "Le s Definiion Guideline”, S1-4842, Rev. 0
Syrbole; C =Deed Leads This spreadsieat uses the absokite sum method for combdnation of stresses
B8 =Buowmncy Forces and mey need to be modified to accomodate plant specific requiremants
P =intemal Pressure Diffarerntial for tha combinsgon of loads and stresses.
Pn =Nomral Pressure
Pu =Upset Pressure
Pf =Faultad Prassurs
MSLOCA =Main Staam LOCA
RRLOCA =Rascwr Reciculaton LOCA
OBE =Opersting Basis € arthquake
SSE =Safe Shutdown E arthquaks
Fm =P dmary Membrane yesees ‘ :
Pb =Primary Bending Suekses :
inpute: 008635 g 10 Pei
0.1070 ¢ 11.8 Pei
0038 B./in"3 294 Pei
0290 B.Jjin"3 20 Pol
27317915 1n.°2 22.4 Py
80.000 Kips 32 Psi
0.185 K/in. 177
10.875 Ia.
74748184 In.72
Notse: 1. The shaded headings mpresent the design inputs used 1 caiculsts the stesses.
2. Maximum primery membrane and bending stresses are for use in Brit load calcuistions.
3. Hegative vakies for loads indicate that they act upward opposite gravity,
4. Negetive velues for strseses indicate tension.

SUMMARY OF LOADS AND STRESSES AT EACH HORIZONTAL WELD LOCATION - Brunswick Unit 1
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1 Shroud ‘ .’ i 1

$hrol'd 88| Shroud | Centerline 351 3 RR LOoCA

Shroud v 3 iq ! ayishr if {ﬁ![f‘p S b 7o Wail Section ! QA ERUR ESE ‘; x"} fi'ﬁi Moment

Weld PR ] St R gl g Bl | o h e 1;’14; Arae Modulue [SMme [ TEE] BM o me' ‘ Acoueilc

Designetien ERINSHE TN dJJm’ n m NeEIg]  Uin."2) fn.-31 [ w ,! hﬂul iL ‘ﬂe&m{b fin-Kipe!

(LTEL¥E 34,75 T >¢ SAF 04 2 0I0F «Oa - af ¥ OF £

H2Z 2568983 e 3.250 B85.929 B4E 404 P B30E 04 .«oa 04 JMIE 402 | 8.03% 02

H3 353.963 1 7.250 B29.380 3. 8S0E 04 R.630F 04 3 480F ©4 4.290€ ©2 | 8.508F ©2

He 317.583 58, B7.250 B29.3R0 1.E650€ ©4 P.E7TOE 04 B30E ©4 9.678E «©2 | 1.350F 03

HB 218.713 B B7.250 28.380 3.650E 404 B.620E 104 B B8OE 404 .596€ 03 4 541F 023

HEA 83713 : R7.250 P B29.380 3. 850E 404 7 .8S0F 04 JOBOE 08 7. 459E ©3 8.180F 03

Hea 79.463 BS. R4.000 d 798.750 3.385€ 04 B.040E ©4 D8Ok 05 7 860 ©3 8.390F 03

H? 27.400 , R3.500 ’ 081,858 B S70E 404 JAS0E 405 AJBE 04 9.251€ 03

487E 04

SUMMARY OF LOADS AND STRESSES AT EACH HORIZONTAL WELD LOCATION - Brunswick Unit 1

RN
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Designation [SENK is
1 = - — — —

H3
He
HS
H6A
H88
H?
HS8

Vertical Veartica! Eflactive
Buoyant OBE SSE Waight
Force Uplift Upiift O8E
Kipel Kips} {Kips!
5647 8.7 3 1348
1702 7.33 14.87
1845 7.95 16.80
1959 8.44 18688
2263 878 19.58
2383 10.27 2054
2854 1144 2288
2819 1218 2430
28.18 12.18 24.30

Eflective
Welight
SSE

Kips!

