Constellation Energy- P.0. Box 63

. . ) . Lycoming, NY 13093
e Nine Mile Point Nuclear Station

August 22, 2007

U. S. Nuclear Regulatory Commission
Washington, DC 20555-0001

ATTENTION: Document Control Desk

SUBJECT: Nine Mile Point Nuclear Station
Unit No. 1; Docket No. 50-220

Submittal of Additional Engineering Evaluations for Two Reactor Pressure Vessel
Weld Flaws in Accordance with Amended License Renewal Application
Commitment

REFERENCES: (a) Letter from R. B. Abbott (NMPC) to Document Control Desk (NRC), dated
September 14, 1999, Submittal of 1999 Inservice Inspection Summary Report
and Flaw Indication Evaluations

(b) Letter from P. S. Tam (NRC) to J. H. Mueller (NMPC), dated May 5, 2000, Nine
Mile Point Nuclear Station, Unit No. 1 — Evaluation of Flaw Indications in
Reactor Pressure Vessel Welds (TAC No. MA6510)

(c) Letter from J. A. Spina (NMPNS) to Document Control Desk (NRC), dated
December 5, 2005, License Renewal Application (LRA) — Responses to NRC
Requests for Additional Information Regarding LRA Parts 1, 2, 3 and 4 (TAC
Nos. MC3272 and MC3273)

(d) NUREG-1900, Safety Evaluation Report Related to the License Renewal of
Nine Mile Point Nuclear Station, Units 1 and 2, Volume 2, September 2006

§

By letter dated September 14, 1999 (Reference a), Niagara Mohawk Power Corporation (the previous
licensee) submitted to the NRC for review and approval a structural evaluation of subsurface flaw
indications found in two Nine Mile Point Unit 1 (NMP1) reactor pressure vessel (RPV) welds (RV-WD-
140 and RV-WD-099) during refueling outage 15. The evaluations considered fatigue crack growth and
irradiation embrittlement for up to 28 effective full power years (EFPY) of operation (i.e., the end of the
original license term). The NRC staff concurred that continued operation with these flaws was acceptable
until the end of the 28 EFPY in a safety evaluation dated May 5, 2000 (Reference b).

As discussed in the amended NMP1 License Renewal Application (LRA), Section 4.7.4, the analyses
performed for these RPV weld flaws were considered to be time-limited aging analyses since the



Document Control Desk
August 22, 2007
Page 2

acceptability criteria were applicable only through the original 40-year license term. In a letter to the NRC
dated December 5, 2005 (Reference c¢), Nine Mile Point Nuclear Station, LLC (NMPNS) made the
following commitment regarding the RPV weld flaw evaluations:

“The RPV weld flaw evaluations will be revised to consider additional fatigue crack growth and
the effects of additional irradiation embrittlement (for beltline materials) associated with
operation for an additional 20 years (i.e., out to at least 46 EFPY) and submitted for NRC review
and approval no later than 2 years prior to the period of extended operation. If the revised
calculation shows the identified flaws cannot meet the applicable acceptance criteria, the
indications will be reexamined in accordance with ASME Section XI requirements.”

The above commitment was affirmed in the NRC’s safety evaluation report related to license renewal of
NMP1, as documented in Section 4.7.4 of NUREG-1900, Volume 2 (Reference d).

In accordance with the commitment stated above, this letter is submitting additional engineering
evaluations that have been performed for the subject RPV weld flaws to project the evaluations to the end
of the period of extended operation, by considering additional fatigue crack growth and the effects of
additional irradiation embrittlement (for beltline materials) associated with operation for an additional 20
years (see Attachment 1). The evaluations utilized inputs from scoping pressure-temperature (P-T) curves
that were based on projected fluence levels corresponding to 46 EFPY, using the current NMPNS
Regulatory Guide 1.190 methods approved by the NRC. In addition, the evaluations used K. (instead of
K.) for allowable fracture toughness consistent with the current NRC-approved NMP1 P-T curve
application of Code Case N-640 and IWB-3600 of the 2006 Edition of the ASME Code, Section XI. The
additional engineering evaluations described in Attachment (1) are conservative and provide reasonable
assurance that the flaws will remain acceptable and that structural integrity of the RPV will be maintained
during the period of extended operation.

This letter contains no new regulatory commitments. Should you have any questions regarding the
information in this submittal, please contact T. F. Syrell, Licensing Director, at (315) 349-5219.

Very truly yours,

.

Gary/Jay Laughlin
Manager Engineering Services

GJL/DEV

Attachment: (1) Nine Mile Point Unit 1 — Additional Engineering Evaluations for Reactor Pressure
Vessel Welds RV-WD-140 and RV-WD-099 for the License Renewal Period
(Calculation SOVESSELMO030, Revision 01, Disposition 01B)

'

cc: S. J. Collins, NRC
M. J. David, NRC
Resident Inspector, NRC



ATTACHMENT (1)

NINE MILE POINT UNIT 1
ADDITIONAL ENGINEERING EVALUATIONS FOR
REACTOR PRESSURE VESSEL WELDS RV-WD-140 AND RV-WD-099
FOR THE LICENSE RENEWAL PERIOD

(Calculation SOVESSELMO030, Revision 01, Disposition 01B)

Nine Mile Point Nuclear Station, LL.C
August 22, 2007
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Description of Change

