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1.0 INTRODUCTION

1.1 Application

By application dated September 10, 2003, as supplemented by letters dated October 1, and
October 28 (2 letters), 2003; January 31 (2 letters), March 4, May 19, July 2, July 27, July 30,
August 12, August 25, September 14, September 15, September 23, September 30 (2 letters),
October 5, October 7 (2 letters), December 8, and December 9, 2004; February 24, March 10,
March 24, March 31, April 5, April 22, June 2, August 1, August 4, September 10,

September 14, September 18, September 28, October 17, October 21 (2 letters), October 26,
October 29, November 2, November 22, and December 2, 2005; January 10, and February 22,
2006 (References 1 through 46), Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear
Operations, Inc. (Entergy or the licensee), requested changes to the Facility Operating License
and Technical Specifications (TSs) for the Vermont Yankee Nuclear Power Station (VYNPS).

The proposed changes would increase the maximum steady-state reactor core power level
from 1593 megawatts thermal (MWt) to 1912 MW1, which is an increase of approximately 20%.
The proposed increase in power level is considered an extended power uprate (EPU).

1.2 Background

VYNPS is a boiling-water reactor (BWR) plant of the BWR/4 design with a Mark-1 containment.
The Nuclear Regulatory Commission (NRC or Commission) licensed VYNPS on February 28,
1973, for full-power operation at 1593 MW (i.e., the current power level).

The VYNPS site is located in the town of Vernon, Vermont, on the west bank of the Connecticut
River, on the pond formed by the Vernon Dam and Hydroelectric Station. As shown in VYNPS
Updated Final Safety Analysis Report (UFSAR) Table 2.2.1 (Reference 50), in the year 2000,
the population was estimated to be 9,919 within a 5-mile radius of the site, 23,954 within a
10-mile radius, and 193,746 within a 25-mile radius.

The construction permit for VYNPS was issued by the Atomic Energy Commission (AEC) on
December 11, 1967. The plant was designed and constructed based on the proposed General
Design Criteria (GDC) published by the AEC in the Federal Register (32 FR 10213) on July 11,
1967 (hereinafter referred to as “draft GDC”). The AEC published the final rule that added
Appendix A to Title 10 of the Code of Federal Regulations (10 CFR) Part 50, “General Design
Criteria for Nuclear Power Plants,” in the Federal Register (36 FR 3255) on February 20, 1971
(hereinafter referred to as “final GDC").

Differences between the draft GDC and final GDC included a consolidation from 70 to 64
criteria. As discussed in the NRC Staff Requirements Memorandum for SECY-92-223, dated
September 18, 1992 (Agencywide Documents Access and Management System (ADAMS)
Accession No. ML003763736), the Commission decided not to apply the final GDC to plants
with construction permits issued prior to May 21, 1971. At the time of promulgation of
Appendix A to 10 CFR Part 50, the Commission stressed that the final GDC were not new
requirements and were promulgated to more clearly articulate the licensing requirements and
practice in effect at that time. Each plant licensed before the final GDC were formally adopted
was evaluated on a plant-specific basis, determined to be safe, and licensed by the
Commission.



As discussed in Appendix F of the VYNPS UFSAR, the licensees for VYNPS have made
changes to the facility over the life of the plant that may have invoked the final GDC. The
extent to which the final GDC have been invoked can be found in specific sections of the
UFSAR and in other VYNPS design and licensing basis documentation.

Unique design features at VYNPS include the alternate cooling system (ACS) and the alternate
alternating current (AAC) power source. These features are discussed below.

During the original plant licensing, the hypothetical loss of the Vernon Dam was postulated.
This led to the design and implementation of the ACS, which is a closed-cycle cooling system.
VYNPS has two cooling towers, each with eleven cells. The design of the ACS utilizes one
cooling tower cell and the associated fan, a cooling tower water basin (deep basin), and the
residual heat removal service water (RHRSW) pumps and piping. The deep basin is sized to
provide a 7-day supply of water. The ACS is not classified as an engineered safeguards
system and is not designed to accept the consequences of a design basis loss-of-coolant
accident (LOCA). Itis also not designed to meet single failure criteria. The ACS is used for
those events where the service water (SW) pumps are not available, which could occur during
flooding of the intake structure, if the Vernon Dam fails and the river level falls, or due to a fire
in the intake structure which disables the SW pumps. The ACS is designed to provide
adequate heat removal for these postulated events to achieve and maintain safe shutdown
when the normal SW system (i.e., pumping from the Connecticut River) is lost. The evaluation
of the ACS under EPU conditions is discussed in Safety Evaluation (SE) Sections 2.5.3.3 and
25.3.4.

VYNPS has an AAC power source for coping with a Station Blackout (SBO) event in order to
meet the requirements in 10 CFR 50.63. Under this approach, VYNPS relies on the Vernon
Hydroelectric Station to provide power to an emergency bus until offsite or onsite alternating
current (AC) power is available. The evaluation of the impact of the proposed EPU on the
plant’s ability to cope with and recover from an SBO event is discussed in SE Section 2.3.5.

1.3 Licensee’s Approach

The licensee's application for the proposed EPU was prepared following the guidelines
contained in General Electric (GE) Licensing Topical Report (LTR) NEDC-33004P-A, “Constant
Pressure Power Uprate,” Revision 4, dated July 31, 2003 (Reference 51). The constant
pressure power uprate (CPPU) LTR (CLTR) was approved by the NRC in an SE dated

March 31, 2003 (Reference 52).

Attachment 4 to Reference 1 contains GE Report NEDC-33090P (proprietary) which is the
Power Uprate Safety Analysis Report (PUSAR) for VYNPS. This report summarizes the results
of the safety analyses and evaluations performed by GE specifically to justify the proposed EPU
for VYNPS. The report follows the generic content and format using the CPPU approach to
uprating reactor power, as described in the CLTR. A non-proprietary (i.e., publicly available)
version of the PUSAR is contained in Attachment 6 to Reference 1.

As described in Section 1.2 of the PUSAR, an increase in the electrical output of a BWR is
accomplished primarily by generation and supply of higher steam flow to the turbine-generator.
Most BWRs, as originally licensed, have as-designed equipment and system capability to
accommodate steam flow rates at least 5% above the original rating. In addition, continuing



improvements in the analytical techniques have resulted in a significant increase in the design
and operating margin between the calculated safety analyses results and the current plant
licensing limits. The available margins in the calculated results, combined with the as-designed
excess equipment, system, and component capabilities: (1) have allowed many BWRs to
increase their thermal power ratings by 5% without any nuclear steam supply system (NSSS)
hardware modifications, and (2) provide for power increases up to 20% with some non-safety
hardware modifications.

For VYNPS, the method for achieving higher steam flow necessary for the proposed 20% EPU
would be accomplished by retaining the existing maximum extended load line limit analysis
(MELLLA) power/flow map and increasing core flow (and power) along the MELLLA upper
boundary line as shown in Figure 1-1 in the PUSAR (Reference 1, Attachment 4, page 1-12).
The current MELLLA power/flow map was approved in VYNPS Amendment No. 219 dated
April 14, 2004 (Reference 53). As discussed in Section 2.1 of the PUSAR, the additional
energy requirements for CPPU are met by an increase in bundle enrichment, an increase in the
reload fuel batch size, and/or changes in fuel loading pattern to maintain the desired plant
operating cycle length.

The proposed CPPU approach would not increase the reactor operating pressure or the current
licensed maximum core flow. CPPU operation would not involve increasing the maximum
reactor vessel dome pressure because the plant, due to modifications to non-safety power
generation equipment, would have sufficient pressure control and turbine flow capabilities to
control the inlet pressure conditions at the turbine. Table 1-2 of the PUSAR provides a
summary of the reactor thermal-hydraulic parameters for current licensed thermal power
(CLTP) plant operating conditions and CPPU conditions (Reference 1, Attachment 4,

page 1-11).

The licensee plans to implement the EPU in one step (i.e., the proposed 20% increase will
occur in a single power ascension program). The licensee completed the modifications
necessary to implement the EPU during the refueling outage in fall 2005. Subsequently, the
plant will be operated at 1912 MW!1 starting in Cycle 25 (i.e., during the operating cycle following
the fall 2005 outage).

1.4 Plant Modifications

The licensee has determined that plant modifications are necessary to implement the proposed
EPU. A discussion of the EPU modifications is provided on pages 17 through 31 of
Attachment 1 to Reference 24. The following is a list of these modifications:

Main Turbine Diaphragm Replacement
The 8th stage diaphragms of the low pressure turbines were replaced during the fall 2005

refueling outage to upgrade the turbine to accommodate the increased steam flow for EPU
conditions. This change increases the structural integrity of the diaphragms.



Main Turbine Cross-Around Relief Valves and Discharge Piping

The main turbine cross-around relief valves and discharge piping have been modified to
accommodate the increase in pressure and flow in the cross-around piping to the low pressure
turbine.

Main Generator Stator Rewind

The main generator stator was rewound in place. In addition, the generator hydrogen coolers
were replaced with upgraded coolers.

Main Condenser Tube Staking

Additional support staking of the main condenser tubes was performed to minimize potential
effects of flow-induced vibration (FIV).

Feedwater Heater 4A/B Shell Side Relief Valve

Because the EPU will increase the feedwater mass flow through the heat exchanger tubes by
20%, the relief valves on the shell side must be capable of relieving pressure to avoid
overpressure of the heat exchangers in case of an internal failure. The cause of the
overpressure would be the failure of the heat exchanger tubes. The relief valves on feedwater
heaters 4A/B have been replaced with higher capacity relief valves.

Steam Dryer Strengthening
Strengthening of the steam dryer was performed to reduce the effect from FIV.
Isolation Phase Bus Duct Cooling

A modification was made to the isophase bus duct cooling system to provide additional cooling
capacity associated with the EPU.

High Pressure Feedwater Heater Replacement

The four high pressure feedwater heaters have been replaced to accommodate the EPU
increased flow and pressure conditions and to provide more erosion-resistant material.

Residual Heat Removal Service Water (RHRSW) Piping Modification

A modification was made to the RHRSW pump motor bearing cooling water supply line to
recover SW flow that is currently being discharged during ACS mode of operation of the
pumps. Because the EPU will increase the decay heat rate and increase evaporative losses
from the ACS deep basin, the return of the cooling water from the bearing oil coolers is
necessary to maintain the 7-day deep basin water inventory design requirement.



Nuclear Steam Supply System (NSSS)/Torus Attached Piping Supports

Main steam line supports in the drywell and the reactor core isolation cooling (RCIC) line
support in the RCIC room were upgraded based on EPU temperature considerations. These
changes reestablished the design margins for the piping and support configurations.

Condensate Demineralizer Filtered Bypass

Operation at EPU conditions with increased condensate/feedwater flow will require operation of
the five condensate demineralizer vessels. During backwash and precoat operations when one
demineralizer is removed from service, the remaining four demineralizers do not have the
capacity for full condensate flow, thus requiring a bypass flow path around the demineralizers
and increasing the potential for debris to be passed from the condenser to the reactor. The
new bypass filter provides the means of limiting debris passage by filtering the bypassed flow
during demineralizer backwash and precoat operations.

Feedwater System Suction Pressure Trip and Reactor Recirculation (RR) System Runback

The proposed EPU requires that the three currently installed reactor feedwater pumps (RFPs)
and the three currently installed condensate pumps (CPs) be operating to achieve the uprated
power level (i.e., 1912 MWt). In the pre-EPU configuration for this operation, upon a trip of a
CP, the suction pressure to the RFPs would drop such that the three RFPs would trip based on
a single 150 psig low pressure suction trip. Therefore, this modification provides a staggered
sequential time delay tripping of the RFPs such that suction pressure could recover to preclude
tripping of all the RFPs. In addition, at EPU conditions with the trip of a CP or RFP, the
steam/feedwater flow mismatch would result in a reactor trip on low level if power/steam flow
were not rapidly reduced to levels that could be supported by the operating pumps. Therefore,
a modification has been added which will provide a rapid RR pump runback on low feedwater
flow following a RFP or CP trip during operation at high power levels. In addition, as discussed
in Reference 42, a maodification to trip the “B” RFP upon a trip of a CP has been added to
provide additional margin to preclude inadequate RFP suction pressure and preserve feedwater
flow.

Cooling Tower Fans/Motors

On 21 of the 22 cooling towers, the cooling tower fan blades and motors have been replaced
with higher efficiency blades and higher horsepower motors to provide for cooling tower plume
control (environmental and aesthetic issues).

Safety Relief Valve (SRV) Monitor Power Feed Relocation to New Breaker

Based on licensee evaluations conducted for the EPU, the breaker that fed the SRV monitor
panel was found to be not environmentally qualified to the new environment. Accordingly, this
modification rerouted the power feeding the panel to a new breaker that is located in a mild
environment.



Grid Stability

The licensee’s grid stability study identified several changes required for the grid to accept the
uprated power. The modifications made were as follows:

Increased the million volt-ampere (MVA) rating on the VYNPS - Northfield 345 kV line from
896 MVA to a minimum rating of 1075 MVA.

Increased the MVA rating on the Ascutney-Coolidge 115 kV line from 205 MVA to 240 MVA.
Added 60 MVA of shunt capacitors at the VYNPS 115 kV bus.

Added a second primary protection scheme on the VYNPS north bus.

Added a second primary protection scheme on the VYNPS main generator.

Replaced the VYNPS 381 breaker to provide independent pole tripping.

Added out-of-step protection for the VYNPS generator.

Main Turbine - High Pressure Flow Path

The modifications associated with the main turbine high pressure flow path include replacement
of the rotor and diaphragms; new control cams, camshafts, and hydraulics; new control valve
settings, and turbine control and setpoint changes.

Instrumentation and Control Changes

The changes in various plant parameters at EPU conditions (e.g., steam flows) will require
various instrumentation and control setpoint and calibration changes including the following:

Electronic pressure regulator (mechanical hydraulic pressure control system for the turbine
generator) setpoint change;

Main steam line high flow setpoint change;

Neutron monitoring setpoint changes (average power range monitor flow-biased scram and
rod block monitors);

Rod worth minimizer setpoint; and

Turbine first stage pressure setpoint.

The NRC staff’'s evaluation of the licensee’s plant modifications, within the scope of the areas of
review, is provided in Section 2.0 of this SE.



1.5 Method of NRC Staff Review

The NRC'’s staff’s review of the VYNPS EPU application is based on NRC Review Standard
RS-001, “Review Standard for Extended Power Uprates,” (Reference 54). RS-001 contains
guidance for evaluating each area of review in the application, including the specific GDC used
as the NRC’s acceptance criteria. Since the guidance in RS-001 is based on the final GDC and
VYNPS was designed and constructed based on the draft GDC, Entergy submitted
supplements to the EPU application dated October 1 and October 28, 2003 (References 2

and 4), which provided a matrix that cross-references the draft GDC to the final GDC and a
matrix that cross-references the sections of the PUSAR that apply to each of the areas of
review contained in RS-001. In addition, in a supplement dated January 31, 2004

(Reference 5), Entergy provided a revision to the template SE in RS-001 replacing the numeric
values of the final GDC with the corresponding VYNPS design criteria and draft GDC that
constitute VYNPS'’s current licensing basis. Related changes to VYNPS plant-specific design
criteria were also incorporated in the revised template. Minor changes to the template were
provided by Entergy in supplements dated July 2, 2004, and August 1, 2005 (References 9
and 31).

The NRC staff reviewed the licensee's application to ensure that (1) there is reasonable
assurance that the health and safety of the public will not be endangered by operation in the
proposed manner, (2) activities proposed will be conducted in compliance with the
Commission's regulations, and (3) the issuance of the amendments will not be inimical to the
common defense and security or to the health and safety of the public. The purpose of the
NRC staff’s review is to evaluate the licensee’s assessment of the impact of the proposed EPU
on design-basis analyses. The NRC staff evaluated the licensee’s application and
supplements. The NRC staff also performed audits of analyses supporting the EPU and
performed independent calculations, analyses, and evaluations as noted below.

In areas where the licensee and its contractors used NRC-approved or widely accepted
methods in performing analyses related to the proposed EPU, the NRC staff reviewed relevant
material to ensure that the licensee/contractor used the methods consistent with the limitations
and restrictions placed on the methods. In addition, the NRC staff considered the effects of the
changes in plant operating conditions on the use of these methods to ensure that the methods
are appropriate for use at the proposed EPU conditions. Details of the NRC staff's review are
provided in Section 2.0 of this SE.

Audits of the analyses supporting the proposed EPU were conducted by the NRC staff and its
contractors in relation to the following topics:

® steam dryer structural integrity analyses (see SE Section 2.2.6)
® reactor neutronic and thermal/hydraulic analyses (see SE Section 2.8.7)

Independent confirmatory calculations, analyses, and evaluations were performed by the NRC
staff and its contractors in relation to the following topics:

® reactor vessel pressure-temperature limits (see SE Section 2.1.2)

® | OCA mass and energy release (see SE Section 2.6.1)



® Jong-term containment temperature response for a LOCA (see SE Section 2.6.5)
® emergency core cooling system (ECCS) performance (see SE Section 2.8.5.6.2)
® Jattice physics (see SE Section 2.8.7)

® alternative source term dose analyses (see SE Section 2.9.2)

® risk of crediting containment accident pressure (see SE Section 2.13)

1.6 Engineering Inspection

As discussed in an NRC inspection report dated December 2, 2004 (Reference 55), the NRC
conducted a team inspection in accordance with Temporary Instruction (T1) 2515/158,
“Functional Review of Low Margin/Risk Significant Components and Human Actions”
(Reference 56), at VYNPS during the period from August 9 through September 3, 2004. The
inspection was the first of four pilot inspections to be conducted at different plant sites to assist
the NRC in determining whether changes should be made to the Reactor Oversight Process to
improve the effectiveness of its inspections and oversight in the design/engineering area.

In selecting samples for review, the engineering inspection team focused on those components
and operator actions that contribute the greatest risk to an accident that could involve damage
to the reactor core. Additional consideration was given to those components and operator
actions impacted by the proposed EPU license amendment. In addition, inspection samples
were added based upon operational experience and issues previously identified by the NRC'’s
technical staff during the course of its VYNPS EPU review. A complete listing of all
components, operator actions, and operating experience issues reviewed by the inspection
team is contained in Attachment A to Reference 55.

For each sample selected, the engineering inspection team reviewed design calculations,
corrective action reports, maintenance and modification histories, and associated operating
procedures, and performed walkdowns of material conditions (as practical). The team identified
eight findings of very low safety significance (i.e., Green as defined in the NRC’s Reactor
Oversight Process), one unresolved item, and one minor finding. Based on the technical areas
covered in RS-001, the NRC Headquarters staff determined that four of the inspection team
findings would require Entergy to submit supplemental information to the NRC to support the
EPU amendment request. The staff requested this information through requests for additional
information (RAIs) and conference calls with Entergy. Entergy provided the additional
information as described in the relevant portions of Section 2.0 of this SE. The four findings
and how they relate to the EPU review are discussed below.

Station Blackout (SBO)

Finding: The team identified a non-cited violation of 10 CFR 50.63, “Loss of all alternating
current power,” because the licensee had not completed a coping analysis for
the period of time the alternate AC source (the Vernon Hydro-Electric Station)
would be unavailable, and had not demonstrated by test the time required to
make the alternate source available for an SBO involving a grid collapse. This
finding applies to current plant operation as well as EPU operating conditions.



EPU Review:

EPU Review Standard RS-001, SE Section 2.3.5, “Station Blackout,” requires
that the NRC staff reach a conclusion that the licensee has adequately evaluated
the effects of the proposed EPU on SBO and demonstrate that the plant will
continue to meet the requirements of 10 CFR 50.63 following implementation of
the proposed EPU. In order for the staff to reach this conclusion, Entergy needs
to demonstrate that VYNPS meets the requirements in 10 CFR 50.63. The
resolution of this issue is discussed in SE Section 2.3.5.

Appendix R Timeline for RCIC Initiation

Finding:

EPU Review:

The team identified a non-cited violation of 10 CFR Part 50, Appendix B,
Criterion IlII, “Design Control,” because from June 2001 to September 2004, the
licensee did not adequately coordinate between the operations department and
the engineering organization regarding procedure revisions that increased the
length of time required to place the RCIC system in service from the alternate
shutdown panels.

EPU Review Standard RS-001, SE Section 2.11, “Human Performance,”
requires the staff to conclude that the licensee has appropriately accounted for
the effects of the proposed EPU on the available time for operator actions. The
engineering inspection team found that the timeline for operator actions to place
RCIC in service during an Appendix R scenario had been impacted due to
procedure changes and that the licensee had not incorporated these changes
into the VYNPS Safe Shutdown Capability Analysis (SCCA). However, the team
found that at the current power level, during an Appendix R scenario, the
operators have sufficient time to place RCIC in service from the alternate
shutdown panels prior to reactor water level reaching the top of active fuel. At
the proposed EPU power level, the team concluded that the margin was reduced
such that the ability to place RCIC in service from the alternate shutdown panels
prior to reactor water level reaching the top of active fuel was questionable. The
resolution of this issue is discussed in SE Section 2.11.

Periodic Testing of Motor-Operated Valves (MOVs)

Finding:

EPU Review:

The team identified a non-cited violation of 10 CFR Part 50, Appendix B,
Criterion Xl, “Test Control,” because the licensee had conducted MOV diagnostic
tests using procedures that did not include acceptance limits, which were
correlated to and based on applicable (stem thrust and torque) design
documents. Additionally, MOV diagnostic testing had been conducted solely
from the motor control centers using test instrumentation that had not been
validated to ensure its adequacy.

EPU Review Standard RS-001, SE Section 2.2.4, “Safety-Related Valves and
Pumps,” requires that the NRC staff reach a conclusion that the licensee has
adequately evaluated the effects of the proposed EPU on its MOV programs
related to Generic Letters (GLs) 89-10, 96-05, and 95-07, and the lessons-
learned from those programs for other safety-related power-operated valves.
The engineering inspection team found that the licensee did not manage NRC
commitments and conditions documented in the SE for the GL 96-05 MOV
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periodic verification program. The resolution of this issue is discussed in SE
Section 2.2.4.

Condensate Storage Tank (CST) Temperature

Finding: The team identified a non-cited violation of 10 CFR Part 50, Appendix B,
Criterion IIl, “Design Control,” because the licensee had neither established the
correct CST temperature limit for use in the plant transient analyses nor
translated the CST temperature limit into plant procedures.

EPU Review: EPU Review Standard RS-001, SE Section 2.6.5, “Containment Heat Removal,”
requires the NRC staff to review the containment heat removal systems
assessment provided by the licensee and conclude that the licensee has
adequately addressed the effects of the proposed EPU. This review includes the
effects of the proposed EPU on the analyses of the available net positive suction
head (NPSH). The engineering inspection team found that the licensee used
non-conservative CST temperatures in calculations for current plant conditions
as well as for the EPU analyses. Although available NPSH margin was lowered,
adequate NPSH for the core spray pumps remained due to conservatisms that
existed in other aspects of the licensee’s NPSH analysis. The resolution of this
issue is discussed in SE Section 2.6.5.

