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1.0 INTRODUCTION
1.0.1 General Overview

1.0 INTRODUCTION TO THE MILLSTONE POWER STATION, UNIT 3 STRETCH
POWER UPRATE LICENSING REPORT

1.0.1 General Overview of the Millstone Power Station, Unit 3 SPU Licensing Report

The MPS3 SPU LR is a technical summary of the results of the analyses and evaluations
performed to demonstrate that the proposed increase in plant power can be safely achieved and
that the increase will not be inimical to the common defense and security or to the health and
safety of the public. The LR supports the requested license and technical specification changes
by providing reviewers with a comprehensive evaluation of the effects of the proposed SPU.

The DNC evaluations have been formatted and documented in accordance with the template
and criteria provided in RS-001, “Review Standard for Extended Power Uprates,” Rev. 0. The LR
documents the technical basis for the proposed changes necessary to implement the SPU in a
sufficient detail to permit the NRC staff to reach an informed determination regarding the
consistency, quality, and completeness of the evaluation with respect to the areas within the
NRC's scope of review. The technical evaluations presented in the LR include, when appropriate,
a discussion of SPU effects on plant operating limits, functional performance requirements and
designh margins and describe the methods DNC used in reaching the conclusions. DNC has
included any differences between the information in the review standard and the MPS3 design
bases to enhance the NRC review.

DNC used RS-001 to the extent possible and added information to the licensing report to better
define the SPU effects on MPS3, as appropriate. The following are important considerations to
assist in the understanding of the LR.

Summary of Plant Changes

Table 1.0-1 provides a listing of the required plant modifications and changes to setpoints and
control system settings. These modifications and changes are planned to be implemented during
the MPS3 Outage scheduled for October 2008 (3R12). Power escalation to the new uprate
power level is planned immediately after the October 2008 outage (3R12), including performance
testing upon return to power.

Table 1.0-2 is a summary of the modified accident analyses.

Section 2.8.5 describes the changes to the computer codes utilized in the accident analyses to
incorporate the SPU conditions.

Current Licensing Basis

In December 2003, the NRC issued its Review Standard for Extended Power Uprate, RS-001.
This LR is intended to conform, to the maximum practical extent, to the guidance of RS-001. The
regulatory review criteria portion of the RS-001 section details specific NRC review and
acceptance criteria. The review standard acknowledges that there can, and will, be differences
between the review standard and the design basis of a particular facility. The review standard
contains provisions to ensure that these differences do not impede the NRC staff's review.
Consistent with the review standard, a clear and concise summary of the MPS3 CLB is provided
regarding the SSC’s design or analysis under review.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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1.0 INTRODUCTION
1.0.1 General Overview

Each section of the MPS3 SPU LR that details a SSC or selected analysis contains a brief
description of MPS3’s CLB with respect to the SSC or analysis under evaluation. In addition,
each LR section addresses, as applicable, the anticipated SPU impact on the license renewal
evaluations.

The MPS3 design was reviewed in accordance with the July 1981 edition of the “Standard
Review Plan for the Review of Safety Analysis Report for Nuclear Power Plants” (NUREG-0800).
The LR section will identify the Standard Review Plan number, and revision that is applicable to
the plant design.

Treatment of Issues Related to the Renewed Operating License

By letter dated January 20, 2004, DNC submitted to the NRC an application requesting the NRC
renew the MPS3 Operating License for a period of 20 years beyond the expiration date
established in the MPS3 Operating License. The NRC completed its review and approved the
MPS3 license renewal application as documented in NUREG-1838, “Safety Evaluation Report
Related to the License Renewal of the Millstone Power Station, Units 2 and 3,” in October 2005.
SSCs subject to aging management review are discussed in SER Sections 2.3B through 2.5. For
those identified SSCs, the specific applicable aging management programs are discussed in
SER Sections 3.1B through 3.6.

10 CFR 54 contains the requirements for renewal of nuclear power plant operating licenses. It
identifies plant SSCs that are within the scope of the rule (10 CFR 54.21), as well as
requirements for performing aging management reviews of those SSCs. Additionally, the rule
requires an evaluation of TLAA to account for the effects of aging on the intended functions of
SSCs that are not subject to replacement based on a qualified life or specified time period. The
TLAA are intended to ensure that the effects of aging on the intended function(s) will be
adequately managed for the period of extended operation.

The operating conditions associated with the proposed SPU may change certain operating
parameters such as pressure, temperature, flow, and radiation compared to current operating
conditions. The SPU also introduces the possibility that components not currently within the
scope of the rule (either currently installed in the plant or added as the result of SPU) may, as the
result of SPU, meet the scoping criteria for inclusion detailed in the rule.

As discussed in each section of this LR, an evaluation of the SPU impact on the extended period
of plant operation was performed. The purpose of this evaluation was to identify which, if any,
SSCs warranted additional aging management action. These may include SSCs subject to new
aging effects because of changes in the operating environment resulting from SPU or the
addition of, or modification to, components relied upon to satisfy SPU operating conditions.

SSCs relied upon for achieving the license renewal scoping objectives are evaluated within the
structure or system that contains them.

DNC also evaluated the potential impact of the proposed SPU on license renewal TLAA.
Specifically, the evaluation considered any new aging effects or increases in degradation rates
potentially created by the new SPU operating parameters. In addition to the discussion contained
in the individual LR section, the impact of SPU on license renewal TLAA is further discussed in
Section 2.14.
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SPU Effect on Plant Programs

DNC has provided an evaluation in this LR for each of the programs that are specifically
addressed in RS-001.

During the review and development of the LR, DNC identified the programs that could be
impacted by the changes associated with SPU. The affected programs will be revised to reflect
the changes associated with the SPU prior to or concurrent with the implementation of the
license amendment associated with the SPU.

Sections within the LR in addition to those specified in RS-001

The licensing report takes advantage of the RS-001 provision to add additional sections
(additional review areas). The following sections are beyond the standard template:

1.0 Introduction to the Millstone Power Station, Unit 3 Stretch Power Uprate Licensing
Report

1.1 Nuclear Steam Supply System Parameters

2.2.6 NSSS Design Transients

227 Bottom Mounted Instrumentation

242 Plant Operability

243 Pressurizer Component Sizing

258 Circulating Water System

277 Other Ventilation Systems (Containment)

2.8.5 Accident and Transient Analysis Introduction

2.8.71 Auxiliary Systems Pumps, Heat Exchangers, Valves and Tanks

2.8.7.2 Natural Circulation Cooldown

2.8.7.3 Loss of Residual Heat Removal at Mid-loop

2.14 The Effects of SPU on the Renewed Licensing and License Renewal Programs

Use of Industry Operating Experience

Both regulators and industry peer groups strongly advocate incorporating operating experience
and lessons learned as a basic input in design, maintenance and operating and licensing
activities. The analysis and evaluations performed for the SPU at MPS3 took full advantage of
past power uprate experience by:

* Review of NRC RAls issued over the past several years to PWR power uprate applicants.
The RAI responses relating to the subject were reviewed against the expressed concern to
provide reviewer confidence that the issue was appropriately examined.

» Review of INPO generic communications, lessons learned and experience information that
relates to power uprates was performed. During the analysis phase, EPRI’s power uprate
database, INPO OE items and sources of internal operating experience and component
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1.0.1 General Overview

history information were also reviewed, and made available to project personnel. System and
program engineers were interviewed to ensure that all pertinent information was available for
inclusion in SPU evaluations. Recent Plant Health Reports, LERs, Operability Determinations
and other sources of internal experience were also reviewed and factored into project
activities. Margins and reductions in margin were also reviewed and assessed as a part of
changes made during the SPU.

» Contractor organizations experienced in previous power uprates provided support for
required analysis and evaluations.

» A highly experienced project team was assembled to oversee analysis and evaluations
provided by contractor organizations.

* An Executive Oversight Committee was formed to oversee SPU project plans, significant
margin changes and overall progress. The committee was comprised of senior managers
from the Millstone Station and Dominion Nuclear corporate offices.

Treatment of Proprietary Information referenced within the Licensing Report

Westinghouse Electric Company has identified proprietary information that is not included in this
LAR. The proprietary information, along with the required affidavit, is being submitted separately
to the NRC by DNC. Every effort was made to minimize the amount of information withheld;

information provided within brackets, i.e., [ ], designates data that is Westinghouse Proprietary.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3



Table 1.0-1

1.0 INTRODUCTION

MPS3 Power Uprate Planned Modifications

System/
Component

Modification
Description

Reason

Main Feedwater Pump

Turbine replacement

Improves plant performance due to
increased flow.

Turbine building HVAC

Modified ductwork to
provide additional
ventilation cooling in the
condensate pump area.

Improves margin regarding
temperature limits for the
condensate pump motor windage.

Control building
Ventilation

Control building auto
initiation of pressurized
filtration following Control
Building isolation signal

Reduces control room dose following
a fuel handling accident.

Turbine Generator

1. New operating point
for generator
excitation

2. Control valve position
demand vs. lift
settings for the valve
position cards

3. Changes to power
load imbalance
circuits

4. Throttle pressure and
excess throttle
pressure circuit
recalibrations

5. Sensor rescaling for
steam pressure
changes

6. Instrument scaling
7. Main control board &

panel meter
replacements

Provide proper indication for SPU
conditions.

Stretch Power Uprate Licensing Report
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Table 1.0-1 MPS3 Power Uprate Planned Modifications
System/ Modification
Component Description Reason

Component Cooling
Water

Increase in piping design
temperature between
RHS and Component
Cooling Water Heat
Exchanger

Permits reactor cooldown.

Instrumentation & Control
Systems

Setpoint changes:

1. BOP system

2. Feedwater pump

3. Pressurizer level
control

4. Electronic filter on
Thot Signal

5. PRT level alarm

6. Condenser steam
dump trip valve
control

7. P-8 setpoint change

1. Provides proper indication for
SPU conditions

2. Improves performance
regarding proper system
operation

3. Supports the revised analysis
regarding loss of normal
feedwater and accommodate
RCS shrink and swell at SPU
conditions

4. Improves operational margin for

observed T Hot temperature
spikes

5. Supports the revised analysis
regarding loss of normal
feedwater and accommodate
RCS shrink and swell at SPU
conditions

6. Permits proper operation during
SPU conditions.

7. Improves performance
regarding proper system
operation.

Pipe Support
Modifications:
Condensate, Feedwater
Component Cooling
Water, and Extraction
Steam

Pipe support
modifications

Improve margin regarding SPU
conditions

ECCS

Permissive for opening
cold leg injection valves

Permits elimination of the
inadvertent ECCS analysis, due a
logic that requires both an Sl signal
and a low RCS pressure signal to
exist before automatically opening
the cold leg injection valves.
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Table 1.0-1 MPS3 Power Uprate Planned Modifications

System/ Modification

Component Description Reason

Instrument Loop 1. lIsophase bus duct Provides proper indication for SPU
Rescaling cooler flow conditions.

2. MSR steam flow
3. First stage turbine

pressure
Rod Control System Deletion of automatic rod | Improves EQ and DNBR margin.
withdrawal capability. Eliminates possibility of steamline
break with coincident rod withdrawal.
Control Building Control Building auto Reduces control room dose following
Ventilation initiation of pressurized a fuel handling accident.

filtration following Control
Building Isolation Signal
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Table 1.0-2 Summary of Changes to Accident Analysis Methodology

# Impacted Accident Analysis How Modified

1 Non-LOCA Transient Analyses Methodology changed from
(Section 2.8.5) LOFTRAN/THINC to RETRAN/VIPRE

2 DNBR Analyses DNBR correlation changed from
(Section 2.8.5) WRB-2 to WRB-2M

Revised analyses incorporates
installation of hot leg RTD filter and
revised OPDT/OTDT setpoints

3 Steam line break at hot full power Credit taken for elimination of automatic
(Section 2.8.5.1.2) rod withdrawal capability of the rod

control system.

4 Loss of Load/Turbine Trip with Revised TS limits for maximum power
inoperable Main Steam Safety level with inoperable main steam safety
Valves valves.

(Section 2.8.4.2)

5 Inadvertent ECCS Actuation Credit taken for installation of SIAS
(Section 2.8.5.5) permissive for Cold Leg ECCS injection

valves.

6 CVCS Malfunction that Increases New analysis provided charging pump
RCS Inventory control system failure
(Section 2.8.5.5)

7 Steam Generator Tube Rupture Changes made in operator action
Analysis assumptions.

(Section 2.8.5.6.2)

8 Large Break LOCA Methodology changed from

(Section 2.8.5.5) BART/BASH to the Best Estimate
ASTRUM analysis methodology

9 Radiological Analyses Eliminated credit for operator action to
(Section 2.9.2) trip non-safety grade ventilation fans

10 Fuel Handling Accident Gap release fractions are based upon
(Section 2.9.2) Reg. Guide 1.25 since the SPU

conditions exceeds the limits for the
gap releases specified in Reg.
Guide 1.183.

Credit taken for Control Building
Emergency Ventilation system
operation.

11 Containment analysis Methodology changed from S&W

(Section 2.6.5)

LOCTIC to DNC GOTHIC

Stretch Power Uprate Licensing Report
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1.0 INTRODUCTION
1.1 Nuclear Steam Supply System Parameters

1.1 Nuclear Steam Supply System Parameters

The Nuclear Steam Supply System (NSSS) design parameters are the fundamental parameters
used as input in all of the NSSS analyses. A portion of the current Millstone Unit 3 Station NSSS
design parameters are summarized in Table 4.1-1 of the Millstone Unit 3 Final Safety Analysis
Report (FSAR). The NSSS design parameters provide the primary and secondary side system
conditions (thermal power, temperatures, pressures, and flows) that serve as the basis for all of
the NSSS analyses and evaluations. As a result of the Stretch Power Uprate (SPU), the MPS3
NSSS design parameters have been revised, as shown in Tables 1-1 and 1-2, to represent
operation following the SPU. These parameters have been incorporated, as required, into the
applicable NSSS systems and components evaluations, as well as safety analyses, performed in
support of the SPU.

1.2 Input Parameters, Assumptions, and Acceptance Criteria

The NSSS design parameters, also referred to as the Performance Capability Working Group
(PCWG) parameters, provide the reactor coolant system (RCS) and secondary system
conditions (thermal power, temperatures, pressures, and flows) that are used as the basis for the
design transients, systems, structures, components, accidents, and fuel analyses and
evaluations.

The code used to determine the NSSS design parameters was SGPER (Steam Generator
PERformance). There is no explicit NRC approval for the code since it is used to facilitate
calculations that could be performed by hand. That is, the code and method used to calculate
these values have been successfully used to license all previous similar programs for
Westinghouse plants. They use basic thermal-hydraulic calculations, along with first principles of
engineering, to generate the temperatures, pressures, and flows shown in Tables 1-1 and 1-2.

The major input parameters and assumptions used in the calculation of the six cases of PCWG
parameters established for the SPU are summarized below and in Tables 1-1 and 1-2:

* The parameters are applicable to the existing Westinghouse Model F Steam Generators
(SGs).

* The uprated NSSS power level of 3666 MWt (3650 MWt core power + 16 MWt RCS net heat
input) was assumed for the analyses. This is approximately 7.0 percent higher than the
current NSSS power level of 3425 MWi.

+ A feedwater temperature (Tggeq) range of 390.0° to 445.3°F was used for the analyses.

» The design core bypass flow was assumed to be 8.6 percent; this accounts for Thimble Plugs
Removed (TPR) and Intermediate Flow Mixing Vanes (IFMs).

* The current Thermal Design Flow (TDF) of 90,800 gpm/loop was maintained for the
analyses.

* A full-power normal operating Vessel Average Temperature (Tp,g) range of 571.5°F to
589.5°F was used in Table 1-1 and a full-power Tp,q of 581.5°F was used in Table 1-2. The
Tavg Value of 571.5°F is 581.5°F with a 10°F full power end of cycle Ty, 4 coastdown.

» Steam Generator Tube Plugging (SGTP) levels of 0 percent and 10 percent were assumed.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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1.2 Input Parameters, Assumptions, and Acceptance Criteria

« The current design SG fouling factor of 0.00006 hr-ft>-°F/BTU was maintained.
* A maximum SG moisture carryover of 0.25 percent for sustained operation was utilized.
* The parameters are applicable to 17x17 RFA/RFA-2 Fuel.

The acceptance criteria for determining the NSSS design parameters were that the results of the
SPU analyses and evaluations continue to comply with all MPS3 applicable industry and
regulatory requirements, and that they provide DNC with adequate flexibility and margin during
MPS3 operation.

1.3 Description of Analyses and Evaluations

Table 1-1 provides the NSSS design parameter cases that were generated and serve as the
basis for the SPU.

* SPU Cases 1 and 2 of Table 1-1 represent parameters based on a Ty,q 0f 571.5°F. Case 2
yielded the minimum secondary side steam generator pressure and temperature since it was
based on an average level of 10 percent SGTP. Note that all primary side temperatures were
identical for these two cases.

+ SPU Cases 3 and 4 of Table 1-1 represent parameters based on the Ty4 of 589.5°F. Case 3
yields the highest secondary side steam pressure performance conditions since it was based
on 0 percent SGTP. Note that all primary side temperatures were identical for these two
cases. As provided via footnote “b” of Table 1-1, for instances where an absolute upper limit
steam generator outlet pressure is conservative for any analyses, these data are based on
the Case 3 parameters but assume a fouling factor of zero.

Table 1-2 provides the NSSS design parameter cases that were generated and serve as the
basis for the SPU lower bound of the Ty,4 range for the DNB Transient Analyses and associated
Setpoint use.

* SPU Cases 5 and 6 of Table 1-2 represent parameters based on a Tyq of 581.5°F with
0 percent and 10 percent SGTP, respectively. Note that all primary side temperatures were
identical for these two cases.

Best-estimate calorimetric measurement-based secondary side performance predictions were
also calculated for the SPU. These calorimetric measurement-based calculations were
performed to estimate the actual expected steam conditions at the steam generator outlet as
opposed to the design conditions shown in Tables 1-1 and 1-2. The calorimetric
measurement-based calculations used MPS3 plant measured calorimetric data from cycle 11 to
determine NSSS performance. The results were used in the Balance of Plant (BOP) analyses
performed for the SPU.

A simplified primary heat balance diagram is provided in Figure 1-1. This heat balance diagram
illustrates the design parameters for Case 3 from Table 1-1.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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1.4 Best Estimate RCS Flows

1.4 Best Estimate RCS Flows

Best Estimate (BE) RCS Flows were calculated to support the SPU to determine whether
adequate flow margin exists for the TDF and Mechanical Design Flow (MDF) values established.
The results of the BE RCS Flow calculations are as follows:

* BE RCS Flow values of 99,700 gpm/loop at 0 percent SGTP and 97,300 gpm/loop at
10 percent SGTP.

