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4.0 TIME-LIMITED AGING ANALYSIS

4.1 INTRODUCTION

Section 4.0 describes the Time-Limited Aging Analyses (TLAAs) for the Palo Verde Nuclear
Generating Station (PVNGS), Units 1, 2, and 3, in accordance with 10 CFR 54.3(a) and
54.21(c). Subsequent sections describe TLAAs within these common general categories:

* Neutron Embrittlement of the Reactor Vessel

* Metal Fatigue of Vessels and Piping

* Environmental Qualification of Electrical Equipment (EQ)

* Loss of Prestress in Concrete Containment Tendons

* Fatigue of the Containment Liner and Penetrations

* Other Plant-Specific TLAAs

The information on each specific TLAA within these general categories is organized under
three subheadings:

Summary Description

A brief description of the TLAA topic and of the affected components.

Analysis

A description of the current licensing basis analysis, that is, of the TLAA itself, including
implications for the period of extended operation.

Disposition

The disposition of the TLAA for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1):

* Validation - 10 CFR 54.21 (c)(1)(i) - The analysis remains valid for the period of
extended operation, or

Revision - 10 CFR 54.21(c)(1)(ii) - The analysis has been projected to the end of
the period of extended operation, or
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Aging Management - 10 CFR 54.21(c)(1)(iii) - The effects of aging on the intended

function(s) will be adequately managed for the period of extended operation.

4.1.1 Identification of TLAAs

Survey of Design and Licensing Bases

An analysis, calculation, or evaluation is a "Time-Limited Aging Analysis" (TLAA) under the
10 CFR 54 License Renewal Rule (the Rule) only if it meets all six of the 10 CFR 54.3(a)
criteria:

Time-limited aging analyses, for the purposes of this part, are those licensee
calculations and analyses that:

1) Involve systems, structures, and components within the scope of license
renewal;

2) Consider the effects of aging;

3) Involve time-limited assumptions defined by the current operating term, for
example, 40 years;

4) Were determined to be relevant by the licensee in making a safety
determination;

5) Involve conclusions or provide the basis for conclusions related to the
capability of the system, structure, and component to perform its intended
functions; and

6) Are contained or incorporated by reference in the CLB (current licensing
basis).

[10 CFR 54.3(a)]

10 CFR 54.21(c) requires that:

1. A list of time-limited aging analyses, as defined in §54.3, must be provided. The
applicant shall demonstrate that: -

i. The analyses remain valid for the period of extended operation;

ii. The analyses have been projected to the end of the period of extended operation; or

iii. The effects of aging on the intended function(s) will be adequately managed for the
period of extended operation.
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2. A list must be provided of plant-specific exemptions granted pursuant to 10 CFR 50.12
and in effect that are based on time-limited aging analyses as defined in §54.3. The
applicant shall provide an evaluation that justifies the continuation of these exemptions
for the period of extended operation.

Section 4.0 provides these lists and dispositions, and their bases.

A list of potential TLAAs was assembled from regulatory guidance and industry experience,
including:

The NUREG-1800 Standard Review Plan for Review of License Renewal
Applications for Nuclear Power Plants, Chapter 4

The NEI 95-10 Industry Guideline for Implementing the Requirements of
10 CFR 54, the License Renewal Rule

* The 10 CFR 54 Final Rule "Statement of Considerations"

* Prior license renewal applications

* Plant-specific document reviews and interviews with plant personnel.

Keyword searches on the Palo Verde Licensing Research System examined the PVNGS
current licensing basis (CLB) to determine whether the design or analysis feature of each
potential TLAA in fact exists at PVNGS and in its licensing basis, and to identify additional
potential unit-specific TLAAs. The CLB search included

* The Updated Final Safety Analysis Report (UFSAR)

* Technical Specifications

* The NRC Safety Evaluation Reports (SERs) for the original operating licenses

* Subsequent NRC Safety Evaluations (SEs)

* APS and NRC docketed licensing correspondence.

Only those potential TLAAs meeting all six criteria of 10 CFR 54.3(a) are actual TLAAs
requiring disposition in accordance with 54.21(c). The list of potential TLAAs was therefore
reviewed (screened) against the six 10 CFR 54.3(a) criteria based on information in the CLB
source documents, and from source documents for the potential TLAAs such as:

* The Combustion Engineering System 80 Standard Safety Analysis Report
(CESSAR)

* Vendor, NRC-sponsored, and licensee topical reports
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* Design calculations

0 Code stress reports or code design reports

* Drawings

* Specifications

These TLAA source documents provided the information and the basis for the dispositions.

Licensing basis program documents, such as the inservice inspection and electrical
equipment environmental qualification programs (ISI and EQ programs), were reviewed
separately.

The EQ program includes qualification of some components for the licensed operating
period. Since the scope of the EQ program is generally limited to safety-related or quality
augmented components with safety functions or that support safety functions, and since
these qualifications support safety determinations, EQ qualifications for the design lifetime
are TLAAs. The EQ program requires that the component Environmental Qualification Data
File (EQDF) be examined prior to expiration of the qualified life of each component, and that
each affected component be requalified, refurbished, or replaced as required

Disposition of indications discovered during inservice inspections may include qualifications
for the licensed design life that are TLAAs. These are typically identified during the review
of licensing correspondence. See Section 4.3.2.4 for an analysis of indications in a Unit 2
pressurizer support skirt forging weld. See Section 4.7.3 for a summary of this TLAA; and of
similar evaluations of postulated defects (rather than of existing defects discovered during
inservice inspections).

4.1.2 Aging Management Review

The NUREG-1801 Generic Aging Lessons Learned (GALL) Report identifies numerous
aging effects that require evaluation as possible TLAAs in accordance with
10 CFR 54.21(c). Each of these was reviewed, and dispositioned as a TLAA if identified as
such under the 10 CFR 54.3(a) criteria. Table 1 of each of Sections 3.1 through 3.6 of this
application lists the TLAA line items of the NUREG-1801 Volume 1 Summary Tables, and
identifies the locations of their "further evaluations."
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4.1.3 Summary of Results

Sections 4.2 through 4.7 of this report list and describe six general categories of TLAAs.
They are listed in Table 4.1-1. They are presented in the order in which they appear in
Sections 4.2 through 4.7 of the NUREG-1800 Standard Review Plan for Review of License
Renewal Applications for Nuclear Power Plants (the SRP).

Standard Review Plan Tables 4.1-2 and 4.1-3 list examples of analyses that could be
TLAAs, depending on the applicant's current licensing basis (CLB). Table 4.1-2 summarizes
the results of the PVNGS review of the analyses identified in SRP Tables 4.1-2 and 4.1-3.

Table 4.1-1 - List of TLAAs

1. Reactor Vessel Neutron Embrittlement Analysis NA 4.2

Neutron Fluence, Upper Shelf Energy and Adjusted i, iii 4.2.1

Reference Temperature (Fluence, USE, and ART)

Pressurized Thermal Shock (PTS) i 4.2.2

Pressure-Temperature (P-T) Limits i 4.2.3

Low Temperature Overpressure Protection (LTOP) 4.2.4
4. 4

2. Metal Fatigue Analysis NA 4.3

Fatigue Aging Management Program NA 4.3.1

ASME III Class 1 Fatigue Analysis of Vessels, Piping, NA 4.3.2
and Components

Reactor Pressure Vessel, Nozzles, Head, and ii, iii 4.3.2.1
Studs

Control Element Drive Mechanism (CEDM) Nozzle i 4.3.2.2
Pressure Housings

Reactor Coolant Pump Pressure Boundary iii 4.3.2.3
Components

Pressurizer and Pressurizer Nozzles iii 4.3.2.4
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Table 4.1-1 - List of TLAAs

Steam Generator ASME III Class 1, Class 2
Secondary Side, and Feedwater Nozzle Fatigue
Analyses

i, iii 14.3.2.5

ASME III Class 1 Valves i, iii2 4.3.2.6

ASME III Class 1 Piping and Piping Nozzles iii 4.3.2.7

Absence of Supplemental Fatigue Analysis TLAAs Included 4.3.2.8
in Response to Bulletin 88-08 for Intermittent under 4.3.2.7
Thermal Cycles due to Thermal-Cycle-Driven
Interface Valve Leaks and Similar Cyclic
Phenomena

Bulletin 88-11 Revised Fatigue Analysis of the iii 4.3.2.9
Pressurizer Surge Line for Thermal Cycling and
Stratification

Class 1 Fatigue Analyses of Class 2 Regenerative iii 4.3.2.10
and Letdown Heat Exchangers

Class 1 Fatigue Analyses of Class 2 HPSI and 1 4.3.2.11
LPSI Safety Injection Safeguard Pumps for Design
Thermal Cycles

Class 1 Analysis of Class 2 Main Steam Safety i 4.3.2.12
Valves

Absence of TLAAs in Evaluations of Effects of NA 4.3.2.13
Vibration on the Unit 1 Train A Shutdown Cooling
System Suction Line Fatigue Analysis, and of
Vibration Limits Established for its Isolation Valve
Actuator

High Energy Line Break Postulation Based on iii 4.3.2.14
Fatigue Cumulative Usage Factor

Absence of TLAAs in Fatigue Crack Growth NA 4.3.2.15
Assessments and Fracture Mechanics Stability
Analyses for the Leak-Before-Break (LBB)
Elimination of Dynamic Effects of Primary Loop
Piping Failures
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Table 4.1-1 - List of TLAAs

Fatigue and Cycle-Based TLAAs of ASME III
Subsection NG Reactor Pressure Vessel Internals

iii 4.3.3

Effects of the Reactor Coolant System Environment on i, iii 4.3.4
Fatigue Life of Piping and Components (Generic Safety
Issue 190)

Assumed Thermal Cycle Count for Allowable i, ii 4.3.5
Secondary Stress Range Reduction Factor in ANSI
B31.1 and ASME Ill Class 2 and 3 Piping

Environmental Qualification (EQ) of Electric Equipment iii 4.4

Concrete Containment Tendon Prestress ii, iii 4.5

Containment Liner Plate, Equipment Hatch and Personnel NA 4.6
Air Locks, Penetrations, and Polar Crane Brackets

Absence of a TLAA for Containment Liner Plate, Polar NA 4.6.1
Crane Bracket, Equipment Hatch, Air Lock, and
Containment Penetration Design (Except Main Steam,
Main Feedwater, and Recirculation Sump Suction
Penetrations)

Design Cycles for the Main Steam and Main Feedwater i 4.6.2
Penetrations

Design Cycles for the Recirculation Sump Suction Line
Penetrations

4.6.3

I + -I-

6. Plant-specific Time-Limited Aging Analysis NA 4.7

Load Cycle Limits of Cranes, Lifts, and Fuel Handling i 4.7.1
Equipment Designed to CMAA-70

Absence of TLAAs for Metal Corrosion Allowances and NA 4.7.2
Corrosion Effects

Included in 4.7.3
Inservice Flaw Growth Analyses that Demonstrate 4n3.2.4 and

Structural Stability for 40 Years 4.3.2.4 and
4.7.4
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Table 4.1-i - List of TLAAs

Fatigue Crack Growth and Fracture Mechanics Stability
Analyses of Half-Nozzle Repairs to Alloy 600 Material
in Reactor Coolant Hot Legs; Absence of a TLAA for
Supporting Corrosion Analyses

iii 4.7.4

Absence of a TLAA in Corrosion Analyses of NA 4.7.5
Pressurizer Ferritic Materials Exposed to Reactor
Coolant by Half-Nozzle Repairs of Pressurizer Heater
Sleeve Alloy 600 Nozzles

Absence of a TLAA for Reactor Vessel Underclad NA 4.7.6
Cracking Analyses

Absence of a TLAA for a Reactor Coolant Pump NA 4.7.7
Flywheel Fatigue Crack Growth Analysis

Building Absolute or Differential Heave or Settlement,
including Possible Effects of Changes in a Perched
Groundwater Lens

i, iii 4.7.8

Exemption NA 4.8
List Absence of TLAAs Supporting 10 CFR 50.12 Exemptions

i- 10 CFR 54.21(c)(1)(i) - Validation: Demonstration that "The analyses remain valid for the
period of extended operation,"

ii - 10 CFR 54.21 (c)(1)(ii) - Revision: Demonstration that "The analyses have been projected
to the end of the period of extended operation," or

iii - 10 CFR 54.21 (c)(1)(iii) - Aging Management: Demonstration that "The effects of aging on
the intended function(s) will be adequately managed for the period
of extended operation."