2.0 EVALUATION

2.1 Materials and Chemical Engineering

2.1.1 Reactor Vessel Material Surveillance Program

Regulatory Evaluation

The reactor vessel material surveillance program provides a means for determining and
monitoring the fracture toughness of the reactor vessel beltline materials to support analyses
for ensuring the structural integrity of the ferritic components of the reactor vessel. The

NRC staff's review primarily focused on the effects of the proposed EPU on the licensee’s
reactor vessel surveillance capsule withdrawal schedule. The NRC’s acceptance criteria are
based on (1) draft GDC-9, insofar as it requires that the reactor coolant pressure boundary
(RCPB) be designed and constructed so as to have an exceedingly low probability of gross
rupture or significant leakage; (2) draft GDC-33, insofar as it requires that the RCPB be capable
of accommodating without rupture, and with only limited allowance for energy absorption
through plastic deformation, the static and dynamic loads imposed on any boundary component
as a result of any inadvertent and sudden release of energy to the coolant; (3) draft GDC-34
insofar as it requires that the RCPB be designed to minimize the probability of rapidly
propagating type failures; (4) 10 CFR Part 50, Appendix H, which provides for monitoring
changes in the fracture toughness properties of materials in the reactor vessel beltline region;
and (5) 10 CFR 50.60, which requires compliance with the requirements of 10 CFR Part 50,
Appendix H. Specific review criteria are contained in Standard Review Plan (SRP)

Section 5.3.1 and other guidance provided in Matrix 1 of RS-001 (Reference 54).
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Technical Evaluation

The NRC'’s regulatory requirements related to the establishment and implementation of a
facility’s reactor vessel materials surveillance program and surveillance capsule withdrawal
schedule are given in 10 CFR Part 50, Appendix H. Two specific alternatives are provided with
regard to the design of a facility’s reactor vessel surveillance program which may be used to
address the requirements of Appendix H to 10 CFR Part 50.

The first alternative is the implementation of a plant-specific reactor vessel surveillance program
consistent with the requirements of American Society for Testing and Materials (ASTM)
Standard Practice E 185, “Standard Practice for Conducting Surveillance Tests for Light-Water
Cooled Nuclear Power Reactor Vessels.” In the design of a plant-specific reactor vessel
surveillance program, a licensee may use the edition of ASTM Standard Practice E 185, which
was current on the issue date of the American Society of Mechanical Engineers Boiler and
Pressure Vessel Code (ASME Code) to which the reactor vessel was purchased, or later
editions through the 1982 edition.

The second alternative provided in Appendix H to 10 CFR Part 50 is the implementation of an
integrated surveillance program (ISP). An ISP is defined in Appendix H to 10 CFR Part 50 as
occurring when, “the representative materials chosen for surveillance for a reactor are irradiated
in one or more other reactors that have similar design and operating features.”

The licensee discussed the impact of EPU on the reactor vessel material surveillance program
in Section 3.2.1 of Attachment 4 to Reference 1. This section indicates that VYNPS will
participate in the BWR Vessel and Internals Project (BWRVIP) ISP and will comply with the
withdrawal schedule specified for the surrogate surveillance capsules that now represent
VYNPS.

The BWRVIP ISP was submitted for NRC staff review and approval in proprietary topical
reports BWRVIP-78, “BWR Vessel and Internals Project, BWR Integrated Surveillance
Program Plan,” dated December 22, 1999, and BWRVIP-86, “BWR Vessel and Internals
Project, BWR Integrated Surveillance Program Implementation Plan,” dated December 22,
2000. Additional information necessary to establish the technical basis for, and proposed
implementation of, the BWRVIP ISP was provided in letters from the BWRVIP to the NRC
dated December 15, 2000, and May 30, 2001. The NRC staff approved the proposed BWRVIP
ISP in an SE dated February 1, 2002. However, the NRC staff's SE required that plant-specific
information be provided by BWR licensees who wish to implement the BWRVIP ISP for their
facilities. The plant-specific information must demonstrate that each reactor has an adequate
dosimetry program and that there is an adequate arrangement for sharing data between plants.
In an amendment request dated March 26, 2003, the licensee addressed the VYNPS
plant-specific information required in the NRC staff’'s February 1, 2002, BWRVIP ISP SE. The
NRC staff approved the amendment request in a letter dated March 29, 2004 (VYNPS
Amendment No. 218).

In the SE for VYNPS Amendment No. 218, the NRC staff evaluated the plant-specific
information provided by the licensee to demonstrate the BWRVIP ISP can be implemented at
VYNPS. The NRC staff concluded that the plant-specific information demonstrated that there is
an adequate dosimetry program and an adequate arrangement for sharing data between
plants. Since the licensee has provided the plant-specific information requested in the NRC
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staff’'s SE for the proposed BWRVIP ISP, the licensee has demonstrated the compliance of
VYNPS with the ISP requirements of Appendix H to 10 CFR Part 50.

As part of the proposed implementation of the BWRVIP, no further surveillance capsules will be
removed and tested from the VYNPS reactor vessel since VYNPS is not a host ISP plant for
providing surveillance capsules. As indicated in the test matrix of BWRVIP-86-A, reactor vessel
weld and plate surveillance materials from Susquehanna Unit 1 have been selected from
among the existing plant surveillance programs to represent the corresponding limiting plate
and weld material in the VYNPS reactor vessel. The two remaining capsules will continue to
reside in the VYNPS reactor vessel in case they are needed in the future as a contingency.

The peak neutron fluence at 33 effective full-power years (EFPY) and 4.827 x 10° megawatt-
hours (EPU conditions at the end of the current VYNPS license term) at the 1/4 thickness (T) is
2.35 x 10" neutrons per centimeter squared (n/cm?). Since this fluence value is less than that
projected to be received by the representative surveillance materials from Susquehanna Unit 1,
the withdrawal schedule for the BWRVIP ISP does not need to be changed and the BWRVIP
ISP will provide adequate surveillance data to monitor the impact of neutron radiation on the
VYNPS reactor vessel at EPU conditions.

Appendix H of 10 CFR Part 50 requires that an ISP used as a basis for a licensee-implemented
reactor vessel surveillance program be reviewed and approved by the NRC staff. The ISP to
be used by the applicant is a program that was developed by the BWRVIP. The licensee will
apply the BWRVIP ISP as the method by which the VYNPS reactor vessel will comply with the
requirements of 10 CFR Part 50, Appendix H. The BWRVIP ISP identifies capsules that must
be tested to monitor neutron radiation embrittlement for all licensees participating in the ISP,
and identifies capsules that need not be tested (standby capsules). These untested capsules
were originally part of the licensee’s plant-specific surveillance program and have received
significant amounts of neutron radiation.

In the most recent staff-approved version of the ISP, the reactor vessel surveillance capsules
from VYNPS have not been designated for removal and testing to support the ISP. However,
as addressed in 10 CFR Part 50, Appendix H, Section Ill (C)(1)(d) and in the staff-approved
BWRVIP ISP, maintaining adequate contingencies to support potential changes to the program
is an important part of any ISP. As discussed in the NRC’s SE for VYNPS Amendment

No. 218, the licensee will revise UFSAR Section 4.2.6 to state, in part, that:

The Vermont Yankee Nuclear Power Station is not a host ISP plant for providing
surveillance capsules; however, the remaining two VYNPS materials surveillance capsules
will continue to reside in the reactor in case they are needed in the future as a contingency.

Based on the licensee’s commitment to maintain the capsules in the reactor vessel, the
licensee has satisfied the contingency of 10 CFR Part 50, Appendix H, Section Il (C)(1)(d).

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
reactor vessel surveillance withdrawal schedule and concludes that the licensee has adequately
addressed changes in neutron fluence and their effects on the schedule. The NRC staff 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 Part 50,
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Appendix H, and 10 CFR 50.60, and will provide the licensee with information to ensure
continued compliance with draft GDC-9, 33, and 34 in this respect following implementation of
the proposed EPU. Therefore, the NRC staff finds the proposed EPU acceptable with respect
to the reactor vessel material surveillance program.

2.1.2 Pressure-Temperature Limits and Upper-Shelf Energy (USE)

Regulatory Evaluation

Appendix G of 10 CFR Part 50 provides fracture toughness requirements for ferritic materials
(low alloy steel or carbon steel) materials in the RCPB, including requirements on the USE
values used for assessing the safety margins of the reactor vessel materials against ductile
tearing and requirements for calculating pressure-temperature (P-T) limits for the plant. These
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 operational occurrences
and hydrostatic tests. The NRC staff’s review of P-T limits covered the P-T limits methodology
and the calculations for the number of EFPY specified for the proposed EPU, considering
neutron embrittlement effects and using linear elastic fracture mechanics. The NRC'’s
acceptance criteria for USE and P-T limits evaluations are based on: (1) draft GDC-9, insofar
as it requires that the RCPB be designed and constructed so as to have an exceedingly low
probability of gross rupture or significant leakage; (2) draft GDC-33, insofar as it requires that
the RCPB be capable of accommodating without rupture, and with only limited allowance for
energy absorption through plastic deformation, the static and dynamic loads imposed on any
boundary component as a result of any inadvertent and sudden release of energy to the
coolant; (3) draft GDC-34 insofar as it requires that the RCPB be designed to minimize the
probability of rapidly propagating type failures; (4) draft GDC-35 insofar as it requires that
service temperatures for RCPB components constructed of ferritic materials ensure the
structural integrity of such components when subjected to potential loadings;

(5) 10 CFR Part 50, Appendix G, which specifies fracture toughness requirements for ferritic
components of the RCPB; and (6) 10 CFR 50.60, which requires compliance with the
requirements of 10 CFR Part 50, Appendix G. Specific review criteria are contained in

SRP Section 5.3.2 and other guidance provided in Matrix 1 of RS-001.

Technical Evaluation

USE Value Calculations

Appendix G of 10 CFR Part 50 provides the NRC'’s criteria for maintaining acceptable levels of
USE for the reactor vessel beltline materials of operating reactors throughout the licensed lives
of the facilities. The rule requires reactor vessel beltline materials to have a minimum USE
value of 75 ft-lb in the unirradiated condition, and to maintain a minimum USE value above

50 ft-Ib throughout the life of the facility, unless it can be demonstrated through analyses that
lower values of USE would provide acceptable margins of safety against fracture equivalent to
those required by Appendix G of Section Xl to the ASME Code. The rule also mandates that
the methods used to calculate USE values must account for the effects of neutron irradiation on
the USE values for the materials and must incorporate any relevant reactor vessel surveillance
capsule data that are reported through implementation of a plant's 10 CFR Part 50, Appendix
H, reactor vessel materials surveillance program.
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By letter dated April 30, 1993, the Boiling Water Reactor Owner’s Group (BWROG) submitted a
topical report entitled, “10 CFR 50, Appendix G Equivalent Margins Analysis for Low Upper
Shelf Energy in BWR/2 Through BWR/6 Vessels,” to document that BWR reactor vessels could
meet the margins of safety against fracture equivalent to those required by Appendix G of the
ASME Code for Charpy USE values less than 50 ft-Ib. In a letter dated December 8, 1993, the
NRC staff concluded that the topical report demonstrates that the materials evaluated have the
margins of safety against fracture equivalent to Appendix G of the ASME Code, in accordance
with Appendix G of 10 CFR Part 50. In this report, the BWROG derived through statistical
analysis the initial USE values for materials that originally did not have documented Charpy
USE values. Using these statistically derived Charpy USE values, the BWROG predicted the
end-of life (40 years of operation) USE values in accordance with Position 1.2 in Regulatory
Guide (RG) 1.99, Revision 2. According to this RG, the decrease in USE is dependent upon
the amount of copper in the material and the neutron fluence predicted for the material. The
BWROG analysis determined that the minimum allowable Charpy USE in the transverse
direction for base metal and along the weld for weld metal was 35 ft-Ib.

General Electric (GE) performed an update to the USE equivalent margins analysis, which is
documented in Electric Power Research Institute (EPRI) Report TR-113596, “BWR Vessel and
Internals Project BWR Reactor Pressure Vessel Inspection and Flaw Evaluation Guidelines
(BWRVIP-74)", dated September 1999. EPRI Report TR-113596 provides a bounding Charpy
USE for BWR plants for 54 EFPY. The analysis in EPRI TR-113596 determined the reduction
in the unirradiated Charpy USE resulting from neutron radiation using the methodology in
Position 1.2 in RG 1.99, Revision 2. Using this methodology and a correction factor of 65% for
conversion of the longitudinal properties to transverse properties, the lowest irradiated Charpy
USE at 54 EFPY for all BWR/3-6 plates is projected to be 45 ft-lb. The correction factor for
specimen orientation in plates is based on NRC Branch Technical Position MTEB 5-2. Using
the RG methodology, the lowest irradiated Charpy USE at 54 EFPY for shielded metal arc
welds is projected to be 51.1 ft-lb. The value for the BWR/3-6 plates is greater than the 35 ft-lb
minimum allowable and thus will meet the margins of safety against fracture equivalent to those
required by 10 CFR Part 50, Appendix G. The value for the shielded metal arc weld is greater
than the 50 ft-Ib criteria in 10 CFR Part 50, Appendix G. EPRI Report TR-113596 indicates that
the percent reduction in Charpy USE for the limiting BWR/3-6 plates and shielded metal arc
welds are 23.5% and 39%, respectively. Therefore, to demonstrate that beltline materials meet
the criteria specified in the report, licensees must demonstrate that the projected percent
reduction in Charpy USE for their beltline materials are less than those specified for the limiting
BWR/3-6 plates and the shielded metal arc welds. Licensees also have to show that the actual
percent reduction in Charpy USE for their surveillance weld and plate are less than or equal to
the values projected using the methodology in Position 1.2 in RG 1.99, Revision 2. Beltline
materials that meet these criteria will meet the margins of safety against fracture equivalent to
those required by Appendix G to 10 CFR Part 50.

The licensee discussed the impact of the EPU on the Charpy USE values for the reactor vessel
beltline materials in Section 3.2.1 of Attachment 4 to Reference 1. This section indicates that
projected percent reduction in Charpy USE for the plates is less than 23.5% and the projected
percent reduction in Charpy USE for the shielded metal arc welds is less than 39%. However,
the actual decreases in Charpy USE for the surveillance plate and shield metal arc weld are
greater than the values predicted using RG 1.99, Revision 2. As discussed below, the results
from the surveillance test data are not necessary for evaluating the impact of neutron irradiation
on the reactor vessel beltline materials, at this time.
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RG 1.99, Revision 2 has two methods for determining the percent reduction in Charpy USE. In
Position 1.2, the percent reduction in Charpy USE is determined from Figure 2 in the RG which
is based on the neutron fluence and the amount of copper in the material. In the second
method, identified as Position 2.2, the percent reduction in Charpy USE is determined from
surveillance data. RG 1.99, Revision 2 indicates surveillance data may be used for determining
the Charpy USE when two or more credible surveillance data sets become available from the
reactor. Since only one data set from a plate and a weld is presently available, RG 1.99,
Revision 2 would recommend that the Charpy USE be determined using Position 1.2. Using
Figure 2 in RG 1.99, Revision 2, the staff determined that the percent reduction in Charpy USE
at a neutron fluence of 2.35 x 10''n/cm? (neutron fluence at end of the current license with EPU
conditions) was 9.5% for the plate material and 8.0% for the shielded metal arc weld material.
The analysis in EPRI TR-113596 utilized an unirradiated Charpy USE in the longitudinal
direction of 91 ft-Ib for BWR/3-6 plates and 84.5 ft-Ib for shield metal arc welds. The value for
the plates is the lowest value from the database and is less than the lower 95/95 confidence
value. The value for the shielded metal arc welds is the value corresponding to the lower 95/95
confidence value. Since these values are statistically determined with at least 95/95
confidence, the values may be used in the evaluation of Charpy USE. The Charpy USE for
plate material in the transverse direction would be 59 ft-Ib, which is 65% of 91 ft-Ib. Using these
unirradiated values for the Charpy USE for the plate and the weld and the percent reduction
determined using Figure 2 in RG 1.99, Revision 2, the Charpy USE at a neutron fluence of
2.35 x 10""n/cm? is 53 ft-Ib for the plate material and 78 ft-Ib for the weld material. Since both
the weld metal and plate material are projected to have Charpy USE greater than 50 ft-Ib at
expiration of the license at EPU conditions, the reactor vessel materials satisfy the
requirements of 10 CFR Part 50, Appendix G. As discussed in Section 2.1.1, the surveillance
data from Susquehanna Unit 1 will be utilized to monitor the impact of neutron radiation on the
VYNPS beltline materials. In accordance with Appendix G, 10 CFR Part 50, the licensee must
re-evaluate the impact of neutron radiation on Charpy USE, when the surveillance data from
Susquehanna Unit 1 become available.

Pressure-Temperature Limit Calculations

Section IV.A.2 of 10 CFR Part 50, Appendix G, requires that the P-T limits for operating
reactors be at least as conservative as those that would be generated if the methods of
calculation in the ASME Code, Section XI, Appendix G, were used to calculate the P-T limits.
The rule also requires that the P-T limit calculations account for the effects of neutron
irradiation on the P-T limit values for the reactor vessel beltline materials and incorporate any
relevant reactor vessel surveillance capsule data that are required to be reported as part of the
licensee’s implementation of its 10 CFR Part 50, Appendix H, reactor vessel materials
surveillance program.

Section 3.2.1 of Attachment 4 to Reference 1 indicates that the P-T limit curves contained in the
TSs remain bounding for EPU conditions. The VYNPS P-T limit curves were approved in
VYNPS Amendment No. 218 dated March 29, 2004. Tables 2-1 and 2-2 of Attachment 2 to the
licensee’s letter dated March 26, 2003 (application associated with Amendment No. 218),
provided the adjusted reference temperature (ART) values for the limiting material as 57°F at
1/4T fluence (2.20x10"" n/cm?) and 48°F at 3/4T fluence (1.20x10"" n/cm?). Section 2.0 of
Attachment 2 to the March 26, 2003, letter states that for purposes of determining the P-T
curves for the vessel core region material, VYNPS has elected to maintain the more
conservative ART values previously used by VYNPS (89°F at the 1/4T point and 73°F at the
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3/4T point). The licensee's submittal states that, based on RG 1.99, Revision 2, lower values of
ART could have been used.

The NRC staff’'s assessment included an independent calculation of the ART values for both
the 1/4T and 3/4T locations of the VYNPS reactor vessel beltline regions based on the revised
33 EFPY neutron fluence specified in the submittal for VYNPS for EPU conditions. The staff
confirmed, using the methodology of RG 1.99, Revision 2, that the limiting beltline material was
the reactor vessel plate 1-14 with an ART of 58°F at the 1/4T location and 53°F at the 3/4T
location. Item 13 in Table 1, “Proposed OL and TS Changes,” in Attachment 1 to Reference 1,
indicates the analytical methods used in the March 26, 2003, letter are unchanged; however,
the peak neutron fluence increased to 3.18x10'" n/cm?®. The neutron fluence methodology was
determined to be consistent with the guidance in RG 1.190 as discussed in the NRC’s SE for
Amendment No. 218. Previously, the P-T limit curves were based on a peak vessel fluence
value of 1.24x10'® n/cm? resulting in the limiting material (reactor vessel plate 1-14) having an
ART of 89°F at the 1/4T location and 73°F at the 3/4T location. Since the staff has confirmed
that the previous ART values bound the revised ART values for EPU conditions, the staff
agrees that the P-T limit curves contained in the TSs remain bounding for EPU conditions.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
USE values for the reactor vessel beltline materials and P-T limits for the plant. The staff
concludes that the licensee has adequately addressed changes in neutron fluence and their
effects on the USE values for VYNPS reactor vessel beltline materials and the P-T limits for the
plant. The staff concludes that the VYNPS beltline materials will continue to have acceptable
USE, as mandated by 10 CFR Part 50, Appendix G, through the expiration of the current
operation license for the facility. The NRC staff further concludes that the licensee has
demonstrated the validity of the proposed P-T limits for operation under the proposed EPU
conditions. Based on this, the NRC staff concludes that the proposed P-T limits will continue to
meet the requirements of 10 CFR Part 50, Appendix G, and 10 CFR 50.60 and will enable the
licensee to comply with draft GDC-9, 33, 34, and 35 in this respect following implementation of
the proposed EPU. Therefore, the NRC staff finds the proposed EPU acceptable with respect
to the proposed P-T limits.

2.1.3 Reactor Internal and Core Support Materials

Regulatory Evaluation

The reactor internals and core supports include structures, systems, and components (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, and
fission product confinement (within both the fuel cladding and the reactor coolant system
(RCS)). The NRC staff’s review covered the materials’ specifications and mechanical
properties, welds, weld controls, nondestructive examination procedures, corrosion resistance,
and susceptibility to degradation. The NRC’s acceptance criteria for reactor internal and core
support materials are based on draft GDC-1 and 10 CFR 50.55a for material specifications,
controls on welding, and inspection of reactor internals and core supports. Specific review
criteria are contained in SRP Section 4.5.2 and BWRVIP-26, and Matrix 1 of RS-001.
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Technical Evaluation

Reactor internals and core support materials are subject to the following degradation:

® Crack initiation and growth due to stress-corrosion cracking (SCC), intergranular
stress-corrosion cracking (IGSCC) and irradiation assisted stress-corrosion cracking
(IASCC);

® Crack initiation and growth due to flow induced vibration;
e Cumulative fatigue damage; and
® |oss of fracture toughness due to thermal aging and neutron embrittiement.

Cumulative fatigue damage and crack initiation and growth due to flow induced vibration are
discussed in Section 2.2.2 of this SE. Crack initiation and growth and loss of fracture
toughness due to thermal aging and neutron embrittlement are managed through the inservice
inspection program that conforms to the requirements of 10 CFR 50.55a and the BWRVIP
program. The BWRVIP inspection program supplements the inservice inspection program
required by 10 CFR 50.55a. The BWRVIP program is reviewed and approved by the NRC.
Section 10.7 of the Attachment 4 to Reference 1 indicates that VYNPS belongs to the BWRVIP
organization, and implementation of the procedurally controlled program is consistent with the
BWRVIP issued documents. The inspection strategies recommended by the BWRVIP consider
the effects of fluence on the applicable components and are based on component configuration
and field experience. To mitigate the potential for SCC, IGSCC and IASCC, VYNPS utilizes
noble metals applications. Reactor water chemistry conditions are maintained consistent with
EPRI, BWRVIP and established industry guidelines, except where technical justification in
accordance with BWRVIP-94 has been documented. The licensee concludes that the current
inspection program for the reactor internal components is adequate to manage any potential
effects of EPU conditions because the increase in neutron fluence resulting from EPU
conditions does not significantly increase the potential for degradation.

Since EPU conditions do not significantly increase the potential for degradation, the NRC staff
concludes that the current inspection program is acceptable for all reactor vessel internals
components except for the top guide and the steam dryer, which are discussed below.

Top Guide

Note 1 in Matrix 1 of Section 2.1 of RS-001 Revision 0 indicates that guidance on the neutron
irradiation-related threshold for inspection for IASCC in BWRs is in BWRVIP report
BWRVIP-26. The NRC staff's SE for BWRVIP-26 dated December 7, 2000, states that the
threshold fluence level for IASCC is 5 x 10?° n/cm? (E > 1 million electron volts).

The licensee, in response to a staff RAl (Attachment 1 to Reference 6), indicated the following:

Of the reactor vessel internal components, only the top guide's integrated flux will exceed

5 x 10°° n/cm?. VY will commence inspection of critical top guide components in the
refueling outage following power uprate. Enhanced Visual Testing (EVT)-1 of top guide grid
beams will be performed in accordance with SIL 554 following the sample selection and
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inspection frequency of BWRVIP-47 for the CRD guide tubes. In other words, VY will
perform inspection of 10% of the total population of cells within twelve years, with one-half
(5%) to be completed within six years. The six-year intervals at Vermont Yankee will be
defined to be the same as those for the CRD guide tubes. Selection of the cells will be
biased to the highest fluence areas in the top guide. However, Vermont Yankee reserves
the right to modify the above inspection program should BWRVIP-26 be revised in the
future.

The proposed top guide inspection program will inspect a sample of top guides in the highest
fluence areas using a technique capable of detecting IASCC at a frequency consistent with
industry recommendations. The NRC staff concludes that the proposed program is reasonable
and provides an acceptable means to manage the potential for IASCC.