Background:

in 1999, unacceptable indications in the RPV shell per ASME XI IWB-3500 were identified by Uitrasonic
exams (UT) in axial weld RVWD-140 and shell-to-flange circumferential weld RVWD-099. The cetected
flaws are subsurface planar flaws located parallel to the centerline of the weld (i.e., the indications in
RVWD-140 were axially-oriented and the indications in RVWD-099 were circumferentially-oriented). The
flaw evaluations considered fatigue crack growth and irradiation embrittiement (only applicable for the
beitline weld, RVWD-140) to 28 Effective Full Power Years (EFPY). The original flaw evaluations for
these flaws were performed in revision 1 of this calculation SOVESSELMO30 using a flaw handtook
developed by General Electric Nuclear Energy (GENE). The original flaw evaluations were submitted to
the NRC for review and approval under NMPC letter dated September 14, 1999. The NRC reviewed the
original evaluations and concurred that continued operation with these flaws is acceptable through 28
EFPY, the end of the current license term, as stated in the NRC SE dated May 5, 2000.

The original flaw evaluations determined that leak test and bolt-up conditions were the most limiting
conditions for fracture analysis of the flaws. The leak test (i.e., ASME Xl Leakage Test) was identified as
the limiting loading condition in the axial weld RVWD-140 and reactor vessel bolt-up was limiting fer the
shell-to-flange circ weld RVWD-099. In 2003, the NRC issued Technical Specification Amendment No.
183 which revised the NMP-1 reactor coolant system pressure-temperature limit curves and tabies in
Tech Spec Section 3.2.2/4.2.2, “Minimum Reactor Vessel Temperature of Pressurization®. The revised
P-T curves were developed using Code Case N-640 “Alternative Reference Fracture Toughness for P-T
Curves”. Use of code case N-640 ultimately decreased the leak test temperatures, which decreases the
fracture toughness. As such, the existing flaw evaluations were dispositioned in SOVESSELMO30-01A
(SIA calculation NMP-05Q-303 Revision 0) to reconcile the leak test conditions associated with *he
updated P-T limit curves. The calculation disposition concluded that the previously detected flaws
remained acceptable when compared to the updated (lower) allowable flaw sizes at 28 EFPY. The
minimum temperature for bolt-up (100 °F) remained unchanged by the Tech Spec amendment;
however, the calculation disposition conservatively evaluated the flaws assuming a lower bolt-up
temperature of 70 °F. The revised flaw evaluations were not submitted to the NRC for review and
approval.

In 2005/2006 during the License Renewal application period, NMP1 committed to submit revised flaw
evaluations for the subject flaws in the RPV shell welds to the NRC for staff review and approva at least
two years prior to entering the period of extended operation. The revised flaw evaluations were {o
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consider additional fatigue crack growth and the effects of additional irradiation embrittlement (or
beltline materials) associated with operation for an additional 20 years (i.e., out to at least 46 EFPY).
This commitment is documented in NUREG-1900, Volume 2, Section 4.7.4.2. and in the Unit 1 UFSAR
Appendix C, Section C.2.5.1. In December 2005, the attached revision 1 of SIA calculation NMP-05Q-
303 revised the allowable flaw sizes for fatigue-and irradiation embrittlement for 46 EFPY. Sincs the
limiting loading condition for flaws in axial weld RVWD-140 is the leak test condition, the P-T curve for
leakage testing had to first be revised for projected fluence levels corresponding to 46 EFPY. The
Reference 3 calculation documents “scoping” P-T limit curves for 46 EFPY. The scoping 46 EFPY P-T
limit curves were developed using the same methodology as the existing P-T curves approved by the
NRC in Tech Spec amendment 183. The scoping P-T curves were based on draft best estimate neutron
fluence calculations available in 2005 when the attached calculation was originated. The draft neutron
fluence calculations were performed in accordance with Regulatory Guide 1.180. Subsequently the
neutron fluence calculations were finalized in MPM-405778, “Neutron Transport Analysis for NIP-1".
The 46 EFPY fluence exposures at weld RVWD-140 used in the attached SIA calculation was
compared to the final fluence calculated in MPM-405778. This comparison determined that the fluence
used in the attached calculation is conservatively bounded by the final fluence calculation. Since both
the scoping P-T curve calculations and the attached SIA calculation used the higher draft fluence
values, the calculated allowable flaw sizes at weld RVWD-140 are deemed to be conservative. The
allowable flaw sizes for shell-to-flange weld RVWD-099 were also recalculated assuming 20 acditional
years of fatigue crack growth. The revised allowable flaw sizes were conservatively determinec for a
bolt-up temperature of 70°F, although the current minimum Tech Spec bolt-up temperature is 100°F.

Resolution & Conclusions

The attached calculations provide “scoping” allowable flaw sizes for welds RVWD-140 and RVWWD-099
out to 46 EFPY in accordance with NMP1’s License Renewal commitment. The calculation concludes
that existing flaws in the two welds are acceptable as compared to the 46 EFPY acceptance criteria.
The calculations while considered for information only are conservative and are only intended ta provide
reasonable assurance that the flaws will remain acceptable and the structural integrity of the RPV will
be maintained during the period of extended operation. Final allowable flaw sizes will be re-calculated
when P-T curves for the license renewal period are developed. The impact of the future P-T curve
development on the attached calculation will be re-visited at some future time under the NMP cesign
change control process. The NMP1 fluence methods are based on approved Regulatory Guide 1.190
methods which require maintenance of fluence projections based on routine updates using actual core
operating conditions and changes to ART as needed. In addition NMP1 is part of the BWRVIP ISP
Program which requires review of the ART when ISP capsules are removed. Therefore the acceptability
of the flaws is reviewed whenever the ART and/or P-T curves require adjustment.