NA - Not Applicable - Section heading or no TLAA, disposition categories are not
applicable

2 Evaluations of valves to be completed before the end of the current licensed operating period may
include revisions, in accordance with 10 CFR 54.21(c)(1)(ii).
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Table 4.1-2 - Review of Analyses Listed in NUREG-1800 Tables 4.1-2 and 4.1-3

Reactor vessel neutron embnttlement Yes 4.2

Concrete containment tendon prestress Yes 4.5

Metal fatigue Yes 4.3

Environmental qualification of electrical Yes 4.4
equipment

Metal corrosion allowance No - No explicit 40-year licensing basis 4.7.2,
applies. 4.7.4,

4.7.5

Inservice flaw growth analyses that Yes 4.3.2.4,
demonstrate structure stability for 40 years 4.7.3,

4.7.4

Inservice local metal containment No - No explicit 40-year licensing basis 4.7.2
corrosion, analyses applies.

High-energy line-break postulation based Yes 4.3.2.14
on fatigue cumulative usage factor

NU:EG-1 800, Table 4.1-3-Additional Examples of Plant-Specific TLAAs .

Intergranular separation in the heat- No - No HAZ analyses were identified 4.7.6
affected zone (HAZ) of reactor vessel low- within the CLB.
alloy steel under austenitic SS cladding

Low-temperature overpressure (LTOP) Yes 4.2.4
analyses

Fatigue analysis for the main steam supply Yes - 7000-cycle stress range reduction 4.3.5
lines to the turbine-driven auxiliary factor only.
feedwater pumps

Fatigue analysis for the reactor coolant No - No explicit 40-year basis applies. 4.7.7
pump flywheel

Palo Verde Nuclear Generating Station
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Table 4.1-2 - Review of Analyses Listed in NUREG-1800 Tables 4.1-2 and 4.1-3

Flow-induced vibration endurance limit for
the reactor vessel internals

Yes - However, design to endurance
limits is not a TLAA.

4.3.3

Transient cycle count assumptions for the Yes - PVNGS is designed to ASME 4.3.3
reactor vessel internals Section III Subsection NG.

Ductility reduction of fracture toughness for No - PVNGS is designed with no explicit 4.3.3
the reactor vessel internals 40-year embrittlement analysis for

internals.

Leak before break Yes - A leak before break analysis is used 4.3.2.15
at PVNGS but without a TLAA. No explicit
40-year basis applies.

Fatigue analysis for the containment liner No - No fatigue analysis of the liner plate 4.6.1
plate exists.

Containment penetration pressurization Yes - Design cycles for main steam line 4.6.2
cycles penetrations, only.

Reactor vessel circumferential weld No - PVNGS is a PWR. NA
inspection relief (BWR)

4.1.4 Identification of Exemptions

The License Renewal Rule requires a list of plant-specific exemptions granted pursuant to
10 CFR 50.12 and in effect that are based on time-limited aging analyses as defined in
§54.3. The applicant shall provide an evaluation that justifies the continuation of these
exemptions for the period of extended operation.

A search of docketed correspondence, the operating license, and the PVNGS UFSAR
identified and listed all exemptions in effect. Each exemption in effect was then evaluated to
determine whether it involved a TLAA as defined in 10 CFR 54.3.

The search found two exemptions "currently in effect" that have been granted pursuant to
10 CFR 50.12. Neither of these exemptions is supported by a TLAA.

Palo Verde Nuclear Generating Station
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4.2 REACTOR VESSEL NEUTRON EMBRITTLEMENT ANALYSIS

Reactor vessel materials are subject to embrittlement, primarily due to exposure to neutron
radiation.

Absorbed energy increases with temperature up to a maximum (the "upper-shelf energy,"
USE). Neutron embrittlement decreases USE.

Because fracture energy is low at low temperature, operating pressure-temperature limit
curves (P-T curves) are included in the Technical Specifications, which dictate the limit to
which the vessel can be pressurized at a given temperature. RTNDT, nil-ductility transition
reference temperature, is determined for vessel materials before irradiation and indicates
temperatures above which impact tests will demonstrate an acceptable USE. Neutron
embrittlement raises this transition temperature. This increase (ARTNDT) means that higher
temperatures are required for the material to continue to act in a ductile fashion. The P-T
limit curves (Section 4.2.3) are determined by the limiting adjusted reference temperatures
(ART; or if at end-of-life, EOL ART), equal to RTNDT plus ARTNDT plus a margin for
uncertainty.

Low-temperature overpressure protection (LTOP) is provided by relief valves located in the
shutdown cooling system suction lines [UFSAR, §5.2.2.11], whose setpoints are determined
by the calculation of the ART P-T limit curves (Section 4.2.4).

Concerns for the possibility of thermal shock to the vessel while at high pressure have
required evaluation of a ductile-brittle transition temperature screening parameter for PWR
vessel material susceptibility to pressurized thermal shock, RTpTs, similar to evaluations of
EOL ART (Section 4.2.2).

These limits and effects depend on lifetime neutron fluence, are part of the licensing basis,
and support safety determinations and Technical Specification operating limits. Their
calculations are therefore TLAAs. The supporting calculation of expected end-of-life vessel
neutron fluence is similarly a TLAA (Section 4.2.1).

Summary of Results

The current licensing basis predictions of USE and ART in PVNGS vessel materials were
based on the original CESSAR fluences predicted for a 32 EFPY life. The pressurized
thermal shock evaluation assumed similar fluence values. P-T limit curves depend on ART,
and the LTOP setpoints depend on the P-T limit curves and ART.

The most recent coupon surveillance test reports include fluence projections for a 54 EFPY,
60-year extended licensed operating period based on neutron transport and dosimetry
evaluation methods that follow the guidance and meet the requirements of Regulatory
Guide 1.190. Due primarily to low-leakage cores, these revised 54 EFPY fluence
projections are less than the original 32 EFPY CESSAR projections. The recent
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examination results also show that decreases in USE and increases in RTNDT are less than
projected. (With the exception of the Unit 3 weld coupons, which experienced a larger than
expected ARTNDT. However this is not the limiting material.)

The projected neutron fluence at the end of the period of extended operation is less than the
fluence used to calculate the current licensing basis EOL embrittlement effects. The
reduction in the projected fluence validates the current licensing basis analyses of these
effects for the period of extended operation. The validity of these analyses will continue to
be confirmed by the reactor vessel surveillance program, as required by 10 CFR 50
Appendix H. Continuing the program will require an enhancement to extend the coupon
withdrawal and examination schedule.

4.2.1 Neutron Fluence, Upper Shelf Energy and Adjusted Reference Temperature

(Fluence, USE, and ART)

Summary Description

The PVNGS reactor pressure vessels were designed, built, and analyzed by Combustion
Engineering to ASME Ill, Subsection NB (Class 1), 1971 Edition with addenda through
Winter 1973.

The scope of 10 CFR 50 Appendix G, "Fracture Toughness Requirements," includes all light
water reactor coolant pressure boundary materials, specifically including vessel plate,
nozzle, flange, weld, weld heat-affected zone (HAZ), and bolting materials. At PVNGS only
the beltline plate, weld, and HAZ are subject to sufficient neutron fluence to require
monitoring for changes in embrittlement parameters. Review of material outside the beltline
is not required for PVNGS, because the most recent 54 EFPY fluence projections are less
than the 32 EFPY fluence originally used to determine materials to be included in the
beltline material subject to surveillance.

10 CFR 50 Appendix G Section IV requires operation within pressure-temperature limits
(P-T limits, Section 4.2.3), which in turn depend on margins of safety and operating limits
using ASME III Appendix G methods. The calculation of these margins depends on initial
Charpy impact data in accordance with ASTM E 185-82, determinations of initial USE and
RTNDT in accordance with 10 CFR 50 Appendix G and ASME III Appendix G, and projections
of irradiated USE and RTNDT (or ART, including a margin for uncertainty), for which
Regulatory Guide 1.99 Revision 2 provides acceptable methods. The projected values must
be confirmed by a coupon surveillance program in accordance with 10 CFR 50 Appendix H
and ASTM E 185-82.

UFSAR Section 5.3 contains extensive data on vessel material composition, properties, and
the vessel coupon surveillance program. See UFSAR Tables 5.3-13, -14, and -15 for the
Unit 1, 2, and 3 capsule surveillance programs. See UFSAR Tables 5.3-18, -19, and -19A
for the Unit 1, 2, and 3 capsule removal and examination schedules. UFSAR
Section 4.3.3.3 describes the original reactor vessel fluence calculation model. The neutron
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transport and dosimetry calculations confirmed that these original 32 EFPY fluences exceed

those now expected for a 54 EFPY life.

Analysis

The PVNGS surveillance program is consistent with 10 CFR 50 Appendix H. The current
projections of fluence at 54 EFPY are less than the originally projected fluence at 32 EFPY,
and the recent surveillance data are consistent with projected effects. The original
projections of fluence, USE, and ART therefore remain valid for the period of extended
operation.

Selection of Surveillance Coupons, Determination of Initial and Projected USE and
RTNDT

The PVNGS limiting material selected as the basis for P-T limit curves and the coupons
selected for surveillance fully conform to 10 CFR 50 Appendices G and H, and to ASTM
E 185-82. The coupons are actual samples from the materials used in the vessels
[UFSAR 5.3.1.6.1].

The PVNGS Unit 2 and 3 vessel surveillance coupons were taken from the vessel lower
shell course plates, welds, and the plate heat-affected zones exposed to beltline neutron
fluence, and whose composition indicated the highest predicted EOL ART.

The first set of Unit 1 coupons were also selected from lower shell course plates and their
welds on a similar basis. However, the NRC review of the original program determined that
an intermediate shell plate could be limiting, and a second set of coupons was added from
this plate heat. The Unit 1 capsules therefore include coupons from two plate heats: lower
shell plate M-4311-1 because its predicted 32 EFPY ARTNDT was the highest, and
intermediate shell plate M-6701-2 because it was one of two with the highest predicted
32 EFPY EOL RTNDT. The M-6701-2 coupons were added because this heat had worse
chemistry and a lower initial USE than the other intermediate shell plate with the same EOL
RTNDT.

Coupon Withdrawal and Examination Schedule

All withdrawals to date were performed according to the schedule found in UFSAR
§5.3.1.6.6. PVNGS coupon capsules are numbered 1 through 6. Unit 1 Capsule 1,. Units 1
and 2 Capsule 3, Units 1, 2 and 3 Capsule 5, and Unit 3 Capsule 4 have been removed and
examined. The 230', Capsule 5 coupons were the most recently examined, in January of
2005, February of 2006, and August of 2005, for Units 1, 2, and 3 respectively.

Original Projection, Measurement, and Revised Projection of Neutron Fluence

The critical time-dependent parameter for determining radiation embrittlement effects is
lifetime fluence of neutrons with energies greater than 1 MeV. The original design basis
fluence predictions for a 32 EFPY life were the standard Combustion Engineering estimates
for the CESSAR-80 plants. Power uprate (PUR) had no effect on these fluence projections
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because this original analysis of record used a power level of 4200 MWt, which is higher
than the PUR level of 3990 MWt.

Increased plant capacity factors prompted the increase in the lifetime capacity factor
assumed for fluence estimates from 80 to 90 percent, and hence increased the assumed
EFPY for the extended licensed operating period to 54 EFPY.

The analyses of the most-recently-examined 230%, Capsule 5 dosimeters from each of the
three units, project the fluences to 54 EFPY, including effects of uprate. The revised
fluences were determined with transport calculations using the DORT discrete ordinates
code and the BUGLE-96 cross-section library which is derived from ENDF/B-VI. The
neutron transport and dosimetry evaluation methodologies follow the guidance and meet the
requirements of the most recent issue of Regulatory Guide 1.190, Calculational and
Dosimetry Methods for Determining Pressure Vessel Neutron Fluence, and are consistent
with Westinghouse WCAP-14040-NP-A, Methodology Used to Develop Cold Overpressure
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves [Ref. 11]. These
230%, Capsule 5 coupon examination reports include validations demonstrating that
measured fluences are within the tolerance specified by Regulatory Guide 1.190 (20 percent
of calculated and least-squares adjusted values). The dosimeter data were also used to
characterize and predict future exposures in displacements per atom (dpa) as
recommended by ASTM E 853, Standard Practice for Analysis and Interpretation of Light-
Water Reactor Surveillance Results; using the energy-dependent dpa function specified by
ASTM E 693, Standard Practice for Characterizing Neutron Exposures in Iron and Low Alloy
Steels in Terms of Displacements Per Atom (DPA); and the dpa gradient through the vessel
wall from Regulatory Guide 1.99, Revision 2.

With continued use of low-leakage cores, the -Unit 1, 2, and 3 clad-base metal interface
fluences at 54 EFPY, projected from measured exposures and lead factors of Capsule 5,
are 2.51 x 1019, 2.83 x 1019, and 2.93 x 1019 high-energy neutrons/cm2 , respectively; which
are less than the original 32 EFPY projection of 3.15 x 1019 neutrons/cm 2 used for the PTS
evaluation, or the 3.29 x 1019 neutrons/cm 2 used to determine the EOL ART and USE
reported in the NRC Reactor Vessel Integrity Database. Table 4.2-1 summarizes these
fluence results.