Steam Dryer

The NRC staff raised concerns during the review that the proposed EPU conditions could cause
cracks left in service in the steam dryer, following refueling outage (RFO) 24 (spring 2004), to
grow to a size that could affect the integrity of the steam dryer and result in the generation of
loose parts, which could affect the function of other reactor internals components. In response
to a staff RAI, the licensee, in Attachment 2 to Reference 9, reported that the flaws left in
service were produced by IGSCC. The licensee quantitatively evaluated the largest flaw, which
is located in the dryer drain channel. The crack is located in the heat-affected-zone adjacent to
the weld, follows the grain boundary, and exhibits a jagged appearance typical of IGSCC. The
crack is not straight and does not have characteristics of a fatigue crack.

The NRC staff's summary of the licensee’s quantitative evaluation (contained in Attachment 2
to Reference 14) follows:

® |GSCC crack growth was assumed during future operation at a rate of 5x10°in/hr on each
end, consistent with established BWRVIP growth rates (which is also consistent with the
IGSCC rates given in NUREG-0313). This growth will be independent of any fluctuating
loading since it is dependent only on the sustained loads, which in this case are the residual
stresses from the dryer fabrication. The fuel cycle length at VYNPS (i.e., the time between
refueling outages) is nominally 18-months (13,140 hrs). The predicted IGSCC crack growth
for the next fuel cycle is then (5 x 10° x 13,140) or 0.66 inch at each end of the indication.
This translates into a projected increase in the crack length from 12.0 inches to
13.32 inches.

® The next step was to evaluate the length at which fatigue crack growth could occur. lItis
well established that fatigue will only occur when the applied stress intensity factor range
exceeds the threshold stress intensity factor (nK,,). For stainless steel at 550°F, this value
is conservatively assumed to be 5 ksi-in*.

e Strain gage data from an overseas BWR measured on the drain channel was used to
determine the magnitude of the peak alternating stresses that would be present. A
conservative adjustment to this peak stress for use in conjunction with the VYNPS drain
channel was performed by scaling the overseas plant stress to the ratio of the square of the
steam line velocity at VYNPS at EPU conditions to the square of the steam velocity at the
overseas plant. The use of square of the steam line velocity is consistent with the
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recommendations in Appendix N of the ASME Code, Section Il that deals with the
treatment of dynamic loads. Also, the exponent 2 is consistent with the average of the
exponents obtained in the development of the generic fluctuating load definition.

® The results of this evaluation established that the flaw would be predicted to reach 13.32
inches after 18 months. The associated aK for this longer crack is below the critical aK,,.
Only when the crack reaches 15.6 inches would the crack reach the aK,, at which fatigue
crack extension could take place. This would be predicted to occur after 32 months of
operation (i.e., longer than the 18-month fuel cycle).

The licensee’s conclusion that the flaws remaining in service will not cause loose parts is based
on the premise that as long as the flaws are not subjected to crack growth resulting from
fatigue, they will grow at a slow enough rate during each fuel cycle that crack growth can be
monitored by inservice inspection. This conclusion is based on industry experience with IGSCC
flaws in BWR steam dryers. The licensee has also performed a qualitative engineering
assessment of all the flaws and determined that there is additional margin in the design of the
components that will prevent their failure.

In Reference 33, Attachments 1 and 10, the licensee provided commitments regarding steam
dryer inspections. During RFO 24 (spring 2004), the licensee performed a baseline visual
inspection of all accessible, susceptible locations of the steam dryer consistent with GE
Services Information Letter (SIL) No. 644, Revision 1, “BWR Steam Dryer Integrity,” dated
November 9, 2004. The licensee had originally planned to conduct visual inspection of all
accessible, susceptible locations of the steam dryer during RFO 25 (fall 2005), RFO 26

(spring 2007), and RFO 27 (fall 2008). This plan was based on implementation of EPU prior to
RFO 25. However, since the EPU will be implemented after RFO 25, the licensee committed to
perform visual inspection of all accessible susceptible locations of the steam dryer during

RFO 26, RFO 27, and RFO 28 (spring 2010). During RFO 25, the licensee committed to
perform a visual inspection of the steam dryer modifications, flaws left “as-is,” and repairs made
during RFO 24. New information on indications identified in previous inspections that were not
repaired will be compared with the previous information to validate crack growth projections.

In Supplement 42 to its EPU license amendment request (Reference 43), the licensee
documented the results of the steam dryer inspection during RFO 25 and its analysis of those
results. In particular, the licensee found no indications in the recent steam dryer modifications
(including the gussets or their weld connections) nor any changes in previous left-as-is
indications. The licensee did identify about 50 new indications in the end plates used to
separate the internal vane assemblies in the steam dryer. The end plates are fabricated from
3/16-inch thick Type 304 stainless steel, and are 48 inches high and 8 inches wide with a
channel shape that has a 1.25-inch flange on each side. Most of the indications are tight
horizontal IGSCC cracks that appear to be 1.25 inches long on the inlet flow side of the flange
next to the dryer shell. The licensee did not identify any indications in the 48-inch vertical welds
that hold the end plates in place on both the inlet and outlet flow sides of the vane assemblies.
The licensee identified six fatigue cracks in the fillet welds where the bottom of the end plates fit
into the drain trough. In that the end plates are notched into the drain troughs, the end plate to
trough welds do not perform a structural function for the assembly. The licensee also reported
that the previously identified steam dryer indications (including those in the end plates) had not
grown in size. The licensee believed that the enhanced inspection technique applied during
RFO 25 might have resulted in the identification of the additional indications in the steam dryer.
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In evaluating the end plate indications, the licensee determined that there were no structural
consequences from the steam dryer indications, nor was there a potential for the generation of
loose parts if it is postulated that the end plate indications propagate across the entire 8-inch
end plate width.

The NRC staff does not believe that IGSCC will arrest; however, the licensee can propose a
revised frequency of examination based on observed crack growth. Based on the licensee’s
analysis, the industry experience with IGSCC, and the licensee’s commitment to institute an
inspection program as discussed above, the staff concludes that there is reasonable assurance
that the steam dryer can be safely operated at EPU conditions with flaws discovered during the
spring 2004 and fall 2005 outages.

With regard to steam dryer experience at other nuclear power plants, the NRC staff discussed
with the licensee the identification of fatigue cracks in the steam dryers at Dresden Units 2
and 3 during their fall 2005 outages. The licensee reviewed the steam dryer damage that
occurred in those plants at the connection between the gussets and lower cover plate. The
licensee verified that the pressure loads had been properly evaluated for the gusset to cover
plate connection in the steam dryer at VYNPS, and that those loads will not cause fatigue
damage to its gussets or connections. Additional discussion of steam dryer modeling is
provided in Section 2.2.6.2.1 of this SE.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
susceptibility of reactor internal and core support materials to known degradation mechanisms
and concludes that the licensee has identified appropriate degradation management programs
to address the effects of changes in operating temperature and neutron fluence on the integrity
of reactor internal and core support materials. The NRC staff further concludes that the
licensee has demonstrated that the reactor internal and core support materials will continue to
be acceptable and will continue to meet the requirements of draft GDC-1 and 10 CFR 50.55a
with respect to material specifications, welding controls, and inspection following
implementation of the proposed EPU. Therefore, the NRC staff finds the proposed EPU
acceptable with respect to reactor internal and core support materials.

2.1.4 Reactor Coolant Pressure Boundary Materials

Regulatory Evaluation

The RCPB defines the boundary of systems and components containing the high-pressure
fluids produced in the reactor. The NRC staff’s review of RCPB materials covered their
specifications, compatibility with the reactor coolant, fabrication and processing, susceptibility to
degradation, and degradation management programs. The NRC’s acceptance criteria for
RCPB materials are based on (1) 10 CFR 50.55a and draft 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;
(2) draft GDC-40 and 42, insofar as they require that protection be provided for engineered
safety features (ESFs) against the dynamic effects and missiles that might result from plant
equipment failures, as well as the effects of a loss-of-coolant accident (LOCA); (3) draft GDC-9
and 33, insofar as they require that the RCPB be designed and constructed so as to have an
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exceedingly low probability of gross rupture or significant leakage; (4) draft GDC-34 insofar as it
requires that the RCPB be designed to minimize the probability of rapidly propagating type
failures; (5) draft GDC-35 insofar as it requires that service temperatures for RCPB
components constructed of ferritic materials ensure the structural integrity of such components
when subjected to potential loadings; and (6) 10 CFR Part 50, Appendix G, which specifies
fracture toughness requirements for ferritic components of the RCPB. Specific review criteria
are contained in SRP Section 5.2.3 and other guidance provided in Matrix 1 of RS-001.
Additional review guidance for thermal embrittlement of cast austenitic stainless steel
components is contained in a letter from C. Grimes, NRC, to D. Walters, Nuclear Energy
Institute (NEI), dated May 19, 2000.

Technical Evaluation

The NRC staff reviewed Section 3.5.1, “Reactor Coolant Pressure Boundary Piping” and
Section 3.6, “Reactor Recirculation System” of Attachment 4 to Reference 1. The licensee
stated that the plant-specific evaluation process is consistent with the methodology described in
Appendix K of GE Nuclear Energy, "Generic Guidelines for General Electric Boiling Water
Reactor Extended Power Uprate," NEDC-32424P-A, February 1999 [known as ELTR1]. This
process involves comparing existing data such as temperatures, pressures, and flow rates, with
corresponding data at EPU conditions to determine piping system acceptability. Existing
stresses and pipe support loads are increased to evaluate EPU conditions. The licensee stated
that these revised stresses and pipe support loads were evaluated and are within acceptable
design limits.

According to the licensee, flow, pressure, temperature, and mechanical loading for most of the
RCPB piping systems do not increase as a result of the EPU at VYNPS. The Main Steam (MS)
and Feedwater (FW) systems, under EPU conditions, will experience an increase in flow due to
higher steam flow from the reactor. However, the licensee stated that changes in fluid
conditions experienced by the MS and FW systems are minor.

The NRC staff generally agrees with the licensee’s conclusion that the RCPB materials will not
be significantly affected after the EPU is implemented. However, because of the history of
IGSCC in BWR RCPB piping, the staff requested additional information regarding the licensee’s
disposition of the reactor recirculation system (RRS) piping. The licensee responded in
Reference 6 and stated that there is no significant change in temperature, pressure and flow
rate for the RRS piping resulting from the EPU. According to the licensee, the RRS operating
temperature will decrease by less than 1% while the operating pressure changes by less than
1% (RRS pump suction pressure decreases by less than 1% and the RRS pump discharge
pressure increases by less than 1%). The staff also requested that the licensee identify the
materials of construction for the RRS piping and discuss the effect of the EPU on the material.
The licensee responded that all of the piping in the RRS is low carbon Type 316 stainless steel.
The staff inquired as to whether the RRS contained any flaws that had been evaluated and left
in place per ASME Code, Section XI. The licensee responded that there are no known flaws in
the RRS piping. According to the licensee, in addition to IGSCC mitigation measures described
in letters dated July 28, 1988, and July 15, 1989, VYNPS has adopted hydrogen water
chemistry with noble metal chemical addition, and hydrogen injection rates will be adjusted as
power is increased to maintain protection.
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The NRC staff finds that the VYNPS RCPB would not be significantly affected by the proposed
EPU. This finding is based on the fact that low carbon Type 316 stainless steel is resistant to
IGSCC, is suitable for use in BWR RRS piping, and is classified as a category A material per
NUREG-0313. The absence of any known flaws in the RRS piping that require monitoring and
management further adds to the staff’'s confidence that the RCPB at VYNPS will continue to
meet all required licensing basis requirements after the EPU is implemented.

Conclusion

The NRC staff concludes that the licensee has demonstrated that the RCPB materials will
continue to perform as designed following implementation of the proposed EPU and will
continue to meet the requirements of draft GDC-1, 9, 33, 34, 35, 40, and 42, 10 CFR Part 50,
Appendix G, and 10 CFR 50.55a. Therefore, the NRC finds the proposed EPU acceptable with
respect to RCPB materials.

2.1.5 Protective Coating Systems (Paints) - Organic Materials

Regulatory Evaluation

Protective coating systems (paints) provide a means for protecting the surfaces of facilities and
equipment from corrosion and contamination from radionuclides and also provide wear
protection during plant operation and maintenance activities. The NRC staff's review covered
protective coating systems used inside the containment for their suitability for and stability
under design-basis loss-of-coolant accident (DBLOCA) conditions, considering radiation and
chemical effects. It also included reviewing the effect of spalled coatings on net positive suction
head (NPSH) in the residual heat removal (RHR) and core spray (CS) system pumps. The
NRC'’s acceptance criteria for protective coating systems are based on (1) 10 CFR Part 50,
Appendix B, which states quality assurance requirements for the design, fabrication, and
construction of safety-related SSCs and (2) Regulatory Guide 1.54, Revision 1, for guidance on
application and performance monitoring of coatings in nuclear power plants. Specific review
criteria are contained in SRP Section 6.1.2.

Technical Evaluation

In order to provide required core and containment cooling following a DBLOCA, the RHR and
CS pumps should maintain an adequate NPSH. This NPSH can be significantly reduced if the
debris generated by failed coatings is deposited on the pump suction strainers. The
methodology used by the licensee for determining the amount of the debris generated and
transported to the strainers is based on the NEDO-32686 Report, “BWROG Utility Resolution
Guidance for ECCS Suction Strainer Blockage.” The licensee considered two types of debris
which could be generated in post-LOCA environment: protective coatings and organic
materials. The protective coatings consist of inorganic zinc with an epoxy top coat. The
bounding value for the amount of this coating stripped by a LOCA jet is 85 pounds-mass and it
remains unchanged after the proposed EPU. The organic materials consist of paint chips.
Their effect on NPSH was evaluated by the tests performed on the ECCS strainer design under
the simulated LOCA conditions. The results of the tests have indicated that for the strainer
approach velocity and suppression pool turbulence predicted for the post-LOCA environment in
VYNPS, the paint chips will not contribute to the head loss in the pump strainers. Neither will
they contribute to the head loss after EPU because the strainer approach velocity, the
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suppression pool turbulence and the form of the failed coating will not change. Since the debris
accumulated on the pump suction strainers will not cause increased head loss, the licensee
concluded that the proposed EPU will not change the NPSH in the RHR and CS pumps.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on
protective coating systems and concludes that the licensee has appropriately addressed the
impact of changes in conditions following a DBLOCA and their effects on the protective
coatings. The NRC staff further concludes that the licensee has demonstrated that the
protective coatings will continue to be acceptable following implementation of the proposed
EPU and will continue to meet the requirements of 10 CFR Part 50, Appendix B. Therefore, the
NRC staff finds the proposed EPU acceptable with respect to protective coatings systems.

2.1.6 Flow-Accelerated Corrosion

Regulatory Evaluation

Flow-accelerated corrosion (FAC) is a corrosion mechanism occurring in carbon steel
components exposed to flowing single- or two-phase water. Components made from stainless
steel are immune to FAC, and FAC is significantly reduced in components containing small
amounts of chromium or molybdenum. The rates of material loss due to FAC depend on
velocity of flow, fluid temperature, steam quality, oxygen content, and pH. During plant
operation, control of these parameters is limited and the optimum conditions for minimizing
FAC effects, in most cases, cannot be achieved. Loss of material by FAC will, therefore, occur.
The NRC staff has reviewed the effects of the proposed EPU on FAC and the adequacy of the
licensee’s FAC program to predict the rate of loss so that repair or replacement of damaged
components could be made before they reach critical thickness. The licensee’s FAC program
is based on NUREG-1344, GL 89-08, and the guidelines in EPRI Report NSAC-202L-R2.

It consists of predicting loss of material using the CHECWORKS™ computer code, and visual
inspection and volumetric examination of the affected components. The NRC'’s acceptance
criteria are based on the structural evaluation of the minimum acceptable wall thickness for the
components undergoing degradation by FAC.

Technical Evaluation

VYNPS has a procedurally controlled FAC inspection program relying on selective component
inspections to provide a measure of confidence in the condition of components susceptible to
FAC. The program is based on the guidelines developed by EPRI and the American Society of
Mechanical Engineers (ASME). The selection of the components for these inspections and
their scope is determined by the susceptibility of these components to FAC as determined by
the licensee developed criteria. The components which either indicate damage caused by FAC
or show signs that such damage could occur before the next outage, are repaired or replaced.
The licensee determines predicted rates of wear by FAC using the CHECWORKS™ program.
This program calculates wear rates due to FAC from the operating parameters in the plant.
Some of these parameters will be affected by the proposed EPU and their changes will have an
impact on FAC wear rates. Increase in velocity of flow of single- or two-phase fluid (which is
expected to occur in some lines) will produce higher FAC wear rates. The licensee has
determined that an increase in the velocities in the main steam line and feedwater lines will
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cause proportional increases in FAC wear rates. The proposed EPU will also have an effect on
moisture and oxygen content, and on temperature. A change of these parameters will impact
FAC in the main steam drains, moisture separator drains, and the turbine cross around system
piping and will require the licensee to suitably modify the FAC inspection program for these
systems. The piping in the extraction steam system at VYNPS is made from material immune
to FAC. Inresponse to an NRC staff RAI, the licensee, in Reference 6, provided information on
typical expected changes due to FAC in several plant systems subsequent to EPU. After
reviewing this information, the staff concurred with the licensee’s assessment that the proposed
EPU could cause an increase of FAC in some plant systems. Accordingly, the licensee plans to
modify the inputs to the CHECWORKS™ program and introduce some changes to the FAC
inspection program to account for the changes due to the EPU.

Conclusion

The NRC staff has reviewed the licensee’s evaluation of the effect of the proposed EPU on the
FAC analysis for the plant and concludes that the licensee has adequately addressed changes
in the plant operating conditions on the FAC analysis. The NRC staff further concludes that the
licensee has demonstrated that the updated analyses will predict the loss of material by FAC
and will ensure timely repair or replacement of degraded components following implementation
of the proposed EPU. Therefore, the NRC staff finds the proposed EPU acceptable with
respect to FAC.

2.1.7 Reactor Water Cleanup System

Regulatory Evaluation

The reactor water cleanup system (RWCS) provides a means for maintaining reactor water
quality by filtration and ion exchange and a path for removal of reactor coolant when necessary.
Portions of the RWCS comprise the RCPB. The NRC staff’s review of the RWCS included
component design parameters for flow, temperature, pressure, heat removal capability, and
impurity removal capability; and the instrumentation and process controls for proper system
operation and isolation. The review consisted of evaluating the adequacy of the plant’s TSs in
these areas under the proposed EPU conditions. The NRC’s acceptance criteria for the RWCS
are based on (1) draft GDC-9, insofar as it requires that the RCPB be designed and
constructed so as to have an exceedingly low probability of gross rupture or significant leakage;
(2) draft GDC-70, insofar as it requires that the plant design include means to control the
release of radioactive effluents; and (3) draft GDC-51, insofar as it requires that systems that
contain radioactivity be designed with appropriate confinement. Specific review criteria are
contained in SRP Section 5.4.8.

Technical Evaluation

The licensee reviewed functional capability of the RWCS to ensure that after the proposed
EPU, it will meet the requirements of draft GDC-9, GDC-51, and GDC-70. The review has
indicated that, although some operating system parameters will change slightly after the
proposed EPU, the system will be able to perform its functions in a satisfactory manner and will
meet the requirements imposed by the draft GDCs. The slight changes in operating system
parameters result primarily due to increased feedwater flow. The licensee has determined that
the changes due to the EPU will produce no detectable effect on system performance including
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any current analysis in the program for the RWCS Motor Operated Valves, described in
Generic Letter 89-10. Higher feedwater flow will result in a higher concentration of iron in the
reactor water and a corresponding increase in its conductivity. The capability to remove the
iron and other impurities from the processed water through the RWCS will be somewhat
affected by the EPU, but the capability of the radwaste system will not be exceeded and the
only concern will be a need for more frequent backwash of the filter demineralizer. The
operational temperature of the water handled by the RWCS will be reduced by 1.7°F, which is
too small to have any significant effect on the performance of the system. The licensee also
verified that for all piping and components pressure and temperature, the ratings will remain
unaffected and because of negligible changes of the system process parameters, no
instrumentation setpoints will need to be readjusted. The NRC staff reviewed the licensee’s
evaluation and concurs that the proposed EPU will introduce only insignificant changes in the
RWCS operating parameters, which will not affect satisfactory performance of its intended
functions.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
RWCS and concludes that the licensee has adequately addressed changes in impurity levels
and pressure and their effects on the RWCS. The NRC staff further concludes that the
licensee has demonstrated that the RWCS will continue to be acceptable following
implementation of the proposed EPU and will continue to meet the requirements of draft
GDC-9, 51, and 70. Therefore, the NRC staff finds the proposed EPU acceptable with respect
to the RWCS.

2.1.8 Additional Review Area - Reactor Vessel Feedwater Nozzle

Regulatory Evaluation

Reactor vessel feedwater (RVFW) nozzles are part of the RCPB. Therefore, RVFW nozzles
must meet the regulatory requirements for RCPB materials. The regulatory requirements for
RCPB materials are discussed in Section 2.1.4 of this SE. The NRC’s acceptance criteria for
RVFW nozzle materials are based on: (1) 10 CFR 50.55a and draft 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; (2) draft GDC-9 and 33, insofar as they require that the RCPB be designed and
constructed so as to have an exceedingly low probability of gross rupture or significant leakage;
(3) draft GDC-34 insofar as it requires that the RCPB be designed to minimize the probability of
rapidly propagating type failures; (4) draft GDC-35 insofar as it requires that service
temperatures for RCPB components constructed of ferritic materials ensure the structural
integrity of such components when subjected to potential loadings; and (5) 10 CFR Part 50,
Appendix G, which specifies fracture toughness requirements for ferritic components of the
RCPB.

Technical Evaluation

Section 50.55a of 10 CFR specifies ASME Code inspection requirements for RCPB materials
and RVFW nozzles. As a result of cracking observed in the blend radius area of BWR RVFW
nozzles, the staff issued, in a letter dated November 13, 1980, augmented inspection
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requirements. The augmented inspection requirements for the RVFW nozzle blend radius area
are discussed in NUREG-0619.

In a letter to the BWROG dated March 10, 2000, the NRC staff accepted an alternative to the
recommendations set forth in NUREG-0619. The alternative inspection requirements for the
RVFW nozzle blend radius area are contained in BWROG Topical Report
GE-NE-523-A71-0594, Revision 1, dated August 1999.

Section 3.2.2 of Attachment 4 to Reference 1 indicates EPU conditions do not impact the
integrity of RVFW nozzles. For the RVFW nozzle blend radius location, in addition to a stress
and fatigue analysis, a fracture mechanics analysis was performed in conjunction with inner
surface exams and cycle counting to assure potential crack growth is small in relation to ASME
Code, Section Xl limits. The ultrasonic testing (UT) inspection of the inner surface of the
RVFW nozzles is based on BWROG Topical Report GE-NE-523-A71-0594, Revision 1, as an
alternative to NUREG-0619.

The fracture mechanics analysis evaluates crack growth for conservative design transients.
Design cycles are then monitored through plant procedure. In response to a staff RAI, the
licensee (a) compared the temperatures and pressures for EPU conditions to the temperature
and pressure conditions assumed in the fracture mechanics analysis for Startup/Shutdown,
Hot Standby On/Off Flow and Leak Pattern Changes in Power design transients, (b) compared
the temperature distribution along the nozzle wall and the heat transfer coefficients used in the
fracture mechanics analysis to the temperature distribution and heat transfer characteristics
expected during EPU conditions, and (c) compared the frequency of events assumed in the
fracture mechanics analysis to the frequency of events expected during EPU conditions.
Although VYNPS does not expect the frequency of the events to increase due to EPU
conditions, VYNPS monitors these events and can adjust the frequency of the UT examination.
The conservative design transients used in the fracture mechanics evaluation conservatively
bound changes under EPU conditions. The thermal model used in this assessment employed
heat transfer coefficients and a temperature profile that remain conservative under EPU
conditions. Therefore, the licensee concluded that the cycle limits and inspection frequency are
not affected by EPU conditions. Since the licensee has demonstrated that the fracture
mechanics analysis bounds EPU conditions, the licensee has demonstrated that the UT
inspection program for the RVFW nozzle inner blend radius is adequate for EPU conditions.