1.5 Conclusion

The resulting NSSS design parameters (Tables 1-1 and 1-2) were used by Westinghouse as the
basis for all the analytical efforts. Westinghouse performed the analyses and evaluations based
on the parameter sets that were most limiting, so that the analyses would support operation over
the entire range of conditions specified.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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Table 1-1

NSSS PCWG Parameters for the MPS3 SPU Program

7% SPU Program
Current (© Case 1 Case 2 Case 3 Case 4
Thermal Design Parameters
NSSS Power, % 100 107 107 107 107
MWt 3425 3666 3666 3666 3666
10° Btu/hr 11,687 12,509 12,509 12,509 12,509
Reactor Power, MWt 3411 3650 3650 3650 3650
10° Btu/hr 11,639 12,454 12,454 12,454 12,454
Thermal Design Flow, loop gpm 90,800 90,800 90,800 90,800 90,800
Reactor 10° Ib/hr 135.4 138.8 138.8 135.3 135.3
Reactor Coolant Pressure, psia 2250 2250 2250 2250 2250
Core Bypass, % 8.6 8.6 @¢° 8.6 @¢c) 8.6 @d 8.6 @d
Reactor Coolant Temperature, °F
Core Outlet 623.5 611.4 ©) 611.4 (©) 628.0 () 628.0 (@
Vessel Outlet 618.3 605.6 605.6 622.6 622.6
Core Average 591.6 576.2 (© 576.2 © 594.5 594.5
Vessel Average 587.1 571.5 571.5 589.5 589.5
Vessel/Core Inlet 555.9 537.4 537.4 556.4 556.4
Steam Generator Outlet 555.6 537.0 537.0 556.0 556.0
Steam Generator
Steam Outlet Temperature, °F 540.7 520.4 517.8 539.9 (b) 537.4
Steam Outlet Pressure, psia 968 815 797 962 (®) 942
Steam Outlet Flow, 108 Ib/hr total 15.04 16.20/15.03 16.19/15.02 | 16.30/15.120) | 16.29/15.10
Feed Temperature, °F 436.2 445.3/390.0 | 445.3/390.0 | 445.3/390.0 | 445.3/390.0

NOILONAOYLNI 0°}
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NSSS PCWG Parameters for the MPS3 SPU Program

Table 1-1

7% SPU Program
Current (®) Case 1 Case 2 Case 3 Case 4
Steam Outlet Moisture, % max. 0.25 0.25 0.25 0.25 0.25
Design FF, hr. sq. ft. °F/Btu 0.00006 0.00006 0.00006 0.00006 0.00006
Tube Plugging Level, % 0 0 10 0 10
Zero Load Temperature, °F 557 557 557 557 557
Hydraulic Design Parameters
Pump Design Point, Flow (gpm)/Head (ft.) | 100,400/289 100,400/289
Mechanical Design Flow, gpm 103,600 103,600
Minimum Measured Flow, gpm/total 372,000 379,200

Footnotes:
a. Core bypass flow accounts for Thimble Plug Removal (TPR) and Intermediate Flow Mixing Vanes (IFMs).

b. If high steam pressure is more limiting for analysis purposes, a greater steam pressure of 984 psia, steam temperature of
542.6°F, and steam flow of 16.32x10° Ib/hr should be assumed. This is to envelope the possibility that the plant could operate
with better than expected SG performance.

c. Ifthimble plugs are installed, the core bypass flow is 6.6%, core outlet temperature is 610.0°F, and core average temperature
is 575.4°F.

d. If thimble plugs are installed, the core bypass flow is 6.6%, core outlet temperature is 626.7°F, and core average temperature
is 593.7°F.

e. Current parameters obtained from FSAR Table 4.1-1, or from the most recent NSSS PCWG parameters.

NOILONAOYLNI 0°}
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NSSS PCWG Parameters for the MPS3 SPU Program

SPU Program Lower Bound of Ty, Range for DNB
Transient Analyses and Associated Setpoint Use

Case 5 Case 6
Thermal Design Parameters
NSSS Power, % 107 107
MWt 3666 3666
108 Btu/hr 12,509 12,509
Reactor Power, MWt 3650 3650
10% Btu/hr 12,454 12,454
Thermal Design Flow, loop gpm 90,800 90,800
Reactor 10° Ib/hr 136.9 136.9
Reactor Coolant Pressure, psia 2250 2250
Core Bypass, % 8.6 @D 8.6 (D)
Reactor Coolant Temperature, °F
Core Outlet 620.7 620.7
Vessel Outlet 615.1 615.1
Core Average 586.4 () 586.4 ()
Vessel Average 581.5 581.5
Vessel/Core Inlet 547.9 547.9
Steam Generator Outlet 547.6 547.6
Steam Generator
Steam Outlet Temperature, °F 531.2 528.7
Steam Outlet Pressure, psia 894 876
Steam Outlet Flow, 10° Ib/hr total 16.25/15.08 | 16.24/15.06
Feed Temperature, °F 445.3/390.0 | 445.3/390.0
Steam Outlet Moisture, % max. 0.25 0.25
Design FF, hr. sq. ft. °F/Btu 0.00006 0.00006
Tube Plugging Level, % 0 10
Zero Load Temperature, °F 557 557

Stretch Power Uprate Licensing Report
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Table 1-2
NSSS PCWG Parameters for the MPS3 SPU Program

SPU Program Lower Bound of Tp,q Range for DNB
Transient Analyses and Associated Setpoint Use

Case 5 Case 6

Hydraulic Design Parameters

Pump Design Point, Flow 100,400/289
(gpm)/Head (ft.)

Mechanical Design Flow, gpm 103,600
Minimum Measured Flow, gpm/total 379,200
Footnotes:

a. Core bypass flow accounts for Thimble Plug Removal (TPR) and Intermediate Flow Mixing
Vanes (IFMs).

b. If thimble plugs are installed, the core bypass flow is 6.6%, core outlet temperature is
619.3°F, and core average temperature is 585.6°F.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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Figure 1-1 Heat Balance Diagram

MS

~. 539.9°F

~ . 962 psia
1192.7
BTU/Ibm
x = 0.25(max)
16.30 Mlbm/hr
(4 SGs)

FW
445.3°F

CL (RCP in)
HL .
622.6°F w-93a1 | 280°F
2250 psia — 2208 psia
647.1 RCP 554.7
BTU/Ibm BTU/Ibm
Core Exit
628.0°F 4 )

CL (RCP Out)

556.4°F

2299 psia

555.1 BTU/Ibm

135.3 Mibm/hr (4 Loops)

3650 / 3666 MWt (Core/NSSS

589.5°F RCS Tavg

90,800 gpm/loop (Thermal Design

Flow)

8.6% Core Bypass (Max)

Notes:

1. Numbers may not balance exactly due to rounding.

2. Actual RCS flow is substantially greater than TDF.
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2.1.1 Reactor Vessell Material Surveillance Program

2.0 EVALUATION

2.1 Materials and Chemical Engineering
2.1.1 Reactor Vessel Material Surveillance Program
2.1.1.1 Regulatory Evaluation

The reactor vessel material surveillance program provides a means for determining and
monitoring the fracture toughness of the RV belt line materials to support analyses for ensuring
the structural integrity of the ferritic components of the RV. The DNC review primarily focused on
the effects of the present and the proposed license extension RV surveillance capsule withdrawal
schedule.

The acceptance criteria are based on:

» GDC-14, insofar as it requires that the RCPB be designed, fabricated, erected, and tested so
as to have an extremely low probability of rapidly propagating fracture.

» GDC-31, insofar as it requires that the RCPB be designed with margin sufficient to ensure
that, under specific conditions, it will behave in a non-brittle manner and the probability of a
rapidly propagating fracture is minimized.

* 10 CFR 50, Appendix H, which provides for monitoring changes in the fracture toughness
properties of materials in the RV belt line region.

* 10 CFR 50.60, which requires compliance with the requirements of 10 CFR 50, Appendix H.

Specific review criteria are contained in SRP Section 5.3.1, and the guidance provided in Matrix 1
of RS-001.

MPS3 Current Licensing Basis

The MPS3 design was reviewed in accordance with the July 1981 edition of the Standard Review
Plan for the Review of Safety Analysis Report for Nuclear Power Plants,
July 1981,(NUREG-0800), Section 5.3.1, Rev. 1.

As noted in FSAR Section 3.1 the design bases of MPS3 are measured against the NRC
General Design Criteria (GDC) for Nuclear Power Plants, 10 CFR 50, Appendix A, as amended
through October 27, 1978. The adequacy of the MPS3 design relative to the general design
criteria is discussed in FSAR Sections 3.1.1 and 3.1.2.

Specifically, the adequacy of MPS3’s design relative to conformance to:
» GDC-14, Reactor Coolant Pressure Boundary, is described in FSAR Section 3.1.2.14.

The RCS boundary is designed to accommodate the system pressures and temperatures
attained under all expected modes of plant operation, including all anticipated transients, and
to maintain the stresses within applicable stress limits (see FSAR Section 3.9). RCS pressure
boundary materials, selection, and fabrication techniques ensure a low probability of gross
rupture or abnormal leakage.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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2.0 EVALUATION
2.1 Materials and Chemical Engineering
2.1.1 Reactor Vessell Material Surveillance Program

In addition to the loads imposed on the system under normal operating conditions,
consideration is also given to abnormal loading conditions, such as seismic and pipe rupture,
as discussed in FSAR Sections 3.6 and 3.7.

The RCS boundary has provisions for inspection, testing, and surveillance of critical areas to
assess their structural and leak-tight integrity (see FSAR Section 5.2). For the RV (FSAR
Section 5.3), a materials surveillance program conforming to applicable codes is provided.

» GDC-31, Fracture Prevention of Reactor Coolant Pressure Boundary, is described in FSAR
Section 3.1.2.31.

Close control is maintained over material selection and fabrication for the RCS to assure that
the boundary behaves in a non-brittle manner. The RCS materials exposed to the coolant are
corrosion-resistant stainless steel or Inconel. The nil ductility reference temperature of the RV
structural steel is established by Charpy V-notch and drop weight tests, in accordance with
10 CFR 50, Appendix G.

FSAR Section 3.1.2.31 states in part that, as part of the RV specification, certain
requirements which are not specified by the applicable ASME Codes are performed as
follows:

* A 100 percent volumetric ultrasonic test of reactor vessel plate for shear wave and a
post-hydro test map of all full penetration ferritic pressure boundary welds in the pressure
vessel are performed.

» Reactor vessel core region material chemistry (copper, phosphorus, and vanadium) is
controlled to reduce sensitivity to embrittlement due to irradiation over the life of the plant.

* 10 CFR 50, Appendix H, Reactor Vessel Material Surveillance Program Requirements, is
described in FSAR Sections 3.1.2.31 and 3.1.2.32, as follows:

A radiation surveillance program is provided. In this program, the evaluation of radiation
damage is based on pre-irradiation and post-irradiation testing of Charpy V-notch and tensile
specimens. These programs are directed toward evaluation of the effects of radiation on the
fracture toughness of RV steels, based on the reference transition temperature approach and
the fracture mechanics approach, and are in accordance with ASTM-E-185-82 and the
requirements of 10 CFR 50, Appendix H.

Monitoring changes in the fracture toughness properties of the RV core region plates forging,
weldments, and associated heat treated zones are performed in accordance with 10 CFR 50,
Appendix H. Samples of RV plate materials are retained and catalogued in case future
engineering development shows the needs for further testing.

The material properties surveillance program includes not only the conventional tensile and
impact tests, but also the fracture mechanics specimens. The observed shifts in nil ductility
reference temperature of the core region materials with irradiation are used to confirm the
allowable limits calculated for all operational transients. FSAR Section 5.3.1.6 provides more
details.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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2.1 Materials and Chemical Engineering
2.1.1 Reactor Vessell Material Surveillance Program

* 10 CFR 50.60, acceptance criteria for fracture prevention measures for lightwater nuclear
power reactors for normal operation is described below.

The provisions of 10 CFR 50.60 allow use of alternatives to the described requirements in
10 CFR 50, Appendices G and H, when an exemption is granted by the NRC under
10 CFR 50.12.

DNC complies with the requirements of 10 CFR 50, Appendix H (except for one exception
related to P-T limit curves used in the plant Technical Specifications during normal operating
and hydrostatic or leak rate testing conditions—see Section 2.1.3). Therefore, the
requirements of 10 CFR 50.60 are satisfied.

* NRC RG 1.190, Calculation and Dosimetry Methods for Determining Pressure Vessel
Neutron Fluence is described below:

For license renewal, FSAR Section 19.3.1.3 states that Millstone Unit 3 will calculate USE,
RTptg and P-T limits based on fluence values developed in accordance with RG 1.190
requirements, as amended or superseded by future regulatory guidance changes, through
the period of extended operation.

2.1.1.2 Technical Evaluation
2.1.1.2.1 Introduction

Reactor vessel integrity is impacted by any change in plant parameters that affect neutron
fluence levels or temperature/pressure transients. The changes in neutron fluence resulting from
the SPU have been evaluated to determine the impact on reactor vessel integrity. The
assessment presented herein focuses on the MPS3 surveillance capsule withdrawal schedule
contained in the most recent surveillance capsule evaluation, WCAP-16629-NP (Reference 1). In
this assessment, vessel fluence values are used to evaluate the transition temperature shift
(RTnpT) to confirm the validity of the surveillance capsule withdrawal schedule.

2.1.1.2.2 Input Parameters, Assumptions, and Acceptance Criteria

SPU Fluence Projections

Neutron fluence projections considering SPU conditions are presented in Tables 2.1.1-1 and
2.1.1-2 for the conventional beltline materials and extended beltline materials, respectively.
Surveillance capsule fluence values are provided in Tables 2.1.1-3. Note that capsule fluence
values listed in Tables 2.1.1-3 are not impacted by the SPU because the listed fluence values
were determined only for capsules that have been removed from the vessel and thus are not
subjected to additional neutron fluence.

The calculated fluence projections used in the SPU evaluation complied with RG 1.190. As these
calculations were performed on a plant-by-plant basis, there was no generic topical report for the
approved method. The methodology used was that of RG 1.190.
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Inlet Temperature

As presented in Section 1.1, Nuclear Steam Supply System Parameters, the SPU full power
reactor vessel inlet temperature range is 537.4°F to 556.4°F.

Chemistry Factor Values

The CFs, along with the FFs, are used to determine RTypt. Table 2.1.1-4 presents the CFs used
in this evaluation in Table 2.1.1-4, along with the best-estimate copper and nickel chemistry used
to calculate the CF values.

Transition Temperature Shift Values

The RTypT calculations for each of the plates and welds in the MPS3 beltline and extended
beltline are presented in Table 2.1.1-5.

Acceptance Criteria

The acceptance criteria for performing material surveillance of the reactor vessel and for
generating a withdrawal schedule are in 10 CFR 50, Appendix H, and ASTM E 185-82, Standard
Practice for Conducting Surveillance Tests for Light-Water Cooled Nuclear Power Reactor
Vessels, E 706.

The acceptance criteria for the reactor vessel inlet temperature are provided in RG 1.99, Rev 2,
Radiation Embrittlement of Reactor Vessel Materials, which states that: “The procedures are
valid for a nominal irradiation temperature of 550°F. Irradiation below 525°F should be
considered to produce greater embrittlement, and irradiation above 590°F may be considered to
produce less embrittlement.” Thus the reactor vessel inlet temperature must be greater than
525°F and less than 590°F for the equations and methodology of RG 1.99, Rev. 2, to remain
valid.

2.1.1.2.3 Description of Analyses and Evaluations

The reactor vessel surveillance capsule withdrawal schedule evaluation for the proposed MPS3
SPU includes a review of the reactor vessel inlet temperature to verify that it complies with

RG 1.99, Rev. 2, and a review of the vessel fluence projections to determine if changes are
required to the number of capsules withdrawn and/or the schedule for withdrawal. This
evaluation is consistent with the recommended practices of ASTM E 185-82 and meets the
requirements of 10 CFR 50, Appendix H.

A surveillance capsule withdrawal schedule was developed to periodically remove surveillance
capsules from the reactor vessel in order to effectively monitor the condition of the reactor vessel
materials under actual operating conditions. ASTM E 185-82 defines both the recommended
number of surveillance capsules and the recommended withdrawal schedule, based on the
predicted transition temperature shifts (RTypT) of the vessel material. The surveillance capsule
withdrawal schedule is in terms of EFPY of plant operation with an original design life of

32 EFPY, as is the case for MPS3. Other factors considered in establishing the surveillance
capsule withdrawal schedule were the maximum fluence values at the vessel surface and the
approval of life extension to a design life of 54 EFPY.
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The first surveillance capsule is usually scheduled early in the vessel life to verify the initial
predictions of the surveillance material response to the actual radiation environment. It is
generally removed when the predicted shift exceeds the expected scatter by a sufficient margin
to be measurable. Normally, the capsule with the highest lead factor is withdrawn first. Early
withdrawal also permits verification of the adequacy and conservatism of the reactor vessel P-T
operating limits. The withdrawal schedule for the remaining surveillance capsules to be
withdrawn was adjusted by the lead factor so that:

» The neutron fluence exposure of the second surveillance capsule corresponds to the original
design life 32 EFPY fluence at the reactor vessel inner wall location.

» The exposure of the third surveillance capsule withdrawn exceeds the peak original design
life (32 EFPY) vessel fluence, but does not exceed twice that value.

Per ASTM E 185-82, the four steps used for the development of a surveillance capsule
withdrawal schedule are as follows:

+ Estimate the peak vessel inside surface fluence at end of life and the corresponding
transition temperature shift. This identifies the number of capsules required. Per RG 1.99,
Rev. 2, the transition temperature shift (RTypt) is equal to the chemistry factor times the
fluence factor. In the case of determining the number of capsules to be withdrawn, the peak
vessel surface fluence is used to determine the fluence factor.

» Obtain the lead factor for each surveillance capsule relative to the peak beltline fluence.

» Calculate the EFPY for the capsule to reach the peak vessel end-of-life fluence at the inside
surface. These are used to establish the withdrawal schedule for all but the first surveillance
capsule.

» Schedule the surveillance capsule withdrawals at the nearest vessel refueling date.

A surveillance capsule withdrawal schedule was developed for the MPS3 reactor vessel and
documented in WCAP-16629-NP (Reference 1). Updated fluence projections are utilized herein
to evaluate the applicability of that withdrawal schedule for MPS3 in its licensing basis for the
stretch power uprate.

Impact on Renewed Plant Operating License Evaluations and License Renewal Programs

Section 4.2.1.3 of NUREG-1838 states: “Millstone Unit 3 uses a fluence methodology in
accordance with DG-1053, and the specific methodology applied to the calculation followed the
guidance of RG 1.190. DG-1053 is the draft version of RG 1.190 and provides similar
conservatism when calculating the reactor vessel fluence values. Therefore, for MPS3, the
fluence values meet the guidelines of RG 1.190 and are acceptable to the staff.”

The fluence projections for SPU are lower than those provided in WCAP-16629-NP

(Reference 1), which contains the most recently developed surveillance capsule withdrawal
schedule. No changes are required to the withdrawal schedule presented in Reference 1, since it
remains valid considering the SPU fluence projections.
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21.1.24 Results

Reactor vessel fluence projections were generated for SPU conditions following the guidance of
RG 1.190 (presented in Tables 2.1.1-1 and 2.1.1-2). Note that these SPU vessel fluence
projections are lower than the vessel fluence projections documented in WCAP-16629-NP
(Reference 1). Calculated neutron fluence values in Reference 1 represented a power uprate
conservatively beginning at the onset of Cycle 11. Current neutron fluence projections are based
on the core power uprate from 3411 MWt to 3650 MWt taking place at the onset of Cycle 13.

Chemistry factors for each of the beltline and extended beltline materials were determined in
accordance with RG 1.99, Rev. 2, Positions 1.1 and 1.2, as presented in Table 2.1.1-4. Transition
temperature shifts were then calculated for each of the beltline and extended beltline materials
(vessel inside surface) to determine the appropriate surveillance capsule withdrawal schedule,
see Table 2.1.1-5. The calculations were performed at 54 EFPY, and the maximum neutron
exposure for the beltline and extended beltline materials were applied to all plates and welds in
the beltline and extended beltline region, respectively. All transition temperature shifts were
calculated to be less than 100°F; hence the minimum number of surveillance capsules to be
withdrawn is three, in accordance with ASTM E 185-82. Per ASTM E 185-82, the withdrawal of a
capsule is scheduled for the vessel refueling outage nearest to the calculated EFPY established
for the particular surveillance capsule withdrawal.

