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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20655-0001

November 28, 1995

Mr. Richard Ochs

Maryland Safe Energy Coalition
P.0. Box 33111

Baltimore, MD 21218

Dear Mr. Ochs:

In William 7. Russell’s letter of December 2, 1994, the NRC acknowledged
receipt of your press release of October 6, 1994, in which you requested that
the NRC (1) immediately shut down both reactors at Peach Bottom until the risk
of fire near electrical control cables due to combustible insulation is
corrected; (2) suspend the Peach Bottom license until an analysis of the
synergistic effects of cracks in multiple parts is conducted; (3) immediately
shut down both reactors at Peach Bottom until all safety class component parts
in both reactor vessels, including the cooling system, the heat transfer
system and the reactor core, are inspected; and (4) immediately shut down both
reactors at Peach Bottom pending correction of numerous equipment problems
identified in recent NRC inspection reports. In his letter, Mr. Russell
stated that your press release was being treated as a petition in accordance
with 10 CFR 2.206 of the NRC's regulations. In addition, Mr. Russell denied
your requests for immediate action and indicated that the issues raised in the
petition would be addressed within a reasonable time.

I am writing to update you on staff efforts to review your petition. In my
letter of June 20, 1995, | forwarded the licensee’s response to certzin staff
questions regarding Thermo-lag. The staff sent additional questions to PECO
by Tetter dated May 30, 1995 and PECO responded on August 2, 1995. PECO
provided additional information on November 6, 1995. The November 6, 1995
letter is included as Enclosure 1. The staff is reviewing the latest
information provided by PECO.

Ir my lTetter of September 15, 1995, I forwarded PECO’s June 16, 1995 letter
which described plans to inspect the Unit 3 core shroud during a refueling
outage which was scheduled for September 1995. PECO completed those planned
inspections as described in the enclosed November 3, 1995 letter from PECO to
;bcp::g (Enclosure 2). The staff is reviewing the latest information provided
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Mr. R. Ochs -2 -

Please feel free to contact me at (301) 415-1428, if you have any questions.
I will provide you with additional periodic updates while the staff prepares
its final response to your petition.

Sincerely,

/8/

Joseph W. Shea, Project Manager
Project Directorate 1-2

Division of Reactor Projects - 1/I1
Office of Nuclear Reactor Regulation

Enclosures: 1. Letter from G. Hunger, PECO, to
NRC, dated November 6, 1995

2. Letter from G. Hunger, PECO, to
NRC, dated November 3, 1995

cc w/o enclosures:

Mr. George A. Hunger, Jr.
Director-Licensing, MC 62A-1
PECO Energy Company

Nuclear Group Headguarters
Correspondence Control Desk
P.0. Box No. 195

Wayne, PA 19087-0195
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Mr. R. Ochs > ¥ w

Please feel free to contact me at (301) 415-1428, if you have any gquestions.
I will provide you with additional periodic updates while the staff prepares
its final response to your petition.

Sincergely,
ol?ifé\

Juseph W. Shea, Project Manager
Project Directorate I-2

Division of Reactor Projects - I/11
Office of Nuclear Reactor Regulation

Enclosures: 1. Letter from G. Hunger, PECO, to
NRC, dated November 6, 1995

2. Lletter from G. Hunger, PECO, to
NRC, dated November 3, 1995

cc w/o enclosures:
Mr. George A. Hunger, Jr.
Director-Licensing, MC 62A-1
PECO Energy Company

Nuclear Group Headquarters
Correspondence Control Desk
P.0. Box No. 195
Wayne, PA 19087-0195
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PECO ENERGY

Station Support Depastment

GL 9208
10 CFR 50.54(f)

PECO Energy Company
Nuclear Group Heacguasiers

965 Chesterbrook Bouievara
Wayne PA 19087 5691

U. 8. Nuciear Regulatory Commission
Attn: Docurnent Control Desk

Washington, DC 20555

Subject:

References:

Dear Sirs:

Peach Bottom Atomic Powar Station, Units 2 and 3,
Limerick Generating Station, Units 1 and 2,

Request for Additional Information Regarding
Generic Letter 9208, “Thermo-Lag 330-1 Fire Barriers"

1)

2)

3)

4)

5)

Letter from G. A. Hunger, Jr. to USNRC
Document Control Desk dated April 16, 1983

Letter from G. A. Hunger, Jr. to USNRC
Document Control Desk dated December 29, 1993

Letter from G. A. Hunger, Jr. to USNRC
Document Control Desk dated February 4. 1994

Letter from G. A. Hunger, Jr. to USNRC
Document Control Desk dated December 19, 1994

Letter from G. A. Hunger, Jr. 1o USNRC
Document Control Desk dated March 29, 1995

Letter from G. A. Hunger, Jr. to USNRC
Document Control Desk dated August 2, 1995

November 6, 1985

Docket Nos. 50-277
50-278
50-352
50-353

License Nos. DPR-44
DPR-58
NPF-39
NPF-85

The subject request for additional information (RAI) regarding Generic Letter (GL) 82-08,
“Thermo-Lag 330-1 Fire Barriers," dated May 30, 1995, requested that PECO Energy Company,
(PECO Energy), respond in a timely manner with additional information regarding Thermo-Lag
330-1 fire barrier systems. PECO Energy had previously responded on April 16, 1993 (reference

letter 1), December 29, 1993 (reference letter 2), February 4, 1994 (rcference letter 3), December

19, 1964 (reference letter 4), and March 29, 1995 (reference letter 5) to this GL. in addition,
PECO Energy responded (reference letter 6) that we were participating with numerous other
utilities in a chemical testing program coordinated by the Nuciear Energy institute (NE!). PECO

S i1-36368 3pp



November 6, 1995

Page 2

The program consisted of pyrolysis gas chromatography evaluation of 169 samples from the
participating utilities 1o assess organic composition, and enerQy dispersive x-ray spectroscopy of
33 samples to assess inorganic chemical composition. The sample population consisted of
materials manufactured between 1982 and 1995. On the basis of the above tests, the test
laborstory, NUCON International, Inc., concluded that all samples contalhed the constituents
identifiec by Thermal Sciences Inc., as essential 1o fire barrier performance. NUCON also
determined that the composition of the sample population was consistent. A copy of the
summary report from NUCON is to be provided to the NRC by NEI.

The PECO Energy samples were consistent with the other utllity samples. The summary pages
of the NUCON reports for PECO Energy samples are contained in Attachment 1. PECO Energy
believes that the high degree of chemical consistency adequately demonstrates thai the
materials installed at PBAPS and LGS are functionally equivalent to materials tested in the
industry fire endurance tests. The consistent chemical test results from the broad population of
Thermo-Lag represented also validates our position that 21 samples are sufficient. 'PECO
Energy does not plan to conduct any additional chemical composition testing.

If you have any questions please feel free to contact us.

Very truly yours,

G. A. Hunger, Jr.,
Director - Licensing

Attachment
T. Martin, Administrator, Region |, USNRC

T.
W. L Schmidt, USNRC Senior Resident Inspector, PBAPS
N. §. Perry, USNRC Senior Resident Inspector, LGS

cc:



COMMONWEALTH OF PENNSYLVANIA

COUNTY OF CHESTER

Drew B. Fetters, being first duly sworn, deposes and says:

mmuvmrmdrecosmwwummmmmmw
the Request for Additional Information regarding Generic Letter 82-08 for Peach Bottom Facility
Operating Licenses DPR-44 and DPR-56, and Limerick Facliity Operating Licenses NPF-39 and NPF .85,
and knows the contents thereof, and that the statements and matters set forth therein are true and

correct 1o the best of his knowledge, information and helief.

)

t

l Subscribed and sworn to
before me this 4*F—day

of “Noperber s,

Seal
i mem: Notary Public

""n.'t meme May 17 1000 '




H TELEPHONE (814) 846-5710

NUCON International, Inc. ..o syt
PO. BOX 29151 7000 HUNTLEY ROAD TELEX: 8974415

COLUMBUS, OHIO 43229 USA. FAX: (814) 4310858
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v PYROLYSIS GAS CHROMATOGRAPHY
-

ANALYSIS OF 21 THERMO-LAG

FIRE BARRIER SAMPLES

Performed For:

PECO Energy Company
2301 Market Street
P.O. Box 8699
Philadelphia, PA 19101-8699

F

P.0O. No. GN265985

28 June 1995

PECO: George J. Siefert (1)
NEI: Biff Bradley (1)

NUCON: 06PB847 Master File (1)
Lab (1)



4
£

()

NUCON 06PB847/01

NUCON International, Inc.

PO BOX 28151 7000 HUNTLEY ROAD
COLUMBUS, OHIO 43229 USA.

