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Northern States Power Company, a Minnesota corporation, d/b/a Xcel Energy
(hereafter “NSPM”), has identified that Boiling Water Reactor Vessel Internals Project
(BWRVIP) report, BWRVIP-108 (Reference 1), contains certain design assumptions
that impact its application at the Monticello Nuclear Generating Plant (MNGP).
Specifically, BWRVIP-108 assumed a certain number of thermal cycles on the reactor
pressure vessel (RPV) nozzles assuming a 40 year design life. Also, the report
assumed that the Recirculation Inlet (N2) nozzles accumulated negligible fluence
allowing them to be excluded them from the “beltline” region of the RPV. The
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BWRVIP-108 report served as part of the basis for two 10 CFR 50.55a requests
(References 2 and 4) to implement an alternative, American Society of Mechanical
Engineers (ASME) Code Case N-702.

Subsequently, to support use of ASME Code Case N-702, Structural Integrity Associates,
Inc. (Reference 5), performed a MNGP site specific analysis for NSPM that evaluates

1) additional thermal cycles assumed during the 60 year design life following approval of
license renewal, and 2) additional fluence at the “beltline” region for the RPV N2 nozzles.
Enclosure 1 provides this analysis which demonstrates the acceptability of applying ASME
Code Case N-702 through the end of the renewed license period of extended operation.

NSPM requests that the U.S. Nuclear Regulatory Commission (NRC) review this site
specific analysis together with the pending “10 CFR 50.55a Requests Associated with
the Fifth Inservice Inspection Ten-Year Interval,” dated September 28, 2011

(Reference 4), specifically as it pertains to 10 CFR 50.55a Request RR-002, “Alternative
to the Requirements of Examination Category B-D.”

On March 12, 2010, NSPM submitted 10 CFR 50.55a Request No. 16, (Reference 2),
pursuant to 10 CFR 50.55a(a)(3)(i) in accordance with ASME Code Case N-702,
"Alternative Requirements for Boiling Water Reactor (BWR) Nozzle Inner Radius and
Nozzle-to-Shell Welds." Part of the basis for this 10 CFR 50.55a request was
BWRVIP-108. The NRC reviewed this 10 CFR 50.55a request and authorized this
alternative for application to MNGP on November 24, 2010, through the end of the
Fourth Ten-Year Inservice Inspection (I1SI) Interval (Reference 3).

NSPM requests that the NRC review the site specific analysis provided herein, and
pursuant to 10 CFR 50.55a(a)(3)(i), reauthorize application of 10 CFR 50.55a Request
No. 16 through the Fourth Ten-Year IS] Interval. Reauthorization is necessary to allow
use of the ASME Code Case N-702 alternative for the duration of the Fourth Interval, to
maintain MNGP compliance with 10 CFR 50.55a(a)(3)(i). NSPM thereby requests that
the NRC complete reauthorization prior to the end of the MNGP Fourth Ten-Year 1S]
Interval, scheduled for August 31, 2012.

Should you have questions regarding this letter, please contact Mr. Randy Rippy at
(612) 330-6911.

Summary of Commitments

Northeph States Power Company — Minnesota
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Enclosure

cc:  Administrator, Region Ill, USNRC
Resident Inspector, Monticello, USNRC
Project Manager, Monticello, USNRC
BWRVIP Project Manager, USNRC
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STRUCTURAL INTEGRITY ASSOCIATES, INC.
CALCULATION PACKAGE

MONTICELLO N2 NOZZLE CODE CASE N-702 RELIEF REQUEST
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1.0 OBJECTIVE

This evaluation is to justify the reduction of in-setvice inspection of the nozzle-to-shell-weld and the
nozzle blend radii in the recirculation nozzle (N2) at Monticello Nuclear Generating Plant per code case’
N-702 for the extended period of operation. The N-702 code case, with appropriate technical
justification, may be used as an alternative to the requirements of ASME Section X1, Examination

Category B-D.

20 ° METHODOLOGY

The approach was based on the methodology presented in Reference 1. A Monte Carlo simulation was
performed using a vatiance of the program, VIPER [2] with some modifications as described in the
following sections. The VIPER program was developed as patt of the program contained in Reference 1.
for the BWR reactor pressure vessel (RPV) shell weld inspection tecommendations. The software was
modified into a separate edition, identified as VIPERNOZ, for use in this evaluation.