The licensee has provided composite curves in its P-T limits that satisfy the requirements of
Appendix G, 10 CFR Part 50 for the beltline, nozzles, including the feedwater nozzle, and upper
shell regions of the reactor vessel. The feedwater nozzles do not receive neutron radiation that
is high enough to have their fracture toughness affected by the EPU. Therefore, the feedwater
nozzle analysis for compliance with Appendix G, 10 CFR Part 50 is not affected by EPU.

Conclusion

The NRC staff concludes that the licensee has demonstrated that the RVFW nozzle materials
will continue to be acceptable following implementation of the proposed EPU and will continue
to meet the requirements of draft GDC-1, 9, 33, 34, 35, 40, and 42, 10 CFR Part 50,
Appendix G, and 10 CFR 50.55a. Therefore, the NRC staff finds the proposed EPU
acceptable with respect to RVFW nozzle materials.
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2.2 Mechanical and Civil Engineering

2.2.1 Pipe Rupture Locations and Associated Dynamic Effects

2.2.1.1 Regulatory Evaluation

Structures, systems, and components (SSCs) important to safety at nuclear power plants could
be impacted by the pipe-whip dynamic effects of a pipe rupture. The NRC staff conducted a
review of pipe rupture analyses to ensure that SSCs important to safety at VYNPS are
adequately protected from the effects of pipe ruptures. The staff’s review covered (1) the
implementation of criteria for defining pipe break and crack locations and configurations; (2) the
implementation of criteria dealing with special features, such as augmented inservice inspection
(IS1) programs or the use of special protective devices such as pipe-whip restraints; (3)
pipe-whip dynamic analyses and results, including the jet thrust and impingement forcing
functions and pipe-whip dynamic effects; and (4) the design adequacy of supports for SSCs
provided to ensure that the intended design functions of the SSCs will not be impaired to an
unacceptable level as a result of pipe-whip or jet impingement loadings. The NRC’s
acceptance criteria are based on draft GDC-40 insofar as it requires that protection be provided
for ESFs against the dynamic effects and missiles that might result from plant equipment
failures. Specific review criteria are contained in SRP Section 3.6.2.

2.2.1.2 Technical Evaluation

The design basis for the original VYNPS reactor coolant pressure boundary (RCPB) piping,
components and supports systems include postulated breaks in all high energy piping above

1 inch in diameter. For the proposed EPU, the reactor dome pressure remains unchanged.
There is no significant increase in temperature and flow rate in RCPB piping except the FW and
main steam lines (MSLs) where there is about a 20% increase in FW and steam flow rates.
The licensee determined that the increase in flow rate during normal operation at EPU
conditions has no effect on the mass, energy releases and the break flow velocity, since they
are determined by reactor pressure (which is unchanged by EPU), the size of the pipe (which is
unchanged by EPU), and reactor fluid conditions (which is only slightly different for FW).
Therefore, the loads associated with the thrust at the break locations, jet impingement loadings
at and away from the break locations, and asymmetric pressurization remain unchanged for the
EPU conditions at VYNPS.

The licensee reviewed pipe stresses and fatigue usage factor calculations for the as-built
configurations of VYNPS piping systems at EPU conditions. The loads in the piping structural
evaluation include seismic loads, thermal loads, SRV discharge loads, and LOCA loads
including pool swell, condensation oscillation (CO), and chugging loads. The seismic loads are
not affected by the EPU. As a result of its review, the licensee determined that the EPU
conditions are bounded by the design basis LOCA loads based on the test conditions defining
the pool swell, CO and chugging loads for VYNPS. The licensee also determined that the
parameters used to define the SRV loads are not affected by the EPU conditions and,
therefore, the existing SRV loads for VYNPS remain applicable at EPU conditions. No new
postulated pipe break locations were identified by the licensee.
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On the basis of its review, the NRC staff finds the licensee’s analysis methodology associated
with the break locations and the associated dynamic effects of SRV and LOCA loads to be
adequate and acceptable based on SRP Section 3.6.2.

2.2.1.3 Conclusion

The NRC staff has reviewed the licensee’s piping evaluations related to determinations of
rupture locations and associated dynamic effects, and concludes that the licensee has
adequately addressed the effects of the proposed EPU for VYNPS. The NRC staff further
concludes that the licensee has demonstrated that the ESFs will continue to meet the
requirements of draft GDC-40 following implementation of the proposed EPU. Therefore, the
NRC staff finds the proposed EPU acceptable with respect to the determination of pipe rupture
locations and dynamic effects associated with the postulated rupture of piping.

2.2.2 Pressure-Retaining Components and Component Supports

2.2.2.1 Regulatory Evaluation

The NRC staff has reviewed the structural integrity of pressure-retaining components (and their
supports) designed in accordance with the ASME Code, Section Ill, Division 1, and draft

GDC 1, 2,9, 33, 40, and 42. The NRC staff's review focused on the effects of the proposed
EPU on the design input parameters and the design-basis loads and load combinations for
normal operating, upset, emergency, and faulted conditions. The NRC staff’s review covered
(1) the analyses of FIV; and (2) the analytical methodologies, assumptions, ASME Code
editions, and computer programs used for these analyses. The NRC staff’s review also
included a comparison of the resulting stresses and fatigue cumulative usage factors (CUFs)
against the Code-allowable limits. The NRC’s acceptance criteria are based on

(1) 10 CFR 50.55a and draft GDC-1, insofar as they require that those systems and
components which are essential to the prevention of accidents which could affect the public
health and safety or to mitigation of their consequences be designed, fabricated, erected,
constructed, tested, and inspected to quality standards commensurate with the importance of
the safety functions to be performed; (2) draft GDC-2, insofar as it requires that those systems
and components which are essential to the prevention of accidents which could affect the public
health and safety or to mitigation of their consequences be designed to withstand the effects of
earthquakes combined with the effects of normal or accident conditions; (3) draft GDC-40 and
42, insofar as they require that protection be provided for ESFs against the dynamic effects that
might result from plant equipment failures, as well as the effects of a LOCA; (4) draft GDC-9
and 33, insofar as they require that the RCPB be designed and constructed so as to have an
exceedingly low probability of RCPB gross rupture or significant leakage; and (5) draft GDC-34
insofar as it requires that the RCPB be designed to minimize the probability of rapidly
propagating type failures. Specific review criteria are contained in SRP Sections 3.9.1, 3.9.2,
3.9.3, and 5.2.1.1; and other guidance provided in Matrix 2 of RS-001.

2.2.2.2 Technical Evaluation

2.2.2.2.1 Nuclear Steam Supply System Piping, Components, and Supports

The RCPB piping system consists of a number of safety-related piping subsystems that move
fluid through the reactor and other safety systems. The licensee evaluated the effects of EPU
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conditions, including higher flow rate, temperature, pressure, fluid transients and vibration
effects on the RCPB and Balance-of-Plant (BOP) piping systems and components. The
components evaluated included equipment nozzles, anchors, guides, penetrations, pumps,
valves, flange connections, and pipe supports (including snubbers, hangers, and struts). The
licensee indicated that the original Code of record as referenced in the original and existing
design basis analyses was used in the evaluation. The NRC staff finds this acceptable.

The RCPB piping systems evaluated by the licensee include the reactor recirculation, MS, MS
drains, reactor core isolation cooling (RCIC), high-pressure coolant injection (HPCI), FW,
reactor water cleanup (RWCU), core spray (CS), standby liquid control (SLC), residual heat
removal (RHR), reactor pressure vessel (RPV) head vent line, control rod drive (CRD) piping,
and SRV discharge line systems. The evaluation used the United States of America Standards
(USAS) B31.1, “Power Piping” (1967 Edition), which is the VYNPS Code of record. The
licensee indicated that the evaluation follows the process and methodology defined in
Appendix K of General Electric Licensing Topical Report (LTR) NEDC-32424P-A

(February 1999), "Generic Guidelines for General Electric Boiling Water Reactor Extended
Power Uprate," (ELTR1) and in Section 4.8 of Supplement 1 of GE Licensing Topical Report,
NEDC-32523P-A (February 2000), "Generic Evaluations of General Electric Boiling Water
Reactor Extended Power Uprate" (ELTR2). In general, the licensee compared the increase in
pressure, temperature and flow rate due to the EPU against the same parameters used as
input to the original design-basis analyses. The comparison resulted in bounding percentage
increases in stress for affected limiting piping systems. The bounding percentage increases
are compared to the design margin between calculated stresses and the Code allowable limits.
The bounding percentage increases were also applied to the original calculated stresses for the
piping to determine the stresses at the proposed EPU conditions. The NRC staff finds the
methodology to be acceptable considering the conservatism in the application of the scaling
factors for the EPU stress to loading combinations that include individual loads (i.e., dead
weight and seismic loads) that are not affected by the EPU.

At EPU conditions, the flow, pressure, temperature, and mechanical loading for the RCPB
piping systems either remain the same or change insignificantly (i.e, within the safety margin)
except the MS and FW lines. The licensee evaluated the MS and FW lines and associated
branch piping systems in accordance with the requirements of USAS-B31.1 (1967 Edition) for
the effects of the EPU on piping, piping supports including the associated building structure,
piping interfaces with the RPV nozzles, penetrations, flanges and valves. In Supplement 8
(July 2, 2004) of its EPU request, the licensee provided maximum calculated stresses for the
limiting FW and MS piping systems at VYNPS for the proposed EPU. The maximum stresses
shown in the tables are less than the Code allowable limits for both the FW and MS piping
systems.

At VYNPS, the MS piping pressures and temperatures are not affected by the CPPU. [[

11 Thereis
no effect on the analyses for these load conditions. The licensee performed a bounding piping
analysis including the effects of EPU conditions. The increase in MS flow results in increased
forces from the turbine stop valve closure transient. The turbine stop valve closure loads bound
the main steam isolation valve (MSIV) closure loads because the MSIV closure time is
significantly longer than the stop valve closure time.
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The licensee evaluated piping supports such as snubbers, hangers, struts, anchorages,
equipment nozzles, guides, and penetrations by evaluating the piping interface loads due to the
increases in pressure, temperature, and flow for affected limiting piping systems. The
evaluation shows that there is adequate design margin between the original design stresses
and Code limits for the supports to accommodate the load increase, with the exception of two
pipe supports, MSH-6 (MS-35) and RMSH-14 (MS-6), that were identified as requiring
modification for operation at EPU conditions. Both modifications consisted of replacing the
existing pipe clamp with a new pipe clamp. Both of these modifications were implemented
during the April 2004 refueling outage (RFO 24). These pipe support modifications do not
affect the piping configuration; therefore, there are no piping configuration changes to reflect in
the EPU analysis.

Piping systems other than FW and MS lines connecting to the RCPB do not experience an
increase in flow rate at EPU conditions. The normal operating pressure and temperature of the
reactor are not changed by the EPU. The licensee evaluated these systems by reviewing the
original design basis analysis of record. The review shows that there is adequate design
margin between the original design stress and the Code limits. Therefore, these piping
systems continue to comply with the USAS B31.1 Code and are acceptable to operate at EPU
conditions.

In Supplement 8 (July 2, 2004) of its EPU request, the licensee indicated that the piping
vibration monitoring program for VYNPS addresses FIV of the critical piping systems that will
experience increased flow during EPU operating conditions. The piping steady state vibration
program for EPU operation follows the guidelines of ASME OM-S/G-2000 Code, Part 3,
“‘Requirements for Preoperational and Initial Startup Vibration Testing of Nuclear Power Piping
Systems.” The program will assess the flow-induced steady state vibration levels of selected
piping systems that will experience increased flow during EPU operating conditions. The
program will include branch lines and cantilevered small bore lines which industry experience
has shown are vulnerable to high-cycle fatigue failures.

On the basis of its evaluation, the licensee concluded that, for all RCPB piping systems, the
original piping design has sufficient design margin to accommodate the changes due to the
proposed EPU. The NRC staff reviewed relevant portions of the evaluation provided by the
licensee and finds the licensee’s conclusion to be acceptable.

2.2.2.2.2 Balance-of-Plant Piping, Components, and Supports

The licensee’s evaluations of the stresses for BOP piping and related components, connections
and supports are similar to the evaluation of the RCPB piping and supports. The licensee
indicated that the original Code of record as referenced in the pertinent calculations, and Code
allowables, were used; and that no new assumptions were introduced. The BOP systems
evaluated by the licensee include lines which are affected by the EPU, but not evaluated in
Section 3.5 of the PUSAR, such as MS (outside containment), Extraction Steam (ES), Heater
Vents and Drains, FW and Condensate, RWCU - Outside Containment, RHR - Outside
Containment, RHR Service Water - Outside Containment, CS - Outside Containment - Pump
Suction / Pump Discharge, HPCI - Outside Containment, RCIC - Outside Containment, Standby
Liquid Control System (SLCS) - Outside Containment, CRD, Service Water, Reactor Building
Closed Cooling Water, Turbine Building Closed Cooling Water, Spent Fuel Cooling, Standby
Gas Treatment, Off Gas, and Torus Attached Piping including Emergency Core Cooling System
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(ECCS) Suction Strainers. The existing design analyses of the affected BOP piping systems
were reviewed against the uprated power conditions. As a result of its evaluation, the licensee
concluded that there are sufficient margins in the original design analyses to accommodate the
changes due to the proposed EPU and, therefore, all piping meets the requirements of USAS
B31.1-1967, which is the Code of record.

The calculated maximum stresses and allowable stress limits for the critical BOP piping
systems are provided in Tables 3-8a, 3-8b, and 3-8c of the PUSAR. Table 3-8a provides the
maximum stresses and allowable stress limits for FW, extraction steam, FW heater vents and
drains, and condensate piping systems. Table 3-8b provides the maximum stresses and
allowable stress limits for torus attached piping systems. Table 3-8c provides the maximum
stresses and allowable stress limits for the MS system. Fatigue usage factors are not included
in the VYNPS design basis for BOP piping evaluations. The NRC staff finds that the stresses
provided by the licensee for the most limiting piping systems mentioned above for the EPU
conditions are within the Code-allowable limits and are, therefore, acceptable.

The licensee evaluated piping supports such as snubbers, hangers, struts, anchorages,
equipment nozzles, guides, and penetrations by evaluating the piping interface loads due to the
increases in pressure, temperature, and flow for affected limiting piping systems. The piping
supports of the systems affected by EPU loading increases (MS, RHR, CS, HPCI, RCIC, FW,
and ES) were reviewed. This review shows that there is adequate design margin between the
original design stresses and Code limits of the supports to accommodate the load increase,
with the exception of support RCIC-HD63C that was identified as requiring modification. The
licensee indicated that the modification will be completed prior to EPU implementation.

The licensee evaluated the FIV levels of the safety-related MS and FW piping systems that are
projected to increase in proportion to the increase in the fluid density and the square of the fluid
velocity following the proposed EPU. The NRC staff’'s evaluation of the licensee’s FIV program
is provided in SE Section 2.2.6.

Regarding the assessment of the MS flow restrictor, the licensee stated that there is no impact
on the structural integrity of the restrictor as a result of the proposed EPU. In Section 3.1 of the
PUSAR, the licensee indicated that a peak RPV dome pressure of 1304 psig results from the
overpressure protection event analysis for the proposed VYNPS EPU conditions, but this value
remains below the ASME Code limit of 1375 psig (110% of design pressure). Also, the
restrictor was designed for a maximum differential pressure due to the choke flow condition
which is bounding for the uprated power condition. Therefore, the MS line flow restrictor will
maintain its structural integrity following the EPU. The licensee evaluated the MSIVs by
referring to the GE [[ ]] evaluation in Section 4.7 of NEDC-32523P-A, which was

[l 11 The licensee stated in PUSAR
Section 3.8 that the increase in MS flow rate assists MSIV closure, which results in a slightly
faster closure time. The licensee concluded that the MSIVs are acceptable for EPU operation.
The NRC staff finds the licensee’s conclusion to be reasonable and acceptable.

Based on the above review, the NRC staff concurs with the licensee’s conclusion that the
design of BOP piping, components and their supports is adequate to ensure that the BOP
system will maintain its structural and pressure boundary integrity at the proposed EPU
conditions.
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2.2.2.2.3 Reactor Vessel and Supports

The licensee evaluated the effects of the VYNPS EPU on the RPV and internal components in
accordance with its current design basis. The loads considered in the evaluation include
reactor internal pressure difference (RIPD), LOCA, flow loads, acoustic loads, thermal loads,
seismic loads, and dead weight. The licensee indicated that the load combinations for normal,
upset, emergency, and faulted conditions were considered consistent with the current design
basis analysis. In its evaluation, the licensee compared the proposed EPU conditions
(pressure, temperature and flow) against those used in the design basis. For cases where the
EPU conditions are bounded by the design basis analyses, no further evaluation is performed.
If the EPU conditions are not bounded by the design basis, new stresses are determined by

[l 1l
The resulting stresses are compared against the applicable allowable values, in accordance
with the design basis. The NRC staff finds the methodology used by the licensee to be
consistent with the NRC-approved methodology in Appendix | of NEDC-32424P-A, and is,
therefore, acceptable.

The stresses and CUFs for the RPV components were evaluated by the licensee in accordance
with the ASME Code, Section Ill, 1965 Edition with addenda up to and including Summer 1966,
which is the Code of record at VYNPS.

The CPPU methodology demonstrates that, for most RPV components, temperature, fluid flow,
RIPDs, and other mechanical loads do not increase. Consequently, there is no change in
stress or fatigue usage for these components. One exception, however, is the FW nozzle
which experiences an increase in FW flow and temperature, resulting in an increase in stress
and fatigue. In response to the NRC staff’'s RAI question EMEB-B-149, the licensee, in its letter
dated August 4, 2005, explained that the primary reason for the relatively large increase in
stress and CUF for the FW nozzle, compared to the other RPV components reported in

Table 3-3 of the PUSAR, is the increase in FW flow from 3720 gpm to 4705 gpm associated
with the EPU conditions for this nozzle. This increase in flow is the basis for the development
of a scaling factor used to recalculate the stresses in the RPV nozzle penetration in accordance
with the method described in Appendix | of NEDC-32424P-A, which has been previously
approved by the NRC staff in a letter dated February 8, 1996. The scaling factor was
conservatively applied to both the pressure and thermal stresses, even though RPV pressure
stresses are not increased by the CPPU process. The recalculated thermal and pressure
stresses were then combined with the maximum applied mechanical loadings from the
associated FW piping to arrive at a conservative total nozzle stress value. The resulting total
FW nozzle stress and CUF for the CPPU conditions reported in PUSAR Table 3-3 represent the
limiting stress condition for the RPV pressure boundary, and are within the allowable ASME
Code limits. Due to the conservative method used to recalculate these resultant stress and
fatigue usage values, the actual design margin with respect to the ASME Code limits for the
EPU limiting RPV pressure boundary stress condition is conservatively underestimated.

The RPV components that are not listed in Table 3-3 of the PUSAR [[

Il This
methodology has been previously approved by the NRC staff and is acceptable.
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The primary plus secondary stresses and the CUF results presented in Table 3-3 of the PUSAR
demonstrate that the RPV pressure boundary and pressure boundary penetrations, including
the FW nozzle penetration, are less than the ASME Code, Section Ill stress and fatigue usage
factor allowable values. The maximum stresses for critical components of the RPV internals
were summarized in Table 3-7 of the PUSAR for the currently licensed power level and the
proposed EPU conditions. These calculated stresses are also less than the allowable Code
limits. The NRC staff’s evaluation of the structural integrity of the RPV internals is discussed in
SE Section 2.2.3.

Based on its review of the licensee’s evaluation of the reactor vessel and internals, the NRC
staff finds that the maximum stresses and fatigue usage factors are within the Code-allowable
limits. The staff also concurs with the licensee’s conclusion that the reactor vessel and
internals will continue to maintain their structural integrity for the EPU conditions.

2.2.2.2.4 Control Rod Drive Mechanism

In PUSAR Section 3.2.2 and Table 3-7, the licensee indicated that the pressure boundary
components of the control rod drive (CRD) system have been designed in accordance with the
Code of record, the ASME Code, Section 11,1965 Edition up to and including the Summer 1966
addenda, and that the original design basis analysis for the CRD system remains unchanged by
EPU conditions. The components of the CRD system which form part of the primary pressure
boundary have been designed for a bottom head pressure of 1250 psig, which is higher than
the analytical limit of 1131 psig for the reactor bottom head pressure.

In response to the NRC staff’'s RAI question EMEB-B-16, the licensee stated, in its letter dated
July 2, 2004, that the design pressure, seismic loads, and fuel lift loads remain the same as
those for the CLTP level. Therefore, the EPU primary plus secondary stresses and the CUFs
for the CRD housing remain the same as those calculated for the CLTP level, which are less
than the ASME Code, Section Il allowable values.

On the basis of its review, the NRC staff concurs with the licensee’s conclusion that the CRD
mechanism will continue to meet its design basis and performance requirements at the
proposed EPU conditions.

2.2.2.2.5 Recirculation Pumps and Supports

In response to the NRC staff’'s RAI question EMEB-B-15, the licensee stated in its letter dated
July 2, 2004, that at rated core flow, the required recirculation pump flow will increase by 553
gpm (1.7% of rated pump flow) for EPU conditions. The licensee reviewed the stress and
fatigue calculation in the analysis of record for the current design basis of the recirculation
piping and pumps, and determined that there is sufficient margin to the Code allowable limits to
accommodate the 1.7% increase in pump flow rate. Consequently, the licensee concluded that
the EPU conditions are within the original design capability of the system equipment including
the pump, valves, piping and supports. Based on its review, the NRC staff concurs with the
licensee’s conclusion that the current design of the recirculation piping system (including pumps
and supports) is adequate to operate at EPU conditions.
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2.2.2.3 Conclusion

The NRC staff has reviewed the licensee’s evaluations related to the structural integrity of
pressure-retaining components and their supports at VYNPS. For the reasons set forth above,
the staff concludes that the licensee has adequately addressed the effects of the proposed
EPU on these components and their supports. Based on the above, the staff further concludes
that the licensee has demonstrated that pressure-retaining components and their supports will
continue to meet the requirements of 10 CFR 50.55a, and draft GDC-1, 2, 9, 33, 34, 40, and
42, following implementation of the proposed EPU. Therefore, the staff finds the proposed
EPU acceptable with respect to the structural integrity of the pressure-retaining components
and their supports.

2.2.3 Reactor Pressure Vessel Internals and Core Supports

2.2.3.1 Regulatory Evaluation

Reactor pressure vessel internals consist of all the structural and mechanical elements inside
the reactor vessel, including core support structures. The NRC staff reviewed the effects of the
proposed EPU on the design input parameters and the design-basis loads and load
combinations for the reactor internals for normal operation, upset, emergency, and faulted
conditions. These include pressure differences and thermal effects for normal operation,
transient pressure loads associated with LOCAs, and the identification of design transient
occurrences. The staff's review covered (1) the analyses of FIV for safety-related and
non-safety-related reactor internal components (except the steam dryer which is reviewed in
Section 2.2.6 of this SE); and (2) the analytical methodologies, assumptions, ASME Code
editions, and computer programs used for these analyses. The staff’s review also included a
comparison of the resulting stresses and CUFs against the corresponding Code-allowable
limits. The NRC’s acceptance criteria are based on (1) 10 CFR 50.55a and draft GDC-1,
insofar as they require that those systems and components which are essential to the
prevention of accidents which could affect the public health and safety or to mitigation of their
consequences be designed, fabricated, erected, constructed, tested, and inspected to quality
standards commensurate with the importance of the safety functions to be performed; (2) draft
GDC-2, insofar as it requires that those systems and components which are essential to the
prevention of accidents which could affect the public health and safety or to mitigation of their
consequences be designed to withstand the effects of earthquakes combined with the effects of
normal or accident conditions; (3) draft GDC-40 and 42, insofar as they require that protection
be provided for ESFs against the dynamic effects and missiles that might result from plant
equipment failures, as well as the effects of a LOCA; and (4) draft GDC-6, insofar as it requires
that the reactor core be designed with appropriate margin to assure that acceptable fuel
damage limits are not exceeded during any condition of normal operation, including the effects
of anticipated operational occurrences. Specific review criteria are contained in SRP

Sections 3.9.1, 3.9.2, 3.9.3, and 3.9.5; and other guidance provided in Matrix 2 of RS-001.