Original [ssue

TELEPHONE: (614) 846-5710

OUTSIDE OMIO: 1-800-992-5192
TELEX: 6974415

FAX: (614) 4310858

Reviewed By
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ABSTRACT

Inspection of the pyrograms of 21 Thermo-Lag fire barrier samples indicated that they are

- all similar in chemical composition.

OBJECTIVE

Pyrolysis Gas Chrom'nomhy (PGC) with Mass Selective Detection (MSD) was used to
qualitatively compare twenty-one Thermo-Lag fire barrier samples.

DESCRIPTION OF METHOD

The samples were compared by pyrolysis gas chromatography using ASTM D3452 as 2
general guide. A Hewlett-Packard model 5890 series I gas chromatograph equipped with
a Hewlett Packard model 5972 mass selective detector was usxd to generate
chromatograms of the pyrolysis products. Pyrolysis of the Thermo-Lag samples were
performed with a CDS pyroprobe mounted in an independently heated interface attached
to the injection port of the GC. Analysis involved weighing 1-3 mgs. of sample in a
quartz tube and placement of the tube in the platinum coil element of the probe. The
probe is then placed in the interface and pyrolysed ballistically for 2 seconds. Pyrolytic
products are then swept by the carrier gas onto the fused silica capillary column where
they are separated and detected with a MSD. Chromatographic and pyrolysis conditions
are shown in Table 1. Prior to each analysis, the column is heated to 250°C to elute any
volatiles which were not entrained in the polymer.

PRESENTATION OF RESULTS

The twenty-one pyrograms (total ion chromatograms) for each of the twenty-one Thermo-
Lag samples are shown in Odd numbered Figures 1-41. The extracted ion chromatograms
using the acrylate base ion m/e of 55 common to ethyl acrylate (EA) and m/e of 69
common to methyl methacrylate (MMA) for each sample are shown in even numbered
Figures 2-42. The sample name at the top of each figure is the NUCON Log # 1. D.
Samples 0495-5A-F for Peach Bottom and 0495-6A-0 for Limerick are further identified
in Table 2 along with their respective EA/MMA area ratios and sample densities. Each
set of figures is followed by a library search, which identifies some of the major peaks
from each sampie's pyrogram, and a summary area percent repoii.
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DISCUSSION OF RESULTS

The average extracted ion area ratio of EA/MMA of 1.30 £0.10 (+0) for the Peach

- Bottom samples, of 1.28 +0.05 (+0) for the Limerick Unit 2 sampies, of 1.28 +£0.06

(£ 0) for the Limerick Unit 1 samples, of 1.29 +0.07 (+0) for the Limerick Control
Building samples and of 1.29 +0.07 (+0) for all twenty-one samples is consistent with
average EA/MMA area ratio of 1.4 +0.] (+0) obtained from other Thermo-Lag samples
tested under the NEI generic testing program. &

The extracted ion chromatograms shown in Figure 2 for sample 0495-5A a 3 hour rated
panel sample, have an EA/MMA of 1.35. Pyridine compounds identified in the pyrogram
(Figure 2) are pyridine, 3-methyl pyridine, 3, S-dimethyl pyridine, 2, 3, S-trimethyl
pyridine 3-ethyl-S-methyl pyridine and S-ethenyl-2-methyl pyridine. Other key
components identified are 2, 3, 4, S-tetramethyl- | H-pyrrolc, pentanedioic acid diethyl
ester (visual inspection), triphenyl phosphate, octicizer and tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 4 for sample 0495-5B, a trowel grade
sample, have an EA/MMA ratio of 1.25. Pyridine compounds identified in the pyrogram
(Figure 3) are pyridine, 3-methyl pyridine and 2, S-dimethyl pyridine. Other key
components identified are 2, 3, 4, S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl
ester, triphenyl phosphate, octicizer and tris (methylphenyl) phosphate.

The extracted ion chromagrams shown in Figure 6 for sample 0495-5C, a 3 hour rated
panel sample, have an EA/MMA ratio of 1.43. Pyridine compounds identified in the
pyrogram (Figure 5) are 3-methyl pyridine, 2, S-dimethyl pyridine, 3-ethyl pyridine, 3-
ethenyl-pyridine, 3, S-dimethyl pyridine, 2, 3, S-trimethyl pyridine, 3-ethyl-5-methyl
pyridine and S-ethenyl-2-methyl pyridine. Other key components identified are 2, 3, 4,
S-tetramethyl- 1 H-pyrrole, pentanedioic acid diethyl ester, triphenyl phosphate, octicizer and
tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 8 for sample 0495-5D have an
EA/MMA ratio of 1.26. Pyridine compounds identified in the pyrogram (Figure 7) are
pyridine, 3-methyl pyridine, 3, S-dimethyl pyridine, 2, 3, S-trimethyl pyridine, 3-ethyl-5
methyl pyridine and S-ethenyl-2-methyl pyridine. Other key components identified are 2,
3, 4, S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl ester, triphenyl phosphate,
octicizer and tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 10 for sample 0495-5E, have an
EA/MMA ratio of 1.15. Pyridine compounds identified in the pyrogram (Figure 10) are
3-methyl pyridine and 3, S-dimethyl pyridine. Other key components identified are 2, 3,
4, S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl ester, triphenyl phosphate, octicizer
and tris (methylphenyl) phosphate.
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The extracted ion chromatograms shown in Figure 12 for sample 0495-5F, a trowel grade
sample, have an EA/MMA ratio of 1.38. Pyridine compounds identified in the pyrogram
(Figure 11) are pyridine, 3-methyl pyridine, 3, S-dimethyl pyridine, 2, 3, S-trimethyl

- pyridine and S-ethyl-2-methyl pyridine. Other key components identified are 2, 3, 4, 5-

tetramethyl- | H-pyrrole, pentanedioic acid diethyl ester, octicizer, triphenyl phosphate and
tris (methyiphenyl) phosphate.

The extracted ion chromatograms shown in Figure 14 for sample 0495-6A, a trowel grade
sample, have an EA/MMA ratio of 1.30. Pyridine compounds identified in the pyrogram
(Figure 13) are pyridine, 3-methyl pyridine, 3, S-dimethyl pyridine, 2, 3, S-trimethyl
pyridine and S-ethenyl-2-methyl pyridine. Other key components identified are 2, 3, 4,
S-tetramethyl- 1 H-pyrrole, pentanedioic acid diethyl ester, triphenyl phosphate, octicizer,
and tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 16 for sampie 0495-6B, 2 3 hour rated
panel sample, have an EA/MMA ratio of 1.27. Pyridine compounds identified in the
pyrogram (Figure 15) are 3-methyl pyridine, 2, S-dimethyl pyridine, and 3-ethenyl-2-
methyl pyridine. Other key components identified are 2, 3, 4, S-tetramethyl-1H-pyrrole,
pentanedioic acid diethyl ester, tris (methylphenyl) phosphate and octicizer.

The extracted ion chromatogrums shown in Figure 18 for sample 0495-6C, a 3 hour rated
conduit sample, have an EA/MM/. ratio of 1.20. Pyridine compounds identified in the
pyrogram (Figure 17) are 3-methyl pyndine. Other key components identified are 2, 3,
4, S-tetramethyl-1H-pyrrole, pentanedioic diethy: »ster, octicizer and tris (methylphenyl)
phosphate.

The extracted ion chromatograms shown in Figure 20 for sample 0495-6D, a 1 hour rated
panel sample, have an EA/MMA ratio of 1.34. Pyridine compounds identified in the
pyrogram (Figure 19) are pyridine 3-methyl pyridine, 3, 5-dimethyl pyridine, 2-ethyl-6-
methyl pyridine, 2, 3, S-trimethyl pyridine, 3-ethyl-S-methyl pyridine and S-ethenyl-2-
methyl pyridine. Other key components identified are 2, 3, 4, 5-tetramethyl- 1 H-pyrrole,
pentanedioic acid, diethyl ester, tris (methylphenyl) phosphate, and octicizer.