The detailed description of the methodology incorporated in the VIPER/VIPERNZ program is
documented in Roferences 1 and 11,

3.0 DESIGN INPUT

This analysis is intended for evaluating the reduction of inspection based on the probability of failure in
the nozzle-to-shell-weld and nozzle blend radius in N2 nozzles at Monticello Nuclear Generating Plant,
Some of the input (e.g., pressure through-wall stress distribution, thermal through-wall stress
distribution, and weld residual stress through-wall stress distribution) is based on the prior analyses on
BWR fleet per References 3 and 4, Others were from Monticello plant specific described below.

Vessel Wall Thickness =5,0625” [5]

Vessel Radius =103.188” [5]

Vessel Clad Thickness =0.125" [5]

Vessel Operating Temperature = 549°F [10, Page 91]
Operating Pressure = 1025 psig [10, Page 91]
Radius to Nozzle-to-shell Weld =18.25" [6, Figure 1], [17]

End of Life Fluence (54 EFPY/60 years) for N2 nozzles = 1.01E18 n/cm? [7]

The weld chemistries are presented in Table 1.

For the nozzle blend radius region, since the nozzle is a forging, the number of fabrication flaws was
assumed to be 0,1 flaws per nozzle, In the weld between the vessel shell and the nozzle, the number of
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fabrication flaws was assumed to be 1 pér fiozzle-to-shell-weld, For both locations, the number of stress
corrosion initiated flaws was assumed o be 3 per nozzle or per weld.

All random vatiables wete summarized in Table 2 of Reference 8, Most of the input is obtained from
Reference 1, except standard deviation for %Cu and %Ni for nozzle blend radii, They are 0.0447 and-
0.068 for %Cu and %Ni, respectively and were obtained from BWRVIP-173 [18].

4.0 ASSUMPTIONS

The following assumptions ate used in the evaluation [81:

(1)  Fabrication flaw is assumed only due to the weld process in the nozzle-to-shell-weld
(2)  One stress corrosion initiated flaw and 0.1 fabrication flaw per nozzle blend radius
(3)  One fabrication flaw and one stress corrosion initiated flaw per nozzle/shell weld

(4)  Flaw size distribution, PVRUF, is assumed.
(5)  Residual stress at the nozzle/shell weld is assumed cosine distribution through the wall

thickness with a mean of 8 ksi at surface,
(6)  The standard deviation for surface residual stress is assumed to be 5 ksi.
(7)  Average upper shelf fracture toughness is 200 ksivin with a standard deviation of 5 ksivin .

5.0 SOFTWARE MODIFICATIONS .

Several modifications were made to VIPER in order to include the capability to perform the evaluation
for nozzle bend radil, The modifications were:

(1)  Include fatigue crack growth analysis

(2)  Option to perform stress corrosion crack growth and/or fatigue crack growth

(3)  User defined flaw size distribution

(4)  User defined probability of detection (PoD) ourves for inspection,

(5)  User defined event occurrence time

(6)  User defined distribution for selected random parameters

(7)  User input number of printout for failed and non-failed vessels,

(8)  The constant for margin term for upper bound values of adjusted reforence temperature.
, required by Appendix G to 10 CFR Part 50 is a user input,

(9)  Preservice inspection is eliminated,

(10)  Initial flaw size to include clad thickness is a user option,

(11)  Improvement in data structure for analysis results,

The modified software for this project is 1dentiﬁed as VIPERNOZ to distinguish from the original
VIPER software in Reference 1.
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6.0 FATIGUE CRACK GROWTH

The fatigue data for A533-B-1 and A508-2 in reactor water environment are reported in Reference 12
for weld metal testing at R = 0.2 and 0.7. To produce a fatigue crack growth law and distribution for the
VIPERNOZ sofiware, the data for R= 0.7 was fitted into a form of Paris Law. The R= 0.7 was chosen
for conservatism, The curve fit lesults of the mean fatigue crack gtowth law is presented with the Paris

Law shown as follows:

93 _ 3 817+10° (AK)*™ )

~where a = crack depth
n =oycle
AK = Kpnax — Konin

A comparison to the ASME Section XI [4] fatigue crack growth law in reactor water environment was
done in Reference 8, it shows a vety reasonable comparison whete Section XI is more conservative on

growth rate at high AKX,

Using the rank ordered residual plot, it was shown that a Weibull distribution Was mote representative
for the data., The Weibull residual plot with the linear curve fit of the data is shown below:

y=-03712 +4.15x : )

whete y = Iln(ln(1/(1-F))
x = In((da/dn)geryar/(da/d0) mean)
F = cumulative probability disttibution