2.2.3.2 Technical Evaluation

The licensee evaluated the effects of the VYNPS EPU on the reactor vessel and internal
components in accordance with its current design basis. The loads considered in the
evaluation include RIPD, LOCA, flow loads, acoustic loads, thermal loads, seismic loads, and
dead weight. The licensee indicated that the load combinations for normal, upset, emergency,
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and faulted conditions were considered consistent with the current design basis analysis. In its
evaluation, the licensee compared the proposed EPU conditions (pressure, temperature and
flow) against those used in the design basis. For cases where the EPU conditions are bounded
by the design basis analyses, no further evaluation is performed. If the EPU conditions are not
bounded by the design basis, new stresses are determined by scaling up the existing design
basis stresses proportionate to the proposed EPU conditions. The resulting stresses are
compared against the applicable allowable values, in accordance with the design basis. The
NRC staff finds the methodology used by the licensee is consistent with the NRC-approved
methodology in Appendix | of NEDC-32424P-A, and is therefore acceptable.

The stresses and CUFs for the reactor vessel components were evaluated by the licensee in
accordance with the ASME Code, Section Ill, 1965 Edition with addenda up to and including
Summer 1966, which is the Code of record at VYNPS. The licensee indicated that, for VYNPS,
the reactor internal components are not ASME Code components. However, as indicated in the
PUSAR, the requirements in ASME Code, Section Ill, 1986 Edition, Subsection NB, have been
used as guidelines in the design-basis documents for the EPU stress analysis of reactor
internal components at VYNPS. The licensee also indicated that the evaluations supporting the
thermal power increase were performed consistent with the VYNPS design basis. The NRC
staff finds that this provides an acceptable basis for analysis.

The licensee provided the calculated maximum stresses and CUFs for the most limiting reactor
vessel components in Table 3-3 of the PUSAR. The reactor vessel components that are not
listed in Table 3-3 have maximum stresses and CUFs that are either not affected by the EPU or
already bounded by those listed in the table. The maximum calculated stresses in Table 3-3
are within the Code-allowable limits, and the CUFs are less than the Code limit of unity. The
maximum stresses for critical components of the reactor internals were summarized in

Table 3-7 of the PUSAR for the current rated and the proposed EPU conditions. These
calculated stresses are less than the allowable Code limits.

In its assessment of the potential for FIV on the reactor internals components, the licensee
indicated that the steam separators and dryers in the upper elevations of the reactor are the
components most affected by the increased steam flow due to the proposed EPU. The effects
of the EPU on the FIV for other components in the reactor annulus and core regions are less
significant, because the proposed EPU conditions do not require any increase in core flow, and
very little increase in the drive flow. For components other than the steam separators and
dryers, the evaluation of FIV for the reactor internal components was performed based on the
vibration data recorded during startup testing at the GE prototype BWR/4 plant (Monticello) and
VYNPS. The vibration levels were calculated by extrapolating the recorded vibration data to
EPU conditions and compared to the plant allowable limits. The stresses at critical locations
were calculated based on the extrapolated vibration peak response displacements and found to
be within the GE allowable design criteria of 10 ksi (where 1 ksi = 1000 pounds per square
inch). Stress values less than 10 ksi for stainless steel are within the endurance limit under
which sustained operation is allowed without incurring any cumulative fatigue usage. The
vibration evaluation methodology, as described in Section 3.4.2 of the PUSAR, is conservative
based upon the absolute sum combination of the various modes of vibration, including the
absolute sum of the maximum vibration amplitude occurring in each mode. The licensee
concluded that vibration levels of all safety-related reactor internal components are within the
acceptance criteria. The NRC staff finds the licensee’s specified stress limit of 10 ksi for the
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reactor internal components to be reasonably conservative in comparison to the ASME Code
limit of 13.6 ksi for the peak vibration stress and is, therefore, acceptable.

PUSAR Section 3.4.2 states that the steam separators and steam dryer are not safety-related
components; however, their failure may lead to an operational concern. The licensee evaluated
the steam separators together with the shroud head, and determined the loads and stresses to
be below the allowable values for normal, upset, emergency, and faulted conditions during EPU
operation. The PUSAR states that FIV influence on RPV internals, including the steam
separators, was evaluated based on extrapolation of vibration data recorded at similar plants
and on BWR operating experience. On the basis of information provided by the licensee, the
NRC staff concludes that the licensee has reasonably demonstrated that the steam separators
will meet their design basis requirements and maintain their structural integrity under EPU
conditions.

Based on its review of the licensee’s evaluation of the reactor vessel and internals, the NRC
staff finds that the maximum stresses and fatigue usage factors are within the Code-allowable
limits. The staff also concurs with the licensee’s conclusion that the reactor vessel and
internals will continue to maintain their structural integrity for the EPU conditions.

2.2.3.3 Conclusion

The NRC staff has reviewed the licensee’s evaluations related to the structural integrity of
reactor vessel internals and core supports and concludes that the licensee has adequately
addressed the effects of the proposed EPU on the reactor vessel internals and core supports.
The NRC staff further concludes that the licensee has demonstrated that the reactor vessel
internals and core supports will continue to meet the requirements of 10 CFR 50.55a, and draft
GDC-1, 2, 6, 40, and 42, following implementation of the proposed EPU. Therefore, the

NRC staff finds the proposed EPU acceptable with respect to the design of the reactor vessel
internals and core supports.

2.2.4 Safety-Related Valves and Pumps

2.2.4.1 Regqulatory Evaluation

The NRC staff’s review included certain safety-related pumps and valves typically designated
as Class 1, 2, or 3 under Section Il of the ASME Code and within the scope of Section XI of the
ASME Code and the ASME Code for Operation and Maintenance of Nuclear Power Plants
(O&M Code), as applicable. The NRC staff’s review focused on the effects of the proposed
EPU on the required functional performance of the valves and pumps at VYNPS. The review
also covered any impacts that the proposed EPU may have on the licensee’s motor-operated
valve (MOV) programs related to Generic Letter (GL) 89-10, “Safety-Related Motor-Operated
Valve Testing and Surveillance;” GL 96-05, “Periodic Verification of Design-Basis Capability of
Safety-Related Motor-Operated Valves;” and GL 95-07, “Pressure Locking and Thermal Binding
of Safety-Related Power-Operated Gate Valves.” The NRC staff also evaluated the licensee’s
consideration of lessons learned from the MOV program and the application of those lessons
learned to other safety-related power-operated valves. The NRC’s acceptance criteria are
based on (1) draft GDC-1, insofar as it requires those systems and components which are
essential to the prevention of accidents which could affect the public health and safety or to
mitigation of their consequences be designed, fabricated, erected, and tested to quality
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standards commensurate with the importance of the safety functions to be performed; (2) draft
GDC-38, 46, 47, 48, 59, 60, 61, 63, 64, and 65 insofar as they require that the ECCS, the
containment heat removal system, the containment atmospheric cleanup systems, and the
cooling water system, respectively, be designed to permit appropriate periodic testing to ensure
the leak-tight integrity and performance of their active components; (3) draft GDC-57, insofar as
it requires that piping systems penetrating containment be designed with the capability to
periodically test the operability of the isolation valves to determine if valve leakage is within
acceptable limits; and (4) 10 CFR 50.55a(f), insofar as it requires that pumps and valves
subject to that section must meet the inservice testing program requirements identified in that
section. Specific review criteria are contained in SRP Sections 3.9.3 and 3.9.6.

2.2.4.2 Technical Evaluation

In Attachment 4 to its application dated September 10, 2003, the licensee discussed its
evaluation of the capability of safety-related valves and pumps to perform their safety functions
under EPU conditions. In Attachment 1 to Supplement 5 (January 31, 2004) of its EPU
request, the licensee responded to an NRC staff RAI on its evaluation of valves and pumps at
VYNPS for EPU operations. The NRC staff has reviewed the licensee’s evaluation of the
impact of EPU conditions on safety-related valves and pumps at VYNPS. This review is
summarized in the following paragraphs.

In NRC Inspection Report (IR) 50-271/97-08, dated November 28, 1997, the NRC staff closed
its review of the licensee’s program to demonstrate the design-basis capability of safety-related
MOVs within the scope of GL 89-10 to perform their safety functions. In an SE dated
December 14, 2000, the NRC staff determined that the licensee had established an acceptable
program to periodically verify the design-basis capability of the safety-related MOVs at VYNPS
through the actions described in its submittals. In Attachment 4 to its request for the EPU
license amendment (September 10, 2003), the licensee indicated that it had evaluated the
MOVs within the scope of GL 89-10 at VYNPS for the effects of the proposed EPU, including
those related to pressure locking and thermal binding as addressed in GL 95-07. The licensee
did not identify any changes to the design functional requirements for the GL 89-10 MOVs, but
did note that minor process fluid condition changes and increased ambient room temperatures
would occur for some MOVs as a result of EPU operation at VYNPS. In Attachment 1 of
Supplement 5 of its EPU request, the licensee reported that it had screened the MOVs at
VYNPS for impact from EPU conditions, and provided examples of that process. The licensee
also indicated that the VYNPS MOVs had been evaluated for pressure locking and thermal
binding under EPU conditions, and that no new MOVs were determined to be susceptible to
pressure locking or thermal binding. Of the MOVs previously identified as being potentially
susceptible to pressure locking or thermal binding, the licensee stated that only one MOV (RHR
Drywell Spray Valve V10-26A) was calculated to experience an increase in accident condition
environmental temperature (5°F) and that any setpoint adjustment would be made as
necessary.

During an NRC engineering inspection conducted in August and September 2004, the NRC
staff identified several weaknesses in the MOV program at VYNPS with respect to
implementation of the program as described in the licensee’s submittals in response to

GL 96-05. As described in NRC Inspection Report 05000271/2004008, dated December 2,
2004, the NRC staff found that the licensee had not validated the adequacy of the diagnostic
test instrumentation to be used from the motor control center (MCC) with respect to its ability to
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detect MOV actuator torque and stem thrust degradation. The NRC staff also determined that
plant procedures to be used to obtain and evaluate MCC diagnostic test data did not include
specific acceptance criteria tied to MOV stem thrust or available design margin. The staff noted
that the MOV program had been revised in 2002 to eliminate the periodic requirements for “at-
the-valve” diagnostic testing that can measure torque and thrust to known accuracies.
Although the staff did not identify any examples of degraded or inoperable valves during the
inspection, the staff concluded that these weaknesses in the MOV program constituted a
non-cited violation of 10 CFR Part 50, Appendix B, Criterion XI, “Test Control.” The staff also
observed that the licensee had not maintained a current risk ranking of its MOVs at VYNPS,
and that the informal MOV trending methods at VYNPS did not include DC-powered MOVs and
might not identify slow acting degradation from the baseline value. In Supplement 16
(September 30, 2004) of its EPU request, the licensee committed to revise the MOV Periodic
Verification Program at VYNPS to include periodic at-the-valve testing and to formalize the
process for DC motor trending by December 1, 2004. In Attachment 3 to Supplement 32
(September 10, 2005) of its EPU request, the licensee reported that the commitment to revise
the MOV Periodic Verification Program to include periodic at-the-valve testing as a means to
verify the effectiveness of the MCC testing methodology and to formalize the process for
trending DC motor performance had been completed. The NRC staff verified the
implementation of the licensee’s actions to resolve the findings in IR 05000271/2004008
through NRC region inspection activity as documented in IR 05000271/2005006.

In Attachment 4 to its EPU license amendment request (September 10, 2003), the licensee
reported that air-operated valves (AOVs) at VYNPS were reviewed to identify any AOVs
potentially affected by EPU conditions. In Attachment 1 to Supplement 5 of its EPU request,
the licensee reported that AOV parameters that could be adversely affected by EPU operation
(such as increases in operating differential pressure and shut-off differential pressure) had
been evaluated. The licensee determined the need to evaluate a potential increase in the inlet
pressure, operating and shutoff differential pressure for the high pressure FW heater drain
valves and the moisture separator drain tank control valves, without anticipation of equipment
modifications.

In Attachment 4 to its EPU license amendment request (September 10, 2003), the licensee
reported that the increase in steam flow under EPU conditions would assist in the closure of the
MSIVs at VYNPS. In Attachment 1 to Supplement 5 of its EPU request, the licensee described
the self-compensating feature of the hydraulic control valve that will maintain closing time with
little deviation despite the change in steam flow. The licensee indicated that other nuclear
plants with this type of MSIV have implemented power uprates without reported anomalies in
MSIV closing time.

In Attachment 4 to its EPU license amendment request (September 10, 2003), the licensee
stated that the nuclear system pressure relief system at VYNPS prevents overpressurization of
the nuclear system by means of safety relief valves and spring safety valves. The licensee
determined that no increases to the setpoints for the safety relief valves or spring safety valves
were necessary for EPU conditions at VYNPS because of the absence of changes in the
reactor dome pressure or simmer margin. The licensee noted that the potential for increased
incidents of valve leakage, or inadvertent opening of a safety relief valve, as a result of FIV
during EPU operation is addressed by plant procedures. Potential adverse effects from FIV of
safety relief valves and spring safety valves are also addressed as part of the piping vibration
program at VYNPS discussed in Section 2.2.6 of this SE.
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In Attachment 4 to its EPU license amendment request (September 10, 2003), the licensee
stated that the performance of the ECCS at VYNPS will remain acceptable under EPU
conditions. In Attachment 1 to Supplement 5 of its EPU request, the licensee described its
evaluation of safety-related pumps in the ECCS to determine that their performance will meet
the EPU requirements without any modifications or procedural changes. The licensee indicated
that the pump seals of the RHR and CS pumps have been requalified for the increased
suppression pool temperature under accident conditions.

2.2.4.3 Conclusion

The NRC staff has reviewed the licensee’s assessments related to the functional performance
of safety-related valves and pumps at VYNPS in support of the EPU license amendment
request. The staff concludes that the licensee has adequately addressed the effects of the
proposed EPU on safety-related pumps and valves at VYNPS. Based on this, the NRC staff
concludes that the licensee has demonstrated that safety-related valves and pumps at VYNPS
will continue to meet the requirements of draft GDC-1, 38, 46, 47, 48, 57, 59, 60, 61, 63, 64,
and 65, and 10 CFR 50.55a(f) following implementation of the proposed EPU. Therefore, the
NRC staff finds the proposed EPU for VYNPS to be acceptable with respect to safety-related
valves and pumps.

2.2.5 Seismic and Dynamic Qualification of Mechanical and Electrical Equipment

2.2.5.1 Regulatory Evaluation

Mechanical and electrical equipment covered by this section includes equipment associated
with systems that are essential to emergency reactor shutdown, containment isolation,

reactor core cooling, and containment and reactor heat removal. Equipment associated with
systems essential to preventing significant releases of radioactive materials to the environment
are also covered by this section. The NRC staff’s review focused on the effects of the
proposed EPU on the qualification of the equipment to withstand seismic events and the
dynamic effects associated with pipe-whip and jet impingement forces. The primary input
motions due to the safe shutdown earthquake (SSE) are not affected by an EPU. The NRC’s
acceptance criteria are based on (1) draft GDC-1, insofar as it requires that those systems and
components which are essential to the prevention of accidents which could affect the public
health and safety or to mitigation of their consequences be designed, fabricated, erected, and
tested to quality standards commensurate with the importance of the safety functions to be
performed; (2) draft GDC-2, insofar as it requires that those systems and components which
are essential to the prevention of accidents which could affect the public health and safety or to
mitigation of their consequences be designed to withstand the effects of earthquakes combined
with the effects of normal or accident conditions; (3) draft GDC-40 and 42, insofar as they
require that protection be provided for ESFs against the dynamic effects and missiles that might
result from plant equipment failures, as well as the effects of a LOCA; (4) draft GDC-9 and 33,
insofar as they require that the RCPB be designed and constructed so as to have an
exceedingly low probability of gross rupture or significant leakage; and (5) draft GDC-34 insofar
as it requires that the RCPB be designed to minimize the probability of rapidly propagating type
failures. Specific review criteria are contained in SRP Section 3.10.
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2.2.5.2 Technical Evaluation

The licensee evaluated equipment qualification for EPU conditions. The VYNPS plant-specific
dynamic loads such as SRV discharge and LOCA loads (including pool swell, condensation
oscillation, and chugging loads) that were used in the equipment design will remain unchanged
as discussed in Section 4.1.2 of the PUSAR, since these loads are based on the range of test
conditions for the design-basis analysis at VYNPS, which are bounding for EPU conditions.

Based on its review of the proposed EPU amendment, the NRC staff finds that the original
seismic and dynamic qualification of safety-related mechanical and electrical equipment is not
affected by the EPU conditions for the following reasons:

® The seismic loads are unaffected by the EPU;

® No new pipe break locations or pipe whip and jet impingement targets are postulated as a
result of the EPU,;

® Pipe whip and jet impingement loads do not increase for the EPU; and

e SRV and LOCA dynamic loads used in the original design basis analyses are bounding for
the EPU.

2.2.5.3 Conclusion

The NRC staff has reviewed the licensee’s evaluations of the effects of the proposed EPU on
the qualification of mechanical and electrical equipment and concludes that the licensee has
(1) adequately addressed the effects of the proposed EPU on this equipment; and

(2) demonstrated that the equipment will continue to meet the requirements of draft GDC-1, 2,
9, 33, 34, 40, and 42, following implementation of the proposed EPU. Therefore, the NRC staff
finds the proposed EPU acceptable with respect to the qualification of the mechanical and
electrical equipment.

2.2.6 Additional Review Area - Potential Adverse Flow Effects

2.2.6.1 Regqulatory Evaluation

Plant operation at EPU conditions can result in adverse flow effects on the MS, FW, and
condensate systems and their components (including the steam dryer in BWR plants) from
increased system flow and FIV. Some plant components, such as the steam dryer, do not
perform a safety function, but must retain their structural integrity to avoid the generation of
loose parts that might adversely impact the capability of other plant equipment to perform their
safety functions. The NRC staff reviewed the licensee’s consideration of potential adverse flow
effects of the proposed EPU at VYNPS, including consideration of the design input parameters
and the design-basis loads and load combinations for the VYNPS steam dryer for normal
operation, upset, emergency, and faulted conditions. The NRC staff’s review covered the
analytical methodologies, assumptions, and computer programs used in the evaluation of the
VYNPS steam dryer. The NRC staff's review also included a comparison of the resulting
stresses against applicable limits. The NRC staff also reviewed the licensee’s evaluation of
other reactor, MS, FW, and condensate system components at VYNPS for potential
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susceptibility to adverse flow effects from EPU operation. The NRC’s acceptance criteria are
based on (1) draft GDC-1, insofar as it requires those systems and components which are
essential to the prevention of accidents which could affect the public health and safety or to
mitigation of their consequences be designed, fabricated, erected, tested, and inspected to
quality standards commensurate with the importance of the safety functions to be performed;
(2) draft GDC-2, insofar as it requires that those systems and components which are essential
to the prevention of accidents which could affect the public health and safety or to mitigation of
their consequences be designed to withstand the effects of earthquakes combined with the
effects of normal or accident conditions; and (3) draft GDC-40 and 42, insofar as they require
that protection be provided for ESFs against the dynamic effects and missiles that might result
from plant equipment failures, as well as the effects of a LOCA. Specific review criteria are
contained in SRP Sections 3.9.1, 3.9.2, 3.9.3, and 3.9.5.

2.2.6.2 Technical Evaluation

2.2.6.2.1 Steam Dryer

As indicated in Attachment 5 to Supplement 26 (March 31, 2005) of its EPU request, the
licensee originally procured the steam dryer for VYNPS as a non-safety-related, non-Seismic I,
non-ASME component. In response to damage experienced by steam dryers at other nuclear
power plants under EPU conditions, Entergy modified the square-hood steam dryer at VYNPS
to improve its capability to withstand potential adverse flow effects that could result from
operation of the plant at EPU conditions. In Supplement 8 (July 2, 2004) of its EPU request,
the licensee described the modifications to the VYNPS steam dryer as follows:

e outer vertical hood plates (61-inch high) on 90° and 270° sides replaced with 1-inch thick
plate;

e 3 reinforcing gussets (55.5-inch high) welded to outer vertical hood plates and lower
horizontal cover plates on 90° and 270° sides;

® |ower horizontal cover plates on 90° and 270° sides replaced with 5/8-inch thick plate;

® 15-inch section of upper horizontal cover plates on 90° and 270° sides at intersection of
outer vertical hood plates replaced with 1-inch thick plate;

® internal bracing brackets at outer vertical hood plates removed; and
® dryer bank tie bars replaced with new design.

During a technical audit at the GE office in San Jose, CA, from August 24 to 26, 2004, NRC
staff members from the Office of Nuclear Reactor Regulation (NRR) and Office of Nuclear
Regulatory Research (RES) with technical assistance by contractors from the Argonne National
Laboratory reviewed the VYNPS steam dryer analysis initially provided as part of the licensee’s
EPU request. As discussed in the audit report dated September 14, 2004, the NRC staff
concluded that the licensee’s analysis was inadequate to demonstrate that the steam dryer at
the VYNPS will be capable of maintaining its structural integrity under EPU conditions. For
example, the licensee’s analysis of the steam dryer as then submitted in support of its EPU
request (1) had not adequately identified and verified the excitation sources for FIV
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mechanisms that resulted in significant degradation of similar steam dryers at other BWR
nuclear power plants operating at EPU conditions; (2) had not provided a technically justifiable
load definition for the steam dryer for EPU conditions in light of several assumptions that had
not been adequately justified; (3) had not justified the applied methodology as realistic in light of
assumptions to account for uncertainties that resulted in apparent significant overestimation of
predicted steam dryer stresses; (4) might be non-conservative based on assumptions for
reducing the stress experienced by steam dryer parts and the creation of new potential fatigue
failure locations as a result of modifications to the VYNPS steam dryer; and (5) had not
validated the extrapolation of pressure peaks from original power levels to EPU conditions for
the steam dryer at VYNPS. In the audit report, the NRC staff indicated that the licensee could
submit a revised analysis of the steam dryer in support of its request to operate VYNPS at EPU
conditions.

In Supplement 26 (March 31, 2005), Supplement 27 (April 5, 2005), and Supplement 29

(June 2, 2005) of its EPU request, Entergy provided a revised analysis of the capability of the
modified VYNPS steam dryer to maintain its structural integrity under EPU conditions. NRC
staff members from NRR and RES have reviewed the revised VYNPS steam dryer analysis with
technical assistance by contractors from the Argonne National Laboratory (including a
consultant from the Pennsylvania State University), and McMaster University in Canada. On
June 15 and 16, 2005, the NRC staff with its contractors conducted a technical audit of the
revised analysis of the VYNPS steam dryer at the GE office in Washington, DC. On July 27,
2005, the NRC staff provided a final RAI to Entergy on the revised analysis of the VYNPS
steam dryer. On August 1 and 4, 2005, the licensee submitted a response to the RAl in
Supplements 30 and 31 to its EPU request. On August 15 and 16, 2005, an NRC staff member
and a contractor conducted an audit at the GE Scale Model Test (SMT) facility near San Jose,
CA, to obtain information on the licensee’s performance of tests to validate the specific
application of the acoustic circuit model (ACM) used by the licensee to determine the pressure
loads on the VYNPS steam dryer during EPU operation. From August 22 to 25, 2005, the NRC
staff with its contractors conducted a technical audit at the GE office in Washington, DC, of the
revised analysis of the VYNPS steam dryer. In Supplement 33 (September 14, 2005) of its
EPU request, the licensee provided revised RAI responses to address the NRC staff’s findings
from the August 22-25, 2005, audit. In Supplement 34 (September 18, 2005) of its EPU
request, the licensee provided, among other information, several figures inadvertently omitted
from Supplement 33. On December 5, 2005, the NRC staff conducted a follow-up audit to the
June and August 2005 audits with licensee personnel at the Excel Corporation office in
Rockville, MD, to verify appropriate finite element modeling of the connection of the gussets to
the cover plate in the VYNPS steam dryer for the determination of stress at the connection
under EPU conditions.