The extracted ion chromatograms shown in Figure 22 for sample 0495-6E, a 1 hour rated
conduit sample, have an EA/MMA ratio of 1.30. Pyridine compounds identified in the
pyrogram (Figure 21) are pyridine, 3-methyl pyridine, 3, S-dimethyl pyridine, 2, 3, 5-
trimethyl pyridine and 3-ethyl-S-methyl pyridine. Other key components identified are 2,
3, 4, S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl ester, octicizer and tris
(methylphenyl) phosphate.
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The extracted ion chromatograms shown in Figure 24 for sample 0495-6F, a trowel grade
sample, have an EA/MMA ratio of 1.28. Pyridine compounds identified in the pyrogram
(Figure 23) are 3-methyl pyridine, 2, 4-dimethyl pyridine, 2, 3, S-trimethyl pyridine, 3-

- ethyl-S-methyl pyridine and 5-ethenyi-2-methyl pyridine. Other key components identified

are 2, 3, 4, S-tetramethyl- | H-pyrrole, pentanedioic acid diethyl ester, octicizer and tris
(methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 26 for sample 0495-6G, a |1 hour rated
panel sample, have an EA/MMA ratio of 1.30. Pyridine compounds identified in the
pyrogram (Figure 25) are 3-methyl pyridine (visual inspection). Other key components
identified are 2, 3, 4, 5-tetramethyi- 1 H-pyrrole, pentanedioic acid diethyl ester, octicizer
and tris (methylphenyl} phosphate.

The extracted ion chromatograms shown in Figure 28 for sample 0495-6H, a | hour rated
conduit sample, have an EA/MMA ratio of 1.31. Pyridine compounds identified in the
pyrogram (Figure 27) are 3-methyl pyridine, 3, S-dimethyl pyridine and 2, 3, S-trimethyl
pynidine. Other key components identified are 2, 3, 4, S-tetramethyl-1H-pyrrole,
pentanedioic acid diethyl ester, octicizer and tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 30 for sample 0495-61, a 3 hour rated
panel sample, have an EA/MMA ratio of 1.19. Pyridine compounds identified in the
pyrogram (Figure 29) are pyridine, 3-methyl pyridine, 2-methyl pyridine and 3, 5-
dimethyl pyridine. Other key components pentanedioic acid diethyl ester, octicizer and
tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 32 for sample 0495-6J, a 3 hour rated
conduit sample, have an EA/MMA ratio of 1.36. Pyridine compounds identified in the
pyrogram (Figure 31) are pyridine, 3-methyl pyridine, 3, S-dimethyl pyridine, 2, 3, 5-
trimethyl pyridine, 3-ethyl-S-methyl pyridine and 5-ethenyl-2-methyl pyridine. Other key
components identified are 2, 3, 4, S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl
ester, triphenyl phosphate, octicizer and tris (methyiphenyl) phosphate.

The extracted ion chromatograms shown in Figure 34 for sample 0495-6K, a trowel grade
samp'e, have an EA/MMA ratio of 1.30. Pyridine compounds identified in the pyrogram
(Figure 33) are pyridine, 3-methyl pyridine, 3, S-dimethyl pynidine, 2, 3, 5-trimethyl
pyridine, 3-ethyl-S-methyl pyridine and S-ethenyl-2-methyl pyridine. Other key
components identified are 2, 3, 4, S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl
ester, triphenyl phosphate, octicizer and tris (methylphenyl) phosphate.
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The extracted ion chromatograms shown in Figure 36 for sample 0495-6L, a 3 hour rated
conduit sample, have an EA/MMA ratio of 1.28. Pyridine compounds identified in the
pyrogram (Figure 35) are 3-methyl pyridine. Other key components identified are 2, 3,

4, 5S-tetramethyl-1H-pyrrole, pentanedioic acid diethyl ester and tris (methylphenyl)

phosphate (visual inspection).

The extracted ion chromatograms shown in Figure 38 for sample 0495-6M, a | hour rated
panel sample, have an EA/MMA ratio of 1.19. Pyridine compounds identfied in the
pyrogram (Figure 37) are 3-methyl pyridine. Other key components identified are 2, 3,
4, S-tetramethyl- 1 H-pyrrole (visual inspection), pentanedioic acid dimethyl ester, (visual
inspection), triphenyl phosphate, octicizer and tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 40 for sample 0495-6N, a 1 hour rated
panel sample, have an EA/MMA ratio of 1.32. Pyridine compounds identified in the
pyrogram (Figure 39) are pyridine, 3-methyl pyridine, 3, S-dim=thyl pyridine, 2, 3, 5-
trimethy! pyridine, 3-ethyl-5-methyi pyridine and S-ethenyl-2-methyl pyridine. Other key
components identified are 2, 3, 4, 5-tetramethyl-1H-pyrrole, pentanedioic acid diethyl
ester, octicizer and tris (methylphenyl) phosphate.

The extracted ion chromatograms shown in Figure 42 for sample 0495-60, a 3 hour rated
panel sample, have an EA/MMA ratio of 1.37. Pyridine compounds identified in the
pyrogram (Figure 41) are 3-methy| pyridine and 3, 4-dimethyl pyridine. Other key
components identified are 2, 3, 4, 5-tetramethyl-|H-pyrrole, pentanedioic acid diethyl
ester, triphenyl phosphate, octicizer and tris (methylpheny!) phosphate.

In conclusion, the results indicate that the twenty-one Thermo-Lag samples tested are
consistent in terms of chemical composition with other Thermo-Lag samples tested as part
of the NEI generic testing program.
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TABLE 1

Chromatographic Coanditions:

30 meter 0.25 mm narrow bore fused silica HP-5 CB capillary column.
Carrier Gas: Helium, 0.9 mL/min, split ratio 35:1
Column Conditions:

Initial Temperature: 50°C for | minute hold
Temperature Ramp: 8°C/min to 250°C

Final Temperature: Hold at 250°C for 10 minutes
Injector Temperature: 250°C

Detector Temperature: 280°C

Detector was an HP MSD in scan mode (30-550 amu)
Pyrolysis Conditions:

Pyrolysis Temperature: 650°C

Interval: 2 seconds

Ramp: 2°C/millisecond

Probe Type: Platinum Coil

Interface Temperature: 205°C
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PECO ENERGY 0 ey G
Nuciear Group HeadQuaners
965 Chesterbrook Boulevard
Wayne. PA 19087 5691

November 3, 1995

Docket No. 50-278
License No. DPR-56

U. §. Nuclear Regulatory Commission
Attn:  Document Control Desk
Washington, DC 20755

Subject: Peach Bottom Atomic Power Station, Unit 3

Supplemental Response 1o Generic Letter 943
Summary of Core Shroud Inspsction Resuits

Dear Sir:

In our letters from G. A. Hunger, Jr. (PECO Energy Company) to L S. Nuclear Regulatory
Commission (L'SNRC), dated August 24, 1994 and June 16, 1995, FECO Energy Company
provided inspection plans for the Peach Bottom Atomic Power Staticn (PBAPS), Unit 3 core
shroud. These plans were submitted in accordance with Reporting Riquirements 1 and 2 of
Generic Letter (GL) 94-03, “Intergranular Stress Corrosion Cracking of Tore Shroucs in Bolling
Water Reactors.” By letter dated October 25, 1995, the USNRC indicatid that the proposed
scope of inspections was acceptabie. The purpose of this letter is to provide the final summary
report. as requested by Reporting Requiremert 3, of the GL.

In summary, the overall results of the inspection revealed a moderate amo.:nt of indications.
Less than 12% of the examined weld length was found to contain fiaws. The evaluation of the
results was performed following the approach outlined in the "BWR Core Shioud Inspection and
Flaw Evaluation Guidelines,” GENE-523-113-8094, Revision 1, dated March 1£95. This
evaluation, based on the examination data, concludes that there is a substant:al margin for each
of these welds under conservative, bounding conditions to allow for continued nperation of
PBAPS, Unit 3.

If you have any questions, please contact us.

Very truly yours,

M C. Kray For
G. A Hunger, Jr.,
Director - Licensing

Attachment, Affidavit

cc: T. T. Martin, Administrator, Region |, USNRC
W. L. Schmidt, USNRC Senior Resident Inspector, PBAPS

YUpp



COUNTY OF CHESTER

D. B. Fetters, being first duly swom, deposes and says:

That he Is Vice President of PECO Energy Company; that he has read the enclosed
supplemental response to Generic Letter 94-03, for Peach Bottom Facility Operating License DPR-56 and

knows the contents thereof: and that the statements and matters set forth therein are true and correct to

the best of his knowledge, information and belief

Vice President

Subscribed and sworn to
before me this S day

of 7yppumben.. 199.

miu, Vi e P ASBDON
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PECO ENERGY COMPANY
PEACH BOTTOM ATOMIC POWER STATION
UNIT 3
REACTOR PRESSURE VESSEL CORE SHROUD INSPECTIONS
FINAL REPORT
3R10, October 1995

Docket No. 50-278

In September and October of 1995, during the tenth refueling outage of Peach Bottom Atomic
Power Station (PBAPS), Unit 3, the core shroud structure was comprehensively inspected. These
inspections were conducted to determine the condition of the shroud welds, relative 1o the potential ’
for existence of intergranular Stress Corrosion Cracking (IGSCC). The effort satisfied the
nsommitments made for PBAPS, Unit 3, in the PECO Energy response to NRC Generic Letter 94-
03, dated August 24, 1994, and as discussed in our PBAPS, Unit 3 core shroud inspection plan,
forwarded to the NRC in our letter dated June 16, 1995. The inspections were conducted in
accordance with the guidance provided by the Boiling Water Reactor Vessel ind internals Project
(BWRVIP), as presented in the "BWR Core Shroud Inspection and Flaw Evaluation Guidelines”,
GENE-523-113-0894, Rev. 1, dated March 1995 (Reterence 1).