The NRC commitment as documented in NUREG-1900 and the UFSAR also states that the flans will
be reexamined in accordance with ASME Section X| as necessary. Because the revised flaw
evaluations contained herein demonstrate that the flaws are acceptable for additional 20-years, the
current ASME Xl inspection frequency of once/interval for examination category B-A pressure retaining
welds is adequate.
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This calculation provides a reconciliation of the previous flaw evaluation performed for the NMP-1
RPV. The allowable flaw sizes computed by GE for 28 EFPY for the indications in question are first
reproduced. This step ensures consistency in methodology application. Then, revised allowable flaw
sizes are computed for 46 EFPY (projected end-of life value for 60 years of operation) using the
appropriate revised pressure test temperature for comparison to the previously as-found indications.
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1.0  INTRODUCTION

During past RPV weld examinations for Nine Mile Point Unit 1 (NMP-1), flaws were detected in the
reactor pressure vessel (RPV) that required IWB-3600 evaluation [1]. The flaws were dispositioned
via a RPV Flaw Handbook prepared for NMP-1 by GE [2]. The flaw handbook determined the boltup
and pressure test conditions to be limiting, so allowable flaw sizes were determined based on the
pressure-temperature (P-T) curve values for pressure test conditions for 20.3 and 28 EFPY. Revision
0 of this calculation was performed to reconcile the prior GE flaw evaluation due to the revision of the
P-T curves to incorporate Code Case N-640 (i.c., application of Ky;). The P-T curves were recently
revised for license renewal operation [3]. This caused a change in the P-T curves, thereby changing
the required pressure test temperature and, therefore, the resulting allowable fracture toughness. Asa
result, reconciliation of the prior RPV flaw evaluation was considered neccssary.

In this calculation, the previous flaw evaluation for the RPV is reconciled. The allowable flaw sizes
originally computed by GE for 28 EFPY for the indications in question are first reproduced. This step
ensures consistency in methodology application. Then, revised allowable flaw sizes are computed for
46 EFPY (projected end-of life value for 60 years of operation) [3] using the appropriate revised
pressure test temperature for comparison to the previously as-found indications.

This calculation details all inputs, methodology, and analysis results associated with the RPV flaw
reconciliation analysis calculation.

2.0 INPUTS

Reference [1] provides the flaws to be evaluated, as shown in Table 1.

Table 1. Flaws To Be Evaluated

Flaw Flaw Handbook Flaw 112 Flaw Flaw . GE Wall :
RPVWold ID] Flaw ld | Orlentation Figure No. Depth, 23 | Dopth, 8 | Length, L s/l Aliowable | Thick,t alt
RVWEO-099 | 109/139 Circ D-3 0.396 0.198 6.75 0.0203 1.20 7.2 0.0275
RVWD-099 1-112 Circ -3 0.594 0.267 1.25 0.2376 1.55 7.2 0.0413
RVWD-099 1-113 Ciic D-3 0.594 0.297 3.25 0.0914 1.28 1.2 0.0413
RVWD-098 1-114 Circ D-3 0.594 0.287 3.5 0.0849 1.24 7.2 0.0413
RVWD-089 1-115 Circ D-3 0.552 0.278 3.5 0.0789 1.23 1.2 0.0383
RVWD.089 1-118 Circ D-3 0.552 0.278 2.5 0.1104 1.3 7.2 0.0383
RVWD-089 | 1-122/149 Circ D-3 0.453 0.2268 775 0.0282 1.20 7.2 6.0315 |
RVWD-140 58 Axial D-12 0.388 0.188 13.75 0.0144 0.90 7.2 0.0275
RVWD-140 | 8-015+016 Axial 0-12 0.424 0.212 3.0 0.0707 1.00 12 0.0294

The remaining inputs were obtained from Reference [2], as follows:
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For GE Figure D-3 Flaws:
Base Metal Thickness = 7.125" {2, Table A-1]

-Clad Thickness = 0.2188" [2, Table A-1] ,
RTwnptr = 40°F [2, Table A-2, All Vertical Welds in Upper Shell Course]
Adjusted Reference Temperature, ART = 40°F (Flange region not affected by fluence)
Condition Evaluated = Boltup [2, Table A-4¢]
Condition Temperature = 100°F [2, Table A-4c)
Yield Stress = 50 ksi [2, Table A-4c)
Flaw Orientation = Circumferential (see Table 1 above)
Stresses: [2, Table A-5, Non-Beltline (near flange) Boltup]
Pressure Stress = 0.0 ksi
G = 0.0 ksi
Cp = 26.0 ksi

Weld Residual Stress = 0 ksi
Clad Residual Stress = 35.0 ksi ‘
Fatigue Crack Growth Cycles =18 cycles/EFPY [2, p. 10] =18 * 9.7 = 175 cycles