As described in the applicable supplements to its EPU request, the licensee evaluated the
pressure loads acting on the steam dryer during operation of VYNPS through computational
fluid dynamics (CFD) and acoustic circuit model (ACM) analyses. The licensee used the CFD
analysis of the VYNPS steam dryer to predict hydrodynamic pressure loads that would act on
the steam dryer at low frequencies under CLTP and EPU conditions. The licensee used the
ACM analysis to calculate the acoustic pressure loads acting at high frequencies on the VYNPS
steam dryer at CLTP based on pressure fluctuations in the MSLs measured by pressure
sensors installed on the MSL venturi lines and strain gages installed on the MSLs. The
licensee performed transient and static stress analyses using an ANSYS finite element model
(FEM) of the VYNPS steam dryer. The licensee calculated the stresses on the VYNPS steam
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dryer resulting from the CFD and ACM analyses, and combined those stresses by the square-
root-of-the-sum-of-squares (SRSS) methodology with applicable weld concentration factors.
The licensee then compared the peak alternating stresses for specific steam dryer locations to
the fatigue limits in the ASME Code and the primary plus secondary stresses to the applicable
ASME Code Service Level limits.

In its review of the VYNPS steam dryer analysis, the NRC staff evaluated the licensee’s
validation of its CFD and ACM analyses, and the uncertainty of those analyses and their inputs.
The staff reviewed the licensee’s fundamental frequency and damping assumptions for the
VYNPS steam dryer. The staff evaluated the licensee’s calculational methodology to convert
the design pressure loads obtained from the CFD and ACM analyses to the stress at various
locations on the steam dryer, the combination of the calculated CFD and ACM stresses, the
stress limits used in evaluating steam dryer integrity, and the margins to those limits. The staff
also reviewed the information provided by the licensee for monitoring the loads exerted on the
steam dryer during plant operation and overall dryer performance.

In its CFD analysis, the licensee conducted a Large Eddy Simulation (LES) of the upper portion
of the VYNPS reactor pressure vessel (including the steam dryer) and MSLs. The licensee
determined pressure loads from low frequencies up into the acoustic range based on CFD
analyses. Upon filtering the CFD analysis based on frequency, the licensee predicted stresses
of low magnitude in the VYNPS steam dryer due to hydrodynamic loads having a frequency
content of less than 30 Hz. In Attachment 5 to Supplement 33 of its EPU request, the licensee
indicated that it used the full CFD predicted stress (and not the filtered CFD stress) in the
evaluation of the combined stress and the limit curve factors. The licensee estimated the
uncertainty of the CFD analysis as 15% based on a previous analysis of a small pipe flow
model, and used measurements of low frequency pressure loads on steam dryers at four other
nuclear power plants to support this uncertainty estimate. The NRC staff reviewed the CFD
analysis (including the electronic data file) of the fluid dynamic loads on the VYNPS steam
dryer. The NRC staff determined that significant uncertainty surrounds the CFD predictions,
and that the magnitude of this uncertainty was highly underestimated by the licensee. For
example, the licensee did not perform sensitivity studies of the CFD analysis applied to VYNPS
to obtain an understanding of the significance of specific assumptions in the analysis. The
comparison of the Vermont Yankee CFD results to the measured low frequency pressure loads
at four other nuclear power plants does not establish the uncertainty value for the VYNPS CFD
analysis, because CFD analyses were not performed for those other plants and all but one of
those plants contained a steam dryer with an improved design to reduce hydrodynamic loads.
The plant with a similar design steam dryer to VYNPS provided one pressure measurement that
was in the skirt area with low flow conditions. Based on its review at that point, the staff
determined that the uncertainty assumed by the licensee in its determination of the loads from
the CFD analysis of the VYNPS steam dryer was significantly underestimated. To address this
concern, and to confirm the licensee’s predictions regarding the hydrodynamic and acoustic
loads on the steam dryer, a license condition will be added to the VYNPS Facility Operating
License as shown in SE Section 3.17.3. The license condition provides requirements for
monitoring, evaluating, and taking prompt action in response to potential adverse flow effects
as a result of operation at EPU conditions.

The licensee applied two different methods in its effort to validate the ACM used to calculate the
acoustic pressure loads at high frequencies on the VYNPS steam dryer. In one method, the
licensee used air tests conducted at the GE SMT facility to compare pressure loads calculated
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by the ACM from steam line data to pressure measurements from a scale model steam dryer.
In the second method, the licensee compared pressure sensor data collected from the
instrumented steam dryer at the Quad Cities Unit 2 nuclear power plant during its power
ascension to pressure loads calculated by the version of the ACM selected for application to the
VYNPS steam dryer. The NRC staff determined that a number of uncertainties exist regarding
the use of the SMT facility to validate the specific application of the ACM for the VYNPS steam
dryer (including the relatively low flow provided by the SMT facility and the substantial deviation
of the ACM predictions to SMT measurements). As a result, the staff focused on the licensee’s
use of the pressure sensor data obtained from the Quad Cities Unit 2 instrumented steam dryer
to validate the ACM for application to VYNPS.

At VYNPS, the licensee applied a version of the ACM that was used by Exelon to assess the
pressure loads on the steam dryer at Quad Cities Unit 2 at a power level of 790 megawatts
electric (MWe) during EPU restart in May 2005. At Quad Cities Unit 2, Exelon revised the 790
MWe version of the ACM based on additional pressure sensor data collected from its
instrumented steam dryer at 930 MWe. For VYNPS, Entergy developed an uncertainty
estimate for the “790 MWe-version” of the ACM based on a comparison of the pressure loads
calculated by the ACM to the measured pressure at 27 locations on the Quad Cities Unit 2
steam dryer. From its evaluation, the licensee estimated the uncertainty of the ACM as 100%
of the calculated steam dryer pressure load. The NRC staff reviewed the licensee’s estimation
of the uncertainty of the version of the ACM used at VYNPS, and determined the 100%
uncertainty value to be insufficient to provide reasonable assurance in the calculation of the
pressure loads on the VYNPS steam dryer. For example, Figure EMEB-B-18-1-6 on page 16
in Attachment 1 to Supplement 33 of the licensee’s EPU request indicates that the root mean
square (RMS) of the pressure load calculated by the ACM, combined with the 100% uncertainty
estimate, underpredicts the measured RMS pressure at many of the 27 pressure sensor
locations on the Quad Cities Unit 2 steam dryer. Further, Figures EMEB-B-18-4-1 to 27
indicate that the power spectral density (PSD) from the ACM-calculated loads, combined with
the 100% uncertainty estimate, underpredicts the PSD from the measured pressure data at
Quad Cities Unit 2 over a wide frequency range for many of the 27 pressure sensors. As a
result, the NRC staff considers the uncertainty assumed by the licensee for the version of the
ACM applied at VYNPS to be significantly underestimated. To address this concern, and to
confirm the licensee’s predictions regarding the hydrodynamic and acoustic pressure loads on
the steam dryer, a license condition will be added to the VYNPS Facility Operating License as
shown in SE Section 3.17.3. The license condition provides requirements for monitoring,
evaluating, and taking prompt action in response to potential adverse flow effects as a result of
operation at EPU conditions.

At VYNPS, the licensee currently uses data from the MSL venturi instrument lines and one
strain gage on each MSL to provide input to the ACM. The long venturi instrument lines and
the lack of an array of strain gages at each MSL measurement location at VYNPS can result in
significant uncertainty (over 100%) in the pressure input to the ACM. The NRC staff questioned
the reliability of the ACM in calculating steam dryer pressure loads based on the large
uncertainty associated with the MSL input data. To address the concerns with the uncertainty
of the current MSL data used as input to the ACM, the licensee stated in the cover letter for
Supplement 33 of its EPU request that it would install 32 additional strain gages on the MSL
piping during the fall 2005 refueling outage (RFO) and would enhance the data acquisition
system prior to EPU operation to reduce the measurement uncertainty associated with the ACM
input. During the August 22-25, 2005, audit, the licensee indicated that the 32 additional strain
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gages would be installed as a set of four strain gages in a quadrant array at two locations on
each MSL to provide 8 independent inputs to the VYNPS ACM.

In Attachment 5 to Supplement 26 of its EPU request, the licensee described its structural
analysis of the VYNPS steam dryer for CFD and ACM pressure loads at CLTP conditions. In
Attachment 5 to Supplement 33 of its EPU request, the licensee discussed its updated
structural analysis of the steam dryer that includes the ACM results for CLTP conditions from
Supplement 26 combined with CFD pressure loads predicted for EPU conditions at VYNPS.
The ACM analysis uses MSL instrumentation to project the measured pressure fluctuations as
pressure loads on the steam dryer for the specific power level at which the plant is operating,
and does not predict steam dryer loads for higher power levels. The ANSYS FEM for the
VYNPS steam dryer analysis included the dryer support ring, dryer hoods, end plates, cover
plates, upper dryer banks, cross beams, bottom support plates, tie bars, and gussets. In early
2005, the licensee identified the need to revise the FEM to model more accurately the
connection of the gussets to the lower cover plate. The FEM used to evaluate steam dryer
stress from CFD loads was updated at that time. The licensee performed hand calculations to
verify that the stress at the gusset to cover plate connection from the ACM loads was
significantly less than the applicable stress limit. As part of determining the EPU steam dryer
load definition, the licensee will update the FEM model used in the ACM analysis to reflect the
as-built connection of the gussets to the cover plate.

The licensee evaluated the dynamic structural response of the steam dryer to applied pressure
fluctuations from acoustic loading using a time history method with modal superposition. The
licensee performed a sensitivity assessment by varying the time interval between the pressure
time steps by 10% (equivalent to peak broadening in the response spectrum analysis method).
The licensee assigned an uncertainty to the stress amplitude of 20% due to load/response
frequency uncertainty based on these shifted frequency analyses. However, the licensee did
not include potential increased stress resulting from peak loading frequencies aligning with the
dryer resonance frequencies in its analysis. For the fatigue stress evaluation, the licensee
determined the peak stress for various locations on the VYNPS steam dryer by combining the
stresses calculated from the CFD and ACM analyses by the SRSS method, and then
multiplying the combined stress by applicable weld concentration and size factors. The
licensee applied the acoustic and CFD uncertainties to calculate an uncertainty value for the
limit curve factor used to monitor steam dryer performance. For the ASME load case
assessments, the licensee increased the acoustic loading stress by a 130% uncertainty value
and the CFD loading stress by a 16% uncertainty value, and combined these stresses by the
SRSS method. The licensee then compared the results of these stress analyses to the
applicable ASME allowable stress limits to demonstrate available structural margin in the
VYNPS steam dryer. In Attachment 2 to Supplement 33, the licensee provided the results of its
analysis of the dryer skirt indicating low acoustic loading stress for that region of the VYNPS
steam dryer.

Based on the ASME fatigue stress limit, the licensee calculated an allowable limit curve over
the frequency spectra using the CFD analysis for low frequency loads and the ACM analysis for
the high frequency loads with the current MSL data input, including the consideration of
uncertainties. The NRC staff reviewed the method used by the licensee to calculate the stress
at various locations on the VYNPS steam dryer based on the pressure loads predicted by the
CFD and ACM analyses. As a result of the uncertainties associated with the CFD and ACM
analyses and MSL input data, the NRC staff indicated during the audit on August 22-25, 2005,
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that it was important to demonstrate that the structural integrity of the steam dryer would not be
challenged if the actual loads on the steam dryer reached the limit curve. In Attachment 5 to
Supplement 33 of its EPU request, the licensee provided its assessment of the limit curve
relative to the fatigue stress limit to demonstrate that, if the limit curve is not exceeded, the
structural integrity of the VYNPS steam dryer will be assured. In its assessment, the licensee
calculated the most limiting stress location as the [[ 1
with a stress of [[ 1] psi based on the CFD analysis at EPU conditions and a stress of

1) 1] psi based on the ACM analysis at CLTP conditions. As these stresses are associated
with independent low and high frequency pressure loads, respectively, the combined peak
stress for this location on the VYNPS steam dryer is calculated by the SRSS method to be

1) 11 psi. The licensee established a limit curve that would provide for an SRSS combination
of CFD and ACM stress at the most limiting steam dryer location of 7393 psi. Therefore, the
limit curve stress will provide considerable margin to the ASME fatigue limit stress of 13,600
psi. As discussed below, in accordance with the license condition discussed in SE

Section 3.17.3, the licensee will provide its limit curve as part of the startup test procedure for
VYNPS to the NRC staff prior to exceeding CLTP.

In Attachment 6 to Supplement 33 of its EPU request, the licensee describes its updated Steam
Dryer Monitoring Plan (SDMP) for monitoring and evaluating the performance of the VYNPS
steam dryer during power ascension testing and operation above CLTP to full EPU conditions
to verify acceptable steam dryer performance. The licensee defines unacceptable steam dryer
performance as a condition that could challenge steam dryer structural integrity and result in
the generation of loose parts, cracks or tears in the dryer that result in excessive moisture
carryover. The licensee proposed a license condition for steam dryer monitoring to require
operational surveillances as well as visual inspections of the steam dryer at specific scheduled
RFOs following achievement of full uprate conditions as shown in SE Section 3.17.3. The
licensee stated that power ascension above CLTP would be conducted in 2.5% power steps
and 5% power plateaus. The power ascension will include hold points at each 2.5% step and
5% plateau. The licensee stated that the maximum power increase would not exceed a
nominal 5% power in a 24-hour period. The SDMP specifies that moisture carryover will be
determined every 24 hours; MSL pressure data from strain gages will be obtained hourly when
initially increasing power above a previously attained level and at least once every 2.5% power
step above CLTP; and MSL pressure data from pressure transducers will be collected at least
once every 2.5% power step above CLTP and within 1 hour after achieving every 2.5% power
step above CLTP. The SDMP allows relaxed monitoring if the surveillance requirements are
met at a power step, but requires a power reduction if a surveillance is not accomplished within
the specified time intervals. In addition, the SDMP indicates that plant data which may be
indicative of off-normal dryer performance will be monitored during power ascension (e.g.,
steam flow, feed flow, etc.).

The SDMP establishes criteria for verifying acceptable steam dryer performance at VYNPS
using moisture carryover and MSL pressure data. The performance criteria are specified as
Level 2 based on maintaining less than (or equal to) 80% of the ASME allowable alternating
stress at 10"" cycles (i.e., 10,880 psi) and Level 1 based on maintaining the ASME allowable
alternating stress at 10" cycles (i.e., 13,600 psi). The Level 2 steam dryer performance criteria
are (1) moisture carryover exceeds 0.1%; (2) moisture carryover exceeds 0.1% and increases
by more than 50% over the average of the three previous measurements taken at greater than
1593 MWH; and (3) pressure data exceed the Level 2 spectra. If any of the Level 2 steam dryer
performance criteria are exceeded, the SDMP specifies that (1) reactor power ascension be
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promptly suspended until an engineering evaluation concludes that further power ascension is
justified; and (2) before resuming reactor power ascension, the steam dryer performance data
shall be reviewed as part of an engineering evaluation to assess whether further power
ascension can be made without exceeding the Level 1 criteria. The Level 1 steam dryer
performance criteria are (1) moisture carryover exceeds 0.35%; and (2) pressure data exceed
Level 1 spectra. If either of the Level 1 steam dryer performance criteria is exceeded, the
SDMP specifies that the licensee will:

(1)

(4)

Promptly initiate a reactor power reduction and achieve a previously acceptable
power level (i.e., reduce power to a previous step level) within 2 hours, unless an
engineering evaluation concludes that continued power operation or power
ascension is acceptable.

Within 24 hours, re-measure moisture carryover and perform an engineering
evaluation of steam dryer structural integrity. If the results of the evaluation of
dryer structural integrity do not support continued plant operation, the reactor
shall be placed in a hot shutdown condition within the following 24 hours. If the
results of the engineering evaluation support continued power operation,
implement steps (3) and (4) below.

If the results of the engineering evaluation support continued power operation,
reduce further power ascension step and plateau levels to nominal increases of
1.25% and 2.5% of CLTP, respectively, for any additional power ascension.

Within 30 days, use the transient pressure data to calculate the steam dryer
fatigue usage to demonstrate that continued power operation is acceptable.

The SDMP also specifies that, if the steam dryer performance criteria are exceeded, the
following actions will be taken depending on the criteria exceeded:

(1)

(2)

(3)

(4)

Either suspend reactor power ascension (Level 2 Acceptance Criteria) or reduce
reactor power (Level 1 Acceptance Criteria), initiate a Condition Report, and
evaluate the cause of any exceedance of the performance criteria.

Prior to increasing reactor thermal power to a level higher than any previously
attained, the plant conditions relevant to steam dryer integrity and associated
evaluation results shall be reviewed by the on-site safety review committee, and
a recommendation shall be made to the General Manager, Plant Operations
prior to increasing power for each 5% power plateau.

Strain gage pressure and moisture carryover data collected at each 5% power
plateau will be made available to the NRC through its resident inspector.

Each initial increase in reactor thermal power to the next higher 5% power
plateau above 100% CLTP must be authorized by the General Manager, Plant
Operations.

In addition, the SDMP states that other reactor operational parameters that may be influenced
by steam dryer integrity (e.g., steam flow distribution between the individual steam lines) will be
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monitored with the intent of detecting structural degradation of the steam dryer during plant
operation (e.g., flow distribution between individual MSLs). Plant procedures will control the
enhanced monitoring of selected plant parameters.

The SDMP states that the results of visual inspections of the steam dryer conducted during the
next three RFOs shall be reported to the NRC staff within 60 days following startup from the
respective RFO. The SDMP also states that its results shall be submitted to the NRC staff in a
report within 60 days following completion of all EPU power ascension testing. In addition, the
final full EPU power performance criteria spectra (limit curve) will be submitted to the NRC staff
within 120 days.

As long-term actions, the SDMP states that the VYNPS steam dryer will be inspected during
RFOs scheduled for fall 2005, spring 2007, fall 2008, and spring 2010, according to the
recommendations of GE Services Information Letter (SIL) No. 644, Revision 1 (November 9,
2004). The SDMP also indicates that, following completion of EPU power ascension testing,
moisture carryover measurements will continue to be made periodically, and other plant
operational parameters that may be affected by steam dryer structural integrity will continue to
be monitored, in accordance with GE SIL 644 and plant procedures. The SDMP notes that
temporarily installed pressure monitoring sensors and strain gages may be removed from
service following achievement of one operating cycle after issuance of the EPU license
amendment and satisfaction of the license condition requirements for steam dryer inspections.

In Attachment 1 to Supplement 32 to its EPU request, the licensee modified its commitment to
perform visual inspections of the steam dryer at VYNPS. In particular, the licensee describes
its plan to perform a visual inspection during the fall 2005 RFO of the steam dryer modification,
flaws left “as-is,” and the repair made during the last RFO. The licensee indicates that this
inspection plan satisfies recommendations A.1.c and A.1.d in GE SIL 644, Revision 1. The
licensee also discusses its plan to conduct a visual inspection of all accessible, susceptible
locations of the steam dryer during each of the three RFOs, beginning with RFO-26 (i.e., spring
2007) to satisfy recommendation B.2 in SIL 644, Revision 1. The licensee lists this steam dryer
inspection plan as a regulatory commitment in Attachment 10 to Supplement 32.

In the cover letter for Supplement 33 of its EPU request, the licensee states that several actions
will be taken with respect to providing confidence in the capability of the steam dryer at VYNPS
to maintain its structural integrity under EPU conditions. In Attachment 1 to Supplement 36,
Entergy specified those planned actions as part of a proposed license condition. The proposed
license condition is shown in SE Section 3.17.3. The actions include:

(1) The licensee will install 32 additional strain gages on the main steam piping
during the fall 2005 RFO and will enhance the data acquisition system prior to
EPU operation in order to reduce the measurement uncertainty associated with
the ACM.

(2) In the event that acoustic signals are identified that challenge the limit curve
during EPU power ascension, the licensee will evaluate dryer loads and
re-establish the limit curve based on the new strain gage data, and will perform a
frequency specific assessment of ACM uncertainty at the acoustic signal
frequency.
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(3) After reaching 120% of CLTP, the licensee will obtain measurements from the
MSL strain gages and establish the VYNPS dryer flow-induced vibration load
fatigue margin, update the dryer stress report, and re-establish the SDMP limit
curve with the updated ACM load definition and revised instrument uncertainty,
which will be provided to the NRC staff.

(4) During power ascension, if an engineering evaluation is required in accordance
with the SDMP, the licensee will perform the structural analysis to address
frequency uncertainties up to £+10% and assure that peak responses that fall
within this uncertainty band are addressed.

(5) The licensee will revise the SDMP to reflect long-term monitoring of plant
parameters potentially indicative of a dryer failure; to reflect consistency of the
VYNPS steam dryer inspection program with SIL 644, Revision 1; and to identify
the NRR Project Manager for VYNPS as the point of contact for providing SDMP
information during power ascension.

(6) The licensee will submit the final EPU VYNPS steam dryer load definition to the
NRC upon completion of the power ascension test program.

(7) The licensee will submit the flow-induced vibration related portions of the EPU
startup test procedure, including the methodology for updating the limit curve,
prior to power ascension.

In Attachment 6 to Supplement 33 of its EPU request, the licensee proposed a license condition
for implementation of the VYNPS SDMP. The proposed license condition was subsequently
superceded by Supplement 36 of the EPU request. The proposed license condition is shown in
SE Section 3.17.3.

The NRC staff has reviewed the information provided by the licensee in support of its analysis
of the structural integrity of the VYNPS steam dryer under EPU conditions, and for monitoring
steam dryer loads and performance during plant operation. Although significant uncertainty
exists regarding the licensee’s method for calculating specific stress values on the VYNPS
steam dryer from its CFD and ACM analyses, the licensee’s current MSL instrumentation
suggests minimal excitation of the pressure frequency spectra in the MSLs at CLTP conditions.
As a result, the staff finds that the licensee has demonstrated that the flow-induced stress
imposed on the VYNPS steam dryer at CLTP conditions is within the fatigue stress limits
provided in the ASME Code. However, the available margin to those stress limits is not readily
verifiable. Therefore, the NRC staff considers the licensee’s planned actions specified in
Supplement 33 of its EPU request, and included in the proposed license condition in
Supplement 36, to be an important part of the licensee’s effort to provide confidence that the
structural integrity of the steam dryer will be maintained during EPU operation. For example,
the staff considers the use of the more accurate MSL strain gages to be installed for monitoring
pressure fluctuations in the MSLs to be necessary in light of the large uncertainty in the current
MSL instrumentation that provides input to the ACM analysis. The staff considers the selection
of the new MSL instrumentation in terms of its sensitivity and signal-to-noise ratio to be
important to its acceptability. The staff also considers it important to consider whether any
acoustic sources might exist between the MSL strain gage locations. Further, the staff agrees
with the importance of evaluating the peak frequencies within the +10% frequency range when
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the licensee re-evaluates the steam dryer loads if MSL strain gage data exceed the limit curve,
or following achievement of EPU conditions, as part of establishing a new limit curve. During
the licensee’s evaluation of the results of the inspection of the VYNPS steam dryer to be
conducted in the fall of 2005, the predictions of low stress (including in the skirt region) need to
be compared to actual operating experience with the VYNPS steam dryer. The staff also
considers the requirements specified by the licensee in the proposed license condition to be
appropriate for establishing and implementing the SDMP at VYNPS.