The following describes the overall inspection effort and summarizes the results of this sffort.
ACK ND:

The PBAPS, Unit 3 shroud was fabricated by Rotterdam Drydock Co. LTD., Rotterdam, Holland.
The product forms used for this fabricaiion included 2" thick ASTM A240, Type 304 stainless steel
plate (for shroud cylinders), and ASTM A182, Grade F304 seamless, stainiess steel rolled forgings
(rings). The plate materials contain relatively high carbon contents (.059% to .062%), while the ring
forgings comtain lower carbon contents (. 030% to .035%). The product forms where joined using
the submerged arc welding process. The wekd filler metal used was ASTM A371 Type Er308, with
low carbon content. Weids H-1 through H-6 were welded from both surfaces, using a double bevel
weld prep. Weld H-7 was welded from the inside surtace of the shroud using a single bevel weld
prep and a backing ring. The H-7 weld was made at the PBAPS site, and it attached the
prefabricated shroud structure to the Reactor Pressure Vessel. This weld is a dissimilar metal weid
(304 stainless to Alioy 600). The filler metal used for this weild was ASTM B 304, Type ERNICr-3
(Alloy 82). The process used for this joint was the Shielded Metal Arc Welding process. Attachment
1 includes a drawing which depicts the shroud configuration, weld locations. and matenals of
fabrication.

The PBAPS, Unit 3 shroud has been in service since December 1874. During the first decade of
hot operation, PBAPS, Unit 3 operated with reiatively high primary water conductivity. Unit 3's
arithmetic mean conductivity exceeded 1.0 uS/cm during the first few years of operatian.
Subsequently, conductivity values were staadily decreased to below current EPRI guidelines. 1992
and 1993 values were actually less than 0.1 uS/cm. The effects of such early water chemistry
history on the susceptibility of the shroud welds to IGSCC are addressed in Reterence 1.

The above described factors place the PBAPS, Unit 3 shroud into Inspection Category C, as

defined by Reference 1. This category has a high potential for some amount of shroud cracking,
and, therefore, oomhgnsivo inspections of weids H-1 through H-7 are recommended.

Paman 1 ~t 4
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INSPECTIONS:

The scope of the core shroud inspections included all of the shroud circurmferential welds (e.g. H-1
through H-7). The method used for inspection of these circumierential welds was Ultrasonic Testing
(UT), performed from the outside surface of the shroud, using the General Electric Nuclear Energy
(GENE) SMART 2000 data acquisition system and the GENE OD Tracker. This shroud inspection
squipment was satisfactorily demonstrated at the EPRI NDE Center. The extent of the planned
inspections included all portions of the circumferential welds which were accessible for the above
described equipment. This scope and extent of planned inspections was identified in PECO
Energy's second response to Generic Letter 94-03, dated June 16, 1995,

The UT scanning was accomplished using three transducers. These transducers included 45°
shear wave, 60° longitudinal wave, and creeping wave units. The transducers scanned each Heat
Affected Zone (HAZ) of tha accessibie lengths of each weld. The creeping wave transducer was
used to enable better near-surface detection capabiiities.

The purpose of the shroud inspections was 10 assess the condition of the shroud circumferential
welds so that the integrity of the shroud structure couki be quantitatively demonstrated. Additionalty,
the inspection results will be used to establish a baseline of this condition for comparison to future
inspection results. This baseline data and subsequent inspection results will also be used to
develop schedules for future shroud inspections, evaiuations, or repairs.

The extent of shroud weld inspections performed during 3R10 include:

84.5% of the length of Weld H-1, 584"
84 5% of the length of Weld H-2, 584"
89.5% of the length of Weid H-3, 582"
89 2% of the length of Weld H-4, 580"
90.8% of the length of Weld H-5, 591
80.1% of the length of Weld H-6, 506"
89 6% of the length of Weid H-7. 566"

Subtotal 3993"

x 2 (HAZ per weld)
Total 7986"

The extent of these weld inspections is graphally depicted on the attached weld maps for weids
H-1 through H-7, (Attachment 2).
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RESULTS.

A sufficient length of each circumferential weid was inspected to quantifiably demonstrate the
condition and, therefore, the structural integrity of these welds.

Some indications were found on weids H-1, H-3, H-4, and H-5. No indications were found on welds
H-2, H-6, and H-7. The general location of the indications are depicted on the attached weld maps
(Attachment 2). Shroud Weld Indication Data Sheets provide details of the as-found indications,
and are included as Appendix 1 of Attachment 3.

EVALUATIONS:

All as-found indications were assumed to be through wall. Therefore, depth sizing of the indications
was not utilized. Additionally, the weld lengths which were not inspected, due 10 inaccessibility,
were also assumed to be through wall indications.

Inspection results were initiaily compared against a screening criteria, which had been developed
prior 10 the inspections. Application of this very conservative screening criteria allowed for a rapid
assessment of the acceptability of each weld, based on initial examination data. The screening
was applied for both the Limit Load and Linear Elastic Fracture Mechanics Methodology. If the
results of this screening indicated that sufficient unflawed material existed, the weld was considered
acceptable. Ultimately, a detailed evaluation was perforrned for all welds, to determine the margin
of safety for each weid (see Tables 2-3 through 2-6 in Attachment 3).

The detailed evaluations were performed by General Electric Nuclear Energy. These evaluations
used the guidance provided in the evaluation portion of Reference 1. The as-found indication
lengths were adjusted for upper bound crack growth, NDE uncertainty (0.4" plus 0.5° each end),
and proximity factors. The resultant indication lengths (as-evaluated indications) were then used
to calculate the amount of saftety margin remaining in the subject weid, using .he limit load
methodology. Additionally, for Weids H-3 and H-4, the Linear Elastic Fracture Mechanics (LEFM)
technique was used, due 1o the extent of neutron exposure received at these weld locations. The
safety factors were calculated against the most limiting design basis loading conditions, derived
from the General Electric Nuclear Energy Screening Criteria Document (Reference 2) and the
PBAPS, Unit 3 UFSAR. The loadings also considered Power Rerate conditions and updated
seismic loadings.

A more detailed discussion of the evaluations, including factors utilized for crack growth and NDE
uncentainties, is contained in the GENE Evaluation Report GENE-523-A104-0998, (Attachment 3)

CONCLUSIONS:
A 10CFRS50.59 determination and safety evaluation has been developed and reviewed by the Plant

Operations Review Committee (PORC). The conclusion of this evaluation indicates that no
unreviewed safety questions exist as a result of the shroud inspection findings.
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The results of the inspections and evaiuations conclude that the condition of the PBAPS, Unit 3
shroud, projected through the next two operating cycles, will support the required safety margins,
specified in the ASME Code and reinforced by the BWRVIP recommendations. Additionally, the
results of these UT inspections substantiate the use-as-is disposition of NCR No. 93-00743, Rev.
1, developed during the PBAPS, Unit 3 Refueling Outage @ (1283), as a result of shroud visual
inspections findings, and the Safaty Analysis developed in response to Generic Letter 94-03.

The extent of the shroud inspections provide a comprehensive baseline for comparison to tuture
inspections. PECO Energy will continue to follow the deveiopments of the BWRVIP guidance
documents, and will evaluate their applicability to the PBAPS Site. Reinspection of the shroud
welds will be determined following resolution of the BWRVIP reinspection recommendations.

REFERENCES:

1

BWR Core Shroud Inspection and Flaw Evaluation Guidelines, GENE-523-113-0894, Rev.
1, March, 1995.
Screening Criteria and Flaw Evaluation Methodology for the Peach Bottom Unit-3 Shroud,

GENE-523-A076-0895, September, 1995
Evaluation of the Peach Bottom Unit-3 Core Shroud Indications (Refuel 10), GENE-523-

A104-0995, Revision 1, October 1995,
BWR-VIP Core Shroud NDE Uncertainty & Procedure Standard, dated November 21,

1994,
NRC Safety Evaiuation of Referenced Documents 1 and 4, dated June 16, 1995
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REACTOR PRESSURE VESSEL - SHROUD
PEACH BOTTOM ATOMIC POWER STATICON
UNIT 2 & 3
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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT

Please Read Carefully

The only undertakings of the General Electric Company (GE) respecting information in this
document are contained in the contract between PECO Energy Company and GE, and nothing
contained in this document shall be construed as changing the contract. The use of this
information by anyone other than PECO, or for any purpose other than that for which it is
intended under such contract is not authorized; and with respect to any unauthorized use, GE
makes no representation or warranty, and assumes no liability as to the completeness, accuracy,
or usefulness of the information comained in this document, or that its use may not infringe

privately owned rights.
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EXECUTIVE SUMMARY

UT inspection of the H! through H7 core shroud welds was performed during refuel
outage 10 at Peach Bottom Unut-3  Indications were observed in the inspected areas of
welds H1, H3, H4, and HS. Indications were not observed at welds H2, H6, and H7.