The removal of capsules from the MPS3 reactor vessel has met the intent of ASTM E 185-82 for
a 32 EFPY original design life. Under the new MPS3 design life of 54 EFPY, the projected EOL
vessel surface fluence under the SPU program would be 2.70x10'® n/cm? (E > 1.0 MeV). The
third capsule withdrawn from MPS3, Capsule W (see Table 2.1.1-3), also exceeds this projected
fluence value for 54 EFPY; hence no additional capsules would need to be tested for compliance
with 10 CFR 50, Appendix H, and ASTM E 185-82.

As presented in Section 1.1, Nuclear Steam Supply System Parameters, the reactor vessel inlet
temperature is maintained above 525°F and below 590°F. Therefore, the equations and results
remain valid without adjustments for temperature effects.

A withdrawal schedule exists in Reference 1 that meets the intent of ASTM E 185-82 and
10 CFR 50, Appendix H. Having this withdrawal schedule satisfies 10 CFR 50.60, GDC-14,
GDC-31, and the SRP (see Section 5.3.1).

2.1.1.3 Conclusion

DNC has reviewed the evaluation of the effects of the proposed SPU on the reactor vessel
surveillance withdrawal schedule and concludes that DNC has adequately addressed changes in
neutron fluence and their effects on the schedule. DNC further concludes that the reactor vessel
capsule withdrawal schedule is appropriate to ensure that the material surveillance program will
continue to meet the requirements of 10 CFR 50, Appendix H, and 10 CFR 50.60, and will
provide DNC with information to ensure continued compliance with GDC-14 and GDC-31 in this
respect following implementation of the proposed SPU. Therefore, DNC finds the proposed SPU
acceptable with respect to the reactor vessel material surveillance program.
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2.1.1.4 References

1. WCAP-16629-NP, Analysis of Capsule W from the Dominion Nuclear Connecticut Millstone
Unit 3 Reactor Vessel Radiation Surveillance Program, F. C. Gift, et al, September 2006.
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Table 2.1.1-1 Calculated Maximum Neutron Exposure of the Reactor Vessel Beltline
Materials at the Clad/Base Metal Interface

Azimuthal Location
0p1?i'z2"9 0.0 Degrees | 15.0 Degrees | 30.0 Degrees | 45.0 Degrees
[EFPY] Neutron Fluence [n/cm?, (E > 1.0 MeV)]
13.8 (EOC 10) 4.53E+18 6.68E+18 7.55E+18 7.49E+18
15.1 4.91E+18 7.20E+18 8.20E+18 8.18E+18
16.6 5.26E+18 7.76E+18 8.88E+18 8.88E+18
18.1 5.68E+18 8.35E+18 9.59E+18 9.54E+18
19.5 6.11E+18 8.99E+18 1.04E+19 1.03E+19
25.0 7.71E+18 1.12E+19 1.29E+19 1.27E+19
32.0 9.77E+18 1.41E+19 1.63E+19 1.57E+19
36.0 1.10E+19 1.58E+19 1.82E+19 1.75E+19
40.0 1.22E+19 1.75E+19 2.02E+19 1.93E+19
48.0 1.46E+19 2.09E+19 2.40E+19 2.28E+19
54.0 1.64E+19 2.34E+19 2.70E+19 2.55E+19
60.0 1.82E+19 2.59E+19 2.99E+19 2.81E+19
Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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Table 2.1.1-2 Calculated Neutron Exposure of the Reactor Vessel Beltline and

Extended Beltline Materials at the Clad/Base Metal Interface

Neutron Fluence
Azimuth [n/cm?, E > 1.0 MeV]
[Deg.] MPS3 Beltline and Extended Beltline Materials 54 EFPY 60 EFPY
0 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 5.18E+17 | 5.78E+17
Nozzle Shell 0 Degree Long. Weld (101-122) 5.18E+17 | 5.78E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 5.18E+17 | 5.78E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 1.62E+19 | 1.82E+19
Int. Shell 0 Degree Long. Weld (101-124) 1.62E+19 | 1.82E+19
) 1.62E+19 | 1.82E+19
Lower Shell to Int. Shell Circ. Weld (101-171) 164E+19 | 1.82E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) 1 64E+19 | 1.82E+19
Lower Shell 0 Degree Long. Weld (101-142) <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
15 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.10E+17 | 1.22E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 7.37E+17 | 8.22E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 7.37E+17 | 8.22E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.31E+19 | 2.56E+19
Lower Shell to Int. Shell Circ. Weld (101-171) 2.31E+19 | 2.56E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) | 2-34E+19 | 2.59E+19
. <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
30 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.27E+17 | 1.41E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 8.51E+17 | 9.49E+17
Nozzle Shell 30 Degree Long. Welds (101-122) 8.51E+17 | 9.49E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 8.51E+17 | 9.49E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.66E+19 | 2.95E+19
Int. Shell 30 Degree Long. Welds (101-124) 2.66E+19 | 2.95E+19
. 2.66E+19 | 2.95E+19
Lower Shell to Int. Shell Circ. Weld (101-171) 2 70E+19 | 2.99E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) 5 70E+19 | 2.99E+19
Lower Shell 30 Degree Long. Welds (101-142) <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
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Table 2.1.1-2 Calculated Neutron Exposure of the Reactor Vessel Beltline and
Extended Beltline Materials at the Clad/Base Metal Interface

Neutron Fluence
[n/cm?, E > 1.0 MeV]

Azimuth
[Deg.] MPS3 Beltline and Extended Beltline Materials 54 EFPY 60 EFPY
45 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.20E+17 | 1.33E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 8.03E+17 | 8.93E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 8.03E+17 | 8.93E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.52E+19 | 2.78E+19

2.52E+19 | 2.78E+19
2.55E+19 | 2.81E+19
<1.0E+17 | <1.0E+17

Lower Shell to Int. Shell Circ. Weld (101-171)
Lower Shell Plates (B9820-1, B9820-2, B9820-3)
Lower Head to Lower Shell Circ. Weld (101-141)
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Table 2.1.1-3 Recommended Surveillance Capsule Withdrawal Schedule

Capsule
Capsule Location  |Lead Factor® Withdrawal EFPY(®)|Fluence (n/cm?)(@
U 58.5° 4.06 1.34 4.00x 108
X 238.5° 4.35 8.00 1.98 x 101°
w 121.5° 4.22 13.80 3.16 x 1019()
Z 301.5° 4.22 Standby () In Reactor
Y 241.0° 3.98 Standby (©) 2.98 x 1019
v 61.0° 3.98 Standby () 2.98 x 1019

Notes:
a.Updated in Capsule W dosimetry analysis.
b. Effective Full Power Years (EFPY) from plant startup.

c. This fluence is greater than one-times and less than two-times the projected 32 EFPY
vessel fluence.

d. This capsule should be withdrawn anytime after the end of the next cycle, but not to
exceed 25.7 EFPY, which is when the fluence on the capsule would exceed two-times
the projected 54 EFPY vessel fluence. See Note (e).

e. These capsules were withdrawn after 13.80 EFPY (end of cycle 10) and placed into
storage. Once all capsules are removed, alternative fluence measuring capabilities
must be in place.
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Table 2.1.1-4 Summary of the MPS3 Beltline and Extended Beltline Material Properties
and Chemistry Factors Based on RG 1.99, Rev. 2

Wt. % | Wt. % | Position 1.1 | Position 2.1
Material Cu Ni CF CF
Intermediate Shell Plate B9805-1 0.05 | 0.63 31.0°F 26.7°F
Intermediate Shell Plate B9805-2 0.05 | 0.64 31.0°F ---
Intermediate Shell Plate B9805-3 0.05 | 0.65 31.0°F ---
Lower Shell Plate B9820-1 0.08 | 0.63 51.0°F ---
Lower Shell Plate B9820-2 0.07 | 0.60 44.0°F ---
Lower Shell Plate B9820-3 0.06 | 0.61 37.0°F ---
Beltline Region Weld Metal® 0.05 | 0.05 31.8°F 6.7°F
Nozzle Shell Plate B9804-1 0.05 | 0.62 31°F ---
Nozzle Shell Plate B9804-2 0.08 | 0.64 51°F ---
Nozzle Shell Plate B9804-3 0.05 | 0.65 31°F ---
Inlet Nozzle B9806-3 0.09 | 0.83 58°F ---
Inlet Nozzle B9806-4 0.09 | 0.82 58°F ---
Inlet Nozzle R5-3 0.07 0.80 44°F ---
Inlet Nozzle R5-4 0.08 | 0.81 51°F ---
Nozzle Shell Longitudinal Weld 101-122A 0.05 | 0.12 39.8°F ---
Nozzle Shell Longitudinal Weld 101-122B, 0.05 | 0.12 39.8°F ---
101-122C
Nozzle Shell to Intermediate Shell Girth Weld 0.05 | 0.13 41°F ---
103-121
Inlet Nozzle Weld 105-121A 0.09 | 0.05 45.3°F ---
Inlet Nozzle Weld 105-121B 0.16 | 0.06 75.4°F ---
Inlet Nozzle Weld 105-121C 0.16 | 0.06 75.4°F ---
Inlet Nozzle Weld 105-121D 0.16 | 0.06 75.4°F ---

Notes:

a. MPS3 beltline welds were all fabricated using the same weld heat - #4P6052, flux type -
Linde 0091, and flux lot number - 0145. The beltline welds include the intermediate to
lower shell girth weld seam and the longitudinal weld seams in the intermediate shell

course and lower shell course.

Stretch Power Uprate Licensing Report

2112

Millstone Power Station Unit 3



2.0 EVALUATION
2.1 Materials and Chemical Engineering
2.1.1 Reactor Vessell Material Surveillance Program

Table 2.1.1-5 ARTypt Values for all MPS3 Materials at 54 EFPY

RG1.99R2 | CF | Fluence ARTypT®
Material Method (°F) |(x10"°n/cm?)| FF(@ (°F)

Intermediate Shell Plate B9805-1 | Position 1.1 | 31.0 2.70 1.265 39.22

Position 2.1 | 26.7 2.70 1.265 33.77
Intermediate Shell Plate B9805-2 | Position 1.1 | 31.0 2.70 1.265 39.22
Intermediate Shell Plate B9805-3 | Position 1.1 | 31.0 2.70 1.265 39.22
Lower Shell Plate B9820-1 Position 1.1 | 51.0 2.70 1.265 64.53
Lower Shell Plate B9820-2 Position 1.1 | 44.0 2.70 1.265 55.67
Lower Shell Plate B9820-3 Position 1.1 | 37.0 2.70 1.265 46.81
Intermediate Shell Longitudinal Position 1.1 | 31.8 2.70 1.265 40.23
Weld Seams 101-124 AB.C Position2.1 | 6.7 | 270 | 1.265 | 843
Intermediate to Lower Shell Girth | Position 1.1 | 31.8 2.70 1.265 40.23
Weld Seam 101-171 Position2.1 | 6.7 | 270 | 1.265 | 843
Lower Shell Longitudinal Weld Position 1.1 | 31.8 2.70 1.265 40.23
Seams 101-142AB.C Position2.1 | 6.7 | 270 | 1.265 | 843
Nozzle Shell Plate B9804-1 Position 1.1 31 0.0851 0.3854 11.95
Nozzle Shell Plate B9804-2 Position 1.1 51 0.0851 0.3854 19.65
Nozzle Shell Plate B9804-3 Position 1.1 31 0.0851 0.3854 11.95
Inlet Nozzle B9806-3 Position 1.1 58 0.0851 0.3854 22.35
Inlet Nozzle BO806-4 Position 1.1 58 0.0851 0.3854 22.35
Inlet Nozzle R5-3 Position 1.1 44 0.0851 0.3854 16.96
Inlet Nozzle R5-4 Position 1.1 51 0.0851 0.3854 19.65
Nozzle Shell Longitudinal Weld Position 1.1 | 39.8 0.0851 0.3854 15.34
101-122A
Nozzle Shell Longitudinal Welds Position 1.1 | 39.8 0.0851 0.3854 15.34
101-122B, 101-122C
Nozzle Shell to Intermediate Position 1.1 41 0.0851 0.3854 15.80
Shell Girth Weld 103-121
Inlet Nozzle Weld 105-121A Position 1.1 | 45.3 0.0851 0.3854 17.46
Inlet Nozzle Weld 105-121B Position 1.1 | 75.4 0.0851 0.3854 29.06
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Table 2.1.1-5 ARTypt Values for all MPS3 Materials at 54 EFPY

RG1.99R2 | CF | Fluence ARTypT®
Material Method (°F) |(x10"°n/cm?3)| FF@ (°F)
Inlet Nozzle Weld 105-121C Position 1.1 | 75.4 0.0851 0.3854 29.06
Inlet Nozzle Weld 105-121D Position 1.1 | 75.4 0.0851 0.3854 29.06

Notes:

a. FF = fluence factor = f (0-28 - 0.1log (7))

b. ART\pt = CF * FF

Millstone Power Station Unit 3
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2.1.2 Pressure-Temperature Limits and Upper-Shelf Energy
2.1.2.1 Regulatory Evaluation

Pressure-temperature (P-T) limits are established to ensure the structural integrity of the ferritic
components of the RCPB during any condition of normal operation, including anticipated
operation occurrences and hydrostatic tests. DNC’s review of P-T limits covered the P-T limits
methodology and the calculations for the number of EFPY specified for the SPU and the plant life
extension addressed in NUREG-1838, considering neutron embrittlement effects and using
linear elastic fracture mechanics.

The acceptance criteria are based on

» GDC-14, insofar as it requires that the RCPB be designed, fabricated, erected, and tested so
as to have an extremely low probability of rapidly propagating fracture.

» GDC-31, insofar as it requires that the RCPB be designed with margin sufficient to assure
that, under specific conditions, it will behave in a non-brittle manner and the probability of a
rapidly propagating fracture is minimized.

* 10 CFR 50, Appendix G, which specifies fracture toughness requirements for ferritic
components of the RCPB.

* 10 CFR 50.60, which requires compliance with the requirements of 10 CFR 50, Appendix G.

Specific review criteria are contained in the SRP, Section 5.3.2 and the guidance provided in
Matrix 1 of RS-001.

MPS3 Current Licensing Basis

The MPS3 design was reviewed in accordance with NUREG-0800, the July 1981 edition of the
Standard Review Plan for the Review of Safety Analysis Report for Nuclear Power Plants
(NUREG-0800), Section 5.3.2, Rev. 1.

As noted in FSAR Section 3.1, the design bases of MPS3 are measured against the NRC GDC
for Nuclear Power Plants, 10 CFR 50, Appendix A, as amended through October 27, 1978. The
adequacy of the MPS3 design relative to the general design criteria is discussed in the FSAR
Sections 3.1.1 and 3.1.2.

Specifically, the adequacy of MPS3’s design relative to conformance to
» GDC-14, Reactor Coolant Pressure Boundary, is described in FSAR Section 3.1.2.14.

The RCS boundary is designed to accommodate the system pressures and temperatures
attained under all expected modes of plant operation, including all anticipated transients, and
to maintain the stresses within applicable stress limits (see FSAR Section 3.9). RCS pressure
boundary materials, selection, and fabrication techniques ensure a low probability of gross
rupture or abnormal leakage.

In addition to the loads imposed on the system under normal operating conditions,
consideration is also given to abnormal loading conditions, such as seismic and pipe rupture,
as discussed in FSAR Sections 3.6 and 3.7.
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The RCS boundary has provisions for inspection, testing, and surveillance of critical areas to
assess their structural and leak-tight integrity (see FSAR Section 5.2). For the RV (FSAR
Section 5.3), a materials surveillance program conforming to applicable codes is provided.

* GDC-31, Fracture Prevention of Reactor Coolant Pressure Boundary, is described in FSAR
Section 3.1.2.31.

Close control is maintained over material selection and fabrication for the RCS to assure that
the boundary behaves in a non-brittle manner. The RCS materials exposed to the coolant are
corrosion-resistant stainless steel or Inconel. The nil ductility reference temperature of the RV
structural steel is established by Charpy V-notch and drop weight tests, in accordance with
10 CFR 50, Appendix G.

Allowable pressure-temperature relationships for plant heatup and cooldown rates are
calculated using methods derived from the ASME Code, Section lll, Appendix G, Protection
Against Non-Ductile Failure. This approach specifies that allowed stress intensity factors for
all vessel operating conditions may not exceed the referenced stress intensity factor (KIR) for
the metal temperature at any time. Operating specifications include conservative margins for
predicted changes in the material reference temperature due to irradiation.

FSAR Section 5.3.2 describes how controlling P-T limits during plant operation is a means to
ensure vessel integrity throughout the life of the RV.

* 10 CFR 50, Appendix G, Fracture Toughness Requirements, is described in FSAR
Section 19.3.1.1 as follows:

FSAR Section 19.3.1.1 states in part that 10 CFR 50, Appendix G, contains screening criteria
that establish limits on how far the upper-shelf energy values for a reactor pressure vessel
material may be allowed to drop due to neutron irradiation exposure. The regulation requires
the initial upper-shelf energy value to be greater than 75 ft-Ib in the unirradiated condition and
for the value to be greater than 50 ft-Ib in the fully irradiated condition, as determined by
Charpy V-notch specimen testing through the licensed life of the plant. Upper-shelf energy
values of less than 50 ft-lb may be acceptable to the NRC if it can be demonstrated to the
NRC that these lower values will provide margins of safety against brittle fracture equivalent
to those required by ASME Section Xl, Appendix G.

FSAR Section 5.3.2.1 states in part that the operational curves (P-T limits) have been
established for the ferritic materials of the RCS, considering ASME B&PV Code Section Xl,
Appendix G, as modified by ASME Code Case N-640, and the additional requirements of
10 CFR 50, Appendix G. The FSAR also states in part that implementation of these specific
requirements provide adequate margin to brittle fracture of ferritic materials during normal
operation, anticipated operational occurrences, and system leak and hydrostatic tests.

* 10 CFR 50.60, Acceptance criteria for fracture prevention measures for lightwater nuclear
power reactors for normal operation.

The provisions of 10 CFR 50.60 allow use of alternatives to the described requirements in
Appendices G and H of 10 CFR 50, when an exemption is granted by the NRC under
10 CFR 50.12.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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In a letter dated April 23, 2001, DNC requested an exemption from the NRC from specific
requirements of 10 CFR 50, Appendix G, to allow use of ASME B&PV Code Section Xl, Code
Case N-640, Alternative Reference Fracture Toughness for Development of
Pressure-Temperature (P-T) Limit Curves for ASME Section XI, Division 1, for MPS3. The
exemption addresses P-T limit curves used in the plant Technical Specifications during
normal operating and hydrostatic or leak-rate testing conditions. In a letter dated

August 14, 2001, the NRC granted the exemption discussed above, pursuant to

10 CFR 50.12.

DNC complies with the requirements of 10 CFR 50, Appendix G, (except as noted above).
Therefore, the requirements of 10 CFR 50.60 are satisfied.

NRC RG 1.99, Radiation Embrittlement of Reactor Vessel Materials.

Section B 3/4.4.9 of the Technical Specification Bases, Pressure/Temperature Limits, states
in part that MPS3 currently addresses P-T limit curves as follows:

The actual shift in RTypt of the vessel material will be established periodically by removing
and evaluating the irradiated RV material specimens, in accordance with ASTM E 185-82
and 10 CFR 50, Appendix H.

The operating P-T limit curves will be adjusted, as necessary, based on the evaluation
findings and the recommendations of NRC RG 1.99.

FSAR Section 19.3.1.1 states in part that acceptable upper-shelf energy values have been
calculated in accordance with RG 1.99, Rev. 2, to the end of the period of extended
operation. Calculated upper-shelf energy values for the most limiting RVP beltline plate and
weld materials remain greater than 50 ft-Ib.

NRC RG 1.190, Calculation of Dosimetry Methods for Determining Pressure Vessel Neutron
Fluence.