Heortizontsl
Bending
OBE
b
iPei]

Horizontel
Bending
SSE
Pk
1P si]

. B38.39]
830.91
84806

1339.80
2433.18
2904 48
319058
3008.71
3164

SUMMARY OF LOADS AND STRESSES AT EACH HORIZONTAL WELD LOCATION - Brunswick Unit 1

& -
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Shroud
Wald

seignation

Desd Loed
Straesan
Pm
iPell

Buoyency
Stressas
Pm
Pell

H1
H2
H3
Ha
HS
HEA
Hea
H7
He

142278
154753
178.170
190.263
220.405
231.498
267.688
213870
213870

Y7855
19.211
-22.242
-23.812
-27.381
-28.738
-33.228
-28.549
-26.543

Veartice!
OBE
Stincass
Pm

iPei) :

Verticai
SSE
Strecsase
Pm
Peil

Upeat &
Normel
Preszsure
Stresses
Pm

. Pl

-2.278

-9 588
-10.179
-11.792
-12.385
-14.320
~11.442
-11.442

~15.278
-16.559
1917
-20.358
-23.583
-24.770
-28.841
-22.884
-22.884

. -308.353
-228.377
329377
-329.377
-509.828
s29.1N
-398.053
-398.053

MS LOCA
Faulted
Prassure
Streseee
Pm
Psii

-808.553
-988.389
-988.369
-988,359
-1258.771
-1304.965
-981.820

-981.820

RRLOCA
Bending
Strensee
Blowdown
Phb
Peij

RRLOCA
Bending
Strsssas
Acoustic
Pe
Pelj

Combined

Stresess

D@ #®Pn
Pl

Combined
Stresses

D 48 Py +08E

Pel)
Compression

Combined
Etresses
D @ #Pu +0BE
Pei}
Tension

1.79€
9.22¢
11,755
26513
125922
204379
232182
333850
333850

20715
14503
17.833
38.988

124422
189.344
188.789
208.183
227411

-i72811
-172.449
-1862.734
-138.233
-306.888
2947
-210.732
-210.732

27700
450 434
£38.804
832.8%4
1665.803
1842 684
2088.156
1999811
2117830

BTADED
812,675
902.674
-1178.519
-1962.052
-2481.170
-2684.258
-2444.158
-2562.278

SUMMARY OF LOADS AND STRESSES AT EACH HORIZONTAL WEL

D LOCATION - Brunswick Unit 1
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Combined Combined Combined Combined
Combined Cembined Stregsnse Etresses Etresnes Stresses
Combined Combined Combined Stresces Btresses D B PISSED B F1465E D 48 WP14SSE D 4B P148SE
Strescesn Strecese Strecees D B 4PI4SSED B P1488E! RR LOCA RR LOCA RR LOCA RR LOCA
Shroud DBPI DB PnIESE (DB PnSSE| MsS LOCA MBS LOCA Biowdown Biowdown Acouriic Accustic
Weild M8 LOCA Pel] Pei) iPsif Pel) iPsl) Pel) Pell IP =i}
bo-l.n-ﬂou Pei] Comprension |° Tension ompression Tension Comprassion Teneion Compression Tension
H LR TR TSI - [ TASISEE IR /I BWHS
M2 T71077 841 538 -1020.275 43320 -1618.481 850.780 -1028 498 856.039 -1034.779
H3 811441 756.444 -1135.885 117.452 -1779.677 768,185 -1151.440 774.277 -1157. 518
Ha 801,728 1158803 -1522.987 S17.8%1 -2181.97¢ 1183318 -1548 500 1193.7%0 -1559.973
HE5 775328 2273.288 -2593.100 1834278 -3232.092 2399.190 -2719.022 2397.8%0 2717522
HEA -1054.010 2572838 -3236.114 1825.6%¢ -3983.257 2717.217 -3440 433 2742182 -3405 458
313: -1070.828 2867.205 -3513 948 2091.412 -4289.742 3093 2397 -3746.140 3055.99%5 -3702.737
H? -794.299 2776.090 -3242.321 2191.822 -3825.888 3108.940 -3576.172 2981.283 -3448 484
H8 794299 2931.09¢ -3398.328 2347 530 -3961.89% 3284347 -3732.179 3158.507 2625.739