This report presents the results of the application of the screening criteria and flaw
evaluation caiculations for the observed UT detected indications. Structural margin is
assured if the observed indications meet the screening criteria or if the calculated safety
factors, using the flaw evaluation method, exceed the required safety factors. Screening
criteria and flaw evaluation methodology were prepared in a previous analysis.

The flaw evaluation needs to be performed if the flawed condition exceeds the screening
criteria. Even if the screening criteria is met, based on assuming that all UT detected flaws
are through-wall, it is appropriate to reevaluate the indications using the flaw evaluation
methodology to demonstrate the actual structural margin. However, reconciliation using
the flaw evaluation methodology is not mandatory to determine the actual structural
margin or to justify continued operation

Both the screening criteria and flaw evaluation methodology use linear elastic fracture
mechanics (LEFM) and limit load concepts to determine the acceptability of the flaws.
The limiting flaw length, based on either LEFM or limit load, was used for the allowable
flaw size at the H3 and H4 welds.

This evaluation used a NDE unceitainty of O 4 inches plus half a degree which was added
to each flaw end. The results of tiis evaluation indicate that the screening criteria is
satisfied at all weld locations. In addition, the flaw evaluation indicates safety factors well
in excess of the required safery factors. Thus, structural integnity over the next two year
operating cy<le is demonstrated.
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1. INTRODUCTION

This report presents the evaluation of the 1995 outage (Outage 10) uitrasonic test
inspection (UT) results for the Peach Bottom Unit-3 core shroud. Reference 1-1
presented the core shroud screening criteria and flaw evaluation methodology for Peach
Bottom Unit-3. The UT detected indications (See report sheets in Appendix A) were
evaluated per the methodology and procedures presented in Reference 1-1.

The evaluation presented in this report (Section 1.1.1) uses the initial screening criteria
methodology for circumferential welds along with LOCA and updated loads for seismic
events. In addition, the flaw evaluation calculation (Section | 1.2) is presentea which can
be used if the screening criteria is exceeded or if a closer estimate of the safety margin is
desired. Section 1.1 describes the approach to disposition the indications using the two
methods.

1.1 Flaw Disposition Approach

The approach in dispositioning the flaws in the Peach Bottom Unit 3 core shroud is
outlined in this section. This approach is consistent with the approach taken to disposition
indications at several other BWR plants since core shroud cracking has been observed and
is consistent with the BWR VIP methods in Reference 1-2.

Figure 1-2 shows a flow chart summarizing the process of shroud cracking disposition.
The initial evaluation, based on the conservative screening critena, is first performed. This
conservative evaluation can be used to quick.v disposition the indications based on many
simplifying assumptions which clearly illustrate the conservative nature of this screening
criteria. Two of these significant assumptions, which have been verified as sucn since
1993, are i) all indications are through-wall even though all detected indications were
found to be part through-wall, and ii) all indications after application of the proximity rules
arc. combined into one single indication which is onented along the axis of minimum

mor. ient of inertia

A flaw evaluation may be performed if the as-found indications exceed the screening
criteria. This flaw evaluation can take into account the actual location and flaw
characterization from the UT inspection. Even if the indication meets the screening
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criteria, it is considered prudent to determine the actual structural safety factor for the
flawed condition. This information can also provide additional guidance for future
planning and management of core shroud cracking,

The UT detected flaw lengths used in the screening criteria and flaw evaluation
calculations included an uncertainty factor on length sizing. This uncertainty factor
includes consideration for NDE technique uncertainty and NDE delivery system
uncertainty. NDE length uncertainty values of 0.4 inches for NDE method plus haif a
degree for the delivery system (Reference 1-3) were added t~ each flaw end in this
eva'uation. This is a very conservative approach, considering the basis and the latest:
uncertainty data available from the BWR-VIP (Reference 1-4) The delivery system
uncertainty value of half a degree applies only to longer indications which require
transversing of the tracker delivery device to locate each end of the indication. The
uncertainty value for short flaws (not requiring tracker movement) is actually very small.
The larger uncertainty value was applied to all identified indications, regardless of
identified length.

The latest BWR-VIP data for NDE technique uncertainties, which were derived from
demonstrations at the EPRI NDE Center, reflect substantially lower values for the
techniques utilized during the Peach Bottom Unit 3 examinations. Demonstrations #5 and
#16 (Reference 1-4) indicate a NDE technique uncertainty value of zero inches.
Nevertheless, the larger NDE uncertainty value was applied to maintain the maximum
level of conservatism and to utilize data officially submitted to the NRC.

There are areas which could not be inspected during the UT inspection due to obstruction
by other components. In the calculations presented in this report, all uninspected areas
were assumed to contain through-wail flaws along the entire length of the uninspected
zone. The estimated crack growth and uncentainty were added to the assumed through-
wall flaws in the uninspected zones. This is likely a conservative assumption based on the
UT results for all welds. All indications were found to be part-through-wall.

1.1.1 Screening Critenia

The guiding parameter used for the selection of the indications for further evaluation is the
allowable through-wall flaw size, which already includes the structural safety factors If all
of the UT detected indications are assumed to be through-wall, then the longest flaws, or
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combination of flaws, would have the limiting margin against the allowable through-wall
flaw size. In reality, none of the indications are through-wall, and therefore, the criteria
and methods presented for this method are conservative. The through-wall
characterization of the indications can be incorporated in the flaw evaluation methodology
which is described in Section 1.1 2.

The result of this procedure will be the determination of the effective (limit load) and
equivalent (LEFM) flaw lengths which will be used to compare against the allowable flaw
sizes and selection of indications for more detailed evaluation if necessary. The
determination of effective flaw lengths is based on ASME Code, Section XI, Subarticle
IWA-3300 (1986 Edition) proximity criteria. These criteria provide the basis for the
combination of neighboring indications depending on various geometric dimensions. The
effective flaw lengths are summed into one single indication. This single indication is
compared with the screening critena allowable flaw size. Crack growth over a subsequent
two year operating and power rerate cycle is factored into the critena.

The selection of indications for further investigation can be performed by evaluating the
resulting effective flaw lengths. Indications with effective flaw lengths greater than the
allowable flaw sizes would require more detailed analysis such as the flaw evaluation
method. The screening criteria procedure described here is conservative since all of the
indications are assumed to be through-wall and are being compared against the allowable
through-wall flaw size.

A summary of conservatisms used in the screening criteria analysis is presented in
Table 1-1
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Table 1-1 Conservatisms Included In Screening Evaluation

1. All surface indications were assumed to be through-wall for this analysis.

2. All indications are assumed to be grouped together for the limit load calculation
and no credit is taken for the spacing between indications.

3. ASME Code pnmary pressure boundary safety margins.were applied even though
the shroud is not a primary pressure boundary.

4. ASME Code, Section X1 proximity rules were applied.

5 An additional proximity rule which accounts for fracture mechanics interaction
between adjacent flaws was used.

6. Both LEFM and limit load analysis were applied, even though LEFM
underestimates aliowable flaw size for austenitic materials and is not required per
ASME Code Section X1 procedures.

7. Fracture toughness measured for similar materials having a higher fluence was
used.

8. The bounding crack growth estimated for the subsequent fuel cycles was included
in flaw lengths used for evaluation.

9. A bounding NDE uncertainty factor was included in the flaw lengths used for
evaluation.
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1.1.2 Flaw Evaluation

The flaw evaluation method can take into account the indication characterization
information provided by the UT inspection. Specifically, the azimuthal location and depth
of the indications can be taken into account when determining the structural safety factor.
Crack growth over an operating cycle of two years and power rerate is factored into these
calculations. For purposes of this evaluation, all detected flaws and uninspected areas
were assumed to be through- wall flaws.

The flaw evaluation methodology (Reference 1-2) can include the assumption of through-
wall or part through-wall indications. Both limit load and LEFM are considered in this
evaluation. For limit load, analysis can be performed for a random distribution of
indications varying in length and depth. In addition, uncracked ligament can also be
modeled. The limit load allowable flaw length is defined for the given applied loads. The
net-section stress equals the flow stress of the matenial at the flawed section (with
applicable safety factor).