For license renewal, FSAR Section 19.3.1.3 states in part that, in accordance with

10 CFR 50, Appendix G, updated pressure-temperature limits for entering the period of
extended operation will be developed and implemented prior to the period of extended power
operation. Cold overpressure protection system temperature requirements will be updated to
ensure that the pressure-temperature limits will not be exceeded for postulated plant
transients during the period of extended operation. Millstone Unit 3 will calculate USE, RTprg
and P-T limits based on fluence values developed in accordance with RG 1.190
requirements, as amended or superseded by future regulatory guidance changes, through
the period of extended operation.

2.1.2.2 Technical Evaluation

2.1.2.2.1 Introduction

Reactor vessel integrity is impacted by any change in plant parameters that affect neutron
fluence levels or temperature/pressure transients. The changes in neutron fluence resulting from
the SPU have been evaluated to determine the impact on reactor vessel integrity. The
assessment presented herein focuses on the MPS3 P-T limits at 32 EFPY (relative to adjusted
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reference temperature calculations in Reference 1) and the projected values of upper-shelf
energy at 54 EFPY. In this section, 32 EFPY vessel surface fluence values under SPU conditions
are compared with those used to determine the 32 EFPY adjusted reference temperatures
(RTnpT) in Reference 1 for development of the MPS3 P-T limits. The projected decrease in USE
due to irradiation embrittlement based on uprated fluence values is evaluated to ensure
adequate margin in USE at 54 EFPY.

2.1.2.2.2 Input Parameters, Assumptions, and Acceptance Criteria

Definition of Reactor Vessel Beltline Materials

The beltline region of the reactor vessel is defined in 10 CFR 50, Appendix G, as the material
(including welds, heat-affected zone, and plates or forgings) that directly surround the effective
height of the active core and adjacent regions of the reactor vessel that are predicted to
experience sufficient neutron radiation damage to be considered in the selection of the most
limiting material with regard to radiation damage. By convention, the beltline materials evaluated
have been limited to those that envelope the axial height of the active core. Traditionally-defined
beltline materials have been extended to include all reactor vessel plates and welds that exceed
1x10"" n/em? (E > 1.0 MeV) at the end of licensed plant operation. These additional plates and
welds are appropriately called the “extended beltline” materials.

SPU Fluence Projections

Neutron fluence projections considering SPU conditions are presented in Tables 2.1.2-1 and
2.1.2-2 for the conventional beltline materials and extended beltline materials, respectively.
These calculations were performed on a plant-by-plant basis, there was no generic topical report
for the approved method. The methodology used was that of RG 1.190.

Inlet Temperature

As presented in Section 1.1, Nuclear Steam Supply System Parameters, the SPU full power
reactor vessel inlet temperature range is 537.4°F to 556.4°F.

Chemistry

Chemistry of the plates and welds, specifically the weight percent copper, was used along with
neutron fluence to determine the predicted decrease in USE at the end-of-life extension. The
weight percent copper for all the beltline and extended beltline materials is presented in

Table 2.1.2-3.

Upper-Shelf Energy

The initial USE values for each plate and weld in the conventional/extended beltline are used to
determine the projected USE values at 54 EFPY. Extended beltline materials are evaluated at
54 EFPY only. These initial USE values are presented in Table 2.1.2-3.

Pressure-Temperature Limits

The P-T limit curves are presently contained in the Technical Specifications, Section 3/4.4.9 as
determined for a 32 EFPY end-of-life, for a projected neutron fluence of 1.97x10"® n/cm?.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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Reactor vessel integrity evaluations, provided in Reference 1, form the basis for adjusted
Reference Temperature Values of the Technical Specification P-T limits.

Acceptance Criteria

For P-T limit curves, the acceptance criteria are that MPS3 have NRC-approved P-T limits
developed in accordance with 10 CFR 50, Appendix G, and that the applicable EFPY of those
P-T limit curves after implementation of the SPU do not invalidate the term of applicability.

For USE at SPU conditions, 54 EFPY values for all reactor beltline materials must meet the
requirements of 10 CFR 50, Appendix G, which states the USE must be maintained above
50 ft-Ib; otherwise an equivalent margins analysis must be performed to demonstrate that the
vessel has adequate margin of safety.

The acceptance criteria for the reactor vessel inlet temperature are provided in U.S. NRC

RG 1.99, Rev. 2, Radiation Embrittlement of Reactor Vessel Materials, which states that “The
procedures are valid for a nominal irradiation temperature of 550°F. Irradiation below 525°F
should be considered to produce greater embrittlement, and irradiation above 590°F may be
considered to produce less embrittiement.” Thus the reactor vessel inlet temperature must be
greater than 525°F and less than 590°F for the equations and methodology of RG 1.99, Rev. 2,
to remain valid.

2.1.2.2.3 Description of Analyses and Evaluations

If the post-SPU reactor vessel fluence projection at 32 EFPY exceeds that of the analysis of
record, then a new applicability date of the current P-T limit curves would need to be calculated.
This would be a simple interpolation using the SPU fluence projections in Table 2.1.2-1. If the
post-SPU reactor vessel fluence projection is lower than the 32 EFPY neutron fluence value
utilized in the analysis of record, then conservatively, no change to the applicability date is
required. MPS3 would be required to calculate new P-T Limit Curves prior to continuing
operation into the life-extension period.

The evaluation to assess the impact of the SPU on USE requires that the percentage decrease in
USE be determined in accordance with RG 1.99, Rev. 2, for each plate and weld in the vessel
beltline and extended beltline. Percentage decreases in USE, from the initial unirradiated USE,
can be predicted as a function of neutron fluence for plates and welds of known copper content.
Fluence values used to determine USE decreases are those at the 1/4 vessel thickness, using
the fluence attenuation formula provided in RG 1.99, Rev. 2. Values for USE at 54 EFPY are then
evaluated against the acceptance criteria of 50 ft-lb in 10 CFR 50, Appendix G.

Evaluation of the proposed MPS3 SPU also includes a review of the reactor vessel inlet
temperature to verify that it complies with RG 1.99, Rev. 2, which provides the embrittlement
correlations used to calculate changes to adjusted reference temperature (for determination of
P-T Limit Curves) and upper-shelf energy as a function of neutron fluence.

Impact on Renewed Plant Operating License Evaluations and License Renewal Programs

Section 4.2.1.3 of NUREG-1838 states: “Millstone Unit 3 uses a fluence methodology in
accordance with DG-1053, and the specific methodology applied to the calculation followed the
guidance of RG 1.190. DG-1053 is the draft version of RG 1.190 and provides similar
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conservatism when calculating the reactor vessel fluence values. Therefore, for Millstone Unit 3,
the fluence values meet the guidelines of RG 1.190 and are acceptable to the staff.”

DNC has evaluated the impact of the SPU on the conclusions for USE of the MPS3 beltline
materials reached in the license renewal application. Updated neutron fluence projections
accounting for the SPU are lower in magnitude than the projections of fluence used in the license
renewal application for calculating USE of the beltline materials at 54 EFPY. The license renewal
application used a 1/4-T fluence of 1.97x10'° n/cm? (see Table 4.2-1 of the MPS3 License
Renewal Application) in its USE projection calculations for MPS3 beltline materials at 54 EFPY
and demonstrated a satisfactory margin above 50 ft-Ib. The updated 1/4-T fluence value of
1.609x10'% n/cm? was used in the current 54 EFPY calculations of beltline material USE, as
provided in Table 2.1.2-4, and does not impact the USE results previously determined using the
higher neutron fluence.

2.1.2.24 Results

Reactor vessel fluence projections were generated for SPU conditions following the guidance of
RG 1.190 (see Tables 2.1.2-1 and 2.1.2-2).

At 32 EFPY, the maximum projected fluence on the MPS3 reactor vessel beltline, accounting for
SPU conditions, would be 1.63x10'® n/cm? (E > 1.0 MeV). MPS3 has developed
pressure-temperature limit curves applicable to 32 EFPY based on a neutron fluence of
1.97x10'9 n/cm?, which is more than 20 percent higher than the current predictions for 32 EFPY.
The Initial RTypTt and chemistry factor for the limiting material is unchanged as a result of the
SPU. Adjusted reference temperature values calculated with a lower fluence considering SPU
conditions would, therefore, be correspondingly lower in magnitude; hence, no changes to the
date of applicability for the P-T limit curves are required.

Neutron fluence values at 54 EFPY for the 1/4T vessel thickness location were used to predict
the decrease in USE for materials in the MPS3 reactor vessel. Table 2.1.2-3 provides the copper
chemistry and initial USE of the beltline and extended beltline materials. The copper chemistry
and 1/4T fluence were used in accordance with RG 1.99, Rev. 2, to predict the percentage
decrease in USE at 54 EFPY. The USE predictions are provided in Table 2.1.2-4, which
demonstrates that all plates and welds are all predicted to have USE values that remain above
50 ft-Ib.

As presented in Section 1.1, Nuclear Steam Supply System Parameters, the reactor vessel inlet
temperature is maintained above 525°F and below 590°F. Therefore, the equations and results
remain valid without adjustments for temperature effects.

An NRC-approved set of P-T limit curves exists in the Technical Specifications Section B 3/4.4.9,
which satisfies the requirements of 10 CFR 50, Appendix G, for a 32 EFPY term of applicability,
with consideration of the SPU neutron fluence exposure. Additionally, the SPU fluence
projections were shown not to reduce the level of USE for any plate or weld in the beltline and
extended beltline to below 50 ft-lb at 54 EFPY in accordance with 10 CFR 50, Appendix G.

DNC has evaluated the impact of the SPU on the current P-T limits and projected USE for
beltline and extended beltline materials in the MPS3 vessel. The 32 EFPY pressure-temperature
limits in the analysis of record are conservative with respect to the projected fluence used as the
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basis for their development, relative to the updated fluence exposure calculated for SPU
conditions; such that no change to the term of applicability is required. All plates and welds in the
MPS3 beltline and extended beltline have projected values for USE above 50 ft-Ib at 54 EFPY.

2.1.2.3 Conclusion

DNC has reviewed the evaluation of the effects of the proposed SPU on the P-T limits for MPS3
and concludes that the evaluation has adequately addressed changes in neutron fluence and
their effects on the P-T limits. DNC further concludes that the evaluation has demonstrated the
validity of the current P-T limits for operation under the proposed SPU conditions. Based on this,
DNC concludes that the current P-T limits will continue to meet the requirements of 10 CFR 50,
Appendix G, and 10 CFR 50.60 and will enable MPS3 to comply with GDC-14 and GDC-31 in
this respect following implementation of the proposed SPU. Therefore, DNC finds the proposed
SPU acceptable with respect to the current P-T limits.

2.1.2.4 References

1. 95-SDS-1008MG, Rev. 5, Calculation of Adjusted Reference Temperatures for the MP2 and
MP3 Reactor Vessels, May 2005.

2. WCAP-10732, Northeast Utilities Service Company Millstone Unit No. 3 Reactor Vessel
Radiation Surveillance Program, L. R. Singer, June 1985.

3. WCAP-16629-NP, Analysis of Capsule W from the Dominion Nuclear Connecticut Millstone
Unit 3 Reactor Vessel Radiation Surveillance Program, F. C. Gift, et al, September 2006.
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Table 2.1.2-1 Calculated Maximum Neutron Exposure of the Reactor Vessel Beltline
Materials at the Clad/Base Metal Interface

Azimuthal Location
0p1?i'z2"9 0.0 Degrees | 15.0 Degrees | 30.0 Degrees | 45.0 Degrees
[EFPY] Neutron Fluence [n/cm?, (E > 1.0 MeV)]
13.8 (EOC 10) 4.53E+18 6.68E+18 7.55E+18 7.49E+18
15.1 4.91E+18 7.20E+18 8.20E+18 8.18E+18
16.6 5.26E+18 7.76E+18 8.88E+18 8.88E+18
18.1 5.68E+18 8.35E+18 9.59E+18 9.54E+18
19.5 6.11E+18 8.99E+18 1.04E+19 1.03E+19
25.0 7.71E+18 1.12E+19 1.29E+19 1.27E+19
32.0 9.77E+18 1.41E+19 1.63E+19 1.57E+19
36.0 1.10E+19 1.58E+19 1.82E+19 1.75E+19
40.0 1.22E+19 1.75E+19 2.02E+19 1.93E+19
48.0 1.46E+19 2.09E+19 2.40E+19 2.28E+19
54.0 1.64E+19 2.34E+19 2.70E+19 2.55E+19
60.0 1.82E+19 2.59E+19 2.99E+19 2.81E+19
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Table 2.1.2-2 Calculated Neutron Exposure of the Reactor Vessel Beltline and

Extended Beltline Materials at the Clad/Base Metal Interface

Neutron Fluence
Azimuth [n/cm?, E > 1.0 MeV]
[Deg.] MPS3 Beltline and Extended Beltline Materials 54 EFPY 60 EFPY
0 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 5.18E+17 | 5.78E+17
Nozzle Shell 0 Degree Long. Weld (101-122) 5.18E+17 | 5.78E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 5.18E+17 | 5.78E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 1.62E+19 | 1.82E+19
Int. Shell 0 Degree Long. Weld (101-124) 1.62E+19 | 1.82E+19
) 1.62E+19 | 1.82E+19
Lower Shell to Int. Shell Circ. Weld (101-171) 164E+19 | 1.82E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) 1 64E+19 | 1.82E+19
Lower Shell 0 Degree Long. Weld (101-142) <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
15 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.10E+17 | 1.22E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 7.37E+17 | 8.22E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 7.37E+17 | 8.22E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.31E+19 | 2.56E+19
Lower Shell to Int. Shell Circ. Weld (101-171) 2.31E+19 | 2.56E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) | 2-34E+19 | 2.59E+19
. <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
30 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.27E+17 | 1.41E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 8.51E+17 | 9.49E+17
Nozzle Shell 30 Degree Long. Welds (101-122) 8.51E+17 | 9.49E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 8.51E+17 | 9.49E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.66E+19 | 2.95E+19
Int. Shell 30 Degree Long. Welds (101-124) 2.66E+19 | 2.95E+19
. 2.66E+19 | 2.95E+19
Lower Shell to Int. Shell Circ. Weld (101-171) 2 70E+19 | 2.99E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) 5 70E+19 | 2.99E+19
Lower Shell 30 Degree Long. Welds (101-142) <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
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Table 2.1.2-2 Calculated Neutron Exposure of the Reactor Vessel Beltline and
Extended Beltline Materials at the Clad/Base Metal Interface

Neutron Fluence
[n/cm?, E > 1.0 MeV]

Azimuth
[Deg.] MPS3 Beltline and Extended Beltline Materials 54 EFPY 60 EFPY
45 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.20E+17 | 1.33E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 8.03E+17 | 8.93E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 8.03E+17 | 8.93E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.52E+19 | 2.78E+19

2.52E+19 | 2.78E+19
2.55E+19 | 2.81E+19
<1.0E+17 | <1.0E+17

Lower Shell to Int. Shell Circ. Weld (101-171)
Lower Shell Plates (B9820-1, B9820-2, B9820-3)
Lower Head to Lower Shell Circ. Weld (101-141)

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
21-24



2.0 EVALUATION
2.1 Materials and Chemical Engineering
2.1.2 Pressure-Temperature Limits and Upper-Shelf Energy

Table 2.1.2-3 MPS3 Beltline and Extended Beltline Region Materials Properties

Unirradiated USE
Material Wt % Cu (ft-1b)
Intermediate Shell Plate B9805-1 0.05 93 @
Intermediate Shell Plate B9805-2 0.05 90
Intermediate Shell Plate B9805-3 0.05 107
Lower Shell Plate B9820-1 0.08 77
Lower Shell Plate B9820-2 0.07 76
Lower Shell Plate B9820-3 0.06 80
Inter. Shell Longitudinal Weld Seams 101-124 A,B,C 0.05 200 @
Intermediate to Lower Shell Girth Weld Seam 101-171 0.05 200 @
Lower Shell Longitudinal Weld Seams 101-142 A,B,C 0.05 200 @
Nozzle Shell Plate B9804-1 0.05 85.5
Nozzle Shell Plate B9804-2 0.08 104
Nozzle Shell Plate B9804-3 0.05 103
Inlet Nozzle B9806-3 0.09 162
Inlet Nozzle B9806-4 0.09 158
Inlet Nozzle R5-3 0.07 130
Inlet Nozzle R5-4 0.08 136
Nozzle Shell Longitudinal Weld 101-122A 0.05 >101
Nozzle Shell Longitudinal Welds 101-122B, 101-122C 0.05 >123
Nozzle Shell to Intermediate Shell Girth Weld 103-121 0.05 132
Inlet Nozzle Weld 105-121A 0.09 >89
Inlet Nozzle Weld 105-121B 0.16 177
Inlet Nozzle Weld 105-121C 0.16 >89
Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
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Table 2.1.2-3 MPS3 Beltline and Extended Beltline Region Materials Properties

Unirradiated USE
Material Wt % Cu (ft-1b)
Inlet Nozzle Weld 105-121D 0.16 147
Notes:

a. The original published source of the unirradiated USE for the vessel materials is
Appendix A of WCAP-10732, (Reference 2). ASTM E185 provides guidance for
defining the upper-shelf energy region of the Charpy transition curve and quantifying
the values of upper-shelf energy for a material. Vessel material toughness properties
were determined through separate Charpy V-Notch tests than those used to provide
upper-shelf energy values for surveillance materials, for which the test data was
provided directly in Reference 2. ASTM E185 calculations of USE for these two vessel
materials (Plate B9805-1 and Weld Heat - #4P6052, Flux Type Linde 0091, and Flux
Lot Number 0145) utilized Charpy V-Notch test data from the material supplier (plate
forgings) and CE Power Systems (weld deposit) to obtain the values provided in
WCAP-10732 for vessel materials, as identified in this table.

Millstone previously provided the NRC with upper-shelf energy values of 113.3 ft-lb and
144 ft-Ib, respectively, for the vessel plate B9805-1 and vessel weld metal. These
upper-shelf energy values were based on determination of upper-shelf energy using
Charpy V-notch tests of the surveillance materials. These USE values were
determined by averaging the three highest temperature points (at > 100 percent shear)
of Charpy V-Notch test data (impact energy) for the weld metal (Heat 4P6052) and
transverse orientation plate (B9805-1) surveillance specimen test results.
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Table 2.1.2-4 USE Prediction Calculations at 54 EFPY for the
MPS3 Beltline and Extended Beltline Region Materials

Unirradiated Projected

1/4T Fluence® USE Projected USE|  USE
Material (109 n/cm?) (ft-1b) Decrease (%) (ft-1b)
Intermediate Shell Plate 1.609 93 6.0 (b) 87.4
B9805-1
Intermediate Shell Plate 1.609 90 21 © 71.1
B9805-2
Intermediate Shell Plate 1.609 107 21 (©) 84.5
B9805-3
Lower Shell Plate B9820-1 1.609 77 21 (©) 60.8
Lower Shell Plate B9820-2 1.609 76 21 © 60.0
Lower Shell Plate B9820-3 1.609 80 21 (©) 63.2
Inter. Shell Longitudinal 1.609 200 8.4 (® 183.2
Weld
Seams 101-124 A,B,C
Intermediate to Lower Shell 1.609 200 8.4 (b) 183.2
Girth Weld Seam 101-171
Lower Shell Longitudinal 1.609 200 8.4 (b) 183.2
Weld Seams 101-142 A,B,C
Nozzle Shell Plate B9804-1 0.05072 85.5 9.3 © 77.5
Nozzle Shell Plate B9804-2 0.05072 104 9.3 © 94.3
Nozzle Shell Plate B9804-3 0.05072 103 9.3 © 93.4
Inlet Nozzle B9806-3 0.05072 162 9.3 © 146.9
Inlet Nozzle B9806-4 0.05072 158 9.3 © 143.3
Inlet Nozzle R5-3 0.05072 130 9.3 © 117.9
Inlet Nozzle R5-4 0.05072 136 9.3 © 123.4
Nozzle Shell Longitudinal 0.05072 >101 9.3 91.6
Weld 101-122A
Nozzle Shell Longitudinal 0.05072 >123 9.3 111.6
Welds 101-122B, 101-122C
Nozzle Shell to Intermediate 0.05072 132 9.3 119.7
Shell Girth Weld 103-121
Inlet Nozzle Weld 105-121A 0.05072 >89 11.5 78.8
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Table 2.1.2-4 USE Prediction Calculations at 54 EFPY for the
MPS3 Beltline and Extended Beltline Region Materials

Unirradiated Projected
1/4T Fluence® USE Projected USE|  USE
Material (10'% n/cm?) (ft-1b) Decrease (%) (ft-1b)
Inlet Nozzle Weld 105-121B 0.05072 177 15 150.5
Inlet Nozzle Weld 105-121C 0.05072 >89 15 75.7
Inlet Nozzle Weld 105-121D 0.05072 147 15 125.0

Notes:

a. Maximum vessel surface fluence at 54 EFPY used (2.70x10'® n/cm?, E>1.0 MeV for the
beltline materials and 8.51x101" n/cm?, E>1.0 MeV for the extended beltline materials).