7.0 STRESS RESULTS AND FATIGUE CYCLE LOADINGS

The stress analyses for the nozzle/shell weld and the nozzle blend radius for the N2 nozzles wete

~ presented in Reference 6, The stress analyses wete performed for the load cases of unit pressure, and the
relevant thermal transients for the N2 nozzles. The through-wall sections were selected based on the
thermal transient results, The azimuth locations evaluated were 0°, 90°, 180° and 270° of the nozzles.
Two through-wall sections were selected. Section C is at the location of the weld between the RPV and

nozzle. Section D is at the blend radius location of the nozzle,
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The load cases analyzed for the N2 nozzles include:

(1) Unit pressure
(2) Unit axial load
(3) Unit in-plane moment

(4) Unit out-of-plane moment
(5) Thermal transients depending on the nozzles as desctibed in the following sections

For the selected sections in the N2 nozzles (nozzle blend radius and nozzle-to-vessel shell Wéld), stresses
due to the nozzle axial and moment loads are small compated to the pressure and thetmal loadings.
Therefore, these load cases were not used in the evaluation,

The thermal transients for the recirculation inlet nozzle are the heat up and sudden pump start of cold
recitculation loop. The pressute is maintained at 1050 psig for the sudden pump start transient,

Fot the thermal transients, only the maximum or minimum through-wall stress profiles that produce the
latgest stress ranges for thetmal fatigue crack growth are presented and used in the evaluation. The
maximum stress among the four azimuth locations was used.

In this section, the maximum stress is at the 90° and 270° in the hoop direction for the combination of
pressure and thermal stresses,

The thetmal cycles for recitculation inlet nozzle are the number of heat/shutdown cycles (288 cycles
Refetence 16 for an end of operation time of 60 years), and the number of sudden pump start of cold
recitculation loop cyeles (10 cycles per page 12 of Reference 13 for an end of operation time of 60

yeats),

8.0 PROBABILISTIC FRACTURE MECHANICS EVALUATION

The probabilistic evaluation was performed for the case of 25% inspection rate for period of extended
operation (assume 70% inspection rate for initial 40 years of operation at the nozzle blend radii and
actual inspection rate for initial 40 yeats of operation at the nozzle-to-shell weld location pet Reference
19) and 90% inspection coverage, at 10 years interval for 60 years, for the N2 nozzles.

For the nozzle blend radius region, a nozzle blend tadiis crack model, [14] was used in the probabilistic
fracture mechanics evaluation for the reliability of the in-service inspection program. For this location
and crack model, the applicable stress is the stress perpendicular to any path cut along the nozzle
longitudinal axis. Therefore, the maximum stress among the four azimuth locations (0°, 90°, 180° and

270°) was selected.

For the nozzle-to-vessel shell weld, either a circumferential or an axial crack could be initiated due to
either component fabrication (i.e. considering only welding process) or stress corrosion cracking, From
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Reference 1, it is shown that the probability of failure for a circumferential crack is much less than an
axial crack, due to the difference in the stress (hoop vetsus axial) and the influence function of the crack
model. It is also shown in the through-wall stress plots in Reference 3 that the difference between the
thermal hoop stress and the thetmal axial stress is not as much compated to the difference between the
pressute hoop stress and the pressute axial stress, Thetefore, the probabilistic fracture mechanics
evaluation for the nozzle and vessel shell weld would concentrate on the axial crack.

For the nozzle-to-vessel shell weld, the following crack model was used in the evaluation:
(2) Axial elliptical crack model with a crack aspect ratio of a/l = 0.2

The inspection PoD cutve is the user input of Figure 42 of Reference 8, with an inspection interval every
10 years, '

The crack size distribution, PVRUF, is shown in Figure 43 of Reference 8.
The calculation ‘of stress intensity factor is at the deepest point of the crack,

The probability of failure was obtained due to a low temperature over pressurization (LTOP) event at
88 °F and 1150 psi, [15]. The probability of the LTOP event is 1x10° per year [15].

The analyses were perforined using VIPERNOZ, a supersét of the program VIPER, [2], with the
modifications as described in Section 5.