SUMMARY OF LOADS AND STRESSES AT EACH HORIZONTAL WELD LOCATION - Brunswick Unit 1

—
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Combined Combkined Combined Combinad Combined Combined Comdined
Primary Primary Primary Primary Primary Primary Primary
Membrane Banding Membrane Beanding Membrans Bending Bending
Stresnes Strencen Stresses Etreenan Stresens Stresnes Streesas Emergency Emergency
Shroud Upeet Upeet Faulted MS Faulted Faulted RR Foulted Faulted 1 2
Weld D48 #uI0BEY 48 P18 8EY 1133 8 WPI4ESEVREER Chﬁmk.!h HAcoustic| D 48 #Pn4EEE |D B M5 LOCA
Designation Pelj el Pall Peil Pei] Pai} 1P ei]
Hi RLAR 2 —‘Lumt-—-rmu BEE - AL JET.
H2 -181.080] -830.91 -uuvol -840.13 -845 41 84154
H3 -182.03% -948.08 -191.620 85982 86590 756.44
He -172.913 -1339.90 -163.092 -1383.41 -1376.86 1156.80
HE -148.124 -2433.18 -168.918 -2558.11 -2557.61 22737
HBA ~318.253 -2904 .48 -331.838 <3108, -3073.82 257284 <1054 .01
HER -303.08§ -3190.58 32a.an -3422.77 -337%.37 88721 -1070.52
H7 -222.174 -2221.98 -817.182 -3008.71 -233.8'8 -334256 -3214.87 2775.08
HE «222.174 -2340.10 -817.183 +3184.7: -m.nai © -3498 58 -2392.12 293110

SUMMARY OF LOADS AND STRESSES AT EACH HORIZONTAL WELD LOCATION - Brunswick Unit 1
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DISCUSSION OF INDICATIONS BELOW WELD H1

BACKGROUND

The H1 weld was inspected by visual and ultrasonic methods during Refuel Outage
(RFO) B109R1, as summarized in Table 1 below.

VISUAL INSPECTIONS: 100% of OD and ID surfaces were inspected. The cracks are long but not
continuous. Primary orientation is circumferential, located on the 0D, mainly
below the bolting lugs in the Separator Support Ring. Approximately 268° .f

the circumference (74 %) contains cracks. No consistent cracking pattem
exists, except for some brenching associated with attachment welds.
have been found only on the outer surface.

Measuremer:ts were made at sight (8) locations. Depths ranged from < 0.3"
to 0.7°.

-

The H1 indications did not meet the preliminary screening criteria of Reference 1,
as documented by References 2 and 3. Therefore, specific analysis (Reference 4)
was performed by General Electric (GE) in accordance with ASME Section XI
(Reference 5) techniques for flawed austenitic stainless steel weldments. The
analysis considered postulated “end of cycle” (EQC) crack depths and assumed
360° crack length.

The analysis results demonstrated that the flawed H1 weld had sufficient
structural margin to justify continued operation of BNP-1. In fact, calculated
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safety factors were more than twenty (20) times the required safety factors. A
summary is shown in Table 2 below.

-~ During RFO B110R1, the H1 weld was UT examined in four areas ( 30°, 60°,
140° , and 260° ) that had been previousiy examined during RFO B109R1.
Table 3 provides a summary of the RFO B110R1 inspection findings.

Four (4) areas were examined: between Shroud Head Bolt Lug Sets
4; 14-15; 26-27; and 33-34. A tota! of eight (8) OD surface
connected planar flaws were detected and maximum observed depth
was 0.728". One ID surface connected planar flaw was detected
and maximum observed depth was 0.354".
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ANALYSIS

Four (4) areas were UT examined that had been previously examined in RFO
B109R1. A total of nine planar flaw type indications was detected.