. Percentage USE Decrease is based on Position 2.2 of RG 1.99, Rev. 2, using data from
the most recent surveillance capsule analysis (see Reference 3). Position B Credibility
Criterion 3 in RG 1.99, Rev. 2, indicates that even if the surveillance data are not
considered credible for determination of RTypt, “they may be credible for determining

decrease in upper-shelf energy if the upper-shelf can be clearly determined, following
the definition given in ASTM E 185-82". Figure 2.1.2-1 provides the surveillance data
points from Reference 3. RG 1.99, Rev. 2, Position 2.2 indicates that an upper-bound
line drawn parallel to the existing lines (in Figure 2 of the Guide) through the
surveillance data points should be used in preference to the existing graph lines for
determining the decrease in USE.

c. Percentage USE Decrease is conservatively based on lowest Cu wt% chemistry line
delineated in Figure 2 of NRC RG 1.99, Rev. 2.
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2.1.3 Pressurized Thermal Shock
2.1.3.1 Regulatory Evaluation

The PTS evaluation provides a means for assessing the susceptibility of the RV belt line
materials to PTS events to ensure that adequate fracture toughness is provided for supporting
reactor operations. DNC reviewed the plant current license basis for the PTS methodology and
the calculations for the referenced temperature (RTptg) at the expiration of license, considering
neutron embrittlement effects.

The acceptance criteria are based on

» GDC-14, insofar as it requires that the RCPB be designed, fabricated, erected, and tested so
as to have an extremely low probability of abnormal leakage, of rapidly propagating fracture,
and of gross rupture.

» GDC-31, insofar as it requires that the RCPB be designed with margin sufficient to ensure
that, under specific conditions, it will behave in a non-brittle manner and the probability of a
rapidly propagating fracture is minimized.

* 10 CFR 50.61, insofar as it sets fracture toughness criteria for protection against PTS events.

Specific review criteria are contained in the SRP Section 5.3.2 and the guidance provided in
Matrix 1 of RS-001.

MPS3 Current Licensing Basis

The MPS3 design was reviewed in accordance with the July 1981 edition of the Standard Review
Plan for the Review of Safety Analysis Report for Nuclear Power Plants (NUREG-0800),
July 1981, Section 5.3.2, Rev. 1.

As noted in FSAR Section 3.1 the design bases of MPS3 are measured against the NRC GDC
for Nuclear Power Plants, 10 CFR 50, Appendix A, as amended through October 27, 1978. The
adequacy of the MPS3 design relative to the general design criteria is discussed in the FSAR
Sections 3.1.1 and 3.1.2.

Specifically, the adequacy of MPS3’s design relative to:
» GDC-14, Reactor Coolant Pressure Boundary, is described in FSAR Section 3.1.2.14.

The RCS boundary is designed to accommodate the system pressures and temperatures
attained under all expected modes of plant operation, including all anticipated transients, and
to maintain the stresses within applicable stress limits (see FSAR Section 3.9). RCS pressure
boundary materials, selection, and fabrication techniques ensure a low probability of gross
rupture or abnormal leakage.

In addition to the loads imposed on the system under normal operating conditions,
consideration is also given to abnormal loading conditions, such a seismic and pipe rupture,
as discussed in FSAR Sections 3.6 and 3.7. The system is protected from overpressure by
means of pressure relieving devices as required by applicable codes (see FSAR

Section 5.2.2).
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* GDC-31, Fracture Prevention of Reactor Coolant Pressure Boundary, is described in FSAR
Section 3.1.2.31.

Close control is maintained over material selection and fabrication for the RCS to ensure that
the boundary behaves in a non-brittle manner. The RCS materials exposed to the coolant are
corrosion-resistant stainless steel or Inconel. The nil ductility reference temperature of the RV
structural steel is established by Charpy V-notch and drop weight tests, in accordance with
10 CFR 50, Appendix G. As part of the RV specification, certain requirements which are not
specified by the applicable ASME Codes are performed as follows:

* A 100 percent volumetric ultrasonic test of reactor vessel plate for shear wave and a
post-hydro test map of all full penetration ferritic pressure boundary welds in the pressure
vessel are performed.

» Reactor vessel core region material chemistry (copper, phosphorus, and vanadium) is
controlled to reduce sensitivity to embrittlement due to irradiation over the life of the plant.

+ 10 CFR 50.61, Fracture Toughness Requirements for Protection Against Pressurized
Thermal Shock Events, is described in FSAR Section 5.2.3.3, as follows:

In accordance with 10 CFR 50.61, RPV materials have been reviewed to establish a
reference temperature for PTS (RTptg). This review evaluated core loading patterns and the
actual amount of copper and nickel in the vessel materials. It also compared the vessel
material composition and properties to surveillance capsule materials from which tests and
measurements were taken.

The maximum fluence level of 1.97 x 10'® n/cm?, as determined by Westinghouse, was

conservatively applied to all vessel locations to determine the end-of-life RTprg. This value is
based on the results of the second surveillance capsule analysis as documented in
WCAP-15405, Rev. 0,Analysis of Capsule X from the Northeast Nuclear Energy Company
Millstone Unit 3 Reactor Vessel Radiation Surveillance Program, May, 2000 (Reference 1).
FSAR Table 5.2-7 provides the results of the RTptg calculations. The values that were
calculated do not exceed the RTptg screening criteria of 270° F for plates, forgings, and axial
weld materials, and 300° F for circumferential weld materials. End-of-life RTptg projections
are discussed in FSAR Section 5.3.2.2. Specifically, FSAR Table 5.3-4 provides the results of
the calculation for limiting base and weld material.

The MPS3 RV was evaluated for continued acceptability to support plant license renewal.
NUREG-1838, Safety Evaluation Report Related to the License Renewal of Millstone Power
Station, Units 2 and 3, dated August 1, 2005, documents the results of that review. NUREG-1838
Section 4.2.3 is applicable for the TLAA for PTS.

2.1.3.2 Technical Evaluation
2.1.3.2.1 Introduction

Reactor vessel integrity is impacted by any change in plant parameters that affect neutron
fluence levels or temperature/pressure transients. The changes in neutron fluence resulting from
the SPU have been evaluated to determine the impact on reactor vessel integrity. The
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assessment presented herein focuses on the MPS3 reference temperatures for pressurized
thermal shock at 54 EFPY.

2.1.3.2.2 Input Parameters, Assumptions, and Acceptance Criteria

Definition of Reactor Vessel Beltline Materials

The beltline region of the reactor vessel is defined in 10 CFR 50, Appendix G, as the material
(including welds, heat-affected zone, and plates or forgings) that directly surrounds the effective
height of the active core and adjacent regions of the reactor vessel that are predicted to
experience sufficient neutron radiation damage to be considered in the selection of the most
limiting material with regard to radiation damage. By convention, the beltline materials evaluated
have been limited to those that envelope the axial height of the active core. Traditionally-defined
beltline materials have been extended to include all reactor vessel plates and welds that exceed
1x10"7 n/cm? (E > 1.0 MeV) at the end of licensed plant operation. These additional plates and
welds are appropriately called the “extended beltline” materials.

SPU Fluence Projections

Neutron fluence projections considering stretch power uprate conditions are presented in
Tables 2.1.3-1 and 2.1.3-2 for the conventional beltline materials and extended beltline materials,
respectively. The calculated fluence projections used in the SPU evaluation complied with

RG 1.190. As these calculations were performed on a plant-by-plant basis, there was no generic
topical report for the approved method. The methodology used was that of RG 1.190.

Inlet Temperature

As presented in Section 1.1, Nuclear Steam Supply System Parameters, the SPU full power
reactor vessel inlet temperature range is 537.4°F to 556.4°F.

Chemistry Factor Values

The CFs, along with the FFs, are used to determine the shift in reference temperature, RTypT-
The chemistry factor is a function of the copper and nickel content, and is determined in
accordance with 10 CFR 50.61, Tables 1 and 2. In accordance with 10 CFR 50.61 Section (c)(2),
those plate and weld materials that are part of a plant-specific surveillance program, must have
material-specific chemistry factors calculated and incorporated into the determination of the
RTnpT if the surveillance data are deemed credible. The CFs used in this evaluation are
presented in Table 2.1.3-3, along with the best-estimate copper and nickel chemistry used to
calculate the CF values from 10 CFR 50.61, Tables 1 and 2. For clarity and consistency with
RG 1.99, Rev. 2, CFs calculated based on chemistry are referred to as Position 1.1 and CFs
calculated based on surveillance data are referred to as Position 2.1.

Initial Reference Temperature, Nil-Ductility Temperature (RTnpT)

The unirradiated material reference temperatures (RTypT) for the beltline materials were
determined from laboratory testing as part of the development of the MPS3 Radiation
Surveillance Program (see WCAP-10732, Reference 2). Unirradiated material reference
temperatures were calculated for the extended beltline materials at MPS3 in CN-RCDA-04-34,
Reference 3. These values are identified in Table 2.1.3-4 under the column RTnpr(u)-
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Acceptance Criteria

Criteria for acceptance of reference temperature predictions for pressurized thermal shock are
provided in 10 CFR 50.61. The RTprg values must not exceed 270°F for plates, forgings, and
axial welds, and below 300°F for circumferential welds.

The acceptance criteria for the reactor vessel inlet temperature are provided in U.S. NRC

RG 1.99, Rev. 2, Radiation Embrittlement of Reactor Vessel Materials, which states that “The
procedures are valid for a nominal irradiation temperature of 550°F. Irradiation below 525°F
should be considered to produce greater embrittlement, and irradiation above 590°F may be
considered to produce less embrittlement.” Thus the reactor vessel inlet temperature must be
greater than 525°F and less than 590°F for the equations and methodology of RG 1.99, Rev. 2,
to remain valid.

2.1.3.2.3 Description of Analyses and Evaluations

The limiting condition on reactor vessel integrity known as pressurized thermal shock can occur
during a severe system transient such as a LOCA or a steam line break. Such transients can
challenge the integrity of a reactor vessel under the following conditions:

» Severe overcooling of the inside surface of the vessel wall followed by high repressurization
+ Significant degradation of vessel material toughness caused by radiation embrittiement
* Presence of a critical-size defect in the vessel wall

The PTS concern arises if one of these transients should act on the beltline region of a reactor
vessel where a reduced fracture resistance exists because of neutron irradiation. Such an event
could cause the propagation of flaws postulated to exist near the inner wall surface, thereby
potentially affecting the integrity of the vessel.

In 1985, the NRC issued a formal ruling on PTS. It established screening criteria on pressurized
water reactor vessel embrittlement as measured by the RTpyg. RTpTg screening criteria values
were set (using conservative fracture mechanics analysis techniques) for beltline axial welds,
plates, and beltline circumferential weld seams for end-of-life plant operation. All PWR vessels in
the U.S. have been required to evaluate vessel embrittlement in accordance with the criteria
through end of life.

The NRC subsequently amended its regulations for LWRs changing the procedure for calculating
radiation embrittlement. The revised PTS rule was published in the Federal Register,

December 19, 1995, with an effective date of January 18, 1996. This amendment made the
procedure for calculating RTptg values consistent with the methods given in RG 1.99, Rev. 2.

The PTS rule establishes the following requirements for all domestic, operating PWRs:

* For each PWR that has had an operating license issued, the licensee will have projected
values of RTptg accepted by the NRC, for each reactor vessel beltline material for the EOL
fluence of the material.

* The assessment of RTprg must use the calculation procedures given in the PTS Rule and
must specify the bases for the projected value of RTptg for each beltline material. The report
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must specify the copper and nickel contents and the fluence values used in the calculation for
each beltline material.

» This assessment must be updated whenever there is significant change in projected values
of RTptg, or upon the request for a change in the expiration date for operation of the facility.
Changes to RTptg values are significant if either the previous value or the current value, or
both values, exceed the screening criterion prior to the expiration of the operating license,
including any license renewal term, if applicable for the plant.

» The RTptg screening criteria values for the beltline region are:
- 270 F for plates, forgings, and axial weld materials
- 300 F for circumferential weld materials

* RTpys must be calculated for each vessel beltline material using a fluence value, f, which is
the EOL fluence for the material.

Per 10 CFR 50.61 the following equations and variables are to be used for calculating EOL
RTptg values at the clad/base metal interface of the vessel.

RTprs = RTnpr(u) + M + ARTprs

where,

RTnpr(u) = Initial RTypr value, °F

M = Margin=2,/0c2 + 03 (°F)

o; = 0°F when Initial RTypT is @ measured value
o; = 17°F when Initial RTypT is a generic value
For plates and forgings:
o = 17°F when surveillance capsule data is not used
o = 8.5°F when credible surveillance capsule data is used
For welds:
o = 28°F when surveillance capsule data is not used
o = 14°F when credible surveillance capsule data is used
(o not to exceed 0.5*ARTprg)
ARTprg = CF * £(0:28-0.10l0g f)
where,
CF = chemistry factor (°F)

f = neutron fluence (10'° n/cm?, E>1.0 MeV) at the clad/base metal interface on the inside
surface of the vessel
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In accordance with 10 CFR 50.61, RTptg values under SPU conditions were calculated for the
vessel beltline and extended beltline materials for a design life of 54 EFPY.

Impact on Renewed Plant Operating License Evaluations and License Renewal Programs

Section 4.2.1.3 of NUREG-1838 states: “Millstone Unit 3 uses a fluence methodology in
accordance with DG-1053, and the specific methodology applied to the calculation followed the
guidance of RG 1.190. DG-1053 is the draft version of RG 1.190 and provides similar
conservatism when calculating the reactor vessel fluence values. Therefore, for MPS3, the
fluence values meet the guidelines of RG 1.190 and are acceptable to the staff.”

DNC has evaluated the impact of the SPU on the conclusions for PTS of the MPS3 beltline
materials reached in the license renewal application. Updated neutron fluence projections
accounting for the stretch power uprate are lower in magnitude than the projections of fluence
used in the license renewal application for calculating PTS values of the beltline materials at
54 EFPY. The license renewal application used a surface fluence of 3.31x10'° n/cm? (see
Table 4.2-2 of the Millstone Unit 3 License Renewal Application) in its PTS calculations for MPS3
beltline materials at 54 EFPY, and demonstrated satisfactory margin below the respective PTS
screening criteria of 270°F for plates, forgings, and axial welds, and 300°F for circumferential
welds. The updated surface fluence of 2.70x10"? n/cm? was used in the current calculations of
MPS3 beltline and extended beltline material PTS values at 54 EFPY, as provided in

Table 2.1.3-4, and does not impact the PTS results previously determined using the higher
neutron fluence.

2.1.3.24 Results

Calculated RTptg Values, and the interim calculations to obtain these values, are contained in
Table 2.1.3-4. The limiting material is Intermediate Shell Plate B9805-1, with the more limiting
RTptg value occurring for calculations using the RG 1.99, Rev. 2, Position 1.1 Chemistry Factor,
as opposed to the Position 2.1 Chemistry Factor calculated from credible surveillance data. The
most limiting RTptg value at 54 EFPY for Plate B9805-1 is 133°F. This value is substantially
below the NRC screening criteria for vessel plates of 270°F.

All of the beltline and extended beltline materials in the MPS3 reactor vessel are below the
RTptg screening criteria values of 270°F for axially oriented welds, plates, and forgings, and
300°F for circumferentially oriented welds, at 54 EFPY. DNC has evaluated the impact of the
SPU on the projected values of RTpg for beltline and extended beltline materials in the MPS3
vessel. The most limiting beltline material, with respect to PTS, is Intermediate Shell

Plate B9805-1. The RTptg value for this material at 54 EFPY is below the 10 CFR 50.61
screening criteria for plates, forgings, and axial welds. DNC finds the proposed SPU acceptable
with respect to PTS. DNC further concludes that the vessel integrity evaluation is appropriate to
ensures that MPS3 continues to meet the requirements of 10 CFR 50.61 and provides
information to ensure continued compliance with GDC-14 and GDC-31 in this respect following
implementation of the proposed SPU.

Furthermore, since the MPS3 reactor vessel inlet temperature is being maintained between
525°F and 590°F, the equations and results for predicting RTypt and pressurized thermal shock
reference temperature (RTptg) remain valid without any adjustments for temperature effects.
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2.1.3.3 Conclusion

DNC has reviewed the evaluation of the effects of the proposed SPU for MPS3 and concludes
that the evaluation has adequately addressed changes in neutron fluence and their effects on
PTS. DNC further concludes that the evaluation has demonstrated that the plant will continue to
meet the requirements of GDC-14, GDC-31, and 10 CFR 50.61 following implementation of the
proposed SPU. Therefore, DNC finds the proposed SPU acceptable with respect to PTS.

2.1.3.4 References

1. WCAP-15405, Rev. 0, Analysis of Capsule X from the Northeast Nuclear Energy Company
Millstone Unit 3 Reactor Vessel Radiation Surveillance Program, E. Terek, et al, May 2000.

2. WCAP-10732, Northeast Utilities Service Company Millstone Unit No. 3 Reactor Vessel
Radiation Surveillance Program, L. R. Singer, June 1985.