Clad-base metal fluences are commonly reported for comparison purposes, although the
50 ft-lbf acceptance criterion for USE and the P-T limits. based on ART depend on properties
at the tip of the flaw assumed for the fracture mechanics analysis upon which the P-T limits
are based, or % and ¾-thickness at PVNGS.
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Table 4.2-1 - PVNGS Reactor Vessel Peak Beltline Neutron Fluences >1 MeV

Original 40-year design basis estimate at the clad-base
metal interface (all three units) for PTS (Section 4.2.2
below)

32 3.15

Original 40-year design basis estimate (all three units) 32 3.29
for EOL ART and P-T curves (Section 4.2.3 below)

Equivalent1  At Capsule
2300 Capsule dosimeter, calculated equivalent clad- U1: 18.67 U1: 0.876
base metal interface EFPY and measured capsule
fluence U2:19.95 U2:0.992

U3: 18.01 U3: .0.907

Vessel

230° Capsule dosimeter, actual vessel EFPY and U": 13.83 Ul: 0.647
calculated fluence at the clad-base metal interface U2: 14.35 U2: 0.714

U3: 13.75 U3: 0.695

230° Capsule dosimeter, 60-year calculated and best UI" 2.51
estimate projection at the clad-base metal interface 54 U2: 2.83
(Maxima, at the n x 450 azimuths) U3: 2.93

2300 Capsule dosimeter 60-year calculated and best 1/ t

estimate projection at 1/4 through the vessel wall (Reg 54 UI: 1.398
Guide 1.99 Revision 2 Section 1.1 Equation 3 U2: 1.559
attenuation) U3: 1.617

230° Capsule dosimeter 60-year calculated and best % t

estimate projection at % t through the vessel wall (Reg 54 U1: 0.304
Guide 1.99 Revision 2 Section 1.1 Equation 3 U2: 0.334
attenuation) U3: 0.349

1 Actual EFPY times the respective lead factors for the 2300 capsule for each Unit, 1.35, 1.39, and
1.31 respectively.
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Measurement and Projection of USE and ART

The current licensing basis predictions of USE and ART in PVNGS vessel materials were
based on the original CESSAR fluences predicted for a 32 EFPY life. USE and ART were
projected from actual reactor material tests and compositions using Regulatory Guide 1.99
Revision 2 methods, and are recorded in the NRC Reactor Vessel Integrity Database
(RVID). The neutron transport and dosimetry calculations confirmed that these original
32 EFPY fluences exceed those now expected for a 54 EFPY life.

The initial evaluations of material properties and projections of them to the end of the
40-year, 32 EFPY initial licensed operating period found that Unit 1 plate materials will be
most limiting for both USE and ART. The current pressure-temperature (P-T) operating
limits were accordingly based on the projected effects in the limiting Unit 1 materials. See
Section 4.2.3. The recently-measured transition temperature and transition temperature
changes (RTNDT and ARTNDT) listed in Table 4.2-2 confirm that the limiting Unit 1 plate
material should remain most limiting for adjusted reference temperature (ART), and that the
limiting ART of these materials will not restrict P-T operating margins in the period of
extended operation.

A first inspection of the USE measurements from the most recent coupon examinations, in
Table 4.2-2, suggests that the Unit 2 limiting HAZ material will be most limiting for USE, but
a check of the change in USE in this same table indicates that this material will retain about
the same USE, while that of others may decline below that of the limiting HAZ material. The
weld and plate materials will therefore have the most limiting USE at end of life.

Table 4.2-3 through Table 4.2-5 show (1) that limiting values of / t USE were projected to
remain well above the 50 ft-lbf acceptance criterion at fluences originally projected for a 40-
year life, (2) that current fluence projections for a 54 EFPY, 60-year life do not exceed those
originally projected for a 40-year life, and therefore (3) that USE of the limiting material will
remain adequate for the extended licensed operating period.

The most recent coupon examination results also show that the decline in USE and increase
in RTNDT in plate and weld materials are less than originally predicted by Regulatory
Guide 1.99 Revision 2, with only one exception. The exception is the Unit 3 weld coupon
set, for which ARTNDT exceeds the prediction. However the shift (ARTNDT) is less than the
2o allowance of Regulatory Guide 1.99 Revision 2. These Unit 3 welds are also not the
most limiting material.

Disposition: Validation, 10 CFR 54.21(c)(1)(i); and Aging Management,
10 CFR 54.21(c)(1)(iii)

Validation

In the absence of significant changes in vessel operating temperature and neutron
spectrum, projected decreases in limiting USE and increases in limiting ART depend only on
high-energy neutron fluence. Since current projections of neutron fluence for a 60-year,

Palo Verde Nuclear Generating Station Page 4.2-6
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54 EFPY extended licensed operating period are less than those used for the original
licensing basis projections for 32 EFPY, the original projections remain valid for the period of
extended operation.

In addition, since no increase in fluence is expected above the original licensing basis
estimates, no other reactor pressure boundary materials will be exposed to increased
neutron fluences, and therefore no additional materials require evaluation for these effects.

The evaluation of the acceptability of these parameters therefore remains valid for the
period of extended operation, in accordance with 10 CFR 54.21(c)(1)(i).

Aging Management

Fluence, USE, and ART will be managed for the extended licensed operating period by
continuing the Reactor Vessel Surveillance program (Section B2.1.15), with adjustments to
the coupon examination schedule to withdraw the next capsule at an equivalent clad-base
metal exposure of approximately 54 EFPY, and to withdraw remaining standby capsules at
equivalent clad-base metal exposures not exceeding 72 EFPY. The validity of these
parameters and the analyses that depend upon them will therefore be adequately managed
for the period of extended operation in accordance with 10 CFR 54.21 (c)(1)(iii).

Table 4.2-2 - Results of Examination of PVNGS 230' Capsule 5 Coupons

Parameter :'' 7 Unit 1 ~Unit 2 Unit 3
Limiting Weld 90071 3P7317 4P7869

Limiting Plate M-6701-2 F-773-1 F-6411-2

Actual EFPY at Removal 13.83 14.35 13.75

Measured Capsule Fluence 1019 n/cm 2 
(1) 0.876 0.992 0.907

Equivalent EFPY at Clad-Base Metal Interface(2) 18.67 19.95 18.01

Unirradiated mesured~ man 30 ftlb transition OFO OF>
temperatures ~of the imriting & 0 EFPY~ 0 EFPY 0 EFPY

Weld Metal -53.5 -40.1 -38.7

HAZ (heat-affected zone of plate next to a weld) -62.6 -11.3 -108.7
Longitudinal Plate Coupons (parallel to rolling 8.0 0.5 -31.5
direction) 8.0_0._-31.

Transverse Plate Coupons 30.2 0.7 -25.7

Palo Verde Nuclear Generating Station
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Table 4.2-2 - Results of Examination of PVNGS 230° Capsule 5 Coupons

P~aramqtier <,Unit 1 Unit 2 iUnit 3
Limiting Weld 90071 3P7317 4P7869

Limiting Plate M-6701-2 F-773-1 F-6411-2

Actual EFPY at Removal 13.83 14.35 13.75

Measured Capsule Fluence 1019 n/cm 2 
(1) 0.876 0.992 0.907

Equivalent EFPY at Clad-Base Metal Interface(2) 18.67 19.95 18.01

Calculated mean 30ft-lb transition temperature shifts OF OF OF •
(ARTND)O~f thelimniting-

Weld Metal 5.1 2.5 24.1

HAZ (heat-affected zone of plate next to a weld) -32.8 46.3 10.3
Longitudinal Plate Coupons (parallelto rolling 15.3 17.7 6.3
direction)

Transverse Plate Coupons 31.9 19.3 9.2

Measured mean 30 ft-lb transition temperatures of the O FO
limiting- jFp 0

Weld Metal -48.4 -37.6 -14.6

HAZ (heat-affected zone of plate next to a weld) -95.4 35.0 -98.4

Longitudinal Plate Coupons (parallel to rolling 23.3 18.2 -25.2
direction)
Transverse Plate Coupons 62.1 20.0 -16.5

iUnirradiated measured mean 50 ft-lb transition O O O
>temperatures of the limiting-L7 0 EFP~Y 0OEFPY 0EP

Weld Metal -33.6 -9.9 -0.3

HAZ (heat-affected zone of plate next to a weld) -26.2 59.2 -71.6
Longitudinal Plate Coupons (parallel to rolling 36.6 37.1 -6.3
direction)
Transverse Plate Coupons 71.4 31.7 4.4

Calculated mean 50 ft-lb transition temperature shifts OF OF OF
of the limiting-

Weld Metal 3.2 14.0 39.7

HAZ (heat-affected zone of plate next to a weld) -35.9 19.8 12.8
Longitudinal Plate Coupons (parallel to rolling 16.3 24.5 15.3
direction)
Transverse Plate Coupons 35.6 20.8 11.7

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.2-2 - Results of Examination of PVNGS 230° Capsule 5 Coupons

'"Parameterr 7. Unit 1 7 Unit 2 Unit 3"
Limiting Weld 90071 3P7317 4P7869

Limiting Plate M-6701-2 F-773-1 F-6411-2

Actual EFPY at Removal 13.83 14.35 13.75

Measured Capsule Fluence 1019 n/cm2 (1) 0.876 0.992 0.907

Equivalent EFPY at Clad-Base Metal Interface(2) 18.67 19.95 18.01

~Measu~red menei 50 ft-lb trnsition temperatures of he OFOFO
limiting- ~

Weld Metal -30.4 4.1 39.4

HAZ (heat-affected zone of plate next to a weld) -62.1 79.0 -58.8

Longitudinal Plate Coupons (parallel to rolling 52.9 61.6 9
direction) 52.9 61_6_9

Transverse Plate Coupons 107.0 52.5 16.1

•Unirradiated measured mean 35 mil lateral expansion OF OFOF
emperatures of the limiting-- 0 EFPY *0 EFPY 0 EFPY

Weld Metal -30.8 -37.5 -24.3

HAZ (heat-affected zone of plate next to a weld) -30.1 -2.7 -64.7

Longitudinal Plate Coupons (parallel to rolling 35.9 10.6 -19.2
direction)

Transverse Plate Coupons 66.0 4.7 -13.0

Calculated mean 35 millateral expansion temperature OF. OF O

shifts of the limiting-

Weld Metal -3.9 15.7 25.3

HAZ (heat-affected zone of plate next to a weld) -28.9 62.3 5.3

Longitudinal Plate Coupons (parallel to rolling 2.4 22.2 15.7
direction)
Transverse Plate Coupons 3.1 29.1 10.9

Measured mean 35 mil lateral expansion temperatures OF F oOF
of the limiting-

Weld Metal -34.7 -21.8 1.0

HAZ (heat-affected zone of plate next to a weld) -59.0 59.6 -59.4
Longitudinal Plate Coupons (parallel to rolling 38.3 32.8 -3.5
direction)

Transverse Plate Coupons 69.1 33.8 -2.1

Palo Verde Nuclear Generating Station
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Table 4.2-2 - Results of Examination of PVNGS 230 Capsule 5 Coupons

Parýamee 4W Unit I KUnit 2 UnJI t 3
Limiting Weld 90071 3P7317 4P7869

Limiting Plate M-6701-2 F-773-1 F-6411-2

Actual EFPY at Removal 13.83 14.35 13.75

Measured Capsule Fluence 1019 n/cm 2 (1) 0.876 0.992 0.907

Equivalent EFPY at Clad-Base Metal Interface(2 ) 18.67 19.95 18.01

Unirradiated measured mean Charpy V-notch upper ft-lbf F ft-Ibf ft-lb F
shelf energies (USE at 0 EFPY) of th imtng FPY, 0EFPY 0OEiY

Weld Metal 164 109 90

HAZ (heat-affected zone of plate next to a weld) 135 84 137.5

Longitudinal Plate Coupons (parallel to rolling 151 112 134
direction)
Transverse Plate Coupons 98 136.5 127

Change in measured mean Charpy V-rnotch upper shelf f-b tlf f-b
energies (USE) of the limiting- F-bF~ lF f.lF ~

Weld Metal -16 -6 +5

HAZ (heat-affected zone of plate next to a weld) -2 +6 -8.5

Longitudinal Plate Coupons (parallel to rolling -6 +28 -4
direction)
Transverse Plate Coupons +1 -13.5 -7

Measured mean Charpy V-notch upper shelf energies f-b tlf f-b
(USE) of the limiting- tlF4

Weld Metal 148 103 90

HAZ (heat-affected zone of plate next to a weld) 133 84 129

Longitudinal Plate Coupons (parallel to rolling 145 112 130
direction)

Transverse Plate Coupons 98 123 120

1 From Table 4.2-1.
2 Stated EFPY times the respective lead factors for the 2300 capsule for each Unit, 1.35, 1.39, and

1.31 respectively.