The number of simulations was 1 million,

9.0 RESULTS OF ANALYSES/CONCLUSIONS

Safety evaluation of ptoptrietary EPRI report, dated December 19, 2007 states that performing the PFM
analysis only for tecitculation inlet nozzle (N2) is acceptable it has been demonstrated that the
recirculation inlet nozzle is limiting for all sensitivity cases. This conclusion is applicable to both
nozzle-to-shell weld and nozzle blend radii, In addition, increased inside surface fluence on reactor
vessel components results in decteases of fractute toughness, increases of reference temperature and
increased susceptibility to SCC and LTOP failures, Based on the test data from the parametric studies in
BWRVIP-05 [1], increased fluence results in probabilities of failure orders of magnitude higher than
unitradiated cases with similar design patameters in all percentage ISI exams, The N2 nozzles are the
only components applicable to the N-702 code case that have acoumulated significant fluence, and the
thermal transients introduced to the N2 nozzle are as, or more severe, than the transients experienced by
the other applicable nozzles. Based on the limiting fluence and stress cases of the N2 nozzle, the results
from this analysis shall bound all MNGP nozzle penetrations to the Reactor Pressure Vessel
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9.1 Nozzle Blend Radii

The reliability evaluation is presented for the two cases of in-setvice inspection. The probabilities of
failure (PoF) are summarized in Table 2, For the first case, 90% inspection coverage over the 60 years
of operation and the second case, 25% inspection rate for petiod of extended operation of 20 years
(assume 70% inspection rate for initial 40 years of operation) at nozzle blend radius. The difference
between the total conditional failure probabilities for the two cases is less than 1x10°® per year due to
LTOP event. Therefore this analysis demonsirates acceptability of reduced in-service inspection per
code case N-702 at the nozzle blend radii in the recirculation nozzle (N2) at Monticello Nuclear

Gener atlng Plant for the extended period of operation,

9.2 Nozzle-to-Shell Weld

The reliability evaluation is presented for the two cases of in-setvice inspection, The probabilities of
failure (PoF) are summarized in Table 2, For the first case, 90% inspection coverage over the 60 years
of operation and the second case, 25% inspection rate for period of extended operation of 20 years (47%
inspection rate for the first 30 years of operation, 78% inspection rate for the last 10 years of operation
for initial 40 year's of operation per Reference 19) at nozzle-to-vessel shell weld. The difference
between the total conditional failure probabilities for the two cases is less than 1x10° per year due to
LTOP event. Therefore this analysis demonstrates acceptability of reduced in-setvice inspection per
code case N-702 at the nozzle-to-shell-weld in the recirculation nozzle (N2) at Monticello Nuclear
Generating Plant for the extended period of operation,
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Table 1: Monticello Weld Chemistry

Shell
Inner| Thickness/Path
BWR Dia Length Initial
Plant (in) (in) %Cu %Ni RTndt(F)
Monticello N2 Nozzle-to-shell-weld  1206.4 5.0625 0.1 0.99 -65 [8]
Monticello N2 Blend Radii 206.4 9.4845 0.18 0.86 40 [9]

Note: %Cu and %Ni were obtained from Reference 7. Initial RTndt were obtained from References 8 and 9 Nozzle-to-shell-
weld and Blend radii respectively,

Table 2: Probability of Failure Results Summary

Conditional PoF for Conditional PoF for | Difference in PoF due
25% In-Service 90% In-Service to LTOP Events
Inspection for pexiod Inspection for 60 between 25%
of Extended Operation | Years of Operation Inspection Rate and
90% Inspection Rate
over 60 Years of
Operation
Nozzle Blend Radii 5.95E-2 9.24B-3 8.38E-7
Nozzle-to-shell-weld 3.75B-3 1.08E-3 4,45E-8
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APPENDIX A

COMPUTER FILES
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File Name Description
- RID2I25.INP VIPERNZ input file for 25% in;pection coverage at nozzle blend radii,
RID2I90.INP VIPERNZ Input file for 90% inspection ‘OOVSI‘;dge af nozzle blend radii, |
RIC2125.INP VIPERNZ input file for 25% inspection coverage at nozzle-to-;hell-weld,
RIC2I90,INP VIPERNZ input file for 90% i;aspeotion coverage at nozzle—?o-shell—weld.
RID2125.0UT VIPERNZ output file for 25% inspection coverage at nozzle blend radii,
RID2190.0UT VIPERNZ output file for 90% inspection coverage at nozzle blend radil,
RIC2125,00T VIPERNZ output file for 25% inspection coverage at nozzle-to-shell-weld.
RIC2190.0UT VIPERNZ output file for 90% iﬂspcction coverage at nozzle-to-shell-weld,
VIPERNOZIP3.EXE VIPERNZ executable program
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