The LEFM evaluation considers the interaction of neighboring indications to establish an
equivalent flaw length. The LEFM allowable flaw length is defined when the applied
stress intensity factor equals that of the matenial fracture toughness.



GE Nuclear Energy

GENE-523-A104-0895

H2™

Revision |

g Shroud Head Suppon Ring

= T0p Guide Support Ring

“SH3

Li et Core Plate Support Ring

Shroud Support Plate

H6

H7

Vessel

H8

Figure 1-1 Schematic of Core Shroud Welds




GE Nuclear Energy

GENE-573-Ai04-0205

Results

Perform Screening
Cniteria

Yes

Is Screening

Critenia Met?

Perform Flaw Evaluation

Safety Factors

Yes

Continued

Operation
Justified

Met?

No

Repair Required

Revision |

Perform Flaw
Evaluation to
Demonstrate
Structural Margin

Figure |-2 Flaw Disposition Procedure



. GE Nuclear Energy

1.2

1-2

1-3

GENE-523-A104-0895
Revision 1

References

Screening Criteria and Flaw Evaluation Methodology for the Peach Bottom Unit-3
Shroud Indications, GENE 523-A076-0895, DRF 137-0010-8, August 1995

BWR Core Shroud Inspection and Flaw Evaluation Guidelines, GENE-113-0894,
DRF 137-0010-07, Rev. |, March 1995, Prepared for the BWR Vessel and
Internals Project Assessment Subcommittee.

BWR-VIP Core Shroud NDE Uncertainty & Procedure Standard, November
1994

Reactor Pressure Vessel and Internals Examination Guidelines, BWR VIP (Draft)
Proprietary Report, September 1995




GENE-523-A104-0895
Revision |

2. EVALUATION OF UT RESULTS

This section provides the results of the application of the screening criteria and flaw
evaluation methodology for the Peach Bottom Unit-3 core shroud circumferenial welds.
The evaluation was performed using a conservative approach. All uninspected areas were
treated as through-wall flaws. Crack growth for one cycle and NDE technique and
delivery system uncertainty were added to the end of each indication. In addition, all
indications were treated as being through-wall. UT inspection results indicate that all
indications are part through-wall

Appendix A contains the UT examination reports for welds H1 through H7. Indications
were not detected at welds H2, H6, and H7 Thus, welds H2, H6, and H7 were assumed
to have through-wall indications only in the uninspected regions.

All indication lengths, including the uninspected area lengths, were increased by the

I assumed length uncertainty (0.4 inches plus a half a degree on length at each flaw end)
plus two times the annual rate of crack growth for one 24 month operating cycle at each
flaw end.

The stresses used for the flaw evaluation are shown in Table 2-1 (from Reference 1-1).
Safety factors were calculated using the Distributed Ligament Length (DLL) computer
program (Reference 2-1). The procedure for evaluating the flaws for the screening criteria
was’

1) Add crack growth for one cycle and length uncertainty to each flaw end for
all flaws and uninspected area lengths from the UT examination reports
(Appendix A)

2) Determine if flaws need to be combined based on proximity rules

3) Sum all effective lengths

4) Compare length sum to allowable effective length for limit load

5) Determine equivalent length for anv pair of indications and compare to
LEFM critena.

Some of the observed indications at welds H1, H3, H4, and HS were combined for this
evaluation due to the added crack growth and NDE uncertainty and due to the proximity
criteria. Table 2-2 shows which indications were combined.



GE Nuclear Energy GENE-523-4104-0895

] Revision |
For the flaw evaluation calculations, the first two steps are ideatical to those for the
screening criteria. These flaw lengths (after proximity criteria application) are input into
the DLL computer program which accounts for the azimuthal location of the indications
(assumed to be through-wall).

The calculated safety factors for both normal/upset and emergency/faulted conditions are
shown in Table 2-3 It can be seen from Table 2-3 that there is a large safety margin
between the calculated and the required safety factors. Table 2-4 presents the calculated
total flaw lengths for the screening critena.

Weld H4 was found to contain an indication which is greater than 50% of the wall
thickness. Through-wall propagation of this indication cannot be ruled out. For an
assumed fully circumferential flaw, Reference 2-2 indicates that the flow would occur
through a gap of less than 0.002 inches. The estimated flow through such a gap would
typically be about 0.05% of total core flow (based on a 0.002 inch gap around the shroud
entire circumference and a typical pressure of eight pounds per square inch). Flow of this
magnitude will have no impact on plant operation and will not be detectable.

The observed indication at Peach Bottom Unit 3 at weid H4 which was found to be
greater than 50% of the wall thickness is projected to grow to a length of 32 inches after
one cycle of operation. This indication would then be 5% of the shroud entire
circumference. Peach Bottom Unit 3 operates at a maximum pressure of 14.12 psi
(Reference 2-3) during normal operation. Therefore, the expected leakage from a
through-wall flaw of this length would be less than 0.005% of the total core flow (this
takes into account the higher operating pressure than the Reference 2-2 assumption).
Therefore, the leakage through this indication would nct be significant.
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Table 2-1. Primary Membrane and Bending Stresses at the Shroud Welds

Weld Normal/Upset Emergency/Faulted
Designation P. (ksi) P, (ksi) P, (ksi) P, (ksi)
HI 0381 0.117 0837 0.217

H2 0381 0.159 0837 0293

H3 0359 0186 0.787 0.340

Hé 0.359 0.355 0.787 0611

HS 0.359 0.535 0.787 0.944

Hé6 0.624 0.570 1.053 1.005

H7 0.624 0.728 1.053 1.329

Table 2-2. Combined Indications

Hi Indication #1 and Uninspected area from 340° to 11.20°

Indications #5, #6, and #7

H3 Indications #3 and #4

Indication #5 and Uninspected area from 169.75° to 189.20°

Indications #8 and #9

Indication #10 and Uninspected area from 352 97° to 11.20° and Indication #1
H4 Indications #2, #3, #4, and #5

Indications #7, #8, #9, #10, #11, #12, and #13

Indications #19 and #20

Indications #21 and #22

Indications #23 and #24

| Indications #27, #28, #29, #30, #31, and #32

Indications #34, #35, and #36

Indication #] and Uninspected area from 349 82° to 9 40°

HS Indications #2 and #3

Uninspected area from 351 20° to 9.20° and Indications #4. #3, #6, #7, #8, and #9
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Table 2-3. Flaw Evaluation Calculated Safety Factors
(Required SF: 2.77 for Normal and Upset, 1.39 for Emergency and Faulted)

Limit Load LEFM
Weld Normol/Upset Emergency/Faulted
Designation SF SF SF
) Hl 880 419 >
H2 891 429
H3 50.5 247 4.2 (faulted)”
H4 33.0 17.0 11.6 (upset)®
HS 503 26.1 -
H6 36.5 213
H7 395§ 226

™ Indication #5, Uninspected area from 169.75° to 189.2°, and Indication #6
@ Indications #34, #35, #36, Uninspected area from 349 82 to 9.40°, and Indication #1

Table 2-4. Calculated Flaw Lengths vs. Screening Criteria

Calculated Screening Criteria
Flaw Length Allowable Flaw Length
Weld (in) (in)
Designation | Limit Load LEFM Limit Load LEFM

HI 177 501 -

H2 116 - 498 -

H3 304 144 469 376

H4 362 79 460 310

HS 131 - 450 e

Hé 134 422 -

| H7 74 414 -
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2.1 Consideration of Additional Crack Growth

To demonstrate the margin available in the core shroud welds, additional caiculations were
performed including an additional cycle of crack growth (total of two cycles beyond
outage 10 UT results). Thus, calculations were performed by adding [2(24a) + U), where
Aa is crack growth at each flaw end for one cycle, and U is the length uncertainty. Note
that this calculation is for the intent of demonstrating the margin available in the core
shroud welds. This calculation also does not account for any new crack initiation.