Palo Verde Nuclear Generating Station Page 4.2-10
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4.2.2 Pressurized Thermal Shock (PTS)

Summary Description

10 CFR54.4(a)(3) requires that the licensee evaluate all structures, systems, and
components (SSCs) relied on in safety analyses or plant evaluations to perform a function
that demonstrates compliance with the Commission's regulations for pressurized thermal
shock (10 CFR 50.61).

A Pressurized Thermal Shock Event is an event or transient in pressurized water
reactors (PWRs) causing severe overcooling (thermal shock) concurrent with or
followed by significant pressure in the reactor vessel.

[10 CFR 50.61 (a)(2)]

If the reference temperature for pressurized thermal shock (RTP-s) for each heat of material
of the reactor pressure vessel does not exceed 270 IF for plates, forgings, and axial welds;
or 300 OF for circumferential welds (the PTS screening criteria), only the reactor pressure
vessel is "relied on to demonstrate compliance" with the 10 CFR 50.61 PTS rule.

The PVNGS reactor pressure vessels meet the PTS screening criteria and will continue to
do so for the period of extended operation, and therefore will remain the only components
relied upon to demonstrate compliance with 10 CFR 50.61.

10 CFR 50.61 (b)(1) requires a re-evaluation of RTpTs "...whenever there is a significant
change in projected values of RTpTs, or upon a request for a change in the expiration date
for operation of the facility." License renewal therefore requires the re-evaluation of RTpTs,
even if the expected change is not significant.

Analysis

The PVNGS 10 CFR 50.61 PTS submittal [Ref. 12] projected an EOL RTPs of the limiting
plate material of only 132 OF, at the 3.15 x 10'9 high-energy neutrons/cm 2 clad-base metal
interface fluence originally expected for a 32 EFPY, 40-year life; and only 143 OF at
6.3 x 1019 high-energy neutrons/cm 2, twice the original fluence projection. The 3.15 x 1019
fluence is greater than those fluences now projected at 54 EFPY. See Section 4.2.1. The
highest projected 54 EFPY fluence is 2.93 x 1019 in Unit 3. The projected 54 EFPY fluence
for limiting material in Unit 1 is 2.51 x 1019 high energy neutrons/cm 2.

Power uprate has not changed the original design basis predicted fluences (See Section
4.2.1), therefore the original limitations still apply.

Generic Letter 92-01 requested confirmation of reactor pressure vessel material data. The
PVNGS responses provided additional and revised data but did not amend the conclusions
of the original PTS submittal.

Palo Verde Nuclear Generating Station Page 42-11
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Transition temperature shifts of the most recent coupon examination results are consistent
with RG 1.99 predictions. See Section 4.2.1. Since the fluence is expected to remain within
the values originally predicted for a 32 EFPY, 40-year life, RTpTs is also expected to remain
within the values originally predicted for a 32 EFPY, 40-year life, and will certainly remain
within the acceptable values calculated at twice this fluence for the 10 CFR 50.61 PTS
submittal.

Table 4.2-6 through Table 4.2-8 present the current RVID data that demonstrate compliance
with 10 CFR 50.61 and 10 CFR 50 Appendix G.

Disposition: Validation, 10 CFR 54.21(c)(1)(i)

The original PTS evaluation of the PVNGS vessels demonstrated low values of the RTpTs
screening parameter even at twice the then-expected 32-EFPY lifetime neutron fluence.
The design basis fluence originally used for an assumed 32-EFPY design life is not
expected to be exceeded in a 54-EFPY life, and no changes to material composition
information or to embrittlement assessment methods have affected the values, hence the
conclusions of the original evaluation are unaffected. The original evaluation of the PTS
screening parameter, and the conclusion, is therefore valid for the period of extended
operation in accordance with 10 CFR 54.21 (c)(1)(i).

Palo Verde Nuclear Generating Station Page 4.2-12
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Table 4.2-3 - PVNGS Unit I Vessel Material USE Projected at 60 Years (54 EFPY) (Note 1)

Lower Shi
M-431 1-1 62467-1 A 533B 0.040 134 1.681 21.44 105.3 >50

Lower Shell Plate 62817-1 A 533B 0.030 127 1.681 21.44 99.8 Ž50
M-4311-2
Lower Shell Plate 62722-1 A 533B 0.030 142 1.681 21.44 111.6 Ž50
M-4311-3
Intermediate Shell Plate C4142-1 A 533B 0.070 83 1.681 21.44 65.2 Ž50
M-6701 -1
Intermediate Shell Plate C4188-2 A 533B 0.060 96 1.681 21.44 78.6 Ž50
M-6701-2
Intermediate Shell Plate C4188-1 A 533B 0.060 100 1.681 21.44 75.4 Ž50
M-6701-3
Intermediate Shell Axial Welds 4P6052 Linde 0091 0.047(3) 200 1.681 21.44 157.1 Ž50
101-124A, B, C
Lower Shell AxialWelds 90071 Linde 0091 0.03513) 140 1.681 21.44 110.0 -50
101-142A, B, C
Circumferential Weld 4P7869 Linde 124 0.03113) 90 1.681 21.44 70.7 !50
101-171 1 L

1

2

3

The information in this table is extracted from the RVID and
energy neutrons/cm2 .
% Drop in USE at EOL is determined using RG 1.99 Rev. 2, Positio

generated assuming a clad-metal EOL fluence of 3.29 x 10'9 high-

The weld information is the best-estimate value from CE-NPSD-1039, instead of the material's measured value.

Palo Verde Nuclear Generating Station
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Table 4.2-4 - PVNGS Unit 2 Vessel Material USE Projected at 60 Years (54 EFPY) (Note 1)

Lower bSneii mlate
F-773-1 64071-1 A 533B 0.030 134 1.681 21.44 82.5

Lower Shell Plate 64065-1 A 533B 0.040 127 1.681 21.44 99.8 250
F-773-2
Lower Shell Plate 63987-1 A 533B 0.050 142 1.681 21.44 101.3 Ž50
F-773-3
Intermediate Shell Plate 63427-1 A 533B 0.030 83 1.681 21.44 89.6 Ž50
F-765-4
Intermediate Shell Plate 63464-1 A 533B 0.030 96 1.681 21.44 95.1
F-765-5
Intermediate Shell Plate 63716-1 A 533B 0.040 100 1.681 21.44 99.0 Ž50
F-765-6
Intermediate Shell Axial Welds 89833 Linde 124 0.046131 200 1.681 21.44 78.6 Ž50
101-124A, B, C
Lower Shell Axial Welds 3P7317 Linde 124 0.074(3) 140 1.681 21.44 76.1 250
101-142A, B, C
Circumferential Welds 3P7869 Linde 124 0.03113) 90 1.681 21.44 74.6 ?50101-171

1 The information in this table is extracted from the RVID and genen
energy neutrons/cm2.

2 % Drop in USE at EOL is determined using RG 1.99 Rev. 2, Position 1.2.

ated assuming a clad-metal EOL fluence of 3.29 x 10'" high-

3 The weld information is the best-estimate value from CE-NPSD-1039, instead of the material's measured value.
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Table 4.2-5 - PVNGS Unit 3 Vessel Material USE Projected at 60 Years.(54 EFPY) (Note 1)

Lower Shell Plate
F-641 1-1 79545-1 A 533B 0.040 156 1.681 21.44 1122.6 >50

Lower Shell Plate 79745-1 A 533B 0.040 111 1.681 21.44 87.2 >50
F-6411-2

Lower Shell Plate 79659-1 A 533B 0.040 107 1.681 21.44 84.1 >50
F-6411-3
Intermediate Shell Plate 65202-1 A 533B 0.040 129 1.681 21.44 101.3 >50
F-6407-4 I
Intermediate Shell Plate 65219-1 A 533B 0.050 114 1.681 21.44 89.6 >50
F-6407-5
Intermediate Shell Plate 79011-1 A 533B 0.040 133 1.681 21.44 104.5 >50
F-6407-6
Intermediate Shell Axial Welds 101- 4P7869 Linde 124 0.0311" 100 1.681 21.44 78.6 Ž50
124A, B, C SAW
Lower Shell Axial Welds 4P7869 Linde 124 0.031(31 100 1.681 21.44 78.6 >50
101-142A, B, C SAW I I I II
Circumferential Weld 4P7869 Linde 124 0.031(3) 90 1.681 21.44 70.7 >50
101-171 I I I IISAW

1 The information in this table is extracted from the RVID and generated assuming a clad-metal EOL fluence of 3.29 x 10' 9 high-

energy neutrons/cm2.
2 % Drop in USE at EOL is determined using RG 1.99 Rev. 2, Position 1.2.
3 The weld information is the best-estimate value from CE-NPSD-1039, instead of the material's measured value.
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Table 4.2-6 - PVNGS Unit 1 Reactor Vessel Limiting RTpTs at 60 Years (54 EFPY) (Note 1)

Lower Shell
M-4311-1

62467-1 A 533B 0.040 0.650 26 -10 3.29 1.312 34.1 34.0 58.1 <270

Lower Shell Plate 62817-1 A 533B 0.030 0.620 20 -40 3.29 1.312 26.2 26.2 12.5 <270
M-4311-2
Lower Shell Plate 62722-1 A 533B 0.030 0.640 20 -20 3.29 1.312 26.2 26.2 32.5 5270
M-4311-3
Intermediate Shell C4142-IeeateMhell 14 A 533B 0.070 0.660 44 30 3.29 1.312 57.7 34.0 121.7 <270
Plate M-6701-1 1
InternediateShell C4188- A 533B 0.060 0.610 37 40 3.29 1.312 48.5 34.0 122.5 <270
Plate M-6701-2 2 _________ _______________

ntrndaehl C48- A 533B 060 0.610 37 40 3.29 1.312 48.5 34.0 122.5 <270
Plate M-6701-3 1 1
Intermediate Shell Linde
Axial Welds 101- 4P6052 0091 0.047 0.049 30.74 -50 3.29 1.312 40.3 40.3 30.6 5300
124A, B, C
Lower Shell Axial Linde
Welds 90071 0091 0.035 0.035 29.32 -80 3.29 1.312 38.5 38.5 -3.0 <300
101-142A, B,_C 0091 _
Circumferential 4P7869 Linde 0.031 0.096 28.73 -70 3.29 1.312 37.7 37.7 5.4 5300
Weld 101-171 124

1 The information in this table is extracted from the RVID and generated assuming a clad-metal EOL fluence of 3.29 x 10"9 high-
energy neutrons/cm 2.

2 The Chemistry Factors are determined using RG 1.99 Rev. 2, Position 1.1.
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Table 4.2-7 - PVNGS Unit 2 Reactor Vessel Limiting RTpTs at 60 Years (54 EFPY) (Note 1)

Lower Shell Plate
F-773-1 64071-1 A 533B 0.030 0.670 20 10 3.29 1.312 26.2 26.2 62.5 •270

Lower Shell Plate 64065-1 A 533B 0.040 0.640 26 0 3.29 1.312 34.1 34.0 68.1 <270
F-773-2
Lower Shell Plate 63987-1 A 533B 0.050 0.660 31 -60 3.29 1.312 40.7 34.0 14.7 •270
F-773-3
Intermediate Shell
Plate 63427-1 A 533B 0.030 0.670 20 -20 3.29 1.312 26.2 26.2 32.5 <270
F-765-4
Intermediate Shell
Plate 63464-1 A 533B 0.030 0.650 20 10 3.29 1.312 26.2 26.2 62.5 5270
F-765-5
Intermediate Shell
Plate 63716-1 A 533B 0.040 0.670 26 10 3.29 1.312 34.1 34.0 78.1 !270
F-765-6
Intermediate Shell Linde
Axial Welds 89833 124 0.046 0.059 31.51 -60 3.29 1.312 41.3 41.3 22.6 <300
101-124A, B, C
Lower Shell AxialLidWelds 3P7317 Linde 0.074 0.067 41.17 -80 3.29 1.312 54.0 54.0 28.0 5300

Welds P7317 124
101-142A, B, C
Circumferential Linde
Weld 3P7869 124 0.031 0.096 28.73 -30 3.29 1.312 37.7 37.7 .45.4 5300
101-171

1 The information in this table is extracted from the RVID

2 energy neutrons/cm2.
The Chemistry Factors are determined using RG 1.99 Rev. 2,

Palo Verde Nuclear Generating Station
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Table 4.2-8 - PVNGS Unit 3 Reactor Vessel Limiting RTpTs at 60 Years (54 EFPY) (Note 1)

L_ VVU1 rIIII ILU

F-641 1-1 79545-1 A 533B 0.040 0.640 26 -40.0 3.29 1.312 34.1 34.0 38.1 5270

Lower Shell Plate 79745-1 A 533B 0.040 0.660 26 0.0 3.29 1.312 34.1 34.0 54.7 <270
F-6411-2
Lower Shell Plate 79659-1 A 533B 0.040 0.650 26 -60.0 3.29 1.312 34.1 34.0 48.1 •270
F-6411-3
Intermediate Shell
Plate 65202-1 A 533B 0.040 0.620 26 -30.0 3.29 1.312 34.1 34.0 28.1 •270
F-6407-4
Intermediate Shell
Plate 65219-1 A 533B 0.050 0.610 31 -20.0 3.29 1.312 40.7 34.0 68.1 !270
F-6407-5
Intermediate Shell
Plate 79011-1 A 533B 0.040 0.610 26 -20.0 3.29 1.312 34.1 34.0 8.1 <270
F-6407-6
Intermediate Shell Linde
Axial Welds 4P7869 124 0.031 0.096 28.73 -50 3.29 1.312 37.7 37.7 25.4 <300
101-124A, B, C SAW .
Lower Shell Axial Linde
Welds 4P7869 124 0.031 0.096 28.73 -50 3.29 1.312 37.7 37.7 25.4 5300
101-142A, B, C SAW
Circumferential Linde

4P7869 124 0.031 0.096 28.73 -70 3.29 1.312 37.7 37.7 5.4 •300Weld 101-171

1 The information in this table is extracted from the RVID and generated

2 energy neutrons/cm
2 .