Comparison to RFO B109R1 data is shown in Attachment D to ESR #95-00765,
along with postulated crack depths at the end of two additional fuel cycles (RFO
B112R1) and a bounding curve from Reference 4. The postulated extent of
cracking in RFO B112R1 is explicitly bounded by Reference 4, except for the two
indications listed below, which were not addressed by the analysis.

1) Indication #2 between lugs 26 and 27 was not previously reported by GE in
the RFO B109R1 report, however a review performed by GE (Reference 6)
demonstrates that the same indication was located in RFO B109R1. It was
not reported because its connection to the OD surface was indeterminate
since a 45° shear wave transducer was not used by GE on the lower side of
H1.

2) Indication #1 between lugs 3 and 4 is ID surface connected and was not
previously reported by GE in the RFOB109R1 report. However a review
(Reference 8) demonstrates that the same indication was located in RFO
B109R1, but was interpreted as geometry.

Reference 4 does not specifically evaluate the two indications described above.
The indications are both below the H1 weld and therefore the depth of the H1
reinforcement fillet weld leg cannot be added to the remaining ligament for

structural evaluation (i.e., the preservice section thickness must be considered to
be 1.50 inches in lieu of 2.25 inches).
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This analysis considers the cracks below weld H1 in the same terms as the
reference 4 analysis.

Average Flaw Depth

The average flaw depth was determined by summing the individual crack depth
measurements (for the flaws identified below H1) and dividing by the number of
measurements. UT data sheets (Reference 7) indicate that at least 710 millimeters
(mm) of circumference was examined during RFO B110R1 and data was recorded
at least every five (5) mm. Therefore, approximately 142 readings (710/5) were
taken. Of these, less trian 25 showed flaws below H1 and the total summed flaw
depth for these readings was less than 147 mm. Accordingly, the average flaw
depth for a postulated equivalent flaw extending around the entire shroud
circumference below H1 is less than 0.05 inches (147mm/142 readings = 1.04
mm < 0.05 inches).

.-

Elaw _Growth Rate

The B110R1 inspection data was compared with B109R1 data to determine actual
crack growth rates. Based on data comparison, and as shown graphically in
Attachment D to ESR #95-00765, crack growth is substantially less than
postulated in Reference 4.

Indication #2 between lugs 26 and 27 was not previously reported by GE in the
RFO B10SR1 report, however a review performed by GE (Reference 6)
demonstrates that the same indication was located in RFO B109R1 and showed an
approximate depth of 0.45". The RFO B110R1 UT data indicates a maximum
depth of 0.472". Thus, the observed crack growth during Fuel Cycle #9 was
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0.022". This is significantly less than the maximum equipment uncertainty of the
UT equipment used in RFO B103R1 and RFO B110R1 . @s shown in the following
chart:

REFUEL OUTAGE | SURFACE CONNECTION | EQUIPMENT UNCERTAINTY
B109R1 ID or OD 0.1"
B110R1 D 0.028"
B110R1 oD 0.011"

H1 crack growth can be conservatively bounded by equipment uncertainties and is
considered to be 0.1" per fuel cycle for the purposes of this evaluation.

Safety Factor Determination
Analysis of the surface connected flaws below H1 for the next two fuel cycles is
summarized in Table 4 below:

-




Carolina Power & Light Company

ESR # 95-00765

Brunswick Nuclear Plant Revision 2
ATTACHMENT E Page 6 of 6
SUMMARY

The remaining net section thickness area projected for the section immediately below

the H1 weld after the next two fuel cycles will be greater than that acceptably

evaluated in Reference 4 (Compare Table 4 to Table 2) Therefore, the Reference 4

evaluation fully bounds the identified condition below the H1 weld. The postulated
crack lengths at the end of Cycle 11 (RFO B112R1) will not reduce the structural

design margins below allowable values. Therefore, the evaluated condition does not

impose any restrictions to BNP-1 operation during the next two operating cycles.
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