Tables 2-5 and 2-6 provide the results for these calculations. These results also indicate
that the screening criteria and minimum required flaw evaluation safety factors are met
with the additional operating cycle of crack growth. Some of the observed indications at
welds H1, H3, H4, and HS were combined for this evaluation due to the added crack
growth and NDE uncertainty and due to the proximity criteria. Table 2-7 shows which
iwngications were combined.
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Tabie 2-5. Flaw Evaluation Calculated Safety Factors
With Crack Growth Assuming Two Operating Cycles
(Required SF: 2.77 for Normal and Upset, 1.39 for Emergency and Faulted)

Limit Load LEFM
Weld Normal/Upset Emergency/Faulted
Designation SF SF SF
HI 86.0 409 -
H2 88 2 425 ---
H3 48 4 23.7 4.1 (faulted)"”
H4 28.4 14.7 11.2 (upset)®
HS 492 256 ---
Hé 36.1 211 ---
H7 39.1 224 ---

(1) Indication #5, Uninspected area from 169 75° to 189.20°, and Indication #6

(2) Indications #34, #35, #36, Uninspected area from 349 .82° to 9 40°, and Indication #1

Table 2-6. Caiculated Flaw Lengths vs. Screening Criteria
With Crack Growth Assuming Two Operating Cycles

Calculated Screening Criteria
Flaw Length Allowable Flaw Length
Weld (in) (in)
Designation | Limit Load LEFM Limit Load LEFM

Hi 186 501 -e-
H2 120 --- 498 -
H3 315 147 479 376
H4 394 82 460 310
HS 137 -- 450 -
Hé6 137 --- 422 -
H7 78 --- 414 --

GENE-523-A104-0895
Revision ]
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Table 2-7. Combined Indications for Two Operating Cycles

Indication #1 and Uninspected area from 340.54° to 11.20°
Indications #5, #6, and #7

Indications #3 and #4

Indication #5 and Uninspected area from 169.75° to 189 20°
Indications #8 and #9

Indication #10 and Uninspected area from 352 97° to 11 20° and Indication #1
Indications #2, #3, #4, and #5

Indications #6, #7, #8 #9 #10, #11, #12, and #13
Indications #19 and #20

Indications #21 and #22

Indications #23 and #24

Indications #27, #28, #29, #30, #31, and #32

Indications #34, #35, and #36

Indication #1 and Uninspected area from 349 82° to 9 40°

Indications #2 and #3
Indications #4 #5, #6,  #7 #8, #9 and Uninspected area from 351.20° to 9.20°
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2.2 References
2-1.  BWR Core Shroud Distributed Ligament Length Computer Program, GE-NE-
523-113-0894, Supplement 1, September 1994.

2-2.  BWR Shroud Cracking Generic Safety Assessment, GE-NE-523-A107P-0794,
Revision 1, Class III, August 1994

2-3  Power Rerate Safety Analysis Report for Peach Bottom 2/3, NEDC-32230P, May
1993
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3. SUMMARY AND CONCLUSIONS

This report presents the screening criteria and flaw evaluation results for the core shroud
circumferential welds. The screening criteria was calculated using the up-to-date seismic
and LOCA loads. UT inspection of the core shroud welds was performed during the 1995
fall outage (Outage 10)

The evaluation assumes all UT detected indications are through-wall even though UT
confirmed that they are only part through-wall. By meeting the screening criteria and
exceeding the required safety factors using the flaw evaluation methodology, the ASME
Code Section X1 safety margins are demonstrated to be satisfied.

Both the screening criteria and flaw evaluation methods use linear elastic fracture
mechanics (LEFM) and limit load concepts to determine acceptable through-wall
indication lengths. The limiting flaw length based on either LEFM or limit load was used
for the screening criteria. For the Peach Bottom Unit 3 core shroud, only welds H3 and
H4 were evaluated using LEFM

The screening criteria and flaw evaluation also use the ASME Code Section XI criteria for
combining flaws based on the proximity of indications. In addition, a second method for
including the interaction between neighboring indication tips was considered for the
LEFM allowable flaw size calculation.

Results of the evaluation indicate that the screening criteria is satisfied at all weld
locations. In addition, the flaw evaluation indicates safety factors well in excess of the
required safety ', ctors. Thus, structural integrity over the next two year operating cycle is
demonstrated.
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APPENDIX A

UT Inspection Reports for Welds H1 through H7
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: Puco Energy
Peach Bottom IR10 Shroud UT Project 1CKSC  September 1995

Shroud Weld H1 Indication Data

Total Scan Length (Deg.) 304.10 Total Flaw Length (Deg.) 14.56

Total Scan Length (in.) 583.83 Total Flaw Length (in.) 27.9%
Percentage of Weia Length Examined 845 Thickness (In.) 2.00
Percentage of Examined Wald Length Flawed 48 Circumference (In.) 691.15
Parcentage of Total Weld Length Flawed 4.0 Inches per Degree 1.92

indication  Start End  Length Length Max. Depth Kiax. Depth %elf Initieting Length Depth
Number Azimuth Azimuth Degress Inches Inches Pos. (Deg.) Thruwall Surface Transducer Transducer

1 1344 1624 2.80 5.8 0.40 18.38 20,0 ID/Near  45° Shear 60° Long.
2 2184 2352 1.68 B &) 0.70 .22 5.0 ID/Near 45" Shear 60" Long.
3 3820 9.8 1.68 i 0.36 39.02 180 ID/Near 45" Shear 60° Long.
L) 107.60 108.84 2.24 4.30 0.42 108.98 210 ID/Near 45" Shear 60° Long.
5 259.28 262.08 2.80 5.38 0.42 259.54 210 ID/Near 45" Shear 60" Long.
6 26476 265.88 112 218 0.57 264.48 %5 ID/Near 45° Shear 60" Long.
k< 4 /868 27092 2.24 4.30 0.73 268.94 6.5 ID/Near 45" Shear 60° Long.

*The deepest through-wall indication sized.

Areas Not Examined by Ail 3 Transducers
0% to 11.2%, 167.46" to 192.70° & 340.54" to 0* (Tctal of 55.90° Not Examined)

Limitations: Core Spray Downcomers and Lifting Lugs



. GE Nuclear Energy

Peco Energy
Paach Bottom 3R10 Shroud UT Praoject 1CKSC  September 1995

Shroud Weld H2 Indication Data

Total Scan Length (Deg.) 304.10 Total Flaw Length (Deg.) 0.00
Tota! Scan Length (in.) 533.83 Total Flaw Length (in.) 0.00
Percentage of Weid Length Examined 845 Thickness (In.) .0
Percentage of Examined Weid Length Flawed 0.0 Circumference (in.) 691.15
Parcentage of Total Weld Length Fiawe! 0.0 Inches per Degree 1.92

Indication Start  End  Length Length Max. Depth Max. Depth %of Initisting Length  Depth
Number Azimuth Azimuth Degrees Inches inches Pos. (Deg,) Thruwall Surface Transducer Transducer

No Relevent indications Recorded

Arwas Not Examir.ed by All 3 Transducers
0% to 11.4°, 167.66" to 192.90° & 340.74" to 0° (Total of 55.90° Not Examined)

Limitations: Core Spray Downcomers and Lifting Lugs

ot e e o 0135
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Energy
Peach Bottom IR10 Shroud UT Project 1CK5C  September 1998

Shroud Weld H3 Indication Data

Total Scan Length (Deg.) 322.32 Total Fiaw Length (Deg.) 112.84
Yotal Scan Length (In.,) 582.57 Total Flaw Length (in.) 203.41
Parcentage of Weid Length Examined 89.5 Thickness (in.) , 2.00
Percentage of Examined Weid Length Flawed R Circumference (in.) 650.67
Percentage of Total Weld Length Flawed 3.3 inches per Degree 1.81

Ingication Start  End  Length Length Max. Depth Max. Depth %of  Initiating Length Depth
Number Azimuth Azimuth Degrees Inches inches Pos. (Deg.) Thruwall Surfsce Transducer Transducer

1 1120 1580 4.40 798 0.45 10.55 2s ID/Near 45" Shear 60° Long.
2 54.20 6248 8.28 14.91 0r 57.78 36.0 ID/Near 4’ 'Shear 60° Long.
3 104.70 106.35 1.65 2.98 0.43 106.0% 215 ID/Near 45" Shear 60° Long.
4 106.9¢ 110.20 3.30 5.96 0.40 108.25 20.0 ID/Near 45" Shear 60" Long.
‘s 14405 16048 2540 4591 0.88 183.10 425 ID/Near 45" Shear 60° Long.
¢ 20321 232868 9.4 8§3.21 0.78 224.50 38.0 ID/Near  45° Shsar  80° Long.
7 24092 25032 9.40 16.99 0.64 244 54 320 ID/Near  45° Shear 60° Long.
B 208628 30933 1088 19.28 0.60 302.30 30.0 ID/Near  45° Shear  60° Long.
b 31088 32532 1444 26.10 0.85 323.90 425 ID/Near  45° Shear 60" Long.
10 34872 38402 5.61 10.14 0.65 350.10 328 iD/Near 45" Shear 60° Long.
‘The deepest through-wall indication sized.