3. Westinghouse Calculation: CN-REA-04-34, Millstone Unit 3 Reactor Vessel Integrity
Evaluations for an Extended Beltline, June 2004.
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Table 2.1.3-1 Calculated Maximum Neutron Exposure of the Reactor Vessel Beltline
Materials at the Clad/Base Metal Interface

Azimuthal Location
Op_?il;'a]t;ng 0.0 Degrees | 15.0 Degrees | 30.0 Degrees | 45.0 Degrees
[EFPY] Neutron Fluence [n/cm?, (E > 1.0 MeV)]
13.8 (EOC 10) 4.53E+18 6.68E+18 7.55E+18 7.49E+18
15.1 4.91E+18 7.20E+18 8.20E+18 8.18E+18
16.6 5.26E+18 7.76E+18 8.88E+18 8.88E+18
18.1 5.68E+18 8.35E+18 9.59E+18 9.54E+18
19.5 6.11E+18 8.99E+18 1.04E+19 1.03E+19
25.0 7.71E+18 1.12E+19 1.29E+19 1.27E+19
32.0 9.77E+18 1.41E+19 1.63E+19 1.57E+19
36.0 1.10E+19 1.58E+19 1.82E+19 1.75E+19
40.0 1.22E+19 1.75E+19 2.02E+19 1.93E+19
48.0 1.46E+19 2.09E+19 2.40E+19 2.28E+19
54.0 1.64E+19 2.34E+19 2.70E+19 2.55E+19
60.0 1.82E+19 2.59E+19 2.99E+19 2.81E+19
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Table 2.1.3-2 Calculated Neutron Exposure of the Reactor Vessel Beltline and Extended
Beltline Materials at the Clad/Base Metal Interface

Neutron Fluence
[n/cm?, E > 1.0 MeV]

Azimuth

[Deg.] MPS3 Beltline and Extended Beltline Materials 54 EFPY 60 EFPY
0 QOutlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17

Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 9.18E+17 | 5.78E+17

Nozzle Shell 0 Degree Long. Weld (101-122) S.18E+17 | 5.78E+17

Int. Shell to Nozzle Shell Circ. Weld (103-121) 5.18E+17 | 5.78E+17

Int. Shell Plates (B9805-1, B9805-2, B9805-3) 1.62E+19 | 1.82E+19

1.62E+19 | 1.82E+19
1.62E+19 | 1.82E+19
1.64E+19 | 1.82E+19
1.64E+19 | 1.82E+19

Int. Shell 0 Degree Long. Weld (101-124)
Lower Shell to Int. Shell Circ. Weld (101-171)
Lower Shell Plates (B9820-1, B9820-2, B9820-3)

Lower Shell 0 Degree Long. Weld (101-142) <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)

15 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.10E+17 | 1.22E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 7.37E+17 | 8.22E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 7.37TE+17 | 8.22E+17
Int. Shell Plates (B9805-1, B9805-2, B9805-3) 2.31E+19 | 2.56E+19

2.31E+19 | 2.56E+19
2.34E+19 | 2.59E+19
<1.0E+17 | <1.0E+17

Lower Shell to Int. Shell Circ. Weld (101-171)
Lower Shell Plates (B9820-1, B9820-2, B9820-3)
Lower Head to Lower Shell Circ. Weld (101-141)

30 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.27E+17 | 1.41E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 8.51E+17 | 9.49E+17
Nozzle Shell 30 Degree Long. Welds (101-122) 8.51E+17 | 9.49E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 8.51E+17 | 9.49E+17

2.66E+19 | 2.95E+19
2.66E+19 | 2.95E+19
2.66E+19 | 2.95E+19

Int. Shell Plates (B9805-1, B9805-2, B9805-3)
Int. Shell 30 Degree Long. Welds (101-124)

Lower Shell to Int. Shell Circ. Weld (101-171) 2 70E+19 | 2.99E+19
Lower Shell Plates (B9820-1, B9820-2, B9820-3) 2 70E+19 | 2.99E+19
Lower Shell 30 Degree Long. Welds (101-142) <1.0E+17 | <1.0E+17
Lower Head to Lower Shell Circ. Weld (101-141)
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Table 2.1.3-2 Calculated Neutron Exposure of the Reactor Vessel Beltline and Extended
Beltline Materials at the Clad/Base Metal Interface

Neutron Fluence
[n/cm?, E > 1.0 MeV]

Azimuth
[Deg.] MPS3 Beltline and Extended Beltline Materials 54 EFPY 60 EFPY
45 Outlet Nozzles and Nozzle Welds <1.0E+17 | <1.0E+17
Inlet Nozzles and Nozzle Welds 1.20E+17 | 1.33E+17
Nozzle Shell Plates (B9804-1, B9804-2, B9804-3) | 8.03E+17 | 8.93E+17
Int. Shell to Nozzle Shell Circ. Weld (103-121) 8.03E+17 | 8.93E+17

2.52E+19 | 2.78E+19
2.52E+19 | 2.78E+19
2.55E+19 | 2.81E+19
<1.0E+17 | <1.0E+17

Int. Shell Plates (B9805-1, B9805-2, B9805-3)
Lower Shell to Int. Shell Circ. Weld (101-171)
Lower Shell Plates (B9820-1, B9820-2, B9820-3)
Lower Head to Lower Shell Circ. Weld (101-141)
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Table 2.1.3-3 Summary of the MPS3 Beltline and Extended Beltline Material Properties
and Chemistry Factors Based on RG 1.99, Rev. 2

Material Wt. % Cu | Wt. % Ni |Position 1.1 CF|Position 2.1 CF
Intermediate Shell Plate B9805-1 0.05 0.63 31.0°F 26.7°F
Intermediate Shell Plate B9805-2 0.05 0.64 31.0°F ---
Intermediate Shell Plate B9805-3 0.05 0.65 31.0°F ---
Lower Shell Plate B9820-1 0.08 0.63 51.0°F ---
Lower Shell Plate B9820-2 0.07 0.60 44.0°F ---
Lower Shell Plate B9820-3 0.06 0.61 37.0°F ---
Beltline Region Weld Metal® 0.05 0.05 31.8°F 6.7°F
Nozzle Shell Plate B9804-1 0.05 0.62 31°F ---
Nozzle Shell Plate B9804-2 0.08 0.64 51°F ---
Nozzle Shell Plate B9804-3 0.05 0.65 31°F ---
Inlet Nozzle B9806-3 0.09 0.83 58°F ---
Inlet Nozzle B9806-4 0.09 0.82 58°F ---
Inlet Nozzle R5-3 0.07 0.80 44°F ---
Inlet Nozzle R5-4 0.08 0.81 51°F ---
Nozzle Shell Longitudinal Weld 0.05 0.12 39.8°F ---
101-122A

Nozzle Shell Longitudinal Weld 0.05 0.12 39.8°F ---
101-122B, 101-122C

Nozzle Shell to Intermediate Shell 0.05 0.13 41°F ---
Girth Weld 103-121

Inlet Nozzle Weld 105-121A 0.09 0.05 45.3°F ---
Inlet Nozzle Weld 105-121B 0.16 0.06 75.4°F ---
Inlet Nozzle Weld 105-121C 0.16 0.06 75.4°F ---
Inlet Nozzle Weld 105-121D 0.16 0.06 75.4°F ---
Notes:

a. MPS3 beltline welds were all fabricated using the same weld heat - #4P6052, flux
type - Linde 0091, and flux lot number - 0145. The beltline welds include the
intermediate to lower shell girth weld seam and the longitudinal weld seams in the
intermediate shell course and lower shell course.
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Table 2.1.3-4 RTp1g Calculations for MPS3 Beltline and
Extended Beltline Materials at 54 EFPY

RG 1.99
R2 CF Fluence ARTPTS RTNDT(U)(C) Margin(d) RTPTS(e)
Material Method | (°F) |10 niem?)| FF@ | ®)(cF) | (°F) (°F) (°F)
Intermediate Position | 31.0 2.70 1.265 39.22 60 34.0 133
Shell Plate 1.1
B -1
9805 Position | 26.7 2.70 1.265 | 33.77 60 17.0 111
2.1
Intermediate Position | 31.0 2.70 1.265 39.22 10 34.0 83
Shell Plate 1.1
B9805-2
Intermediate Position | 31.0 2.70 1.265 39.22 0 34.0 73
Shell Plate 1.1
B9805-3
Lower Shell Position | 51.0 2.70 1.265 | 64.53 10 34.0 109
Plate B9820-1 1.1
Lower Shell Position | 44.0 2.70 1.265 | 55.67 40 34.0 130
Plate B9820-2 1.1
Lower Shell Position | 37.0 2.70 1.265 | 46.81 20 34.0 101
Plate B9820-3 1.1
Intermediate Position | 31.8 2.70 1.265 40.23 -50 40.23 30
Shell 1.1
Longitudinal "
Weld Seams Position | 6.7 2.70 1.265 8.43 -50 8.43 -33
101-124 2.1
AB,c®
Intermediate Position | 31.8 2.70 1.265 40.23 -50 40.23 30
to Lower Shell 1.1
Girth Weld
Seam Positon | 6.7 | 270 | 1.265 | 843 .50 843 | -33
101-171 @) 2.1
Lower Shell Position | 31.8 2.70 1.265 40.23 -50 40.23 30
Longitudinal 1.1
Weld Seams
101-142 Position | 6.7 2.70 1.265 8.43 -50 8.43 -33
AB,C (f) 2.1
Nozzle Shell Position 31 0.0851 | 0.3854 | 11.95 40 11.95 64
Plate B9804-1 1.1
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Table 2.1.3-4 RTprg Calculations for MPS3 Beltline and
Extended Beltline Materials at 54 EFPY

RG 1.99

R2 CF | Fluence ARTprs [RTnpr(u)“MarginRTprs(®)
Material Method | (°F) |10 niem?)| FF@ | (®) (oF) (°F) (°F) (°F)
Nozzle Shell Position 51 0.0851 | 0.3854 | 19.65 20 19.65 59
Plate B9804-2 1.1
Nozzle Shell Position 31 0.0851 | 0.3854 | 11.95 0 11.95 24
Plate B9804-3 1.1
Inlet Nozzle Position 58 | 0.0851 | 0.3854 | 22.35 10 22.35 55
B9806-3 1.1
Inlet Nozzle Position 58 | 0.0851 | 0.3854 | 22.35 0 22.35 45
B9806-4 1.1
Inlet Nozzle Position 44 0.0851 | 0.3854 | 16.96 -10 16.96 24
R5-3 1.1
Inlet Nozzle Position 51 0.0851 | 0.3854 | 19.65 0 19.65 39
R5-4 1.1
Nozzle Shell Position | 39.8 | 0.0851 | 0.3854 | 15.34 -10 15.34 21
Longitudinal 1.1
Weld
101-122A
Nozzle Shell Position | 39.8 | 0.0851 | 0.3854 | 15.34 -50 15.34 -19
Longitudinal 1.1
Welds
101-122B,
101-122¢ 0
Nozzle Shell Position | 41 0.0851 | 0.3854 | 15.80 -40 15.80 -8
to 1.1
Intermediate
Shell Girth
Weld 103-121
(9)
Inlet Nozzle Position | 45.3 | 0.0851 | 0.3854 | 17.46 -60 17.46 -25
Weld 1.1
105-121A ()
Inlet Nozzle Position | 75.4 | 0.0851 | 0.3854 | 29.06 -50 29.06 8
Weld 1.1
105-121B
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Table 2.1.3-4 RTprg Calculations for MPS3 Beltline and
Extended Beltline Materials at 54 EFPY

b.ARTprg = CF * FF

d.M=2%c?+ c,%)"2

c. Initial RTypT values are measured values

e.RTprg = RTNDT(U) + ARTptg + Margin (°F)

RG 1.99

R2 CF | Fluence ARTprs [RTnpr(u)“MarginRTprs(®)
Material Method | (°F) |10 nicm?)| FF@ | ®)(°F) | (°F) (°F) (°F)
Inlet Nozzle Position | 75.4 | 0.0851 | 0.3854 | 29.06 -50 29.06 8
Weld 1.1
105-121C ()
Inlet Nozzle Position | 75.4 | 0.0851 | 0.3854 | 29.06 -50 29.06 8
Weld 1.1
105-121D ()
Notes:

a.FF = fluence factor = f (0-28 - 0.11log ()

f. These welds are considered to have an axial orientation with respect to the PTS
Screening Criteria.

g. These welds are considered to have a circumferential orientation with respect to the
PTS Screening Criteria.
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2.1.4 Reactor Internal and Core Support Materials
2.1.41 Regulatory Evaluation

The reactor internals and core supports include SSCs that perform safety functions or whose
failure could affect safety functions performed by other SSCs. These safety functions include:

» Reactivity monitoring and control

» Core Cooling

» Fission product confinement (within both the fuel cladding and the RCS)
The DNC review covered:

» The materials’ specifications and mechanical properties
* Welds

* Weld controls

* NDE procedures

» Corrosion resistance

» Susceptibility to degradation

The acceptance criteria are based on:

* GDC-1 and 10 CFR 50 Part 55a for material specifications, controls on welding, and
inspection of reactor internals and core supports.

Specific review criteria are contained in the SRP, Section 4.5.2, BAW-2248 (Applies only to B&W
plants-N/A to MPS3) and the guidance provided in Matrix 1 of RS-001.

DNC reviewed the reactor internal and core support materials considering the guidance in
WCAP-14577, Rev. 1, “License Renewal Evaluation: Aging Management for Reactor Internalize.

MPS3 Current Licensing Basis

The MPS3 design was reviewed in accordance with the July 1981 edition of the “Standard
Review Plan for the Review of Safety Analysis Report for Nuclear Power Plants” (NUREG-0800)
and SRP Section 4.5.2 (Rev. 2).

As noted in the FSAR, Section 3.1, the design bases of MPS3 are measured against the NRC
General Design Criteria for Nuclear Power Plants, 10 CFR 50, Appendix A, as amended through
October 27, 1978. The adequacy of the MPS3 design relative to the general design criteria is
discussed in the FSAR Sections 3.1.1 and 3.1.2.

Specifically, the adequacy of MPS3’s design relative to:

* GDC-1 is described in the FSAR Section 3.1.2.1, General Design Criterion 1 - Quality
Standards and Records.

SSCs important to safety are designed, fabricated, erected, and tested to quality standards
commensurate with the importance of the safety functions to be performed.
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Quality standards applicable to safety related SSCs are generally contained in codes such as
the ASME B&PV Code. The applicability of these codes is specifically identified throughout
this report and is summarized in FSAR Section 3.2.5. FSAR Section 17.1 provides direct
reference to the Quality Assurance Program established to provide assurance that safety
related SSCs satisfactorily perform their intended safety functions. The procedures for
generating and maintaining appropriate design, fabrication, erection, and testing records are
contained within the referenced documents.

The specifications for materials used for RVI components are shown in FSAR Table 5.2-3.
FSAR Section 4.5.2 provides information on RVI materials, controls on welding, and the
cleaning and fabrication of stainless steel RVI components. FSAR Section 5.2.3.4.4
summarizes the 4 point program designed to prevent intergranular attack of austenitic
stainless steel components.

* 10 CFR 50.55(a) is described in FSAR Section 5.2.1.1, Compliance with 10 CFR 50.55(a).
RCS components are designed and fabricated in accordance with 10 CFR 50.55a. The
actual addenda of the ASME Code applied in the original design of each component are
listed in FSAR Table 5.2-1.

Details of the RVI and their design conditions are provided in FSAR Sections 3.9N.1, 3.9N.5, 4.2
and 4.5.

FSAR Section 3.9N.5.1 states:

» The components of the reactor internals are divided into three parts, consisting of the lower
core support assembly, (including the entire core barrel and neutron shield pad assembly),
the upper core support assembly and the incore instrumentation support tube. The reactor
internals support the core, maintain fuel alignment, limit fuel assembly movement, maintain
alignment between fuel assemblies and CRDM'’s, direct coolant flow past the fuel elements,
direct coolant flow to the pressure vessel head, provide gamma and neutron shielding, and
provide guides for the incore instrumentation.

» The major containment and support member of the reactor internals is the lower core support
assembly, shown in Figure 3.9N-8. This assembly consists of the core barrel, the core baffle,
the lower core plate and support columns, the neutron shield pads, and the core support,
which is welded to the core barrel. The major material for this assembly is Type 304 stainless
steel. The lower core support assembly is supported at its upper flange from a ledge in the
reactor vessel flange and its lower end is restrained in its transverse movement by a radial
support system attached to the vessel wall.

The neutron shield panel design for MPS3 consists of four sets of stainless steel plates
strategically placed on the core barrel in areas of peak fast neutron flux on the reactor
pressure vessel. See Figures 3.9N-11 and 3.9N-12. Attachment of each of the plate sections
to the core barrel is accomplished through a series of sixteen 7/8-inch stainless steel bolts
and three 2-3/8-inch stainless steel pins.

* The upper core support assembly, shown in Figure 3.9N-9 and 3.9N-10 consists of the upper
support, the upper core support plate, the support columns, and the guide tube assemblies.
The support columns establish the spacing between the upper support and the upper core
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plate. They are fastened at the top and bottom to these plates. The support columns transmit
the mechanical loading between the two plates and serve the supplementary function of
supporting thermocouples.

The MPS3 reactor internals components and core support materials were evaluated for
continued acceptability for continued operation and to support plant license renewal.
NUREG-1838, “Safety Evaluation Report Related to the License Renewal of Millstone Power
Station, Units 2 and 3”, dated August 1, 2005, documents the results of that review.
NUREG-1838, Sections 2.3B.1.2 and 3.1B.2.3.2 are applicable to the reactor internals and core
support structural components.

NUREG 1838, Appendix A, Commitments for License Renewal of MPS Unit 3, ltems 13, 14 and
15 percent commitments concerning license renewal regarding RVI components.

2.1.4.2 Technical Evaluation
2.1.4.2.1 Introduction

This section of the report summarizes the evaluations, and their results, of the potential materials
degradation issues arising from the effect of SPU on the performance of reactor internals and
core support materials at MPS3.

The WOG Life Cycle Management & License Renewal Program prepared topical report WCAP—
14577, License Renewal Evaluation: Aging Management for Reactor Internals. The topical report
describes the aging degradation mechanisms to determine the aging effects. All identified effects
are evaluated to determine that the aging effects are being managed to ensure RVI components
perform their intended functions. The evaluation also included the time-limited aging analyses
(TLAAs). The report has been utilized in the NRC aging management review of the MPS3 RVI
components.

The NRC review of the WOG topical report concluded that the report provides an acceptable
demonstration that the applicable effects of aging on reactor vessel internals components will be
adequately managed for the WOG plants, such that there is a reasonable assurance that the RVI
components will perform their intended functions in accordance with the current licensing basis
during the remainder of the base licensing period, as well as, the period of extended operation.
The SPU evaluation considered potential changes in the aging effects due to the change in the
service conditions resulting from the proposed SPU conditions. These are considered below:

The primary objective of the SPU assessment was to ensure that the new SPU environmental
conditions (chemistry, temperature, and fluence) do not introduce any new aging effects on the
RVI components during the remainder of the base licensing period or the extended licensing
years 40-60, nor change the manner in which the component aging is managed by the aging
management program credited in the topical report WCAP-14577, Rev. 1-A, “License Renewal
Evaluation: Aging Management for Reactor Vessel Internals”, and accepted by the NRC in the
SER.

The relevant potentially impacted degradation (aging) mechanisms are:

* Integrity of reactor vessel fuel cladding materials,
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TGSCC, and IGSCC of stainless steels,
PWSCC of Alloy 600 and Alloy X-750 components,

* Neutron Irradiation Embrittlement and Void Swelling of austenitic steel material internals, and

IASCC of stainless steels.

An assessment of these aging mechanisms is considered in the following subsections.
2.1.4.2.2 Input Parameters, Assumptions, and Acceptance Criteria

Proposed SPU Service Conditions

The SPU will cause the following changes in the RCS chemistry conditions, neutron fluence
levels, and temperatures (Reference 5):

* The reactor coolant lithium/boron chemistry program is coordinated such that a target pH
range between 7.11 and 7.20 is maintained with an initial maximum target lithium level of
3.5 ppm. The lithium level is then decreased gradually during the fuel cycle as the boron
diminishes, thus maintaining a target pH value of 7.20 through the end of the fuel cycle
(Westinghouse chemistry guidelines recommends the at temperature pH to be maintained
between 6.90 and 7.40).

* The estimated maximum fast neutron (E>0.1 MeV) exposure of the MPS3 reactor internals
for operating periods of 32 and 54 EFPY are summarized in Table 2.1.4-1. The values shown
for 13.8 EFPY and the SPU have been extrapolated from calculations of the reactor pressure
vessel fluence and were based, in part, on work that was completed to support pressure
vessel integrity evaluations for the SPU program. These maximum exposures occur on the
inside surface of the baffle plates opposite the central sections of the reactor core. The
estimated exposures as a result of the SPU are compared to the Design Basis values as well
as the estimated exposures at the end of Cycle 10 (13.8 EFPY). Note that the estimated
exposures as a result of the SPU are less than the Design Basis values for both 32 and
54 EFPY. This occurs due to the use of low leakage cores. While the estimated exposures as
a result of the SPU are more than the current estimates at 32 EFPY, at 54 EFPY the
estimates are nearly equal.

* A maximum increase AT in the peak steady state service temperature of 4.3°F at the reactor
vessel hot leg location and an increase AT in service temperature of 0.5°F at the reactor
vessel cold leg and BMI penetration locations will occur due to the SPU. This is summarized
in Table 2.1.5-1.