In light of the large uncertainties in the CFD and ACM analyses and the fact that the ACM
analysis has calculated the steam dryer pressure loads only at CLTP, the NRC staff determined
that the licensee needs to closely monitor MSL strain gage data and other plant data as the
reactor power is raised at VYNPS such that the ACM loads can be calculated at the increased
power level to verify that the structural limits for the steam dryer are not reached. For example,
the staff concluded that the new 32 MSL strain gages need to be monitored frequently during
power ascension above CLTP for increasing pressure fluctuations in the steam lines. Hold
points need to be established at 105%, 110%, and 115% of CLTP to collect plant data, conduct
plant inspections and walkdowns, and evaluate the plant data for steam dryer performance.
The time period for each hold point will need to be sufficient to complete all activities specified
in the startup test procedure for the applicable hold point. Sufficient information and time will
need to be provided to the NRC staff to determine whether any safety concems exist prior to
increasing power above each hold point. If any frequency peak from the MSL strain gage data
exceeds the limit curve established by the licensee prior to operation above CLTP, the unit
needs to be returned to a power level where the limit curve is not exceeded. The licensee
would then resolve the uncertainties in the steam dryer analysis prior to further increases in
reactor power. In the subsequent engineering evaluation, peak responses that fall within the
+10% frequency uncertainty band need to be considered as part of an adequate structural
analysis. Further, the potential effect of the skirt in the steam dryer FEM on the stresses in the
steam dryer components needs to be addressed. In addition to evaluating the MSL strain gage
data, reactor pressure vessel water level instrumentation or MSL piping accelerometers need to
be monitored frequently to help identify any resonance frequencies not captured by the MSL
strain gage data and ACM analysis. If resonance frequencies are identified as increasing
significantly above nominal levels established at CLTP conditions, power ascension needs to be
stopped until an evaluation of continued steam dryer integrity is performed to demonstrate that
no safety concerns exist. Within a reasonable time period following issuance of the EPU
license amendment, the uncertainties in the steam dryer analysis need to be resolved to avoid
long-term fatigue concerns with the steam dryer. In response to an NRC letter dated

October 12, 2005, Entergy submitted a proposed license condition in Attachment 1 to
Supplement 36 of its EPU application that addresses the NRC staff findings discussed above.
The proposed license condition is shown in SE Section 3.17.3.

The NRC staff considers the development of an adequate EPU startup test procedure to be a
significant action in confirming the safe operation of VYNPS during EPU conditions. The staff
has determined that the EPU startup test procedure needs to include (a) the stress limit curve
to be applied for evaluating steam dryer performance; (b) specific hold points and their duration
during EPU power ascension; (c) activities to be accomplished during hold points; (d) plant
parameters to be monitored; (e) inspections and walkdowns to be conducted for steam, FW,
and condensate systems and components during the hold points; (f) methods to be used to
trend plant parameters; (g) acceptance criteria for monitoring and trending plant parameters,
and conducting the walkdowns and inspections; (h) actions to be taken if acceptance criteria
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are not satisfied; and (i) verification of the completion of commitments and planned actions
specified in the EPU application and all supplements to the application in support of the EPU
request prior to power increase above CLTP. While the licensee indicates that plant
parameters will be monitored to provide information on steam dryer performance, the staff also
considers it important for additional steam dryer loading information to be obtained for
qualitative evaluation from the reactor pressure vessel water level instrumentation or MSL
piping accelerometers in light of the inadequacy of the ACM in calculating low frequency
pressure loads on the steam dryer. While the SDMP indicates that other plant parameters
(such as steam flow distribution between MSLs) will be monitored, the staff also considers it
important for the frequency of such monitoring, acceptance criteria, and actions if those criteria
are not satisfied, to be specified in the startup test procedure. In response to an NRC letter
dated October 12, 2005, Entergy submitted a proposed license condition in Attachment 1 to
Supplement 36 of its EPU application. The staff has determined that this proposed license
condition addresses the NRC staff findings discussed above. The proposed license condition is
shown in SE Section 3.17.3.

Prior to power ascension above CLTP and during the power ascension, the NRC staff has
determined that sufficient time needs to be available during the hold points to allow the licensee
to present plant information on potential adverse flow effects on the steam dryer (and other
plant equipment) to the NRC staff for a determination of whether any safety concerns exist with
power ascension. In Attachment 2 to Supplement 36 of its EPU request, Entergy submitted a
regulatory commitment that addresses the NRC staff findings discussed above. As shown in
SE Section 4.0 (Item No. 25), Entergy will provide information on plant data, evaluations,
walkdowns, inspections, and procedures associated with the individual requirements of the
license condition (pertaining to potential adverse flow effects) to the NRC staff prior to
increasing power above 1593 MWt or each specified hold point, as applicable. If any safety
concerns are identified during the NRC staff review of the provided information, Entergy will not
increase power above 1593 MWt or the applicable hold point, and the specific requirements in
the license condition will not be satisfied. The NRC staff considers that this commitment
provides appropriate interaction between the licensee and the staff prior to and during power
ascension above CLTP conditions.

2.2.6.2.2 Steam, Feedwater, and Condensate Systems and Components

In Attachment 1 to Supplement 15 (September 23, 2004) of its EPU request, the licensee
stated that the VYNPS piping steady state vibration program for EPU power ascension testing
follows the guidance in Part 3 of the ASME OM-S/G-2000 standard (ASME OM-3). The
program assesses the FIV levels of selected piping systems that are expected to experience
increased flow during EPU conditions. The licensee stated that vibration data will be taken at
approximately 2.5% power increments above CLTP and will be evaluated for acceptability. For
example, the MS and FW piping located in the drywell which is inaccessible during plant
operation will be monitored for vibration levels using direct mounted accelerometers with
acceptance criteria based on guidance in ASME OM-3. The FW regulator valves and attached
FW piping located downstream of the reactor feed pumps will be monitored with a hand-held
vibration meter. If vibration levels for these components increase significantly, the licensee will
further evaluate the affected components.

Also in Attachment 1 to Supplement 15 of its EPU request, the licensee stated that it will
employ visual monitoring during EPU power ascension testing to determine if significant



-52-

vibration is occurring in MS, FW, and condensate piping located in the turbine building heater
bay. If visual observations indicate significant increased vibration, the licensee will further
monitor this piping with a hand-held device. The licensee will also monitor system components
determined to have FIV vulnerabilities based on plant-specific experience, industry operating
experience, identification of FIV through plant inspections and walkdowns, and additional
evaluation of components potentially susceptible to FIV at increased system flow. The licensee
did not identify any components requiring FIV monitoring based on its own plant-specific
experience. However, based on industry experience, the licensee will monitor the MS
safety/relief valves using accelerometers on the MS piping; MS low point drain lines using
accelerometers; and FW heater level control valves by means of inspections and walkdowns.

The licensee performed baseline inspections and walkdowns of the condensate, FW, and MS
systems at VYNPS to identify systems and components with elevated vibration during CLTP
operations. The licensee will compare the results of inspections and walkdowns performed
during EPU power ascension testing, along with available vibration measurement data, to the
baseline results. The licensee will enter components with significant increases in vibration into
the VYNPS corrective action program and will evaluate those components for acceptability and
additional action. The licensee stated that it will evaluate additional system components that
might be susceptible to FIV at EPU conditions. The licensee indicated that it had identified
condensate, FW, MS piping for cantilevered piping configurations as potentially susceptible to
FIV, and that those components will be monitored if found susceptible. In its list of
commitments attached to Supplement 15, the licensee stated that, during EPU power
ascension testing, it will implement FIV and steam dryer monitoring, including associated
evaluation as necessary during EPU power ascension testing as described in Entergy letter
BVY 04-100 (Supplement 15 to its EPU request).

In Attachment 2 to Supplement 32 of its EPU request, the licensee determined, since the
submittal of Supplement 15, that isokinetic sample probes are used in the MS, FW, and
condensate systems at VYNPS. Those sample probes are subject to the effects of FIV. The
licensee evaluated the susceptibility of the sample probes to high cycle fatigue failure. The
licensee stated that the four susceptible probes (SP-26, 27, 30, and 31) in the FW and
condensate systems needed to be modified to address the failure vulnerability. The licensee
specified its plan to modify the four susceptible isokinetic sample probes in the FW and
condensate systems during the fall 2005 RFO as a regulatory commitment in Attachment 10 to
Supplement 32. This commitment was satisfied as documented in Reference 74.

The NRC staff has reviewed the information submitted by the licensee on the monitoring of MS,
FW, and condensate systems and components during EPU power ascension testing. The
licensee indicated that significant vibration monitoring and walkdown/inspection activity will be
conducted during the power ascension above CLTP. However, the power ascension test plan
described in Supplement 15 does not specify the frequency of the vibration data collection, or
the walkdowns and inspections with respect to the power ascension hold points discussed in
the SDMP. For example, it is not apparent whether the vibration monitoring and
walkdown/inspection activities can be accomplished within the hold points specified in the
SDMP. While some acceptance criteria for vibration monitoring are provided, actions to be
taken with respect to the power ascension in the event of failed acceptance criteria for the
vibration monitoring and walkdown/inspection activities are not clearly indicated. Therefore, the
NRC staff considers it important for the licensee to provide the relevant sections of its EPU
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startup test procedure to the NRC prior to plant operation above CLTP. This requirement is
included in the license condition shown in SE Section 3.17.3.

2.2.6.3 Conclusion

The NRC staff has reviewed the licensee’s consideration of potential adverse flow effects on
the MS, FW, and condensate systems and their components (including the steam dryer) for
operation of VYNPS at EPU conditions. The staff concludes that the licensee has provided
reasonable assurance that the flow-induced effects on the steam dryer and other plant
equipment are within the structural limits at CLTP conditions. The staff further concludes that
the licensee has demonstrated that the MS, FW, and condensate systems and their
components (including the steam dryer) will continue to meet the requirements of draft GDC-1,
2, 40, and 42 following implementation of the proposed EPU at VYNPS, subject to the license
condition discussed above. Therefore, the staff finds the proposed license amendment to
operate VYNPS at EPU conditions to be acceptable with respect to potential adverse flow
effects.

As noted in the technical evaluation, a license condition will be added to the VYNPS Facility
Operating License as shown in SE Section 3.17.3. The license condition provides requirements
for monitoring, evaluating, and taking prompt action in response to potential adverse flow
effects as a result of operation at EPU conditions. The intent of the license condition is to

(1) confirm the licensee’s predictions regarding the hydrodynamic loads on the steam dryer;

(2) confirm the licensee’s predictions regarding the acoustic pressure loads on the steam dryer;
and (3) confirm the safe operation of VYNPS during power ascension above CLTP.

2.3 Electrical Engineering

2.3.1 Environmental Qualification of Electrical Equipment

Regulatory Evaluation

Environmental qualification (EQ) of electrical equipment involves demonstrating that the
equipment is capable of performing its safety function under significant environmental stresses
which could result from design-basis accidents (DBAs). The NRC staff’s review focused on the
effects of the proposed EPU on the environmental conditions that the electrical equipment will
be exposed to during normal operation, anticipated operational occurrences, and accidents.
The NRC staff’s review was conducted to ensure that the electrical equipment will continue to
be capable of performing its safety functions following implementation of the proposed EPU.
The NRC’s acceptance criteria for EQ of electrical equipment are based on 10 CFR 50.49,
which sets forth requirements for the qualification of electrical equipment important to safety
that is located in a harsh environment. Specific review criteria are contained in SRP

Section 3.11.

Technical Evaluation

As described in Section 10.3 of the PUSAR, the VYNPS safety-related electrical equipment was
reviewed by the licensee to assure the existing qualification for normal and accident conditions
expected in the areas where the devices are located remain adequate at EPU conditions.
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The EQ for safety-related electrical equipment located inside the containment is based on main
steam line break (MSLB) and/or LOCA conditions and their resultant temperature, pressure,
humidity and radiation consequences, and includes the environments expected to exist during
normal plant operation. Normal temperatures are expected to increase slightly for EPU, but
remain bounded by the normal temperatures used in the EQ analyses. The accident conditions
for temperature and pressure, used in the current EQ analyses, bound the EPU accident
conditions.

Accident temperature, pressure, and humidity environments used for the qualification of
equipment outside containment result from a MSLB or other high energy line breaks (HELBSs)
whichever is limiting. The peak HELB temperatures at EPU conditions, in some cases, exceed
the values used for EQ at CLTP conditions. The EPU temperature peaks that are not bounded
by the CLTP conditions were evaluated by the licensee. Affected components were either
requalified to EPU conditions by crediting new qualification tests or analysis, or by relocating
the components to milder environments. The accident temperature resulting from a
LOCA/MSLB inside containment increased the temperature in some reactor building areas due
to additional heat load from the increase in wetwell temperatures. However, the increase in
long-term post-accident temperatures was evaluated and determined not to adversely affect the
qualification of safety-related electrical equipment.

In response to an NRC staff RAI, the licensee submitted additional information by letter dated
May 19, 2004 (Reference 8), to provide the results of additional radiation dose analyses that
were required to demonstrate electrical equipment qualification at EPU conditions. The results
of the analysis show that the VYNPS safety-related electrical equipment is qualified for
operation under EPU conditions.

Conclusion

The NRC staff has reviewed the licensee’s assessment of the effects of the proposed EPU on
the EQ of electrical equipment and concludes that the licensee has adequately addressed the
effects of the proposed EPU on the environmental conditions for and the qualification of
electrical equipment. The NRC staff further concludes that the electrical equipment will
continue to meet the relevant requirements of 10 CFR 50.49 following implementation of the
proposed EPU. Therefore, the NRC staff finds the proposed EPU acceptable with respect to
the EQ of electrical equipment.

2.3.2 Offsite Power System

Regulatory Evaluation

The offsite power system includes two or more physically independent circuits capable of
operating independently of the onsite standby power sources. The NRC staff’'s review covered
the descriptive information, analyses, and referenced documents for the offsite power system;
and the stability studies for the electrical transmission grid. The NRC staff’s review focused on
whether the loss of the nuclear unit, the largest operating unit on the grid, or the most critical
transmission line will result in the loss of offsite power (LOOP) to the plant following
implementation of the proposed EPU. The NRC'’s acceptance criteria for offsite power systems
are based on draft GDC-39. Specific review criteria are contained in SRP Sections 8.1 and 8.2,
Appendix A to SRP Section 8.2, and Branch Technical Positions (BTPs) PSB-1 and ICSB-11.
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Technical Evaluation

2.3.2.1 Grid Stability

In an RAI, the NRC staff asked the licensee to describe the actions that would be taken to
address the depletion of the nuclear unit mega-volt amperes reactive (MVAR) capability with the
EPU on a grid-wide basis. By letter dated January 31, 2004 (Reference 6), the licensee
responded that the study done by GE Power Systems Energy Consulting indicated that the
plant requires to implement a number of modifications to address the impact of the EPU on the
transmission system including the additional MVAR capacity to maintain voltage support on a
grid-wide basis. The modifications related to grid stability are listed in SE Section 1.4.

As discussed in the licensee’s letter dated September 10, 2005 (Reference 33), the licensee
originally planned to implement the EPU in two steps, 15% for the first step, and 5% for the
second step. The two step process was necessary because some of the EPU-related plant
modifications were scheduled to be completed in the next refueling outage after approval of the
EPU request. However, since all the modifications necessary to support full EPU operation
were completed during the fall 2005 refueling outage (RFO 25), the EPU will be implemented in
one step.

As discussed in PUSAR Section 7.1, the existing VYNPS generator (i.e., at CLTP) is rated
626 MVA, which results in a rated electrical output (gross) of 563 megawatts electric (MWe) at
a power factor (pf) of 0.9. As discussed in the licensee’s letter dated January 31, 2004
(Reference 6), the existing generator MVAR capability at rated output is approximately

330 MVAR, however, the VYNPS experiences increased turbine-generator vibration at MVAR
loading greater than 150 MVAR. The vibration is related to uneven heating of the generator
rotor at increased field current. To support the EPU, the main generator has been rewound
with a rating of 684 MVA at 0.969 pf and the existing rotor was re-insulated. Under EPU
conditions, the nominal generator output would increase to 667 MWe. At this output, the
generator MVAR capability will remain at the pre-EPU capability of 150 MVAR. The licensee
has installed a 60 MVAR capacitor bank at the VYNPS 115 kilovolt (kV) switchyard to maintain
proper system voltage requirements. A grid impact study was provided by the licensee’s letter
dated August 25, 2004 (Reference 13). The NRC staff reviewed the licensee’s submittals and,
based on the modifications performed to support the EPU, concluded that the EPU will have no
adverse impact on grid stability.

2.3.2.2 Main Generator

The current main generator is rated at 626 MVA which results in a rated electrical output of
563 MWe at a 0.9 pf. In order to achieve the higher electrical output for EPU, the generator
was rewound. The NRC staff questioned the licensee regarding the modifications to the main
generator. By letter dated January 31, 2004 (Reference 6), the licensee responded that the
main generator is being upgraded/rewound from a rating of 626 MVA to a rating of 684 MVA by
replacement of water-cooled stator bars. The existing stator bars are original plant equipment
and have experienced some corrosion, leakage, and in some instances, deterioration of
insulation. The new stator bars have an improved design with new material to minimize the
chance of leakage. By letter dated August 25, 2004 (Reference 13), the licensee stated that
the proposed EPU was represented by a generator rating of 684 MVA, a final power output
rating of 667 MWe, and a gross output rating of 150 MVAR at rated power output. Revised
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generator reactive capability curves at EPU conditions maintain the generator stator core and
field winding within their design limits, (i.e., no modification to the stator core and field winding is
required for EPU). The generator hydrogen cooling system pressure is unchanged at EPU.
However, the hydrogen cooling system heat exchangers have been replaced by heat
exchangers of higher capacity due to increased heat removal requirements at EPU conditions.
Additionally, the bushing current transformers (CTs) have been replaced for the EPU. No
generator protective relay changes are necessary, however, some protective relay setpoints will
be modified for the rewound generator rating.

The NRC staff reviewed the licensee’s submittals and concluded that the main generator would
be acceptable for EPU based on the modifications described above.

2.3.2.3 Main Transformer

The main transformer is rated at 675 MVA. The main power transformer has recently been
replaced and was sized to support the EPU. The associated switchyard components (rated for
maximum transformer output) are adequate for transformer output. The loading on the main
transformer is 650 MVA (main generator output of 684 MVA minus the 34 MVA house load fed
through the unit auxiliary transformers), which is below the main transformer rating of 675 MVA.

The NRC staff reviewed the licensee’s submittal and concluded that the main power
transformer and the associated switchyard components are adequate for the uprated generator
output and, therefore, operating the main transformer at the uprated power condition is
acceptable.

2.3.2.4 Isophase Buses

The isophase bus duct connects the main generator to the primary windings of the main
transformer and the unit auxiliary transformer and is rated at 17.9 kilo-amps (KA). The rating at
the EPU conditions will be 19 KA. The NRC staff questioned the licensee regarding how the
capacity of the isophase bus duct would be increased for the EPU. By letter dated January 31,
2004 (Reference 6), the licensee responded that the isophase bus duct is being upgraded from
a rating of 17.9 KA to a rating of 19 KA by replacement of the bus duct cooler and by internal
modifications to the bus duct cooling air distribution system.

The NRC staff reviewed the licensee’s submittals and concluded that the operation of the
isophase bus duct would be acceptable for the EPU after upgrading it from a rating 17.9 KA to
a rating of 19 KA.

2.3.2.5 Unit Auxiliary Transformer (UAT)

The UAT is rated at 39.2 MVA. The EPU output is 34.4 MVA based on the worst-case loading.
The NRC staff reviewed the licensee’s submittals and concluded that the increase in house

loads resulting from the EPU is below the maximum UAT design rating and, therefore,
operating the UAT at the uprated power condition is acceptable.
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2.3.2.6 Startup Transformers

The two startup transformers are each rated at 28 MVA. Under EPU conditions, the loading on
one transformer is 17.9 MVA and the loading on the other is 24.8 MVA.

The NRC staff reviewed the licensee’s submittals and concluded that the startup transformers
are not impacted by the EPU, and, therefore, operating the startup transformers at the uprated
power condition is acceptable.

2.3.2.7 Station Loads

The licensee reviewed the station loads under normal, transient, and emergency operating
scenarios for EPU conditions. In all cases, loads were computed based on equipment
nameplate ratings or brake horsepower and were found acceptable for the EPU conditions.
However, the licensee’s application did not provide an evaluation for the operation of
condensate and reactor feedwater pump motors at higher summer temperatures at the EPU
conditions. In response to an NRC staff RAI, the licensee provided a detailed analyses for the
condensate and reactor feedwater pump motors by letter dated May 19, 2004 (Reference 8).
The two Westinghouse condensate pump motors and one GE condensate pump motor are
adequate for operation at EPU conditions. Both the Westinghouse and the GE analyses bound
the predicted pump flow run out. The Westinghouse reactor feedwater pump motors are
adequate for operation at the EPU conditions. The feedwater pump motors remain adequate
for all pump operating conditions including flow run-out.

The NRC staff reviewed the licensee’s submittals and concluded that the station loads are not
impacted by the EPU, and, therefore, operating the VYNPS with station loads at the uprated
power condition is acceptable.

Conclusion

The NRC staff has reviewed the licensee’s assessment of the effects of the proposed EPU on
the offsite power system and concludes that the offsite power system will continue to meet the
requirements of draft GDC-39 following implementation of the proposed EPU. Results of these
evaluations show that following implementation of the proposed modifications to the main
generator, isophase bus duct and an addition of a 60 MVAR capacitor bank, the design will be
acceptable for EPU conditions. Therefore, the NRC staff finds the proposed EPU acceptable
with respect to the offsite power system.

2.3.3 AC Onsite Power System

Regulatory Evaluation

The alternating current (ac) onsite power system includes those standby power sources,
distribution systems, and auxiliary supporting systems provided to supply power to
safety-related equipment. The NRC staff's review covered the descriptive information,
analyses, and referenced documents for the ac onsite power system. The NRC’s acceptance
criteria for the ac onsite power system are based on draft GDC-24 and 39, insofar as they
require the system to have the capacity and capability to perform its intended functions during
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anticipated operational occurrences and accident conditions. Specific review criteria are
contained in SRP Sections 8.1 and 8.3.1.

Technical Evaluation

The emergency diesel generators (EDGs) supply the source of power following a LOOP or
degraded voltage conditions. The EDGs automatically supply ac power to the Class 1E buses
in order to provide motive and control power to equipment required for safe shutdown of the
plant and mitigation and control of accidents. The amount of power required to perform safety-
related functions (pump and valve loads) will not increase with the EPU and the current power
system remains adequate. Therefore, the performance of the EDGs and the 4 kV emergency
system is not affected by the EPU.

Conclusion

The NRC staff has reviewed the licensee’s assessment of the effects of the proposed EPU on
the ac onsite power system and concludes that the licensee has adequately accounted for the
effects of the proposed EPU on the system’s functional design. The NRC staff further
concludes that the ac onsite power system will continue to meet the requirements of draft
GDC-24 and 39 following implementation of the proposed EPU. Therefore, the NRC staff finds
the proposed EPU acceptable with respect to the ac onsite power system.