The Chemistry Factors are determined using RG 1.99 Rev. 2, Position 1.1.

assuming a clad-metal EOL fluence of 3.29 x 10"' high-

Palo Verde Nuclear Generating Station
License Renewal Application

Page 4.2-18



Section 4
TIME-LIMITED AGING ANALYSES

4.2.3 Pressure-Temperature (P-T) Limits

Summary Description

P-T limit curves are operating limits, conditions of the operating license, and are included in
the Technical Specifications §3.4.3, Figure 3.4.3-2. They dictate the limits to which the
vessel can be pressurized at a given temperature and operating mode. They are valid up to
a stated vessel fluence limit, and must be revised by the appropriate regulatory process
prior to operating beyond that limit.

Analysis

UFSAR Section 5.3.2.1 and the P-T limit submittal [Ref. 9] describe the methods used to
develop the curves. The P-T limit curves used linear elastic fracture mechanics (LEFM)
methods and guidance from the ASME Boiler and Pressure Vessel Code, Section III,
Appendix G as invoked by 10 CFR 50 Appendix G. The supporting end-of-life adjusted
reference temperature projections (EOL ART) used Regulatory Guide 1.99 Revision 2
methods.

The current license includes P-T limit curves calculated for embrittlement effects originally
determined to be valid up to 32 EFPY. However they were based on projections of EOL
ART that depended on an originally-estimated 32 EFPY beltline high-energy neutron fluence
of 3.29 x 1019 neutrons/cm 2, which exceeds the maximum fluence now expected at
54 EFPY, 2.93 x 1019 neutrons/cm 2.

New P-T limits and low-temperature overpressure limits (LTOP, see Section 4.2.4) will
therefore not be required. APS will confirm the basis for 54 EFPY prior to operation beyond
32 EFPY and will update documents in accordance with the provisions of 10 CFR 50.59.

As described in Section 4.2.1 above, the analysis of the surveillance capsules also shows
less-than-expected increases in reference temperatures (ARTNDT), with a minor exception in
Unit 3 welds, which are not the most limiting material. Adjusted reference temperature
(ART) for the limiting material will therefore remain modest and will permit adequate
operating margins to P-T limits until the end of the period of extended operation.

Disposition: Validation, 10 CFR 54.21 (c)(1)(i)

The present P-T limit curves permit operation up to 32 EFPY, but were based on an
assumed beltline neutron fluence in excess of the maximum now projected for 54 EFPY,
and are therefore valid for the period of extended operation in accordance with
10 CFR 54.21 (c)(1)(i). APS will confirm their basis for 54 EFPY prior to operation beyond
32 EFPY and will update documents in accordance with the provisions of 10 CFR 50.59.
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4.2.4 Low Temperature Overpressure Protection (LTOP)

Summary Description

LTOP is required by Technical Specification Limited Condition for Operation 3.4.13, and is
provided by relief valves in the two suction lines of the shutdown cooling system (SCS), or
by operating with the reactor coolant system (RCS) depressurized and with an open RCS
vent of sufficient size. One of these relief paths must be aligned to the RCS whenever the
RCS cold leg temperature is below the applicable LTOP enable temperature. UFSAR
Section 5.2.2.11, "Overpressure Protection During Low Temperature Conditions," describes
the analysis and protection provisions.

The LTOP enable temperatures (the temperatures below which LTOP must be established),
and those analyses that confirm the ability to protect the system's pressure limits, depend
on the P-T limit curves and the ART. The P-T limit curves and ART are time dependent
analyses, as identified in previous subsections. Therefore, the LTOP enable temperatures
and the supporting design basis calculations are TLAAs. However these LTOP analyses do
not depend on any other time-dependent values beyond the ART and the P-T limits. Since
the period of extended operation will not cause the PVNGS Unit 1, 2, and 3 ART and P-T
limits to become more limiting, it will not cause the results of the LTOP analyses to become
more limiting.

Analysis

LTOP Enable Temperatures

There are two LTOP enable temperatures, a cooldown enable temperature based on the
limiting cooldown rate of 100 OF/hour or less, and a heatup enable temperature based on the
limiting heatup rate of 75 OF/hour or less.

The LTOP enable temperatures are reactor coolant temperature limits, set at a margin
above the limiting end-of-life adjusted reference temperature (ART) in order to prevent
pressurization unless the vessel temperature is above the ART.

As described in Section 4.2.1, the calculation of ART is a TLAA, hence the calculation of the
LTOP temperatures is a TLAA.

Mass and Energy Addition Transients

LTOP design and licensing bases include analyses to protect the RCS and SCS from
increases in pressure caused by the addition of mass or energy to an isolated water-solid
system. The severity of the pressure transients depends upon the rate and total quantity of
mass or energy added. These analyses demonstrate that a single SCS suction relief valve
is sufficient to maintain SCS pressure within 110% of design. The most limiting transients
initiated by a single operator error or equipment failure are:

. An inadvertent safety injection actuation (mass addition)
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A reactor coolant pump start with a positive steam generator to reactor vessel AT
(energy addition)

Mass Addition Transient: The LTOP design and licensing bases include calculation of the
effects of possible pressurization ("mass addition") from high-pressure injection sources.
The analysis includes effects of three charging pumps and two high pressure safety injection
(HPSI) pumps operating simultaneously.

These calculations demonstrate that mass addition will not exceed the capacity of a single
shutdown cooling relief valve at its setpoint to maintain system pressure below the design
pressure of the most limiting location plus the 10 percent permitted for relief valve
accumulation.

Energy Addition Transient: The LTOP design and licensing bases also include calculation
of effects of possible pressurization ("energy addition") from the start of a reactor coolant
pump, including heat addition from a hotter secondary side. The results of the analyses
show that a single SCS relief valve will provide sufficient relief capacity for the most limiting
energy addition.

Neither the mass addition transient analysis nor the energy addition transient analysis is
time dependent. However the enable temperatures and P-T heatup and cooldown limits are
used as input to determine maximum system temperature at the time of the event and the
heatup and cooldown rates with the system aligned.

Disposition: Validation, 10 CFR 54.21(c)(1)(i)

The only time-limited analyses upon which the LTOP setpoints are based are those for the
P-T curves and ART. These will remain valid for the period of extended operation.
Therefore the LTOP licensing and design basis analyses will remain valid for the period of
extended operation, in accordance with 10 CFR 54.21 (c)(1 )(i).
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4.3 METAL FATIGUE ANALYSIS

This section addresses design of mechanical system components supported by fatigue
analyses; and also of components whose design depends on an assumed number of load
cycles without a calculated fatigue usage factor.

Section 4.6, "Containment Liner Plate, Equipment Hatch and Personnel Air Locks,
Penetrations, and Polar Crane Brackets," describes fatigue in the containment vessel.

Section 4.7.4, "Fatigue Crack Growth and Fracture Mechanics Stability Analyses of Half-
Nozzle Repairs to Alloy 600 Material in Reactor Coolant Hot Legs; Absence of a TLAA for
Supporting Corrosion Analyses," describes corrosion and fatigue crack growth and stability
in the primary coolant nozzles.

Fatigue analyses are required for piping, vessels, and heat exchangers designed to the
American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III,
Rules for Construction of Nuclear Power Plant Components, Division 1, "Metal
Components," Subsection NB, "Requirements for Class 1 Components" (ASME III Class 1).1
Fatigue analyses may also be invoked for Class 1 pump and valve pressure boundaries.

Fatigue analyses are required for portions of the reactor pressure vessel internals designed
to American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III,
Rules for Construction of Nuclear Power Plant Components, Division 1, "Metal
Components," Subsection NG, "Core Support Structures."

The design of piping and vessels to certain other codes and code sections, including
ASME III Class 2 and 3, ANSI-ASME B31.1, and ASME VIII Division 2, may assume a
stated number of full-range thermal and displacement cycles.

Section 4.3 also describes fatigue analyses and evaluations of a limited number of other

non-Class 1 components that were evaluated to these and similar rules.

Basis of Fatigue Analyses

ASME III Class 1 design specifications define a set of static and transient load conditions for
which components are to be designed. Although original design specifications commonly
state that the transient conditions are for a 40-year design life, the fatigue analyses
themselves are based on the specified number of occurrences of each transient rather than

1 Titles are from the 1971 edition of the code, as used for the reactor vessel. Later editions

reorganized the Section III material and removed the Division 1 title, so that this subsection became
"Division 1 - Subsection NB, Class 1 Components".
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on this lifetime. The design number of occurrences of each transient for use in the fatigue
analyses was specified to be larger than the number of occurrences expected during the
40-year licensed life of the plant, based on engineering experience and judgment. This
provides an allowance for future changes in design or operation that may affect system
design transients.

Operating experience at PVNGS and at other similar units has demonstrated that the
assumed frequencies of design transients, and therefore the number of transient cycles
assumed for a 40-year life, were conservative; and that with few exceptions the design
numbers are not expected to be exceeded within a 60-year life. The exceptions are of two
kinds.

First, the NRC, industry, and specific plants, including PVNGS, have identified some
transient loads on some components that were not foreseen in the original design process;
for example thermally stratified flow in the pressurizer surge line and feedwater system, and
Combustion Engineering Infobulletin 88-09, "Nonconservative Calculation of Cumulative
Fatigue Usage." These cases have required evaluations to assess their significance and
some have required revision to design specifications and analyses.

Second, plant and industry operating experience has identified a few cases where cycles
were being accumulated more rapidly than originally anticipated. At PVNGS, these were
principally due to first-of-a-kind startup and shutdown cycles during the early plant life. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will track events to
ensure that appropriate re-evaluation or other corrective action is initiated if an action limit is
reached. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded. See "Corrective Action Limits and Corrective Actions" in
Section 4.3.1.5.

The Industry Operating Experience Review program ensures that industry experience is
evaluated and incorporated in plant analyses and procedures. The program includes review
of experience that may indicate concerns with fatigue effects. Any necessary evaluations
are conducted under the plant corrective action program. The program has remained
responsive to both industry and plant-specific emerging issues and concerns.

4.3.1 Fatigue Aging Management Program

Prior to the period of extended operation, the Metal Fatigue of Reactor Coolant Pressure
Boundary program will be enhanced to include a FatiguePro® automated and computerized
cycle counting and fatigue usage factor tracking and management program. FatiguePro® is
an EPRI licensed product. The enhanced program will support safe operation of PVNGS for
the period of extended operation, as summarized in Section 4.3.1.5 and Appendix B,
Section B3.1. The enhanced program will monitor plant transients and cumulative usage
factors (CUFs) for a subset of ASME III Class 1 reactor coolant pressure boundary vessel
and piping locations, and Class 2 steam generator locations with Class 1 analyses, to
ensure that reevaluation or other corrective action is initiated if an action limit is reached.
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Action limits will permit completion of corrective actions before the licensing basis limits on

fatigue effects, in all locations, are exceeded.

Scope

The PVNGS FatiguePro® program will monitor the components and piping listed in
Table 4.3-4.