2.1.4.2.3 Description of Analyses and Evaluations

The effect of changes in service conditions due to the proposed SPU on the performance of the
reactor vessel internals materials is discussed in the following paragraphs.

Materials Specifications, Weld Controls and NDT Inspections
The NRC'’s acceptance criteria for reactor internals and core support materials are based on

GDC-1 and 10 CFR 50.55a for material specifications, controls on welding, and inspection of
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reactor internals and core supports. The review of MPS3 covered the materials’ specifications
and mechanical properties, welds, weld controls, nondestructive examination procedures,
corrosion resistance, and susceptibility to degradation. Specific review criteria are contained in
SRP Section 4.5.2 and WCAP-14577. The proposed SPU is not expected to cause negative
affects.

Stress Corrosion Cracking

The two degradation mechanisms that are operative in the internals austenitic stainless steels
are IGSCC and TGSCC. The occurrence of IGSCC in austenitic stainless steel typically requires
the presence of a sensitized microstructure and a significant level of dissolved oxygen. The
prerequisites for TGSCC in austenitic stainless steels include a significant level of dissolved
oxygen and some level of halogens (such as chlorides). If dissolved oxygen levels are high,
TGSCC can occur in annealed stainless steels at chloride levels below the maximum level
permitted during operation by the EPRI PWR primary water chemistry guidelines. The principal
method of preventing IGSCC and TGSCC is by water chemistry control. The reactor coolant
chemistry must be rigorously controlled, particularly with regard to oxygen, chlorides and other
halogens. Ingress from other species, such as demineralizer resins, is carefully monitored, and
corrective actions are taken to preclude exposure. The minimal increase in temperature due to
the SPU would not affect IGSCC or TGSCC of austenitic stainless steels.

PWSCC is another form of IGSCC degradation that has been observed in Alloy 600 and Alloy
X-750 materials in PWR applications. The RCCA guide tube support pins and clevis insert bolts
at MPS3 are fabricated from X-750 material; the clevis inserts are manufactured from Alloy 600
material.

The cracking of X-750 material is attributed to a combination of high stress and undesirable
microstructure. The heat treatment specification for the replacement split pin material and the
support pin design at MPS3 was to provide a more PWSCC resistant microstructure and lower
stress condition. The Alloy X-750 clevis insert bolts in older plant designs experienced cracking
in some plants after approximately 13 years of operation. However the degradation of clevis
insert bolts would not result in a loss of intended function since the design geometry is such that
the insert sits in a constrained groove and degradation of the bolts would not cause the
displacement of the clevis insert from its original position. MPS3 has future plans for replacing
the X-750 guide tube support pins with cold worked stainless steel; until then the minimal
increase in temperature due to the SPU would not increase degradation of the X-750 material.

The Alloy 600 clevis inserts experience lower fluence, temperature, and stresses in comparison
to the support pins. The clevis inserts experience essentially compressive stress and no failures
have been reported. Furthermore, like the clevis insert bolts; a failure of the clevis inserts would
not result in a loss of intended function due to the nature of the design. Therefore, the effects of
PWSCC on the clevis inserts are not significant. The slight temperature increase would not be
detrimental to the Alloy 600 clevis inserts.

The topical report WCAP-14577, Rev. 1-A, “License Renewal Evaluation: Aging Management for
Reactor Vessel Internals”, considered the potential SCC degradation and concluded that the
effects of all forms of SCC are not significant for Alloy 600, X-750, and stainless steel RVI
components. The NRC review of the topical report concluded that there is a reasonable
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assurance that the RVI components will perform their intended functions in accordance with the
current licensing basis during the period of extended operation.

The proposed SPU chemistry program at MSP3 suggested operating at an elevated 7.2pH level
(up to 1500 ppm Boron), while the Lithium level is maintained at less than or close to 3.5 ppm.
The chemistry changes resulting from the SPU do not involve introduction of any of the (stress,
oxygen or halogen) contributors for stress corrosion cracking, therefore no impact on the stress
corrosion cracking material degradation is expected in the RVI components as a result of the
SPU.

Fuel-Cladding Corrosion Effects

The proposed MPS3 SPU lithium, boron, and pH management program was reviewed. The
proposed chemistry program for SPU suggested operating at an elevated 7.2 pH level (up to
1500 ppm Boron), while the target lithium level is maintained at less than or close to 3.5 ppm.
These conditions are bounded by the proposed EPRI chemistry guidelines (Reference 1). Since
these guidelines are specifically designed to prevent fuel-cladding corrosion effects such as fuel
deposit buildup and Alloy 600 PWSCC, there is no adverse effect on fuel-cladding corrosion.
Experience with operating plants as well as with the guidelines provided by EPRI (Reference 1)
suggests that increasing initial lithium concentrations up to 3.5 ppm with controlled boron
concentrations to maintain pH values ranging from 6.9 to 7.4 has not produced any undesirable
material integrity issues that could be statistically defined from the database of lab results
available in 2003.

Irradiation Embrittlement

Irradiation embrittlement is possible in the reactor internals components fabricated from
austenitic stainless steel and nickel-based alloys with expected neutron fluences in excess of

1 x 1021 n/cm? (E > 0.1 MeV). If the expected neutron fluence is less than approximately

1 x 102! n/cm? (E > 0.1 MeV), then the changes in mechanical properties due to neutron
exposure are insignificant. The reactor internals components with fluences greater than

1 x 1021 n/cm (E > 0.1 MeV) (e.g., lower core barrel, baffle/former assembly, baffle/former bolts,
lower core plate and fuel pins, lower support forging, clevis bolts) are potentially susceptible to
irradiation embrittlement.

The MPS3 SPU expected maximum fast neutron exposure levels of the reactor internals for
operating periods of 32 and 54 EFPY are listed in Section 2.1.4.2.2 above. Experience has
shown that the following RVI components are exposed to the highest in-core neutron radiation
fields and hence are most susceptible to crack initiation and growth due to IASCC and loss of
fracture toughness due to neutron irradiation embrittlement and/or void swelling:

» Lower core plate and fuel alignment pins

» Lower support columns

» Core barrel and core barrel flange in active core region
* Thermal shield

* Bolting-lower support column, baffle-former, and barrel-former
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Data from power reactor irradiation of Type 304 and Type 316 stainless steel are available from
several studies (Reference 2, 3, and 4). Embrittlement, as evidenced by increases in yield
strength and decreases in uniform and total elongation, is common in these materials after
irradiation. Studies (Reference 2, and 3) showed that embrittlement of stainless steel can occur
at fluences as low as 1 x 102" n/cm? (E > 0.1 MeV) in the more susceptible stainless steel
materials such as 304SS. These same studies showed that the rate of change in mechanical
properties is reduced at fluences above 2 x 1022 n/cm? (E > 0.1 MeV).

No instance of service related internals degradation has been recorded that can be directly
attributed to irradiation embrittlement. However, the end-of-life fluence level for some internals
components at MPS3 is approximately 1 x 1023 n/cm? (E > 0.1 MeV), therefore DNC has
committed to follow the industry Materials Reliability Program/Issues Task Group efforts on
reactor internals and monitor developments in this area. MPS3 license renewal SER
(NUREG-1801) states in Section 3.1B2.2.6 that:

“However, since the EPRI Materials Research Project - Reactor Internals Issue Task Group is
currently addressing this issue, the applicant will follow the industry effort related to void
swelling and will implement the appropriate recommendations resulting from this guidance. In
addition, the applicant has identified the implementation of the industry initiatives as
commitment 13 in Appendix A, Table A6.0-1 of the LRA. Further evaluation of this program
and the commitment to updating this program is addressed in Section 3.0.3.2.12

(AMP B2.1.17) of this SER.”

Commitment 13 states that:

“Millstone will follow the industry efforts on reactor vessel internals regarding such issues as
thermal or neutron irradiation embrittlement (loss of fracture toughness), void swelling
(change in dimensions), stress corrosion cracking (PWSCC and IASCC), and loss of pre-load
for baffle and former-assembly bolts and will implement the appropriate recommendations
resulting from this guidance”.

This commitment will be implemented as a part of the ISI Program: Reactor Vessel Internals and
will be implemented prior to the Period of Extended Operation.

The NRC'’s review (MPS3 License Renewal SER) concluded that the DNC approach to aging
management for MPS3 identified in the LRA is consistent with the GALL Report (NUREG-1801)
and that DNC has demonstrated that the effects of aging will be adequately managed so that the
intended functions will be maintained consistent with the current licensing basis for the period of
extended operation as required by 10 CFR 54.21(a)(3).

There are a number of industry activities currently underway to characterize and address aging
effects on reactor vessel internals under the EPRI Materials Reliability Project (MRP). As a result
of these efforts, further understanding of these aging effects is being developed by the industry to
provide additional bases for whether inspections over and beyond those currently required by
ASME Section Xl should be implemented. The MRP strategy is to evaluate potential aging
mechanisms and their effects on specific reactor vessel internals parts by evaluating causal
parameters such as fluence, material properties, state of stress, etc. Critical locations can
thereby be identified and tailored inspections can be conducted on either an integrated industry,
NSSS, or plant-specific basis. The MRP projects include material testing of baffle/former bolts
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removed from the Point Beach, Farley, and Ginna nuclear power plants and determination of bolt
operating parameters.

Void Swelling

Void swelling is the gradual increase in size (physical dimension) of the RVI stainless steel
component caused by the formation and growth of helium-vacancy clusters into voids due to the
effect of irradiation. Although the effects of swelling can be potentially significant for those
components which experience significant neutron irradiation while operating at elevated
temperatures, the actual plant operations do not appear to produce the conditions necessary for
significant swelling. At MPS3 while gamma heating is shown to slightly increase due to the SPU
the increase is still less than the design basis and the maximum possible temperature increase
still would not produce the necessary conditions for significant swelling. This would hold through
life extension. Recent data from Point Beach and Farley suggested very small (0.01 percent to
0.03 percent) amounts of swelling in baffle bolts. Extrapolation of these data using a simple
square law suggests no concern with respect to void swelling until the end of extended life in U.S.
PWRs. Fuel management schemes to reduce neutron leakage from the core have reduced one
of the major factors contributing to swelling, and mechanisms such as creep and stress
relaxation serve to reduce some of the adverse effects. The topical report WCAP-14577,

Rev. 1-A, “License Renewal Evaluation: Aging Management for Reactor Vessel Internals”,
examined the effects of swelling and concluded that any actual swelling of the susceptible
internals will not prevent them from performing their intended function during the license renewal
period.

Industry data on swelling are currently being evaluated as part of the WOG and MRP. At present
there have been no indications from the different bolt removal programs or functional
‘evaluations’ that there are any discernible effects attributable to swelling. DNC continues to
participate and follow up industry efforts to investigate swelling effects on the reactor vessel
internals.

Thermal Aging

Thermal aging of cast austenitic stainless steel can lead to precipitation of additional phases in
the ferrite and growth of existing carbides at the ferrite/austenitic boundaries that can result in
loss of ductility and fracture toughness of the material. The susceptibility to thermal aging is a
function of the material chemistry, aging temperature, and time at temperature. All the cast
duplex stainless steel reactor internals in the Westinghouse-designed NSSS are made from CF-8
or CF-8A materials which contain low or zero Molybdenum and are less susceptible to thermal
aging than the molybdenum containing grades.

The MPS3 reactor internals contain some cast austenitic stainless steel material. Although this
material is potentially susceptible to thermal aging embrittlement under prolonged exposure to

elevated temperatures, the chemistry content and the service temperatures (354°F — 623°F) at
MPS3 are not favorable to produce enough loss of toughness to have any significant impact on
the structural integrity.

The topical report WCAP-14577, Rev. 1-A, “License Renewal Evaluation: Aging Management for
Reactor Vessel Internals”, conducted an evaluation of the effects of thermal aging and concluded
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that the effects of thermal aging are insignificant to all of the reactor internals components and
aging management of this effect is not required during an extended period of operation.

Impact on Renewed Plant Operating License Evaluations and License Renewal Programs

The NRC'’s acceptance criteria for reactor internals and core support materials are based on
GDC-1 and 10 CFR 50.55a for material specifications, controls on welding, and inspection of
reactor internals and core supports. DNC’s review of MPS3 covered the materials’ specifications
and mechanical properties, welds, weld controls, nondestructive examination procedures,
corrosion resistance, and susceptibility to degradation. Specific review criteria are contained in
SRP Section 4.5.2 and WCAP-14577.

On the basis of the review and audit of the MPS3 Reactor Vessel Internals License Renewal
SER, the NRC concluded that those portions of the program for which MPS3 claimed
consistency with GALL program are consistent with GALL. Furthermore NRC'’s review of the
MPS3-specific exceptions to the GALL program found that DNC has demonstrated that the
effects of aging are adequately managed so that the intended functions are maintained
consistent with the current licensing basis for the period of extended operation, as required by
10 CFR 54.21(a)(3). The NRC'’s review of the FSAR supplement for the Aging Management
Program (AMP) found that it provided an adequate summary description of the program as
required by 10 CFR 54.21(d).

All SPU evaluations and discussions included in this Licensing Report addressed meeting the
licensing basis for a time period of up to 54 EFPY or 60 years of service.

2.1.4.24 Results

The results of the potential material degradation assessment of the reactor vessel internals
showed that no materials degradation issues result from the proposed SPU at MPS3. On this
basis it is concluded that the new SPU environmental conditions (chemistry, temperature, and
fluence) do not introduce any new aging effects on their components during 60 years of
operation, nor does the SPU change the manner in which the component aging is managed by
the aging management program credited in the topical report WCAP-14577, Rev. 1-A, “License
Renewal Evaluation: Aging Management for Reactor Vessel Internals”, and accepted by the
NRC in the SER.

2.1.4.3 Conclusion

DNC has reviewed the evaluation of the effects of the proposed SPU on the susceptibility of
reactor internal and core support materials to known degradation mechanisms and concludes
that the evaluation has identified appropriate aging management programs to address the effects
of changes in operating temperature and neutron fluence on the integrity of reactor internal and
core support materials. DNC further concludes that the evaluation has demonstrated that the
reactor internal and core support materials will continue to be acceptable and will continue to
meet the requirements of GDC-1 and 10 CFR 50.55a following implementation of the proposed
SPU. Therefore, DNC finds the proposed SPU acceptable with respect to reactor internal and
core support materials.
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Estimated Maximum Fast Neutron Exposure of the MPS3 Reactor Internals

Operating | Fluence (E > 0.1 MeV) | Fluence (E > 0.1 MeV)
Time [nlcmz] (current Design [n/cmz] (current, 13.8 | Fluence (E > 0.1 MeV)
[EFPY] Basis) EFPY) [nlcmz] (7% Uprate)
32 1.6E+23 4 48E+22 9.74E+22
54 2.7TE+23 1.70E+23 1.65E+23
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2.1.5 Reactor Coolant Pressure Boundary Materials
2.1.5.1 Regulatory Evaluation

The RCPB defines the boundary of systems and components containing the high pressure fluids
produced in the reactor. The DNC review of RCPB materials covered their specification,
compatibility with the reactor coolant, fabrication and processing, susceptibility to degradation,
and degradation management programs.

The acceptance criteria for this review are:

* 10 CFR 50 Part 55a and GDC-1, insofar as they require that SSCs important to safety be
designed, fabricated, erected, constructed, tested, and inspected to quality standards
commensurate with the importance of the safety functions to be performed

* GDC-4, insofar as it requires that SSCs important to safety be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents

» GDC-14, insofar as it requires that the RCPB be designed, fabricated, erected, and tested so
as to have an extremely low probability of abnormal leakage, of rapidly propagating fracture

* GDC-31, insofar as it requires that the RCPB be designed with margin sufficient to assure
that, under specific conditions, it will behave in a non-brittle manner and the probability of a
rapidly propagating fracture is minimized

* 10 CFR 50, Appendix G, which specifies fracture toughness requirements for ferritic
components of the RCPB.

Specific review criteria are contained in the SRP, Section 5.2.3, and guidance provided in

Matrix 1 of RS-001 for RCPB materials. Additional guidance for PWSCC of dissimilar metal
welds and associated inspection programs is contained in NRC GL 97-01 and NRC Bulletins
(BL) 01-01; BL-02-01 and BL-02-02. Additional review guidance for thermal embrittlement of cast
austenitic stainless steel components is contained in a letter from C. Grimes, NRC, to D. Walters,
NEI, dated 19 May, 2000.

MPS3 Current Licensing Basis

The MPS3 design was reviewed in accordance with the July 1981 edition of the “Standard
Review Plan for the Review of Safety Analysis Report for Nuclear Power Plants” (NUREG-0800)
and SRP Section 5.2.3, Rev. 2.

As noted in the FSAR Section 3.1 the design bases of MPS3 are measured against the NRC
General Design Criteria for Nuclear Power Plants, 10 CFR 50, Appendix A, as amended through
October 27, 1978. The adequacy of the MPS3 design relative to the general design criteria is
discussed in the FSAR Sections 3.1.1 and 3.1.2.

Specifically, the adequacy of MPS3’s pressure retaining components and component supports’
design relative to:

* 10 CFR 50.55a is described in FSAR Section 5.2.1.1, Compliance with 10 CFR 50.55a. RCS
components are designed and fabricated in accordance with 10 CFR 50.55a. The actual
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addenda of the ASME B&PV Code applied in the original design of each component are
listed in FSAR Table 5.2-1.

* GDC-1, Quality Standards and Records, is described in the FSAR Section 3.1.2.1.

SSCs important to safety are designed, fabricated, erected, and tested to quality standards
commensurate with the importance of the safety functions to be performed.

Quality standards applicable to safety related SSCs are generally contained in codes such as
the ASME B&PV Code. The applicability of these codes is specifically identified throughout
this report and is summarized in FSAR Section 3.2.5. FSAR Section 17.1 provides direct
reference to the Quality Assurance Program established to provide assurance that safety
related SSCs satisfactorily perform their intended safety functions. The procedures for
generating and maintaining appropriate design, fabrication, erection, and testing records are
contained within the referenced documents.

* GDC-4 is described in the FSAR Section 3.1.2.4, Environmental and Missile Design Bases.

SSCs important to safety are designed to accommodate the effects of and to be compatible
with the environmental conditions associated with normal operating, maintenance, testing,
and postulated accidents including LOCA’s. These items are either protected from accident
conditions or designed to withstand, without failure, exposure to the combination of
temperature, pressure, humidity, radiation, and dynamic effects expected during the required
operational period.

Physical separation, physical protection, pipe restraints, and redundancy are included in the
design of safety related systems to ensure that each such system performs its intended
safety function.

SSCs important to safety are classified as QA Category | and are designed in accordance
with the codes and classifications indicated in the FSAR, Section 3.2.5.

* GDC-14, Reactor Coolant Pressure Boundary (RCPB), is described in FSAR
Section 3.1.2.14.

The RCS boundary is designed to accommodate the system pressures and temperatures
attained under all modes of plant operation, including all anticipated transients, and to
maintain the stresses within applicable stress limits (See FSAR Section 3.9). RCPB
materials, selection, and fabrication techniques ensure a low probability of gross rupture or
abnormal leakage.

In addition to the loads imposed on the system under normal operating conditions,
consideration is also given to abnormal loading conditions, such as seismic and pipe rupture,
as discussed in FSAR Sections 3.6 and 3.7. The system is protected from overpressure by
means of pressure relieving devices as required by applicable codes (See FSAR

Section 5.2.2).

The RCS boundary has provisions for inspection, testing, and surveillance of critical areas to
assess the structural and leak tight integrity (FSAR Section 5.2.2). For the RV (FSAR
Section 5.3), a material surveillance program conforming to applicable codes is provided.