For GE Fisure D-12 Flaws:

Base Metal Thickness = 7.125" [2, Table A-1]

Clad Thickness = 0.2188" (2, Table A-1]

RTwpr = 40°F [2, Table A-2, Weld @ 225°]
ART = 122°F @ 1/4t : [2, Table A-3b, Weld @ 225°)

{The above ART value is reproduced in accordance with Reg. Guide 1.99, Rev. 2 [4] in Table 2 below.)
Condition Evaluated = Pressure Test {2, Table A-4c]
Condition Temperature = 260°F [2, Table A-4c]

Yield Stress = 46.01 ksi [2, Table A-4c]

Flaw Orientation = Axial (see Table 1 above)

Stresses: [2, Table A-5, Vertical Welds Beltline]
Pressure Stress = 18.51 ksi :
om= 0.3 ksi
op = 0.5 ksi

Weld Residual Stress = 8 ksi (bending)

Clad Residual Stress = 17.11 ksi .

Fatigue Crack Growth Cycles = 18 cycles/EFPY {2, p. 10] = 18 * 9.7 = 175 cycles
Flaw eccentricity ratio, e/t:

Flaw 55: (7.98"/2 - 2" - 0.396"/2) / 7.98" = 0.22 [1, pg. A6]

Flaw 9-015+016 = (8.00"/2 - 2.20" - 0.424"/2) / 8.00" = 0.20 (1, pg. BG]

The new pressure test temperature from Figure 6 of Reference [3] is 194°F at the limiting 1/4t location
for a leak test pressure of 1,050 psig (per Constellation input). Note that any potential future increases
in the leak test pressure are bounded by this evaluation since a higher leak test pressure will yield a
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higher temperature (and the lower temperature used in this evaluation is bounding because of the
associated lower fracture toughncss),

Table 2. Reproduction of Original ART Calculations for 28 EFPY
NMP-1 RPY ART ypr Calculation for 28 EFPY

(NOTE: This calculation duplicates the provioys calcutation from Relerence (2] for 28 EFPY, and Is used for the Banchmark Analysis only.)
Chemistry Chemlstry Adjusiments For 1/41
Initial RTygv Factor ART ey thargin Torms ARTypr
Location R Cuwi%) [NMiwy) ('F) (F) 9 {F) | o {'F) | EFPY| (F)

Wald & 225" = Weld Whare Flaws Are Localed 40 0.27 0.53 173.85 416 7.0 ; 00 280 | 1218

(use limting Plate G-307-4 chamislry) : H

Flangs Hortzontal Weld 40 0.0 00 | 00 | 201 400
LA ISR R T R A RS S, T O A o
jue! ko) mag]on )

Yvoi Thickness i {inches) Fluence at D Attenuation, 1441 Fluence @ 114t Fluence Facter, FF
Location Full 18 EFPY e 9o {nigm?) {03310
Wele @ 225° 1.344 2.000 280 T1.16E+17 0.819 4.43E+417 0.27
Flange Horizonlal Weld  7.344 2.000 280 1.00E+00 0.819 6.195-04 £.00 J

3.0 BENCHMARK ANALYSIS

As a first step, the allowable flaw sizes originally developed in Reference [2] were reproduced to
substantiate the methodology used. This was accomplished using the SI Program APPENDA (5],
which is an in-house, verified computer program for performing flaw tolerance analysis of rcactor
vessel shells, APPENDA uscs the same methodology outlined in the Reference [2] report. The inputs
described above were input to APPENDA for each of the flaws.

The values of the flaw eccentricity ratio, e/t, that were used to develop Figures D-3 and D-12 of
Reference [2] were not documented in Reference [2]. Therefore, a range of e/t values was evaluated
with the APPENDA program until the previous results were identically matched. Values of e/t of
-0.17 and -0.38 were determined for Figures D-3 and D-12, respectively.

The results are shown in Figure 1 (corresponding to Figure D-3 of Reference [2}) and Figure 2
(corresponding to Figure D-12 of Reference [2]). The flaws identified in Table | are aiso included in
Figures 1 and 2.

The APPENDA input files for these two cases are D3C.IN and D12A.IN, respectively, and are
included in the computer files associated with this calculation. The results are documented in output
summary files D3C.SUM and D12A.SUM, which were incorporated into Excel spreadsheets
"Allowable Flaw Sizes (D3).xls" and "Allowable Flaw Sizes (D12).xls". All of these files are also
included in the computer files associated with this calculation.

Revision 0 1
Preparer/Date | GLS 11/5/02 GLS 12/27/05
Checker/Date | KKF 11/5/02 KKF 12/27/05

File No. NMP-05Q-303 Page 5 of 13




Figure 1. Benchmark Results for Vessel Flange Horizontal Weld (Figure D-3 of [2])
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Figure 2, Bénchmark Results for Lower-Intermediate Course Weld (Figure D-12 of [2])
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4.0 REVISED ANALYSIS

Revised allowable flaw sizes were determined for a boltup temperature of 70°F (for information only),
and the revised pressure test temperature of 194°F. The following revised inputs apply:

For GE Figure D-3 Flaws:
Condition Temperature = 70°F

Fatigue Crack Growth Cycles = 18 cycles/EFPY x (46 ~ 20.3*) EFPY =463 cycles
(* EFPY level at the time of the Reference [2] analysis.)