Methods

The "Global" monitoring method in Table 4.3-4 means that the fatigue management program
will not periodically calculate accumulated fatigue usage at the location. However, transient
event cycles affecting the location (e.g. plant heatup and plant cooldown) will be counted
and tracked to ensure that the numbers of transient events assumed by the design basis
calculations will not be exceeded. "Global - Replaceable" applies to bolting with predicted
lifetime usage factors greater than 1.0, and which will therefore be replaced as required.

Stress-based fatigue (SBF) monitoring will compute a "real time" stress history for a given
component from actual temperature, pressure, and flow histories. SBF is intended for those
high-fatigue components where a more refined approach is necessary to show long-term
structural acceptability. SBF monitoring depends on "global-to-local" correlation or "transfer"
functions which calculate local transient pressures and temperatures from data collected by
the limited number of plant instruments, and from them, local stresses and fatigue usage.

Cycle-based fatigue (CBF) monitoring will consist of (a) automated cycle counting;
supported as needed by manual data entry for infrequent events, and (b) CUF computation
based on the counted cycles. It is intended for components where long-term structural
acceptability can readily be shown based on cycle counts alone. Three CBF methods will
be, Per-Cycle CBF (CBF-C), Per-Cycle CBF with partial cycles (CBF-PC), and Event-Pairing
CBF (CBF-EP).

The CBF-C and CBF-PC methods will compute fatigue usage for a component by
determining a location-specific fatigue usage increment for each counted event, and then
adding up those increments for all events in the cycle record. CBF-PC will be used for some
components, where the fatigue severity of individual plant events can be scaled using
partial-cycle curves. A partial-cycle curve assigns a fractional severity to a cycle, as
compared to a full design cycle, based upon significant characteristics of that event, such as
temperature difference or heatup rate.

CBF-EP is derived from the application of Miner's rule for combining fatigue effects, under
the guidance of ASME III, NB 3222.4. This method will use an event-pairing table which
assumes that the effect of pairs of monitored events is equal to the effect of similar pairs of
design basis events.
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Corrective Action Limits

Corrective actions will be initiated whenever a cycle count or fatigue usage action limit is
reached. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded, or before the cumulative usage factor exceeds the code limit
of 1.0. See Section 4.3.1.5 for the description of these actions and action limits, for the
basis for the margins between the fatigue usage factor action limits and the code usage
factor limit of 1.0, and for the basis for the margins between the cycle count action limits and
the design basis cycle count assumptions.

Analytical Margins

Fatigue analyses incorporate several conservative assumptions and methods. These
ensure that usage factors predicted by the design calculation will exceed (or "bound") the
usage factors actually accumulated by the components:

Fatigue Design Curve with Mar-gin for Uncertainties and Moderate Environmental Effects:
The ASME Section III fatigue S-N curves (allowable alternating stress intensity versus
number of cycles) are based on regression analysis of a large number of fatigue data points
for samples strain-cycled in air, with adjustments for the elastic modulus and departure from
zero mean stress for elastic cycling, less a design margin for uncertainties, including modest
environmental effects (ASME III - 1965, Par. N-415). The design margin is a factor of 2 on
stress or 20 on cycles, whichever produced the lower, more conservative allowable for the
data set.

Bounding Parameters for Transients: Fatigue analyses assume a given number of cycles of
each of a set of transient events, each transient event is defined by limiting pressure and
temperature transients and other load conditions. Actual event cycles are seldom as severe
as those considered in the analysis; the resulting stress ranges are lower, and the
contributions to cumulative usage factor are therefore lower.

Since the FatiguePro® stress-based fatigue calculation approximates stresses from the
actual event severity, usage factors reported by FatiguePro® at locations for which the
stress-based method is used are generally more realistic than values predicted by the code
analysis for the same number of cycles, or which would be determined by cycle-count
monitoring.

The FatiguePro® stress-based algorithms are conservative and therefore also bound the
actual fatigue effects. An ASME III code analysis calculates a three-dimensional, six-
component state of stress at critical locations. The FatiguePro® stress-based algorithms
approximate the effects of this state of stress with a conservative approximation of the
largest principal stress that would be expected in a given location for a given loading
condition, and calculates alternating stress ranges and usage factors using this approximate
largest principal stress. This ensures that the FatiguePro® stress-based algorithms are
conservative and therefore also bound the actual fatigue effects. Test cases for several
nuclear units in process of license renewal have demonstrated that the method produces
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conservative values of this largest principal stress, and therefore of the calculated fatigue
usage, when compared to a three-dimensional, six-component calculation using code
methods.

Actual Number of Event Cycles: The analytical limit for a fatigue analysis is a cumulative
usage factor at any location of 1.0, calculated as the sum of all contributing partial usage
factors for the design basis number of cycles of each of the design basis cyclic loading
events. Therefore, even if the analysis showed a calculated usage factor at the 1.0 limit for
a location, and even if the design basis number of cycles were reached for one event of a
set, the fact that all contributing cycle types will not simultaneously arrive at their assumed
limit indicates that some margin would remain to the 1.0 limit.

For locations for which the program maintains a current estimate of fatigue usage factor
based on cycle counting, action limits are set below the cycle count assumed by the
analysis to ensure that actual plant experience remains bounded by the assumptions used
in the design calculations, or that appropriate reevaluation or other corrective action is
initiated if an action limit is reached. Action limits will permit completion of corrective actions
before the design basis number of events is exceeded. Therefore, the program will ensure
that there is ample margin to the cumulative usage factor analytic limit of 1.0.

4.3.1.1 Licensing and Design Basis of the PVNGS Component Cyclic and
Transient Limit Program

The "Component Cyclic or Transient Limit" program is required by Technical
Specification 5.5.5: "This program provides controls to track the UFSAR Section 3.9.1.1
cyclic and transient occurrences to ensure that components are maintained within the
design limits."

UFSAR Section 3.9.1.1 includes, by reference, information and transient definitions from
several sections and tables, which represent conservative estimates for design purposes
listed in Table 4.3-1. The FSAR states that this information accounts for all expected
transients, and that the number and severity of the design transients exceeds those which
may be anticipated during the 40-year life of the plant.

Table 4.3-1 - PVNGS Unit 1, 2, and 3 Licensing and Design Basis Transient Citations
from UFSAR 3.9.1.1

UFSAR Section Applicable Scope of Transient Data
or Table

Section 3.7.3.2 Operating Basis Earthquake (OBE) Cycles
Table 3.9.1-1 ASME III Class 1 Components by the NSSS Vendor (CE)
Table 3.9-1 ASME III Class 1 Piping Not by the NSSS Vendor (CE)
Section 3.9.3 ASME III Class 2 and 3 Components'
Section 5.4.1 Reactor Coolant Pumps
Section 5.4.2 Steam Generators
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Table 4.3-1 - PVNGS Unit 1, 2, and 3 Licensing and Design Basis Transient Citations
from UFSAR 3.9.1.1

UFSAR Section Apial cp fTasetDt
~or Table ~ Apial cp fTasetDt

Section 5.4.3 Reactor Coolant Piping
Section 5.4.10 Pressurizer

1 Although the title of UFSAR Section 3.9.3 is "ASME Code Class 1, 2, and 3 Components,
Component Supports, and Core Support Structure," the controlling Class 1 transients are described in
the tables, and this section contains unique transient design information only for the remaining
classes.

4.3.1.2 Enhanced PVNGS Fatigue Management Program

The enhanced fatigue management program (Metal Fatigue of Reactor Coolant Pressure
Boundary program) includes a FatiguePro® automated and computerized program to
support safe operation of PVNGS for the period of extended operation. The enhanced
program will monitor fatigue effects for a subset of ASME III Class 1 reactor coolant
pressure boundary vessel and piping locations, and Class 2 steam generator secondary-
side locations with Class 1 analyses. Table 4.3-2 lists those plant transients that form the
basis for the cyclic duty for which components were designed.

If the limiting value for the transient is not stated in the UFSAR; the limiting value is
determined by the limiting number of transients from design specifications of affected
systems and components, unless otherwise noted.

Table 4.3-2 - PVNGS Unit 1, 2, and 3 Licensing and Design Basis Transients(•)

I Summar:

1. Plant Heatup, 100 °F/h
2. Plant Cooldown, 100 °
3. Plant Loading, 5 %/min

5. 10% Step Load Increase 2,000 2,000
6. 10% Step Load Decrease 2,000 2,000
7. Normal Plant Variation 10
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Table 4.3-2 - PVNGS Unit 1, 2, and 3 Licensing and Design Basis Transients(1)

9. Reactor Coolant Pump Stopping 1,000 1,000
10. Cold Feedwater following Hot Standby (AFW) NS(4) 15,000
11. Pressurizer Heatup, 200 °F/hr 500 500
12. Pressurizer Cooldown, 200 °F/hr 500 500
13. Shift from Normal to Maximum Purification Flow at 100% Power 1,000 1,000
14. Low-Low Volume Control Tank or Charging Pump Suction 80 80

Diversion to RWT 80_80
15. Pressure Level Control, Failure to Open 100 100
16. Unbolting/Bolting of Reactor Coolant Pump Casing Studs NS(4) 25
17. Detensioning/Tensioning of RV Head Studs N 50
18. Safety Injection Check Valve Test 160 160
19. High Pressure Safety Injection Header Check Valve Test 40 40
20. Turbine Roll Test at Hot Standby 10 10
21. Auxiliary Spray During Cooldown 500 500
22. Initiation of Shutdown Cooling 500V 500

23. Reactor Coolant Pump Coastdown at 100% Power 10 10
24. Reactor Trip 50/240") 50
25. Loss of Reactor Coolant Flow 40 40
26. Loss of Load (Load Rejection from 100 to 15% Power) 40 40
27. Operating Basis Earthquake 200 200
28. Inadvertent Control Element Assembly Drop 40 40
29. Inadvertent Control Element Assembly Withdrawal 40 40
30. Loss of Charging and Recovery 200 200
31. Loss of Letdown and Recovery 300 300
32. Extended Loss of Letdown 8001 800
33. Depressurization by Spurious Actuation of Pressurizer Spray 40 40

Control Valves at 100% Power (Main & Aux. Spray)
34. Partial Loss of Condenser Cooling at 100% Power 40 40
35. Excess Feedwater at 100% Power 40 40
36. Turbine Trip Without Reactor Trip 40/120' 40
37. Inadvertent Actuation of Main Steam Line Isolation Valve 5/40 5 5/401
38. Opening One Atmospheric Dump Valve or Steam Bypass 40 40

Valve at 100% Power
39. Seismic Event Up to and Including One-Half of the Safe Shutdown 2 2

Earthquake, at 100% Power
40. Initiation of Safety Injection 10 10
41. Inadvertent Isolation of Feedwater Heater 5 5
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Table 4.3-2 - PVNGS Unit 1, 2, and 3 Licensing and Design Basis Transients(1 )

42. Loss of Feedwater Flow to Steam Generator
43. Loss of Reactor Coolant Pump Seal Coolant
44. Loss of Reactor Coolant Pump Seal Injection NS'4 40
45. Inadvertent Auxiliary Spray at 100% Power 5 5
46. System Leak due to Rupture of Instrument Line or Sampling 40 40

Connection
47. Inadvertent Main Feedwater Isolation Valve Closure 40 40

at 100% Power (One MFIV) 40 40
48. Inadvertent Feedwater or Condensate Pump Trip 40 40

at 100% Power
49. Main Feedwater Isolation Valve Closures due to Loss of Air

at 100% Power
50. Depressurization by Main Steam Safety Valve at 100% Power 10 10
51. Startup of One Reactor Coolant Pump at 50% Power 10 10
52. Loss of Electrical Bus Supplying two Reactor Coolant Pumps 40 40

at 100% Power
53. Inadvertent Closure of All Main Feedwater Isolation Valves NS(4) 5

at 100% Power
54. Spurious Startup or Shutdown of SI Pump, or Spurious 40 40

Opening or Closing of SI Isolation Valve
Te •t env ts" .... _________" __" __________

55. Primary Side Hydrostatic Test, 3115 psia, 100 -400 *F 10 10
56. Secondary Side Hydrostatic Test 10 10
57. Primary Side Leak Test, 200 200

2250 psia, 100 - 400 *F
58. Secondary Side Leak Test, 820 psia to Design Pressure 200 200
59. CVCS System Hydrostatic Test 40 40
60. Low Pressure Safety Injection Pump Test•d 50010 500
61. High Pressure Safety Injection Pump Testt" 50V_) 500

1 The UFSAR and design specifications also include Faulted and Emergency transient events.

These events are not included here because they are not used in ASME III Class 1 fatigue analyses.
2 Un-bolded transients do not contribute significantly to fatigue and therefore are not necessary for

calculation of fatigue usage by the fatigue management program..
3 Except as noted, the limiting number of events is the number stated in the UFSAR. If the UFSAR
does not state a number the limiting number of events is the limiting design specification number for
the event.
4 NS means "not stated," "not separately stated," or "not applicable to this component."
5 The number in the UFSAR is for Safety Injection System components only.
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6 UFSAR numbers are 5 events from 100% power, 40 events from unspecified power level.
7 The number in the UFSAR is for CVCS components only.
8 LPSI and HPSI (Low and High-Pressure Safety Injection) pump test transients are not listed as

licensing and design basis transients. These are quarterly tests that add significant fatigue to the
pumps and components upstream of the isolation valves.