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
2.1-56



2.0 EVALUATION
2.1 Materials and Chemical Engineering
2.1.5 Reactor Coolant Pressure Boundary Materials

» GDC-31, Fracture Prevention of Reactor Coolant Pressure Boundary, is described in FSAR
Section 3.1.2.31.

Close control is maintained over material selection and fabrication for the RCS to assure that
the boundary behaves in a non-brittle manner. The RCS materials exposed to the coolant are
corrosion resistant stainless steel or Inconel. The NIL ductility reference temperature of the
RV structural steel is established by Charpy V-notch and drop weight tests, in accordance
with 10 CFR 50, Appendix G.

The fabrication and quality control techniques used in the fabrication of the RCS are
consistent with those used for the RV. The inspection of RV, pressurizer, piping, pumps, and
steam generator are governed by ASME Code requirements.

The MPS3 RCS is described in FSAR Section 5.1. The RCS and the RCPB are shown in FSAR
Figure 5.1-1. RCPB components include the following equipment, which is designed to the
ASME B&PV Code, Section lll, Class 1 requirements:

* Reactor Vessel, including CRDM housings

» Steam Generators (RC side)

» Pressurizer (and surge line attached to one of the RC loops)
*+ RCPs

* PRT

» Safety and Relief Valves

* Reactor Coolant Piping

* Loop isolation valves

* Interconnecting piping, valves and fittings between the principal components described
above

» The piping, fittings and valves leading to connecting auxiliary or support systems

The RCS consists of four similar heat transfer loops connected in parallel to the RPV. Each loop
contains a RCP and a SG. In addition, the system includes a pressurizer, a pressurizer relief
tank, interconnecting piping, valves and instruments necessary for operational control.

The MPS3 RCPB materials are addressed in FSAR Section 5.2.3 and Table 5.2-3. The RCPB
materials were selected for the expected environmental and service conditions. They have been
designed, procured, fabricated, and inspected to satisfy the requirements of ASME Section lll,
Class 1.

The MPS3 RCPB materials were evaluated for continued acceptability to support plant license
renewal. NUREG-1838, “Safety Evaluation Report Related to the License Renewal of Millstone
Power Station, Units 2 and 3”, dated August 1, 2005, documents the results of that review.
NUREG-1838, Sections 2.3B.1.1 and 3.1B are applicable to the reactor vessel and connected
components.
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2.1.5.2 Technical Evaluation
2.1.5.2.1 Introduction

This section of the report summarizes the evaluations, and their results, of the potential materials
degradation issues arising from the effect of the MPS3 SPU on the performance of reactor
coolant pressure boundary component materials.

The SPU evaluation assessed the potential effect of changes in the RCS chemistry (impurities),
pH conditions, and SPU service temperatures on the integrity of primary component pressure
boundary materials during service. The evaluation includes:

* An assessment of the potential effect of water chemistry changes on the general corrosion
(wastage) of carbon steel components, SCC of system austenitic stainless steel materials,
and the management strategy of any associated issues.

+ An assessment of the effect of change in the service temperature on PWSCC of Alloy
600/182/82 nickel base alloys, thermal aging of CASS materials, and the management
strategy of any associated issues.

These assessments are discussed in the following subsections.
2.1.5.2.2 Input Parameters, Assumptions, and Acceptance Criteria

Proposed SPU Service Conditions

A review of the SPU design parameters indicates that the following changes in the RCS
chemistry and service temperature conditions (Section 1.1, Table 1-1) occur during operations
after the SPU implementation:

» The SPU reactor coolant lithium/boron chemistry program is coordinated such that a target
pH range between 7.11 and 7.20 is maintained with an initial maximum target lithium level of
3.5 ppm. The lithium level is then decreased gradually during the fuel cycle as the boron
diminishes, thus maintaining a target pH value of 7.20 through the end of the fuel cycle.

* A maximum increase AT in the peak steady state service temperature of 4.3°F at the reactor
vessel hot leg location and an increase AT in service temperature of 0.5°F at the reactor
vessel cold leg and BMI penetration locations will occur due to the SPU. This is summarized
in Table 2.1.5-1.

2.1.5.2.3 Description of Analyses and Evaluations

The effect of change in service conditions (temperature and water chemistry) due to the
proposed SPU on the performance of the reactor coolant pressure boundary materials is
discussed in the following paragraphs.

General Corrosion/Wastage of Carbon Steel Components

The MPS3 SPU reactor coolant lithium/boron program is coordinated such that an elevated
7.2 pH value is maintained during the fuel cycle (up to 1500 ppm boron) while maintaining a
maximum lithium level of less than or close to 3.5 ppm. Experience with operating plants as well
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as with the guidelines provided by EPRI (PWR Primary Water Chemistry Guidelines: Vol. 1,
Rev. 5, EPRI Palo Alto CA: 2003, TR-1002884) suggest that increasing initial lithium
concentrations of up to 3.5 ppm with controlled boron concentrations to maintain pH values
between 6.9 to 7.4 does not produce any undesirable material integrity issues.

The MPS3 Boric Acid Corrosion Control (BACC) program is discussed in Section B2.1.6 of the
WCAP-14575-A, License Renewal Evaluation: Aging Management Evaluation for Class 1 Piping
and Associated Pressure Boundary Components. The NRC reviewed the MPS3 BACC program
and found the MPS3 RAI responses acceptable since MPS3 expanded the BACC program
scope to become consistent with the GALL report, incorporated lessons learned from
Davis-Besse, and addressed NRC generic communications. On the basis of its review and audit
findings the NRC concluded that MPS3 demonstrated that the effects of aging will be adequately
managed so that the intended functions will be maintained consistent with the CLB for the period
of extended operation as required by 10 CFR 54.21(a)(3). MPS3 performed examinations for
evidence of leakage and wastage in response to the revised NRC Order EA-03-008 and EPRI
Report MRP-139 in lieu of NRC GL 97-01 and NRC Bulletins 01-01, 02-01, and 02-02, with no
evidence of leakage or wastage noted.

SCC of Austenitic Stainless Steels

The two degradation mechanisms that are operative in the pressure boundary austenitic
stainless steel (base and weld) materials in the RCPB are IGSCC and TGSCC. The occurrence
of IGSCC in austenitic stainless steel typically requires the presence of a sensitized
microstructure and a significant level of dissolved oxygen. The prerequisites for TGSCC in
austenitic stainless steels include a significant level of dissolved oxygen and some level of
halogens (such as chlorides). If dissolved oxygen levels are high, TGSCC can occur in annealed
stainless steels at chloride levels below the maximum level permitted during operation by the
EPRI PWR primary water chemistry guidelines.

The SPU reactor coolant lithium/boron program is coordinated such that an elevated 7.2 pH
value is maintained during the fuel cycle (up to 1500 ppm boron) while maintaining a maximum
lithium level of less than or close to 3.5 ppm.

The chemistry changes resulting from the SPU do not involve introduction of any of these
contributors so that no effect on material degradation is expected in the stainless steel
components as a result of the SPU. There is a negligible increase in material degradation due to
the increased temperature change.

Alloy 600/82/182 Components at MPS3
» Alloy 600 and Alloy 82/182 weld deposit are present in the MPS3 RCS at the following

locations:

1. Reactor vessel upper head CRDMs and head vent penetrations. The penetrations are
Alloy 600, welded to the ID of the head with partial penetration welds using 82/182 weld
deposit.

2. Pressurizer surge, spray, safety, and relief nozzle 82/182 butter welds.
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3. Alloy 600 BMI nozzles and Alloy 82/182 J-groove welds.

4. Steam generator channel head drain Alloy 600 nozzles and 82/182 welds.
5. Reactor vessel flange leakage monitor tube.

6. Steam generator tubesheet cladding (either explosive clad or weld deposit).
7. Steam generator tube-to-tubesheet welds (autogenous).

8. Steam generator partition plate: stub runner/divider plate.

9. Alloy 182 steam generator stub runner to divider plate weld.

10. Alloy 182 steam generator partition plate to tubesheet cladding weld; partition plate to
channelhead weld.

11. Alloy 600 steam generator primary nozzle closure ring (one or two piece rings).
12. Alloy 182 steam generator closure ring weld(s).

13. Alloy 600 reactor vessel core guide lugs and 82/182 welds.

14. Alloy 82/182 reactor vessel core guide lug shell cladding.

PWSCC of Nickel Base Alloy 600/82/182 Materials

The major form of degradation affecting Alloy 600 and weld metals Alloy 182/82 exposed to
primary coolant has been PWSCC which has occurred in numerous Alloy 600 parts/components
and Alloy 182/82 weldments in PWRs world-wide. Through-wall cracks have resulted in primary
coolant leakage from numerous nozzles and weldments while in-service inspections have
discovered part-through-wall cracks in other nozzles and welds. Stress corrosion cracking occurs
when a susceptible material condition has a significant tensile stress and is exposed to an
aggressive environment. Alloy 600 and its weld metals, Alloys 182/82, are susceptible to a
PWSCC over a range of material conditions and properties. Stresses, including residual stresses
from fabrication and welding processes and operational stresses, are frequently sufficiently high
to cause PWSCC. High temperature primary water is aggressive enough to cause PWSCC of
highly stressed Alloy 600 and its weld metals.

Extensive laboratory test data and field experience indicate that PWSCC is a thermally activated
process that can be described by an Arrenhius relationship:

Time-to-Crack, t=1/initiation Rate=Ac "exp(-Q/RT)

where:
A=a material constant, that includes the effect of microstructure
o =stress, the combination of operational and residual stresses

Stretch Power Uprate Licensing Report Millstone Power Station Unit 3
2.1-60



2.0 EVALUATION
2.1 Materials and Chemical Engineering
2.1.5 Reactor Coolant Pressure Boundary Materials

n=exponent on stress, which laboratory data indicates is approximately -4
Q=activation energy (50 kcal/mole for PWSCC initiation)

R=gas constant (1 .103x10"3kcal/mole °R)

T=absolute temperature (°R, °F+459.7).

For the SPU at MPS3, the most important variable in the above expression is temperature
because the material condition and properties and the residual stress levels for the various
Alloy 600 components and welds were established by the original material processing and
component fabrication. Minor temperature changes, such as those accompanying SPU, will not
have a significant effect on the material conditions or stresses. Thus, temperature is the only
parameter that needs to be considered for the SPU PWSCC evaluation. The relationship
indicates that the greatest impact will occur at those locations with the highest temperature.

The location in the reactor coolant system with the highest temperature is the pressurizer, but the
SPU will not have any effect on the pressurizer temperature; thus, the Alloy 182/82 weldments in
the pressurizer will not be impacted by the SPU.

The reactor vessel outlet nozzles experience hot leg temperatures and, since hot leg
temperatures will increase from approximately 618.3°F (an increase of a maximum of 4.3°F), the
remaining lifetimes before PWSCC initiation will be reduced. The relationship above was used
with the before and after temperatures cited to estimate the effect of the temperature increase.
The estimated effect is a reduction in the remaining nozzle lifetimes before PWSCC initiation of
approximately 18 percent.

The bottom mounted instrument nozzles in the reactor vessel bottom head and the control rod
drive mechanism (CRDM) nozzle in the reactor vessel closure head at MPS3 experience
temperatures that are approximately at the reactor vessel inlet (cold-leg) temperature. The SPU
will increase the cold-leg temperature by a maximum of 0.5°F. Using the maximum cold-leg
temperature values of Table 2.1.5-1 and the above relationship indicates that the 0.5°F increase
may reduce the remaining PWSCC lifetime of these nozzles by approximately 2 percent, which is
negligible.

Although the lifetime reductions of the reactor vessel outlet nozzles and the BMI and CRDM
nozzles are considered minor, MPS3 will continue inspecting these nozzles and weldments in
accordance with industry guidelines and regulatory requirements. Specifically, MPS3 will inspect
the reactor vessel inlet and outlet nozzles in accordance with MRP-139, Tables 6-1 and 6-2,
which require volumetric inspection of hot leg nozzle welds every 5 years and visual inspection
every refueling outage unless mitigative actions are taken. Similarly, MPS3 will be inspecting the
CRDM nozzles in accordance with Revision 1 of NRC Order EA-03-009, or the ASME Code
when it is changed to incorporate CRDM nozzle inspection requirements. Also, MPS3 is currently
inspecting BMI nozzles visually every refueling outage.

Thermal Aging

Thermal aging of cast stainless steel can lead to precipitation of additional phases in the ferrite
and growth of existing carbides at the ferrite/austenitic boundaries that can result in loss of
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ductility and fracture toughness of the material. The susceptibility to thermal aging is a function of
the material chemistry, aging temperature and time at temperature.

The thermal aging of CASS materials associated with RCS loop piping (SA-351 CF8A) and the
RCP nozzles and safe-ends (SA-351 CF8) operating under SPU conditions given in Section 1.1
are bounded by analyses completed for license renewal.

Impact of SPU on the Renewed Plant Operating License Evaluations and License Renewal
Programs

On the basis of the review and audit of the MPS3 Reactor Coolant Pressure Boundary materials
License Renewal SER, the NRC concluded that those portions of the program that MPS3
claimed to be consistent with the GALL program were found to be consistent with the GALL.
Furthermore NRC'’s review of the exceptions to the GALL program found that MPS3 has
demonstrated that the effects of aging will be adequately managed so that the intended functions
will be maintained consistent with the CLB for the period of extended operation, as required by
10 CFR 54.21(a)(3).

On the basis of the above, the NRC further concluded that actions have been identified and have
been or will be taken to manage the effects of aging during the period of extended operation on
the functionality of subcomponents subject to an AMR, such that there is a reasonable assurance
that the activities authorized by a renewed license will continue to be conducted in accordance
with the CLB, as required by 10 CFR 54.29(a).

The evaluation of the small increase in temperature on the effectiveness of the aging
management programs was evaluated and determined that the program will remain adequate.

All SPU evaluations and discussions included in this LR section, addressed meeting the
licensing basis for a time period of up to 54 EFPY or 60 years of service.

2.1.5.24 Results

Based on the results of the assessment of the potential materials degradation issues resulting
from the proposed SPU at MPS3, It is concluded that:

* No new material degradation issues of carbon steel boric acid corrosion are expected due to
the SPU water chemistry.

* The risk for PWSCC of the Alloy 600/82/182 Reactor Vessel Head Penetrations and BMI
Penetrations does not change due to the negligible increase in the service temperature of the
Vessel Head and BMI penetrations. The slight increase in Tot (Reactor Vessel hot leg
nozzles) and T¢o| p (BMI, Reactor Vessel Head and cold leg nozzles) will shorten the time to
PWSCC for these components. However, the lifetime reductions of the reactor vessel outlet
nozzles and the BMI and CRDM nozzles are considered minor. MPS3 will continue
inspecting these nozzles and weldments in accordance with industry guidelines and
regulatory requirements.

* The effect of a small increase in the hot leg temperature on the thermal aging of piping and
welds was assessed. MPS3 follows the WOG recommended AMP to address the impact of
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thermal aging embrittlement on the LBB evaluations for the period of extended operation.
The SPU will not affect any changes to the AMP.

* The NRC'’s review (MPS3 License Renewal SER) concluded that the MPS3 GALL process
identified in the License Renewal Application (LRA) is consistent with the GALL Report
(NUREG-1801) and that MPS3 has demonstrated that the effects of aging will be adequately
managed so that the intended functions will be maintained consistent with the CLB for the
period of extended operation as required by 10 CFR 54.21(a)(3). The SPU will not cause a
change to the MPS3 aging management.

» The chemistry changes resulting from the SPU do not involve introduction of any of the
contributors to SCC of austenitic stainless steel, therefore no material degradation is
expected in the stainless steel components as a result of the SPU.

The results of the reactor coolant pressure boundary material degradation assessment showed
that no new materials degradation issues will result from the proposed SPU at MPS3. On this
basis it is concluded that the new SPU environmental conditions will not introduce any new aging
effects on their components during 60 years of operation, nor will the SPU change the manner in
which the component aging are managed by the aging management program credited in the LRA
and accepted by the NRC in the SER.

2.1.5.3 Conclusion

DNC has reviewed the evaluation of the effects of the proposed SPU on the susceptibility of
RCPB materials to known degradation mechanisms and concludes that the evaluation has
identified appropriate degradation management programs to address the effects of changes in
system operating temperature on the integrity of RCPB materials. DNC further concludes that the
evaluation has demonstrated that the RCPB materials will continue to be acceptable following
implementation of the proposed SPU and will continue to meet the requirements of GDC-1,
GDC+4, GDC-14, GDC-31, 10 CFR 50, Appendix G, and 10 CFR 50.55a. Therefore, DNC finds
the proposed SPU acceptable with respect to RCPB materials.
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Table 2.1.5-1
Summary of Service Temperature Changes in the RV Hot and Cold Legs Due to the
Proposed 7% SPU

Maximum Change
in the Steady State
Peak Temperature
Core Power Level Due to Uprating
(MWt) Location Temperature (°F) (AT °F)
3411 (CLTP) RV Hot Leg 618.3
3411 (CLTP) RV Cold Leg (& 555.9
RVH & BMI
Penetrations)
3650 (7% SPU) RV Hot Leg 605.6 - 622.6 +4.3
3650 (7% SPU) RV Cold Leg (& 537.4 - 556.4 +0.5
RVH & BMI
Penetrations)
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2.1.6 Leak-Before-Break
2.1.6.1 Regulatory Evaluation

Leak-before-break (LBB) analyses provide a means for eliminating from the design basis the
dynamic effects of postulated pipe rupture for a piping system. NRC approval of LBB analysis for
a plant permits the licensee to (1) remove protective hardware along the piping system (i.e., pipe
whip restraints and jet-impingement barriers); and (2) redesign pipe-connected components,
their supports, and their internals. DNC’s review of LBB covered

1. Direct pipe failure mechanisms (e.g., water hammer, creep damage, erosion, corrosion,
fatigue, and environmental conditions).

2. Indirect pipe failure mechanisms (e.g., seismic events, system overpressurizations, fires,
flooding, missiles, and failures of SSCs in close proximity to the piping).

3. Deterministic fracture mechanics and leak detection methods.

The acceptance criteria are based on

* GDC+4, insofar as it allows exclusion of dynamic effects of postulated pipe ruptures from the
design basis.

Specific review criteria are contained in the draft SRP, Section 3.6.3, and the guidance provided
in Matrix 1 of RS-001.

MPS3 Current Licensing Basis

The MPS3 design was reviewed in accordance with NUREG-0800, the July 1981 edition of the
“Standard Review Plan for the Review of Safety Analysis Report for Nuclear Power Plants”
(NUREG-0800), Section 3.6.3, Draft Rev. 3.

As noted in FSAR Section 3.1, the design bases of MPS3 are measured against the NRC GDC
for Nuclear Power Plants, 10 CFR 50, Appendix A, as amended through October 27, 1978. The
adequacy of the MPS3 design relative to the general design criteria is discussed in the FSAR
Sections 3.1.1 and 3.1.2.

Specifically, these sections discuss the adequacy of MPS3 design relative to conformance to
* GDC-4, Environmental and Missile Design Bases, is described in FSAR Section 3.1.2.4.

Structures, systems, and components important to safety are designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operating, maintenance, testing, and postulated accidents including LOCAs. These items are
either protected from accident conditions or designed to withstand, without failure, exposure
to the combination of temperature, pressure, humidity, radiation, and dynamic effects
expected during the required operational period.

Physical separation, physical protection, pipe restraints, and redundancy are included in the
design of safety-related systems to ensure that each such system performs its intended
safety function.
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2.0 EVALUATION
2.1 Materials and Chemical Engineering
2.1.6 Leak-Before-Break

A LBB analysis was performed for the MPS3 RCS Primary Loop. The analysis for MPS3 is
documented within topical report WCAP-10587, dated June 1984. In a letter dated
September 12, 1984, on behalf of MPS3, a request for an exemption from a p