All other mputs remain the same.

The revised allowable flaw sizes are shown in Figure 1 as "IWB-3600 Allowable Flaw Sizes for 70°F
Boltup”, The APPENDA input file for this case is D3D.IN, and is included in the computer files
associated with this calculation. The results are documented in output summary files D3D.SUM,
which was incorporated into Excel spreadsheet "Allowable Flaw Sizes (D3).xIs". All of these files are
also included in the computer files associated with this calculation.

For GE Figure D-12 Flaws: .
Condition Temperature = 194°F
Fatigue Crack Growth Cycles = 18 cycles/EFPY x (46 —20.3*) EFPY =463 cycles
(* EFPY level at the time of the Reference (2] analysis.)
Stresses: All remain the same except the yield and clad residual stresses:
Yield Stress = 47.66 ksi per calculation below:

Yield Stress: .
T= 184 °F {new pressure test {emp.)
YSat100°F = 50.00 Infin-°F (Table A4c of Reference [2))
YSat260°F=  46.01 infin-°F (Table A-4c of Reference [2})
YSatT= 4768 °F (interpolated) ’
Clad Residual Stress = 23.00 ksi, per calculation below:
Clad Residual Stress:
T= 184 °F {new pressure tast temp.)
g at70°F = 350 ksl {pgy. A-4 of Reference [2])
Egs @ 70°F = 28,300 ksi {Reference [6))
Egs @ 200°F = 27,600 ksi {Reference [6})
Egs @ T= 27632 ksl (interpolated)
Aa for AT = 1080°F = 2.70E-06 Infin-"F {pg. A-4 of Reference [2})
Ac for AT = -177°F = 2.44E-08 infin-"F (pg. A-5 of Reference {2])
aT=70-T= .24 °F
Aa for AT = 2.45E-06 Infin-’F {interpolated)
c.atT= 2300 ksi

NOTE: The cladding stress has no cffcet on the subsurface flaws evaluated in this calculation, but it is included for completeness.
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ART = 167.9°F @ 1/4 [3, Table 3, Plate G-307-4)
{NOTE: The above ART value is reproduced in accordance with Reg. Guide 1.99, Rev. 2 {4] in Table 3.)

All other inputs remain the same.

Table 3. Reproduction of Revised ART Calcixlations for 46 EFPY

NViP-1 RPV ART ypy Calculation for 46 EFPY
(NQTE: This caiculation dupiicates the caiculation from Referenco [3] for 46 EFPY,_and is used for tho Revised Analysis.}
‘ Chamistry Chemistry Adjustments For 1/4t
inittal Ry Facter ARTypr Margin Torms ART o
Location °F) Cur {wt %) [ Ni{wt %) ¢F) *F) 9. (*F) & o {"F) | EFPY| 'R
Woeid @ 226* » Weid Where Flgws Are Located 40 0.27 0.53 173.85 g3.9 170 « 00 480 | 1679
{use limiting Piata G-307-4 chemlsisy) H

Flange Horizontl Weld 40 00 00 . 0D | 4801 400

ora s CoqY/s (Rt WIITRATens (o [3), ThaLOURwINg £ ol Hallans. 90 NI aaeIog ¢, 1R CI8Bain g ThiO R adE Dhk i AR T e
Elyence Infomation;
Walt Thickness, 8 (inghes) Fiuonco at iD Atlerninlion, 1742 Flugnce & 1741 Fluencs Factor, FF
Location Eyf 1/a EEPY {nien?y [t (nlor?) gronen
Waeld § 225¢ 7.125 1.761 46.0 2.71E+18 0.852 1.77E18 0.54
Flange Horizontsl Wetd _ 7.128 1.781 45.0 1.0DE«00 3.652 8.52E-01 0.00

The revised allowable flaw sizes are shown in Figure 2 as "Allowable Flaw Sizes for T = 194°F (e/t =
-0.38)". Two other cases were run for the actual flaw eccentricity ratios, e/t = -0.22 and -0.20, which
are also shown in Figure 2 as "Allowable Flaw Sizes for T = 194°F (e/t = -0.22)" and "Allowable Flaw
Sizes for T = 194°F (e/t = -0.20)", respectively. The APPENDA input file for this case is D12C.IN,

" and is included in the computer files associated with this calculation. The results are documented in
output summary files D12C.SUM, which was incorporated into Excel spreadsheet “Allowable Flaw
Sizes (D12).xIs". All of these files are also included in the computer files associated with this
calculation.

Based on the results shown in Figures 1 and 2, the following conclusions can be made with respect to
the revised RPV flaw evaluation:

v The allowable subsurface flaw sizes for the Non-Beltline, Vessel Flange Horizontal Weld
Region at 46 EFPY are reduced for a boltup temperature of 70°F. This is a result of the lower
allowable stress intensity factor, Ky, at 70°F versus 100°F. For the limiting flaw eccentricity
ratio of -0,17, which is the basis for the original flaw diagram in Reference [2], the as-found
indications are acceptable compared to these lower allowable flaw sizes.

v The allowable subsurface flaw sizes for the Lower-Intermediate Course at 225° Region at 46
EFPY are reduced for the revised pressure test temperature of 194°F. This is a result of the
lower allowable stress intensity factor, Ky, at 194°F versus the temperature of 260°F used in
the Benchmark Analysis, and also because the fluence is higher for 46 EFPY compared to the
fluence for 28 EFPY used in the Benchmark Analysis. For the limiting flaw eccentricity ratio
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of -0.38, which is the basis for the original flaw diagram in Reference [2], the as-found
indications are unacceptable compared to these lower allowable flaw sizes.