4.3.1.3 Seismic History

Design analyses that compare seismic stresses against stress allowables, in the absence of
any consideration of the number of cycles or of fatigue effects, are not TLAAs. However,
design of structures, systems, and components may include seismic loads in fatigue
analyses, or may assume a stated number of seismic load cycles for purposes of
establishing an allowable stress or stress range. Significant earthquakes at the site can
therefore increase the accumulated fatigue usage factor; or can reduce the analogous
significant earthquake load cycles assumed, by the design, to be allowed for the remaining
operating life.

The site seismic history can thereby affect the disposition of TLAAs. However, since
construction no significant earthquakes have occurred at PVNGS to date.

For design purposes the PVNGS safe shutdown earthquake (SSE) and operating basis
earthquake (OBE) are defined as 0.20 g and 0.10 g ground motion, respectively. Analyses
of Seismic Category I structures used a conservative design basis 0.25 g SSE and 0.13 g
OBE [UFSAR 3.7].

For purposes of evaluating actual events at PVNGS, an SSE is defined as one with a
modified-Mercalli intensity level 8 (ground motion of 0.15 to 0.33 g or above); and an OBE is
defined as one with a modified-Mercalli intensity level 7 (ground motion of 0.072 to 0.15 g).
No SSE or OBE has occurred to date. The site has recorded seven minor earthquakes,
some of these not strong enough to qualify as recordable "earthquake events." The
strongest had a ground motion of only 0.015 g, or about 12% of the acceleration, and
therefore the applied loads, of a design basis 0.13 g OBE.

4.3.1.4 Present and Projected Status of Monitored Locations

Summary Description

The fatigue management program transient cycle count procedure, 73ST-9RC02, recorded
accumulated transient events for the 9 transients listed in Appendix J of the procedure since
the Unit 1 startup in 1985. This transient list did not include every transient in the FSAR.
Therefore, in 1995 (after 10 years of Unit 1 operation), the cycle count procedure was
revised to include the 48 remaining FSAR transients listed in Appendix K of the procedure.
In the 1995 record of the revised procedure, accumulation for all transient events not
counted to date was assumed at 25% of the limiting value for the 40-year design. After the

Palo Verde Nuclear Generating Station Page 4.3-9
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

1995 revision of the cycle count procedure, transients were recorded on a case-by-case

basis and were added to the 25% accumulation assumed in 1995.

APS Fatigue Cycle Count Verification

The goal of the APS fatigue cycle count verification was to reduce the uncertainty created by
the 25% accumulation assumed in 1995.

Scope

Transients adding significant fatigue to components were included in the APS transient
recount. Transients not contributing significantly to fatigue were not included in the APS
transient recount. The transients not included in the recount are retained in the composite
worst-case unit accumulation, including the 25% accumulation assumed in 1995.

Recount Method

Unit 1 was the prototype Combustion Engineering System 80 plant. Due to a lack of
operating experience, early Unit 1 operation included tests and events that did not generally
occur as frequently in subsequent units. A cycle count record from Unit 1 should therefore
be a conservative estimate for Unit 2 and Unit 3. However, Unit 1 had a 460-day outage,
with Unit 2 running, but during which Unit 2 experienced many startup-shutdown transients.
Therefore, APS has created a composite worst-case (composite-unit) envelope including
only the highest accumulation of each transient experienced among the three units
from 1985 through 2005.

APS performed a best effort retrieval of the transient count data recorded from 1985
through 1995 (the "APS transient recount"). Sources for this effort included
(1) NRC Information Reports for all three units, (2) Unit 1 control room logs from 1985
through 1995, (3) Unit 2 control room logs from 1986 through 1995, and (4) interviews with
plant personnel (for Unit 1 only). The result of this data retrieval is the "worst-case APS
transient recount from 1985 through 1995." Unit 3 control room log data was not reviewed.
Unit 3 did not experience the early-operation complications of Unit 1 and 2, therefore the
Unit 1 and 2 composite worst-case transient recount (including Unit 3 NRC Information
Report data) is expected to bound the transients experienced by Unit 3.

The 25% accumulation assumed in 1995 was subtracted from the totals ýrecorded through
2005 in the cycle count procedure to obtain the accumulation from 1996 through 2005 for
each transient. This accumulation from,1996 through 2005 was then added to the
worst-case APS transient recount from 1985 through 1995 to obtain the composite
worst-case unit accumulation of cycles from 1985 to 2005, for each transient.

Transient Projections

A yearly accumulation rate must be calculated in order to accurately project transient
accumulation through the period of extended operation. The yearly accumulation rate was
calculated by dividing the composite-unit accumulation from 1985 through 2005 by the least
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number of years of operation up to 2005 (Unit 3, operating period of 18 years). This
resulted in the worst-case accumulation of cycles over the least amount of time. This
accumulation rate was then multiplied by 22 (18+22=40) and added to the composite-unit
2005 accumulation to calculate the projected accumulation at 40 years of operation.
Similarly, the accumulation rate was multiplied by 42 (18+42=60) and added to the
composite-unit 2005 accumulation to calculate the projected accumulation at 60 years of
operation.

Transients not included in the FSAR

Some transients which are required by the fatigue management program to accurately
calculate fatigue usage are not required to be monitored by the PVNGS FSAR, and were
therefore not separately counted in the procedure through 2005. These transients were
therefore included in the cycle count verification. However, there is no accumulation record
of these transient events from 1996 through 2005. APS has therefore determined an
accumulation rate using the recount accumulation data from 1985 through 1995, then
dividing this accumulation by the least number of years of operation up to 1995 (Unit 3,
operating time of 8 years). The composite unit 2005 accumulation was then calculated by
multiplying the accumulation rate by 10years (1995to2005) and adding this to the
1995 recount accumulation.

Transients with a to date accumulation of zero

The yearly accumulation rate for transients which to date have no accumulation was
determined by dividing the design basis number of transient events by 40 years. This
resulted in the original expected annual accumulation rate of transients, except that no
transients have occurred to date. Therefore, the accumulation rate was determined by
multiplying the original expected accumulation rate by the percentage of years left in the
design basis (22/40).

Transients not expected to occur

No yearly accumulation rate was calculated for transients which are not expected to occur.
For these transient events at least one event was assumed to occur during the period of
extended operation.
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections•1' 2)

2. Plant Cooldown, 500 20 63 NC 63(10) 3.50 140 210
100°F/hr

3. Plant Loading, 15,000 NR(11) NR NC NC NC NC NC
5%/min

4. Plant Unloading, 15,000 NR NR NC NC NC NC NC
5%/min

5. 10% Step Load 2,000 500 521 132 297(13) 16.50 660 990
Increase(

12)

6. 10% Step Load 2,000 NR NR 72 162(13) 9.00 360 540
Decrease(12)

7. Normal Plant 610 NR NR NC NC NC NC NC
Variation

8. RC Pump Starting 1,000 250 281 NC 281114) 15.61 625 937
9. RC Pump Stopping 1,000 250 275 NC 275,141 15.28 612 917
10. Cold Feedwater

Following Hot 15,000 3750 3752 NC 3752(14) 208.44 8,338 12,507
Standby (AFW) I I I I

Palo Verde Nuclear Generating Station
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections(1" 2)

Pressurizer
Heatup, 200°F/hr 500 NR 86 NC 86(10) 2874.78 192

12. Pressurizer
Cooldown, 500 NR 85 NC 85(10) 4.72 189 284
200°Flhr

13. Shift from Normal to
Maximum
Purification Flow at 1,000 250 250 NC 250(14) 13.89 556 834
100% Power

14. Low-Low Volume
Control Tank/
Charging Pump 80 20 20 NC 20(14) 1.11 45 67
Suction Diversion to
RWT I

15. Pressure Level
Control, Failure to 100 25 25 NC 25(14) 1.39 56 84
Open

16. Unbolting/ Bolting
of RC Pump 25 NR NR 19 19(15) 1.06 43(16) 64(16)

Casing Studs
17. Tensioning/

Detensioning of 50 NR NR 9 21(13) 1.13 45 68(16)
RV Head Studs "

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.3-3 -APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections(1' 2)

batety Injection
Check Valve Test(17'

19. High Pressure
Safety Injection 40 NR NR 1 3(13) 0.13 5 8
Header Check
Valve Test 1

20. Turbine Roll Test 10 NR NR 3 3 (18) 4 4
at Hot Standby

21. Auxiliary Spray 500 NR NR NC 63 6.88 215 352
During Cooldown

22. Initiation of 500 125 148 NC 148(14) 8.22 329 494
Shutdown Cooling

,_p'set-,-Eve nts ____________________ ___

23. RCP Coastdown at 10 NR NR NC NC 0.14(1) 4 6
100% Power

24. Reactor Trip 50 13 19 28 34 1.89 76( 1141 "3
25. Loss of Reactor2 oofaReator 40 10 12 2 4 0.22 9 14

Coolant Flow

26. Loss of Load
(Load Reduction 40 10 11 13 14 0.78 32 47(16)
from 100 to
15% Power)
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections (1 2)

%J1JUE Cauu. 101

Earthauake
28. Inadvertent

CEA Drop 40 10 11 5 6 0.33 14 20
29. Inadvertent 4

CEA Withdrawal 40 10 11 0 1 0.06 3 4
30. Loss of Charging 200 25 27 5 7 0.39 16 24

and Recovery 2022757_.3164
31. Loss of Letdown 300 210 213 17 20 1.11 45 67

and Recovery
32. Extended Loss 800 NR 200 34 234 13.00 520 780

of Letdown
33. Depressurization

by Spurious
Actuation of
Pressurizer Spray 40 10 11 0 1 0.06 3 4
Control Valve at
100% Power (Main
& Aux. Spray)

34. Partial Loss of
Condenser 40 10 11 NC 11(14) 0.61 25 37
Cooling at
100% Power

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections(1' 2)

Excess Feedwater
at 100% Power

36. Turbine Trip
Without 40 10 15 13 18 1.00 40(16) 60(16)

Reactor Trip
37. Inadvertent

Actuation of Main (21)
Steam Line 5/40(213 1/5 1/5 0.06/0.28 3/12 4/17

Isolation Valve
38. Opening One ADV

or Steam Bypass 40 10 11 1 2 0.11 5 7
Valve, at
100% Power

39. Seismic Event up to
and Including One-
HalfoftheSafe 2 NR NR NC NC (22) NC NC
Shutdown
Earthquake, at
100% Power

40. Initiation of Safety 10 NR 7 4 7(10) 0.39 16(16) 24(16)
Injection I

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections(1, 2)

I I ICIUVVI LVI1t

Isolation of
FW Heater

5 1 1 0 0 0.07(19) 2 3

42. Loss of Feedwater
Flow to Steam 85 21 22 NC NC (23) NC NC
Generators

43. Loss of RCP Seal 40 NR NR NC NC NC NC NC
Coolant

44. Loss of RCP Seal 40 NR NR NC NC NC NC NC
Injection

45. Inadvertent
Auxiliary Spray at 5 1. 2 0 1 0.06 3 4
100% Power

46. System Leak due to
Rupture of
Instrument Line or 40 10 10 0 0 .55(19) 13 24
Sampling
Connection

47. Inadvertent MFIV
Closure at1%owe 40 10 10 1 1 0.06 3 4100% Power
(One MFIV)

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections(1, 2)

IEIdUVVILPIIL rvv U1

Condensate Pump
Trip at 100% Power

40 10 11 10 11 0.61 25 37

49. MFIV closures due
to Loss of Air at 5 1 1 1 1 0.06 3 4
100% Power

50. Depressurization
by MSSV at 10 2 2 5 5 0.28 12(16) 17(16)
100% Power

51. Startup of one
Reactor Coolant 10 NR NR NC NC 0.14(19) 4 6
Pump at
50% Power

52. Loss of Electrical
Bus Supplying two 40 10 14 2 6 0.33 14 20
RCPs at
100% Power

53. Inadvertent Closure
of all MFIVs at 5 NR NR NC NC (24) NC NC
100% Power

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections"1' 2)

opuIlIuuý oL-I LUPI
Shutdown of SI
Pump orSpurious
Opening/ Closing
of SI Isolation
Valve

40 10 10 1 1 0.06 3 4

55. Primary side
Hydrostatic Test, 10 - NR 1 NC 1(10) (18) 2 2
3125 psia,
100-400F

56. Secondary Side 10 3 1 (8) 2
Hydrostatic Test

57. Primary Side Leak
Test, 2250 psia, 200 NR 5 NC .5(10) (18)6 6
100-400F

58. Secondary Side
Leak Test, 200 50 50 (18)
820 psia to
design pressure

59. CVCS System 40 10 10 1 1 (8) 2 2
Hydrostatic Test

60. LPSI Pump Test 500 125 239 44 84 4.00140 172 252

Palo Verde Nuclear Generating Station
License Renewal Application
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Table 4.3-3 - APS Fatigue Cycle Count Verification (Composite Worst-Case Unit), and Projections (1 2)

- -- Fatigue Management

Limiting Program Transient Cycle. o

S Number Count Procedure Worst-Case Cmoit
t, 3 of (73ST-9RG02) ZS Worst-Case Accumulation Projected Projected

Transient ensTransient .Unit, Rate to e to

Ebent ( 1985-19 950 Recount Accumulation (prl year)e 40 years") 60 years''e
(Tbe (18295% (95250/ 05 (18-1995) (1985-2005) 4'K

managementpgAssumed.