2.3.4 DC Onsite Power System

Regulatory Evaluation

The direct current (dc) onsite power system includes the dc power sources and their distribution
and auxiliary supporting systems that are provided to supply motive or control power to
safety-related equipment. The NRC staff's review covered the information, analyses, and
referenced documents for the dc onsite power system. The NRC’s acceptance criteria for the
dc onsite power system are based on draft GDC-24 and 39, insofar as they require the system
to have the capacity and capability to perform its intended functions during anticipated
operational occurrences and accident conditions. Specific review criteria are contained in

SRP Sections 8.1 and 8.3.2

Technical Evaluation

The licensee reviewed the dc power distribution system and determined that there were no
identified load changes that affect the dc power system, therefore, the battery duty cycle,
voltages-to-end devices, and available fault currents are within the design rating.

Conclusion

The NRC staff has reviewed the licensee’s assessment of the effects of the proposed EPU on
the dc onsite power system and concludes that the licensee has adequately accounted for the
effects of the proposed EPU on the system’s functional design. The NRC staff further
concludes that the dc onsite power system will continue to meet the requirements of draft
GDC-24 and 39 following implementation of the proposed EPU. Adequate physical and
electrical separation exists and the system has the capacity and capability to supply power to all
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safety loads and other required equipment. Therefore, the NRC staff finds the proposed EPU
acceptable with respect to the dc onsite power system.

2.3.5 Station Blackout

Regulatory Evaluation

Station blackout (SBO) refers to a complete loss of ac electric power to the essential and
nonessential switchgear buses in a nuclear power plant. SBO involves a LOOP concurrent with
a turbine trip and failure of the onsite emergency ac power system. SBO does not include the
loss of available ac power to buses fed by station batteries through inverters or the loss of
power from alternate ac (AAC) sources. The NRC staff's review focused on the impact of the
proposed EPU on the plant’s ability to cope with and recover from an SBO event for the period
of time established in the plant’s licensing basis. The NRC'’s acceptance criteria for SBO are
based on 10 CFR 50.63. Specific review criteria are contained in SRP Section 8.1 and
Appendix B to SRP Section 8.2; and other guidance provided in Matrix 3 of RS-001.

Technical Evaluation

SBO Coping Analysis

As described in UFSAR Section 8.5.5.1, VYNPS uses an AAC source approach for coping with
an SBO using the methodology of RG 1.155, “Station Blackout,” dated August 1988. VYNPS
relies on the Vernon Hydroelectric Station (VHS) to provide power to an emergency bus until
offsite or onsite AC power is available. The VYNPS licensing basis with respect to coping
duration is 8 hours.

As described in SE Section 1.6, an engineering inspection was conducted by the NRC at
VYNPS from August 9 through September 3, 2004. As documented in the NRC’s inspection
report dated December 2, 2004 (Reference 55), the inspection team identified a non-cited
violation of 10 CFR 50.63, “Loss of all alternating current power,” because the licensee had not
completed a coping analysis for the period of time the AAC source (the VHS) would be
unavailable and had not demonstrated by test the time required to make the alternate source
available for an SBO involving a grid collapse. This finding applies to current plant operation as
well as under EPU operating conditions.

The engineering inspection team found that in the event of a regional grid collapse, the VHS
would trip offline and have to be restarted. For SBO scenarios where the licensee cannot
demonstrate by test that the AAC source would be available in 10 minutes, 10 CFR 50.63
requires the licensee to complete a coping analysis for the period of time it would take for
power to be restored. Prior to the inspection, the licensee had credited the VHS as being
available within 10 minutes. As such, the licensee had not performed a coping analysis. As a
result of issues raised by the NRC during the inspection, concerning the communications and
actions required to restart the VHS, the licensee created a preliminary timeline which estimated
the time to restore power following a grid collapse could be between 20 minutes and 2 hours.
Since it was determined that the VHS could not be made available in 10 minutes, the licensee
performed a coping analysis. The coping analysis, which the licensee performed assuming
EPU conditions, was submitted to the NRC by letter dated March 24, 2005 (Reference 26).
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The licensee’s coping analysis used the guidelines provided in RG 1.155 and Nuclear
Management and Resource Council, Inc. (NUMARC) 87-00, Revision 1, “Guidelines and
Technical Bases for NUMARC Initiatives Addressing Station Blackout at Light Water Reactors.”
The licensee’s analysis is based on a 2-hour coping requirement (i.e., the period of time the
AAC is assumed unavailable). The coping analysis determined that:

° adequate condensate inventory will be available for decay heat removal;

° the plant 125 VDC station batteries have adequate capacity to supply all SBO DC loads
for 2 hours;

° the SBO equipment operability will be maintained at elevated room temperatures
caused by loss of ventilation;

o containment isolation capability will be maintained, as required, to ensure containment
integrity;

° the plant compressed air system is not essential to cope with the SBO; and

o the resultant torus temperature satisfies the net positive suction head (NPSH)

requirements of the residual heat removal (RHR) and core spray (CS) pumps without
the need for crediting containment accident pressure.

Based on the results of the analysis the license concluded that: (1) the plant is able to safely
cope with a total loss of AC power for a minimum of 2 hours from the onset of the SBO to the
restoration of offsite AC power to a 4160-volt emergency bus; and (2) a 2-hour coping time is
sufficient to envelope the time required to start and align the AAC source.

The NRC staff’s review of each of the areas in the coping analysis (i.e., condensate inventory,
battery capacity, loss of ventilation, containment isolation, compressed air, and torus
temperature) is provided in separate parts of this SE section below.

Impact of EPU on SBO Coping Capability

For the EPU, the duration for which VYNPS must cope until the AAC source is available is 2
hours. The total coping time of 8 hours remains unchanged for EPU conditions. No changes
are needed to the systems and equipment required to respond to an SBO event. The licensee
stated that the use of two RHR service water (RHRSW) pumps with one RHR heat exchanger
has been shown by calculation to provide sufficient suppression pool cooling to ensure
adequate NPSH is available to ECCS pumps without crediting containment accident pressure
under EPU conditions.

VHS and Vernon Tie Line

As discussed in UFSAR Section 2.4.1, the VHS is located on the Connecticut River, about
3,500 feet downstream of the VYNPS. As discussed in Attachment 4 of the licensee’s letter
dated August 1, 2005 (Reference 31), TransCanada, is the owner/operator of the VHS.
TransCanada currently has four personnel that work out of the VHS during the normal day shift
and report to that location. These personnel may be used to support activities at the other
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TransCanada units. These workers are trained to return the unit to service and make it
available to be connected to the system. They have an on-call supervisor assigned who covers
the Vernon, Bellows Falls and Wilder hydroelectric facilities and carries a pager. For off-hour
events, TransCanada's control station, which is continuously manned and located in Wilder,
Vermont, would contact the on-call supervisor who would call in the necessary support
personnel to restart the VHS.

The VHS is designated as a “black-start” facility under arrangements with the regional grid
operator. This designation requires that the facility be capable of being black-started within 90
minutes after the operator is notified. The VHS is connected to a 69 kV offsite transmission
system, which is not directly connected to VYNPS’ normal offsite power source. The majority of
the lines emanating from the VHS are routed in completely different directions from the lines
supplying offsite power to VYNPS. The Vernon Tie is a highly reliable tie line that connects the
VHS to either of the two VYNPS 4160 V emergency buses and is capable of supplying power to
required loads under postulated SBO conditions. The Vernon Tie is physically and electrically
independent of other sources of power to the plant’'s emergency buses, including the normal
offsite power circuits. The load-carrying capability of the Vernon Tie is approximately equal to
one EDG. The cable from VYNPS to the Vernon switchyard is buried and about 4000 feet in
length. Energization of a VYNPS 4160-volt emergency bus from the Vernon Tie requires the
closure of two circuit breakers from the VYNPS control room. Once energized, it takes very
little time to align loads from the control room. Loss of the Vernon Tie is annunciated and its
voltage is monitored in the VYNPS control room. Surveillance testing of the Vernon Tie
demonstrated the ability to energize an emergency bus and supply required SBO loads in less
than 10 minutes.

TransCanada conducts and documents the black-start of the VHS annually. The combination
of the periodic testing of the AAC source together with the energization test of the emergency
bus that is conducted every operating cycle encompass the condition of the SBO event, and
therefore meets the requirement of 10 CFR 50.63.

Restoration of the bulk power system is of high importance following a regional blackout, and
an emergency condition at VYNPS would receive top priority by the Rhode Island, Eastern
Massachusetts, Vermont Energy Control (REMVEC) and National Grid Operators who control
regional grid operations. This is evident in Independent System Operator - New England
(ISO-NE) operating procedure OP-6, “System Restoration,” which states that a high priority
must be given to the restoration of offsite AC power to nuclear units and that they are the most
critical during the restoration of power after a blackout.

If the Vernon Tie is de-energized an alarm is annunciated in the VYNPS control room. Per
operational transient procedure OT-3122, if an SBO occurs and the Vernon Tie is de-energized
due to a regional grid blackout, the VYNPS control room operator will immediately contact the
REMVEC control center to black-start the VHS and re-energize the Vernon Tie in accordance
with REMVEC operating procedures. Once the Vernon Tie is energized, a source of power is
available to either of two VYNPS emergency buses, and equipment can be powered and
operated in accordance with procedure OT-3122. The licensee provided a realistically
conservative timeline for restoration of the AAC power source during a postulated regional
blackout scenario. The licensee stated that operation of the VHS is monitored 24 hours per
day, 7 days per week, by the owner/operator’s staff located at the Wilder control center. Loss
of the VHS would be immediately indicated at the Wilder station.
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During the review, the NRC staff raised a concern that the licensee had not indicated in the
March 24, 2005, submittal that it was planning to perform an integrated test, as required by

10 CFR 50.63(c)(2), with all parties involved to show that they can meet the 2-hour basis for
starting and aligning the AAC power source, should it have to be re-started during a regional
blackout. The staff considers such a test to be critical to showing that appropriate procedures
and protocols are in place to coordinate between the multiple entities that would be involved. In
response to the above concern, the licensee, on August 1, 2005 (Reference 31), stated that
Entergy’s letter of March 24, 2005, described the regular, periodic testing currently conducted
to demonstrate the ability of the AAC source to power required electrical loads under a
postulated SBO event. The testing consists of two components:

° Actual black-start of the AAC source by TransCanada in accordance with ISO New
England operating procedure OP-11, “Black Start Capability Testing Requirements.”
This testing is conducted and documented annually.

° Surveillance testing of the Vernon Tie in accordance with Entergy VYNPS procedure
OP-4142, “Wemon Tie and Delayed Access Power Source Backfeed Surveillance.”
Performance of this test demonstrates actual ability to power required SBO loads. This
testing is conducted and documented during each refueling outage.

These tests perform all actions required to restart the VHS and, upon delivery of power to the
Vernon Tie, the re-energization of a VYNPS 4 kV bus. The only step not performed is the
opening and closing of certain breakers in the interfacing switchyard as this would cause an
unnecessary blackout to the general public. These breaker manipulations are performed in a
continuously manned regional operations center and controlled by system procedures.
Completion of these external activities will take less than 5 minutes of the 2-hour coping
duration and are considered simple actions not requiring periodic validation.

Entergy recently held discussions with TransCanada, the owner/operator of the VHS, and the
regional grid control center regarding procedural requirements and communication protocols for
a postulated SBO event. These communications have resulted in system restoration procedure
improvements and have served to promote a better understanding of the expectations relative
to Entergy’s reliance on the VHS during an SBO.

Entergy has established administrative controls to assure performance of a once per operating
cycle tabletop review of the procedures that complete the actions to repower a VYNPS 4KV bus
from the VHS. Pursuant to discussions with co-host REMVEC, a system-wide annual tabletop
review took place in October 2005. During this meeting, Entergy led a tabletop review of all
actions required to support the restoration of 4 kV AC to VYNPS. This review discussed the
interfaces with the operator of VHS and the regional grid operator to verify that roles and
responsibilities and timelines are understood and that there have been no changes that would
impact the assumption in the VYNPS SBO coping strategy. Entergy also provided the
participants with additional insights regarding offsite power issues for nuclear power stations
including plant response to and consequences of an SBO.

In a letter dated September 7, 2005 (Reference 62, RAI EEIB-A-8), the NRC staff requested
that the licensee provide additional information regarding how the periodic tabletop review will
verify the activities associated with notifying and staffing the VHS within 90 minutes as shown in
the licensee’s timeline for AAC source startup and alignment (Reference 26, Attachment 1,
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Table 1, Step 3). The licensee responded to this concern in a letter dated September 10, 2005
(Reference 33, Attachment 7). The licensee stated that Step 3 in Table 1 of Attachment 1 to
Supplement 25 provided a realistically conservative estimate of the time required to staff and
prepare the VHS for black-start under worst-case SBO conditions. The periodic tabletop review
of this step in the power restoration sequence will provide added assurance that the VHS can
be staffed and prepared to commence generation within 90 minutes of notification as specified
in ISO-NE procedure OP-11. The licensee stated that the ISO-NE system restoration exercise
tabletop review, or a separate TransCanada/Entergy discussion of this 90-minute assumption,
will include discussions with the VHS operator to confirm that the assumptions and completion
times of restoration activities continue to remain valid. The activities and support elements to
be reviewed include confirming that:

° VHS black-start restoration procedures support the 90-minute objective and are
consistent with interfacing procedures of other participants involved in restoring AC
power to VYNPS during an SBO event.

° The assumption that the 90-minute timeframe includes off-hours response under
adverse weather conditions (e.g., snow storms).

° VHS units with black-start capability have actually been black-start tested in the past
year and are in a condition to be black-started.

° Key operating aids used to support black start, such as telephone and radio
communications, have been tested in the past year.

° VHS on-call personnel are sufficient in number and proximity to VHS to support timeline
assumptions.

° VHS on-call personnel are subject to fitness-for-duty requirements
° VHS on-call personnel are qualified for black-start operations.
° Future plans (if any) to modify procedures, staffing requirements or the black-start units

will continue to support the 90-minute objective.

Suggestions will be made when appropriate to increase time margins where situations warrant.
The tabletop reviews will be interactive discussions intended to verify that the 90-minute
objective can be met with reasonable assurance. The above discussion adequately addressed
the NRC staff’'s concern.

During the review, the NRC staff raised the concern that the operators of the VHS are not
Entergy personnel or Entergy contractors or vendors, and the station is not manned 24 hours
per day, 7 days per week. The staff requested, in its letter dated July 27, 2005 (Reference 61,
RAI EEIB-A-2), the licensee to address the following:

° Are specific operators designated “on-call” to respond to the VHS, as needed, during
periods when the station is unmanned?

° Are the operators subject to any fitness-for-duty requirements?
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° Are the operators, responsible for responding to the station when it is unmanned,
required to remain within a certain distance from the VHS?

o From the onset of a regional grid collapse, during a period for which the VHS is
unmanned, discuss all assumptions regarding the time required for the operator to
reach the station (e.g., adverse weather conditions, distance traveled), and the time
required for the operator to perform the necessary actions to black-start the station.

In its letter dated August 1, 2005, the licensee stated that Entergy has discussed these
questions with TransCanada, the owner/operator of the VHS. In support of its commitment with
ISO-NE to provide black-start capability, TransCanada currently has four personnel that work
out of the VHS during the normal day shift and report to that location. These personnel may be
used to support activities at the other TransCanada units. These workers are trained to return
the unit to service and make it available to be connected to the system. They have an on-call
supervisor assigned who covers the Vernon, Bellows Falls and Wilder hydroelectric facilities
and carries a pager. For off-hour events, TransCanada’s control station, which is continuously
manned and located in Wilder, Vermont, would contact the on-call supervisor who would call in
the necessary support personnel to restart the VHS. Any alarm indication that the VHS has
tripped off-line is treated as a critical alarm and would prompt the call-in immediately upon
receiving the alarm. Based on their experience, which includes off-hours events in which the
VHS needed to be re-started, TransCanada indicated that they had restarted the unit within the
required ISO-NE response timeframe. They also indicated that they had not experienced
situations where personnel were unavailable to support restart of the unit.

TransCanada indicated that they did have company policies that include a fitness-for-duty
program. Although random drug testing is not performed on all personnel, supervisory
observations that identified a potential for alcohol or drug abuse would lead to drug testing. Itis
TransCanada’s expectation that the on-duty supervisor be fit to perform this duty when on-call.

A key assumption in the coping evaluation time line is that the personnel in the Wilder control
station would be aware of a regional blackout almost immediately. During off hours, which
maximizes response time, the control center would contact the on-call supervisor who would
contact and dispatch personnel to restart the VHS. Given current agreements, testing practices
and past experience, the timeline assumes that this will be completed within 90 minutes.

For a regional blackout, ISO-NE would direct the system restoration and order the transmission
owner to close the switchyard breakers supplying VYNPS. These breakers can be operated
remotely by the transmission owner. VYNPS’ operators would then close the breakers
supplying power to the emergency bus. The VYNPS breakers are operated from the VYNPS
main control room, and these actions can occur very quickly. The coping study uses a 2-hour
duration which bounds the actions discussed above.

To account for additional unforeseen circumstances (e.g., adverse weather beyond assumed
travel time) the coping study is done with conservative inputs that provide additional margin.
For example, should the SBO event occur during a winter snow storm that could delay VHS
startup, the conservatisms in heat sink temperature (which assumes peak summer allowable
temperature) would allow for additional coping time.



-65 -

Entergy believes that use of a 2-hour coping time together with conservatisms inherent in the
coping analysis, in addition to conservatively estimated response times, provide reasonable
assurance that the VHS will be available to support mitigation of an SBO event. During the
review, the NRC staff raised a concern that during a snow storm, startup of the VHS could be
delayed such that the 2-hour coping time may not be bounding (Reference 62, RAI EEIB-A-7).
Additionally, the staff asked the licensee to provide details regarding the ISO-NE response
timeframe. The licensee responded to this concern in a letter dated September 10, 2005
(Reference 33, Attachment 7). The licensee’s response stated that:

The coping study assumes worst-case conditions corresponding to the design basis
river water temperature of 85°F. These conservatisms are bounding as they result in a
minimum coping time of two hours. The statement made in the response to

RAI EEIB-A-2 in Supplement 30, Attachment 4, was an engineering judgment that a
lower (e.g., winter) river water temperature would enable the plant to cope for a duration
longer than two hours as suppression pool temperature is the limiting constraint.
However, the assertion that this capability exists in no way implies that a coping time in
excess of two hours will ever be required. The coping time of two hours is based on
worst-case conditions and is bounding. The two hour coping time is adequate for all
times of the year, as well as all postulated weather conditions. The VYNPS SBO coping
analysis report, which is applicable for EPU conditions, was provided by Entergy letter of
March 24, 2005.

An integral portion of the ISO-NE system restoration procedure is the requirement that
generating units having black start capability strive to achieve the fastest start time
possible. ISO-NE black start units, such as the VHS units, are expected to be manned
and prepared to commence generation within ninety (90) minutes of receiving
instructions to initiate black start operations. In addition, ISO-NE procedure OP-6
requires that during system restoration a high priority must be given to the restoration of
off-site AC power sources to nuclear generators. It is stated in procedure OP-6: “[T]he
most critical power requirement after a [system] blackout is the assurance of reliable
shutdowns of nuclear generators.... The expeditious restoration of alternative off-site AC
power sources to nuclear units is imperative to promote the continued reliability of
shutdown operations.” Based on the designation of the TransCanada VHS units as
black start units by ISO-NE, the procedural requirements for achieving black start, and
the operating history of the VHS units, there is reasonable assurance that a VHS unit
will be available within the SBO coping timeframe.

The NRC staff has determined that the above discussion adequately resolves the staff’s
concern regarding the 2-hour coping time.

Additionally, the NRC staff requested the licensee to discuss the agreement between Entergy
and other entities to bring the VHS online from black-start conditions in order to provide electric
power to VYNPS during an SBO event (i.e., whether there are formal written agreements
supported by written procedures). In its response dated August 1, 2005 (Reference 31), the
licensee stated that VYNPS has an AAC Source Agreement dated July 31, 2002, with Green
Mountain Power (GMP), which is the retail electricity provider in the area, to make available at
the point of interconnection between the Vernon switchyard and the Vernon Tie up to 3 MW of
energy from the VHS during an emergency affecting VYNPS. This agreement requires GMP to
take all reasonable steps to keep the Vernon Tie energized at all times. GMP has in tum
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entered into an agreement, dated July 31, 2002, with USGenNE (the operator of the VHS at the
time) to supply this power to VYNPS in an emergency, and a Service Agreement for Network
Integration Transmission Service Between New England Power Company and Green Mountain
Power Corporation, effective July 31, 2002, which commits New England Power (the owner of
the transmission facilities at the VHS) to keep the Vernon Tie energized during normal utility
operations and to make reasonable efforts to keep the line energized during emergency
situations, subject to 1ISO, New England Power Pool (NEPOOL) and REMVEC requirements.
TransCanada has affirmed that they are committed under tariff to provide black-start capability
of the VHS to ISO-NE.

Both the NEPOOL and REMVEC procedures state that “the most critical power requirement
after a blackout is the assurance of reliable shutdowns of nuclear generators, and that
expeditious restoration of alternative off-site power sources to nuclear units is imperative to
promote the continued reliability of shutdown operations.”

As a backup to local indication available to grid operators of a regional blackout, VYNPS
procedure OT-3122, “Loss of Normal Power” Appendix A “Station Blackout Procedure” directs
operators to immediately contact the regional grid control center to initiate a black start of the
VHS if the Vernon Tie is unavailable due to a regional grid blackout. The regional grid control
center actions are directed by Operating Procedure OP-6, “System Restoration.” This directs
certain hydro-station operators (including the VHS) to initiate black start procedures, and upon
notification that the units are started, provide instructions to align power to VYNPS and to
communicate when these actions are complete to the VYNPS control room. The owner of the
VHS has a procedure for the actual black start. The above response adequately addressed the
NRC staff’'s concern.

Condensate Inventory and Reactor Coolant System Inventory

The licensee has performed a plant-specific analysis that shows that injecting 75,000 gallons of
condensate storage tank (CST) inventory is sufficient to remove decay heat, provide leakage
makeup, and depressurize the reactor to 100 psia. A leakage rate of 61 gpm was used which
is comprised of recirculation pump leakage of 18 gpm per pump (36 gpm total) and the TS RCS
leakage limit of 25 gpm. The leakage rate is maintained at 61 gpm during depressurization.

The licensee used the NUMARC 87-00, Section 7.2.1, methodology for determining condensate
inventory for the 2-hour coping duration, and it was determined to be 47,161 gallons. The
licensee has further applied the NUMARC 87-00, Section 7.2.1, methodology for determining
condensate inventory out to the time period where the reactor is depressurized to 100 psia
where low pressure CS pumps can provide injection with the torus as a water source. This time
period is approximately 5 hours, and the total condensate inventory requirement is 86,439
gallons. To ensure that at least 100,000 gallons of usable CST inventory is available for 5
hours injection during an SBO, the minimum administrative limit for CST level identified in plant
procedure OP 0150 will be increased. This administrative limit accounts for required instrument
uncertainty.

The NRC staff concludes that the ability to maintain adequate RCS inventory to ensure that the
core is cooled has been assessed for the required coping duration by plant-specific analysis
and the NUMARC methodology. The expected rates of reactor coolant inventory loss under
SBO conditions will not result in core uncovery in an SBO event of the required 2-hour coping
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duration. The AAC power source will be available within 2 hours to the necessary makeup
systems. Therefore, makeup systems available under SBO conditions are adequate to maintain
core cooling for the entire SBO duration at EPU. Additionally, the torus remains available to
supplement the CST for low pressure systems once the reactor is depressurized.

Battery Capacity

The licensee stated that worst-case battery scenario occurs when dc buses DC-1 and DC-2 are
cross-tied and an SBO occurs just after the largest DC MOV (V23-19) is started for testing. A
separate scenario has been added to calculation VYC-2154 to show that the battery has
capacity to handle the SBO required loads for the full 2 hours. The calculations for battery
capacity use