*¥* For the Lower-Intermediate Course at 225° Region at 46 EFPY, and using the actual flaw
eccentricity ratios of -0.22 (Flaw 55) and -0.20 (Flaw 9-015+016), the as-found indications are
also unacceptable compared to the lower allowable flaw sizes for the revised pressure test
temperature of 194°F,

In order to show acceptability of the flaws in Figure 2, additional analysis using the following items
(some of which are identified in Section B-7 of Reference [2]) will be performed:

o Use Ky, for the allowable fracture toughness. A Code change to Ky, has just passed the ASME
Board for implementation in IWB-3600 of ASME Code Section XI. This change should be

. published in the 2006 Addenda of the Code.

o A revised ART value specific to the weld location will be used. Per Constellation input, the
peak fluence for the upper plate from Reference [3], as used in Table 3 and this revised
analysis, is 2.33 times higher than the peak fluence for the Weld @ 225°.

Evaluation considering the above two items is performed in the next section.
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50 REVISED ANALYSIS #2

For the D-12 flaws, revised allowable flaw sizes were determined for the revised pressure test
temperature of 194°F using Ky and a revised ART value specific to the weld location being evaluated.
The following revised inputs apply:

For GE Figure D-12 Flaws:
All inputs are the same as identified in Section 4.0, except:

ART=1373F @ 1/4t (see Table 4)
(NOTE: The above ART value is reproduced in accordance with Reg. Guide 1.99, Rev. 2 {4] in Table 3.)

Use K. instead Ky, for the allowable fracture toughness.

NOTE: A project-specific revised version of the APPENDA program, called APPENDAZ, was
used for the K. change. The only technical change made for the software was thal the data
statement defining Ky, was replaced with the data statement for Ky, Thus, any program outpuls
still identifies that Ky, is being used, but in reality the values used are K).. Verification of this
can be found by viewing the output in the *.OUT file.

Table 4. Revised ART Calculations for 46 EFPY Using Reduced Fluence
NMP-1 RPV ART ypy Calculation for 46 EFPY Using Lower Fluence

[NOTE: This colculation uses a roducsd fluence for the Wold @ 228, using a factor of 2.33 Jor 48 £FPY, and s weod for Rovised Analysis 92.)
Chemistry Chemlstry Adjustments For 1/4t
fnitial RTyor Factor ARTxor Margin Terms ARTypy
Location (*F) Cu (wt %) | NI {(wt %) (*F) (*F) 0, (°F} Lo (*F) | EFPY] (“F)
Woid & 225% » Weld Whore Flaws Ase Located 40 0.27 0.53 173.85 83.3 17.0 : 0.0 480 } 1373
uso limiting Piate 3-307-4 chemisiry) '
Flange Horzontal Waid 40 . 00 0o 0.0 48.0 | 40.0
RaTa Can S TE T Rolarere B TR e IOy e el R O T, Tre e S G g kT8 2T o R B PR A oG

Elugnge tnformation:

Yol Thickness. 1 (inches)- Fiuence at 1D Attorigution, 1/4t Fluence @ 1/4t Fluence Factor, FF
Locallon Fuil 1741 EFPY {nfem) g2 (nrem?) et |
Wela g 225* 7126 1.781 46.0 1.16Ev18 0852 1.58E¢17 0.38 !
Fiange Horzontal We'd 1.128 1781 480 1.00E+00 0852 8.52E-01 0.00 H

Note:  The weld at 225° is actually at the RPV 45° azimuth which is the lowest fluence azimuth in the quadrant. The
fluence at the 225° azimuth is 2.33 times less that the peak fluence. Therefore, the peak fluence is estimated

above based on 2.71x10'3/2.33 = 1.16x10".

The reviscd allowable flaw sizes are shown in Figure 3 as "Allowable Flaw Sizes for T = 194°F (e/t =
-0.38)", "Allowable Flaw Sizes for T = 194°F (¢/t = -0.22)", and "Allowablc Flaw Sizces for T = 194°F
(e/t = -0.20)". The APPENDAZ input file for this case is D12D.IN, and is included in the computer
files associated with this calculation. The results are documented in output files D12D.SUM and
D12D.0OUT. D12D.SUM was incorporated into Excel spreadsheet "Allowable Flaw Sizes (D12).xls".
All of these files are also included in the computer files associated with this calculation.
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Figure 3. Results of Revised Analysis #2 for Lower-Intermediate Course Weld

NMP-1 RPV Flaw Evaluation
(Lower-intermediate Course at 225°, Subsurface Flaw, Using Reduced Fluence and K,,)
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6.0 CONCLUSIONS

Based on the results shown in Figures 1, 2, and 3, the following conclusions can be made with respect
to the RPV flaw evaluation:

v Based on the results of Figures 1 and 2, the previous allowable flaw sizes were identically
reproduced using the APPENDA program. Therefore, the methodology of evaluation for the
current analysis is considered validated.