* Length sizing of indication #10 is restricted by the iimitation of the core spray downcomer

Areas Not Examined by All J Transducers
0% to 11.2°, 169.75% to 189.2° & 352.97" to 0* (Totai of 37.65 ' Not Examined)

Limitations: Core Spray Downcomers and Lifting Lugs
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Peach Bottony IR10  Shrowd UT Project 1ICKSC  September 1998

Shroud Weld H4 Indication Data

Tota! Scan Length (Deg.) 321.0¢ Total Flaw Length (Deg.) 103.30
Total Scan Length (In,) §50.28 Total Flaw Length (in,) 186.71
Percentage of Weld Length Examined 2 Thickness (in,) 2.00
Percentage of Examined Weid Length Flawed 22 Circumferunce (In.) 650.67
Percentage of Total Weld Length Flaved 87 Inches per Degroe .81
indicaion Start  End  Length Length Max. Depth Max. Depth %ol initiating  Length Depth  Side of
Number Azimuth Azimuth Degrees Inches inches Pos. (Deg) Thruwall Surfece Transducer Transducer Weid
1 10.32 1144 1.12 202 - - - iDiMear 45" Shear - Lower
K 237 880 80 5.06 - -» - ID/Near 45" Shear » Upper
3 478 2588 1.12 2.02 » - - iDiNsar 45" Shear - Lower
o 2700 2888 1.68 3.04 - - i IDNear 45" Shear ot Lower
s 2098 .30 112 202 - o » ID/MMNear 485" Shear ol Upper
[} 3802 2714 1.12 202 » - » IO/Near 48" Shear - Upper
7 4200 453 338 6.07 ol 5 - ID/MNear 48" Shear » Lower
1 4788 5158 2 7.09 " - et ID/Near  45° Shear - Upper
] 4528 S402 5.04 .11 - od i ID/Near 45" Shear - Lower
10 8832 %8 224 4.08 et o - IO/Near 48" Shear "» Lower
. 1" 6210 @770 §.60 10.12 0.13 65.42 (%] ID/Near 45" Shear 60° Long. Upper
12 63.1¢ 64.28 1.12 .02 - - - IDiNear 45 Shear i Lowsr
13 7208 T8 1.12 202 wd - - ID/Near 45" Shear - Upper
14 8170 Bs4m2 1.12 2.02 ol - - ID/Near 45" Shear o Upper
18 #6522 .02 .80 5.06 o : o ID/Near 45" Shear " Lower
1% 11326 11426 1.00 1.81 - o - 1D/Near 45" Shear - Upper
1” 124.34 12548 1.12 .02 - i - ID/Msar 45" Shear aal Upper
‘18 13536 15038 15.00 711 > 50% 140.16 > 50% ID/Near  45° Shear 60" Long.  Lower
19 201.02 205838 4.3 T.88 " e ad ID/Mear 45" Shear " Upper
20 202.08 204.32 224 4.08 » - s ID/Near  45° Shear " Lowsr
3l 2108 21322 i 4.08 - - - ID/Near 45" Shear - Upper
2 21602 218.m2 % 5.0¢ - - - iD/Mear 45" Shear - Upper
23 23040 23208 1.68 3.04 » - - ID/Near  45° Shear - Lower
24 23370 23833 1.68 3.04 L - Ly ID/Near 45" Shear - Upper
] 4484 24708 .24 4.08 ad o o ID/Near 45" Shear . Lower
26 283.70 26538 1.68 3.04 " - - ID/Near  45° Shear - Upper
n 28996 20078 s [ ¥ 14 s - - ID/Near 43" Shear - Lower
b ] 29432 294 1.12 202 . - ID/Near  45° Shear - Lower
29 29650 297.62 112 202 - - - IDiNsar 45" Shear - Upper
0 20658 29788 1.12 202 - -~ o ID/Near 45" Shear ot Lowsr
n 29024 J01 W0 3.3 .07 - ' » ID/Near 45" Shear - Lower
2 306.08 308.7¢ 268 84 - - - ID/Near 45" Shear “ Lower
3 31828 M0 112 2.02 " " » ID/Near 45" Shear - Lower
4 J2488 310 40 25.88 0.4 338.38 70 ID/Near 45" Shear 60" Long. Lower
s 32838 3708 1.88 3.04 " i » iID/Near 45" Shear - Upper
36 34030 3188 188 3.04 Lt e - IDiNear  45° Shear - Lower
“The deepest through-wall indication sized. Upper 3448 (Deg)
= Thru-wall dimension not obtained due to fMlaws being below our sizing threshold. (0.107) Lower 6882 (Deg)

Without Overtapping 8378 (Deg.
Arvas ot Examined by All J Transducers
0% to B.4°, 170.02° to 189.40" & 349.82° to 0" (Total of 38.96° Not Examined) Upper 6232 (in)
Lower 12438 (in)
. * Limitations: Core Spray Downcomers and Lifting Lugs Without Overlapping  168.50 (In.)
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Peach Bottom 3K10 Shroud UT Project 1CKSC September 1985

Shroud Weld H5 Indication Data

Tiotsl Scan Leng it (Deg.)
Total Scan Length (In,)

Flercentage of \Weld Length Examined
PPercentage of (ixamined Weid Length Flawed

[Percentuge of lotal Weid Length Flawed

Length Max. Depth Max. Depth
Inches inches Pgos. (Deg.)

Indication  Start End  Length
Number Arimuth Azimuth Degrees

1 141.52 14488 3.36 6.07
2 319.34 32438 5.04 8.11
3 32538 32818 2.80 5.06
“ 33378 336.58 .80 5.06
s 338.2¢ 133938 1.12 2.02
[3 336.26 338.50 224 4.08
7 338.62 34188 2.24 4.08
8 34410 34690 2.80 5.0
? 34802 350.26 224 4.08

"The despest through-wall indication sized.

Areas Not Examined by All 3 Transducers

326.80
590.66

80.8
75
6.8

0.11
0.20
0.23
0.14
0.20
0.1
0.11
0.18
0.10

142.34
322.34
326.14
33454
3i8.46
33r.02
340.38
345.42
348.22

Total Flaw Length (Deg.) 24.64
Total Fiaw Length (In.) “s3
Thickness (In.) 2.00
Circumference (in,) 650.67
Inches per Degree 1.81
%of Initiating Length Depth
Thruwall Surfsce Transducer Transducer
58 ID/Near  45° Shear 80° Long.
10.0 ID/Near  45° Shear 60° Long.
15 ID/Near 45" Shear 60° Long.
7.0 ID/Near 45" Shear 60° Long.
100 iD/Near  45° Shear 60° Long.
5 ID/Near 45 Shear 60° Long.
58 ID/Near 45" Shear 60° Long.
9.0 ID/Near  45° Shear 60° Long.
8.0 ID/Mear 45" Shear 60° Long.

Areas Not Exomined: 0° to 9.20", 174.20° to 189.40° & 351.20° to 0° (Total of 33.20° Not Examired)

Limitations: Core Spray Downcomaers and Lifting Lugs
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Shroud Weld H6 Indication Data

Total Scan Length (Deg.) 288.52
Total Scan Length (In.) 506.08
Percentage of Weld Lungth Examined 80.1
Purcentage of Examined Weld Length Flawed 0.0
Percentage of Total Wald Length Flawed 0.0

indication  Start End Length Length Max. Depth Max. Depth
Numbar Azimuth Azimuth Degrees Inches inches Pos. (Deg.)

No Relevant Indications Recorded

Aress Not Examined by All 3 Transducers
0%t 9.2°, 186.96"° to 218.20° & 345.96° to 0* (Total of 71.48* Not Examined)

Limitations: Core Spray Downcomers snd Lifting Lugs

Total Flaw Length (Deg.)
Total Flaw Length (In.)

Thicknass (in)

Circumference (in.)
Inches per Degree

% of initiating

6.00
0.00

631.46
1.7§

Depin

Thruwall  Surface Transducer Transducer
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Shroud Weld H7 Indication Data

Total Scan Length (Deg.) 322,64
Total Scan Length (In,) 565.93
Percentage of Weld Length Examined 89.8
Percentage of Examined Weld Length Flswed 0.0
Percentage of Totai Weld Length Flawed 0.0

Length Max. Depth Max. Depth
Inches Pos. (Deg.)

Indizstion  Start End  Length
Number Azimuth Azimuth Degrees Inches

No Relevant Indications Recorded

Areas Not Examined by All 3 Transducers
0* 10 8.4°, 170.92° to 189.40" & 350.52° to 0" (Total of 37.26" Not Examined)

Limitations: Core Spray Downcomers and Lifting Lugs
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Total Flaw Length (Deg.) ¢.00
Total Flav Length (In.) 0.00
Thickness (in.) 2.00
Circumfarance (In.) 631.486
Inches per Degree 1.78

% of Initisting  Length Depth

Thruwail Surface Transducer Transducer