v Based on the results of Figure 1, the allowable subsurface flaw sizes for the Non-Beltline,
Vessel Flange Horizontal Weld Region at 46 EFPY are reduced for a boltup temperature of
70°F. This is a result of the lower allowable stress intensity factor, Kis, at 70°F versus 100°F.
For the limiting flaw eccentricity ratio of -0.17, which is the basis for the original flaw diagram
in Reference [2], the as-found indications are acceptable compared to these lower allowable
flaw sizes. -

v' Based on the results of Figure 2, the allowable subsurface flaw sizes for the Lower-
Intermediate Course at 225° Region at 46 EFPY are reduced for the revised pressure test
temperature of 194°F. This is a result of the lower allowable stress intensity factor, Ky, at
194°F versus the temperature of 260°F used in the Benchmark Analysis, and also because the
fluence is higher for 46 EFPY compared to the fluence for 28 EFPY used in the Benchmark
Analysis. For the limiting flaw eccentricity ratio of -0.38, which is the basis for the original
flaw diagram in Reference [2], the as-found indications are unacceptable compared to these
lower allowable flaw sizes when Ky, is used.

v Based on the results of Figure 2, for the Lower-Intermediate Course at 225° Region at 46
EFPY, and using the actual flaw eccentricity ratios of -0.22 (Flaw 55) and -0.20 (Flaw 9-
015+016), the as-found indications are also unacceptable compared to the lower allowable flaw
sizes for the revised pressure test temperature of 194°F when Ky, is used.

v Based on the results of Figure 3, for the Lower-Intermediate Course at 225° Region at 46
EFPY, and using the actual flaw eccentricity ratios of -0.22 (Flaw 55) and -0.20 (Flaw 9-
015+016) as well as the weld-specific fluence and Ky, the as-found indications are acceptable
compared to the allowable flaw sizes for the reviscd pressure test temperature of 194°F.

It is therefore concluded that the previously detected RPV flaws are dispositioned for the revised
pressure test temperature of 194°F and are therefore acceptable for 46 EFPY (60 years of operation).
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GLS-07-022

Mr. Roy Corieri

Constellation Generation Group

Nine Mile Point Nuclear Station

Engincering Scrvices Bldg, 1

348 Lake Road

Oswepo, NY 13126

Subject: Flaw Proximity Asscssment for Nine Mile Point RPV Flaw Evaluation

References: 1. Structural Integrity Associates Caleulation No, NMP-05Q-303, Revision 1, “RFV

Flaw Evaluation,” 12/27/2005.

2. Niagara Mohawk Power Corporation Nuclear Enginecering Report No. NER-IM-063,
Revision 0, "GE Nuclear Encrgy RPV Flaw Evaluation Handbook for NMP1, GENE-
B13-01805-124," S! Filc No, NMP-05Q-203.

3. Niagura Mohawk Nuclear Engineering Calculation No. SOVESSELMO030, Revision
1, "RPV Weld Flaw Evaluation Using GE Nuclear Energy NMP 1 RPV Flaw
Evaluation Handbook (GENE-B13-01805-124, Rev. 0)," Si File No. NMP-05Q-205.

4. ASME Boiler and Pressure Vessel Code, Section X1, “Rules for In-service Inspaction
of Nuclear Power Plant Components,” 1989 Edition.

Dear Roy:

Per your request, this lelter is to clarity and provide supporting documentation of a flaw proximity
assessment related to the reactor pressure vessel (RI'V) flaw evaluation documented in the Reference 1]
calculation,

BACKGROUND

The Reference [1] calculation was completed in 2005 as a part of Constellation’s license renewal offorts
for the Nine Mile Point Nuclear Power Station, Unit 1 (NMP-1). That celeulation provides a
reconciliation of the previous flaw evaluation performed for the NMP-1 RPV. An RPV [law cvaluation
hundbook was originally developed by GE in the Reference [2] document. Subsequent to that, during
RPV exams for NMP-1 in 2000, tflaws were detected, and evaluation of those tlaws was performed by
Constellation for 28 effective full power years (EFPY) in the Reference [3] document. The Reference
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[1‘] calculation provided a revised flaw evaluation for 46 EFPY (projected end-of life value for 60 years
of aperation).

Per Reference [3], the original flaw evaluation handbook work was done in accordance with the 1983
Edition, Suinmer 1984 Addenda of Section X1 of the ASME Code. The Reference [1] evaluation was
performed in accordance with the 1989 Edition of Section X1 of the ASME Code, and it was showa
through a benchmark evaluation in the Reference (1] calculation that the previous work was identically
reproduced. Therefore, the 1989 Edition of Section X1 of the ASME Code is used in this assessment.

EVALUATION

SI did not explicitly perform a flaw proximity cheek in the Reference [ 1] calculation at the end of the
cvaluation period (i.c., at 46 EFPY). It was implicitly assuned that such a flaw proximity check was
unnecessary, since all flaws evaluated were subsurface (i.e., not exposed to the reaclor environment),
and therefore the fatigue crack growth was negligible due to use of the ASME air fatiguc crack growth
curve. In this letter, it is further demonstrated that all relevant ASME Code rules were satistied based on
a conscrvative assessment of the fatigue crack growth considering operation through 46 EFPY.

Notc that the caleulation that follows represents a bounding crack growth caleulation for all pussibic
allowable subsurlace {law sizes for the RVWD-099 flaw diagram. This is because flaw diagrams must
evaluate bounding crack growth ahead of time, since it is not known beforehand the size of a flaw “hat
may be detected during examinations.

For flaw RVWD-099, the crack growth caleulated in Reference {13 may be obtained from supporting file
“133D.SUM™. which is identificd in Section 4.0 of Reference [1], and is available in the supporting files
associated with Reference [1]. The crack growth is 1.30x10™ inch for all subsurfuce laws. For the
limiting case, the temperature, T, is 70°F, as noted from input file “D3D.IN™ associated with Reference
[1], where a constant through-wall temperature gradient was provided for the limiting stress distribution,
Thercfore, the crack growth is identical for all subsurface laws since the temperature is unilorm through
the wall thickness.

The following provides the supporting caleulation for this value (refer to Scction X1 of the ASMIE Code,
Appendix A [4] for the equations used):

For T = 70°F, and a material R Tnyr of 40°F (per p. 4 of Reference [1]). the critical fracture toughness,
Ki', is:

Kceiviont = 20,78 + 1,223 ¢ ORI -KInI60N = 56 78 + 1 223 001870304 1600) L. 46 () g sinfinch

The allowable Ky, 1s:

! Refir to Appendix G, G-2110 of Reference |4] for he Ky, equation. which includes correction of the exponential coclficient
from *1.233" 10 1.223" per Figurc 4-1 of WRC-175. This correction was made in later editions of Scction X1.

'\’E Structural Intenrity Associates, Inc.



SOVESEELIA0L0 OB

See |6 of 22
Mr. Roy Corieri pes 1 ez July 9, 2007
GLS-07-022 Page 3 of 4

I'law Proximity Assessment for Nine Mile Point RPV Flaw Evaluation

Kisatiowabie = Kia-criticar / (Safety Factor) = 46,0 / V10 = 14.55 ksivinch

Per A-4300 of Appendix A, assuming the load fluctuates between the above value and zero, the stress
intensity factor range, AK, is:

AK = Ky = Kin = 14.55 - 0 = 14.55 ksivVinch.

Per A-4300 of Appendix A, for a subsurface flaw, the air crack growth relationship applies:
da/dN = Cg AK"

The following cocfficients were used®:

n=3.07

Co=1.99x10""S

S =2572(2.88 - R)*% =3.703449 (assuming worst-case R = 1)
Co = 1.99x107'° (3.703449) = 7.37x107'°

da/dN = 7.37x107° (14.55)*9 = 2.74x10°% infcycle
Using dN = 463 cycles from p. 7 of Reference [1]:
da = da/dN * (No. of applicd cycles) = 2.74x10° infcycle (463 cycles) == 1.30x107 inch

As stated previously, the above calculation is NOT for the actual flaw; rather, it is a bounding
calculation made for the flaw handbook that bounds all possible allowable flaw sizcs for the given
temperature. Therefore, it provides a conservative and bounding value of crack growth compared to that
for the actual flaw size.

From Table | of Reference [1], the smallest flaw depth cf any flaws for RPV weld RVWD-099 is
0.396". Thus, the crack growth value calculated above represents 1.30x1 072/0.396 = 0.003 = 0.3% of the
crack depth, which is insignificant. With respect to length, the SI flaw cvaluation computer prograra
performs calculations assuming a constant flaw aspect ratio, a/f. Therefore, the percent change in flaw
length is identical to the flaw depth, as demonstrated below. :

For the same flaw, Table 1 of Refcrence [1] reveals an aspect ratio of 0.0144 and a flaw length, ¢, of
13.75”. The change in length, A€ is thereforc:

a/€ = constant = (0.396/2) / 13.75 = 0.0144 = [(0.396 + l.30x]0'3)/'2] /{(13.75 + A6
or Al =0.0457 inch

¥ The coefficients shown were obtained from the 1992 Addenda to Section X1 and ave used by SI's flaw evaluation computer
program, as they are niore recent and provide more conscrvative estimates of fatigue crack growth than the values specificd
in the 1989 Edition.

‘gi Structural Integrity Associates, Inc.
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The change in length value caleulated above represents 0.0451/13.75 = 0,003 = 0.3% ol the crack
length, which is insignificant.

Theretore, the change in both the depth and length is insignificant, so the flaw proximity docs not differ
significantly over the life ot the Hlaw.

Similar caleulations to the above apply for the flaw diagram associated with flaw RVWD-140, with the
exeeption that the limiting stress case for flaw RVWD-140 has o through-wall temperature variaticn.
Thercfore, depending on the flaw location within the wall thickness (based on ¢/t), the value of
temperature, T, in the above caleulation will be different. Similar resuits were achieved (a maximumn
fatigue crack growth value of 1.28x107 inch was obtained in supporting file "D12C.SUM” for the other
flaws evaluated in Reference [13).

CONCLUSION
Based on the evaluation above, the change in flaw size duc to fatigue crack growth for the flaws

evaluated in the Reference [ 1] evaluation is negligible, so the initial flaw proximity check performed on
the flaws remains valid at the end of the evaluation period (46 EFPY).

Please do not hesitate to contact me if you have any questions,
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