61. HPSI Pump Test 500 1125 246 44 84 4.00172- 2-52

1 The FSAR and design specifications also include Faulted and Emergency transient events. These events are not included here because they
are not used in ASME Ill Class 1 fatigue analyses.
2 Results of all calculated transient cycles were rounded up to the next integer (i.e., 11.3=12 or 26.7=27). Projections are correct but may
appear low, because the calculated accumulation rates were rounded to two decimals.
3 Un-bolded transients do not contribute significantly to fatigue and therefore are not necessary for calculation of fatigue by the fatigue
management program.

T The "Composite Worst-Case Unit Accumulation" column was determined by review of the 2005 record of the cycle count procedure, unless
otherwise noted. The highest transient totals recorded in the 1995 record were deleted from the highest totals in the 2005 record to remove the
25% accumulation assumed in 1995. Then the APS recount from 1985 through 1995 was added to the result to obtain the best estimate of the
worst-case number of events experienced.
5 The "Accumulation Rate," for all transients counted in the cycle count procedure that have an accumulation through 2005, was calculated by
dividing the "Composite Worst-Case Unit Accumulation" by the least number of years in operation up to 2005 (Unit 3 operating period of 18 years)
to determine the worst case number of events experienced per year.
6 The "Projected to 40 years" column was calculated by multiplying the "Accumulation Rate" value by 22 years (18+22=40) and adding the result
to the "Composite Worst-Case Unit Accumulation."
7 The "Projected to 60 years" column was calculated by multiplying the "Accumulation Rate" value by 42 years (18+42=60) and adding the result
to the "Composite Worst-Case Unit Accumulation."
8 The "(1985-1995) 25% Assumed" column lists the 25% assumed accumulations initally recorded in Appendix K of the 1995 record of the cycle
count procedure.
9 Transients not counted in the APS fatigue cycle count verification are marked as "NC."
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10 Transient was counted by the cycle count procedure since initial plant startup, therefore no cycles were assumed. The "Composite Worst-

Case Unit Accumulation" is the same as the "(1985-2005)" procedure count.
11 Transients not recorded in the 73ST-9RC02 procedure are marked as "NR."
12 Transients 5 and 6 were not counted separately in the cycle count procedure; only 10% power increases were recorded in the procedure. Due
to an incomplete transient description, the procedure only included power changes between 90% and 100% power.
13 Transient was not separately counted in the cycle count procedure, therefore the "Accumulation Rate" was calculated by taking the
APS recount number and dividing by the least number of years in operation up to 1995 (Unit 3 operating period of 8 years) to determine the worst-
case number of events experienced per year. The 'Composite Worst-Case Unit Accumulation" was calculated by multiplying the calculated
"Accumulation Rate" by 10 years (1995 to 2005) and adding the result to the APS recount.
14 Transient event does not contribute significantly to fatigue and is not counted by the Fatigue Management Program. The "Composite
Worst-Case Unit Accumulation" includes the 25% accumulation assumed in 1995.
15 The "Composite Worst-Case Unit Accumulation" for Transient 16, "Unbolting/Bolting of RC Pump Casing Studs," is a conservative estimate for
a worst-case stud, extracted by review of maintenance work orders, for the APS fatigue cycle count verification.
16 The APS fatigue cycle count verification resulted in higher than expected projected values for Transients 16, 17, 24, 26, 36, 40, and 50. These

transients will require re-evaluation or other corrective actions when action limits are reached.
17 Transient 18, "Safety Injection Check Valve Test" is not counted specifically because the check valve test is performed during .a stage of startup
at normal heatup pressure and temperature, resulting in no significant fatigue accumulation.
18 Transient is not expected to occur; therefore no "Accumulation Rate" value calculated for this transient. However, at least one occurrence was
assumed to occur during the period of extended operation.
19 Transient has no to-date accumulation through 2005. The "Accumulation Rate" was determined by dividing the design basis number of
transient events by 40 years and multiplying the result by the percentage of years left in the design basis (22/40).
20 One Operational Basis Earthquake is equal to 20 transient cycles.
21 UFSAR numbers of 5 events from 100% power; 40 events from an unspecified power level.
22 Transient 39, "Seismic Event up to and including One-Half of the Safe Shutdown Earthquake, at 100% Power" is not counted specifically

because it is included in the count for transient 27, "Operating Basis Earthquake."
23 Transient 42, "Loss of Feedwater Flow (to S/G)" is not counted specifically because it is included in the counts for transients 47, 48, and 49.
24 Transient 53, "Inadvertent Closure of all MFIVs at 100% Power" is not counted specifically because it is a duplicate of transient 49, "MFIV
Closures due to Loss of Air at 100% Power".
25 Transients 60 and 61, "LPSI and HPSI Pump Tests" are not listed as Licensing and Design Basis Transients. These are quarterly tests that
add significant fatigue to the pumps and components upstream of the isolation valves.
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Basis for Reduced Cycle Counts

Transient 18, "Safety Injection Check Valve Test": The limiting number of 160 events in the
UFSAR originated from the Combustion Engineering general specification. Combustion
Engineering plants subsequently petitioned the NRC (in the early 1980's) for permission to
not perform this quarterly test because of the significant fatigue which would result from
inserting cold Safety Injection water. The quarterly test was never performed and never
incorporated in the procedure. The check valve test is performed during a stage of startup
at normal heatup pressure and temperature, resulting in no significant fatigue accumulation.
This transient event is therefore not performed as originally characterized and analyzed and
need not be tracked.

Transient 26, "Loss of Load": The projected number of events may not be reached because
the loss of load transient is only significant to fatigue when it causes a turbine trip. This is
avoided by performing turbine runback. If corrective actions to reanalyze components
become necessary, they may include a revision of the definition of this transient event.

Transient 37, "Inadvertent Actuation of MSIV": Limiting numbers in the UFSAR are 5 events
from 100% power and 40 events from an unspecified power level. Only one event for each
unit has been recorded at 100% power.

4.3.1.5 Program Scope, Action Limits, and Corrective Actions

Scope

The scope of the Metal Fatigue of Reactor Coolant Pressure Boundary program will include
a bounding set of locations within existing ASME Section III Class 1 vessel and piping
fatigue analyses. This set includes the NUREG/CR-6260 sample locations. The scope of
the bounding set of monitored locations is sufficient to ensure that fatigue in any other
locations of concern, not included in the set, is within the same system and subject to the
same transients, or within a system affected by the same transients.

Table 4.3-4 reflects the scope of the enhanced PVNGS fatigue management program. The
enhanced program will include (1) Class 1 locations with high calculated cumulative usage
factors, (2) components listed in NUREG/CR-6260, (3) Class 1 components for which
partial-cycle equations have been developed for stress-based monitoring, and (4) Class 2
portions of the steam generators with a Class 1 analysis and high calculated cumulative
usage factors.

The "Fatigue Management Method" column of Table 4.3-4 indicates the method FatiguePro®
will use to track fatigue usage for each component. These are stress-based fatigue (SBF),
cycle-based fatigue (CBF-C - per cycle, CBF-PC - per cycle with partial cycles, or CBF-EP
- event pairing), and "global." The "global" method will only be used for components with
low calculated design basis fatigue usage values, for which the fatigue management
program does not periodically calculate accumulated fatigue usage to date. However,
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transient event cycles that have significant fatigue effects will be counted and tracked to
ensure that the numbers of transient events assumed by the design basis calculations will
not be exceeded. This "global" coverage will therefore suffice to demonstrate design basis
compliance. See Table 4.3-3 for the list of tracked transients.

Corrective Action Limits and Corrective Actions

The PVNGS fatigue management program currently incorporates action limits that provide
for evaluation of fatigue usage and cycle count tracking of critical thermal and pressure
transients to verify that the ASME Code CUF limit of 1.0 and other CUF design limits will not
be exceeded. The program requires this evaluation at least once per fuel cycle. Action
limits are based on a fixed percentage of allowed cycles for components monitored by a
maximum number of defined transients, while components whose CUF is monitored have
specific CUF values for action limits. The current action limits are established to prevent
exceeding the maximum number of allowed cycles or a CUF of 1.0, as applicable, and
should provide at least one fuel cycle of warning.

The enhanced program specifies corrective actions to be implemented to ensure that
appropriate reevaluation or other corrective action is initiated if an action limit is reached.

Action Limit Margins

Corrective action limits must ensure that corrective actions are taken before the design limits
are exceeded. Corrective action limits must therefore ensure that appropriate reevaluation
or other corrective actions are initiated while sufficient margin remains to allow at least one
occurrence of the worst case (highest fatigue usage per cycle) low probability transient that
is included in design specifications, without exceeding the code limit CUF of 1.0. For
NUREG/CR-6260 locations, CUF calculation will be done using the appropriate Fen
environmental factor.

Cycle Count Action Limits and Corrective Actions

For Cycle-Based Fatigue monitoring (CBF), action limits have been established based on
the design-specified number of cycles. Usage factors in locations monitored by this method
are most affected by transient events which are of low probability, and cycle counting of
these events is therefore sufficient to account for the fatigue accumulation in them.

Cycle Count Action Limit Margins: In order to assure sufficient margin to accommodate
occurrence of a low probability transient, corrective actions must be taken before the
remaining number of allowable occurrences for any specified transient, including the low-
probability, higher-usage-factor events, becomes less than one. Other events counted by
cycle-based monitoring contribute less per event to usage factor, but occur more frequently.
To account for both cases, corrective actions are required when the cycle count for any of
the significant contributors to usage factor is projected to reach the action limit defined in the
program before the end of the next fuel cycle.
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For example, in Table 4.3-3 the specified number of "Inadvertent Auxiliary Spray at 100%
Power" transient events is (5) so corrective action would be required when 80% (4) of the
specified cycles have occurred.

Cycle Count Corrective Actions: If a cycle count action limit is reached, acceptable

corrective actions include:

1) Review of fatigue usage calculations.

* To determine whether the transient in question contributes significantly to CUF.

* To identify the components and analyses affected by the transient in question.

* To ensure that the analytical bases of the leak-before-break (LBB) fatigue crack
propagation analysis and of the high-energy line break (HELB) locations are
maintained.

* To ensure that the analytical bases of a fatigue crack growth and stability analysis
in support of relief from ASME Section XI flaw removal and inspection requirements
for hot leg small-bore half nozzle repairs are maintained.

2) Evaluation of remaining margins on CUF based on cycle-based or stress-based CUF
calculations using the PVNGS fatigue management program software.

3) Redefinition of the specified number of cycles (e.g., by reducing specified numbers of
cycles for other transients and using the margin to increase the allowed number of
cycles for the transient that is approaching its specified number of cycles).

4) Redefinition of the transient to remove conservatism in predicting the range of
pressure and temperature values for the transient.

Since the CBF action limits are based on a somewhat-arbitrary cycle count that does not
accurately indicate approach to the CUF = 1.0 fatigue limit, these preliminary actions are
designed to determine how close the approach is to the 1.0 limit, and from those
determinations, set new action limits. If the CUF has approached 1.0 then further actions for
cumulative fatigue usage action limits may be invoked.

Cumulative Fatigue Usage Action Limits and Corrective Actions

The FatiguePro® program will continually monitor cumulative usage factor (CUF) at the
stress-based fatigue monitoring locations, and cycle-based CUFs will be calculated
periodically. The CUF action limits will be revised to provide two to three fuel cycles of
warning prior to exceeding a CUF of 1.0.

CUF Action Limit Margins: To provide adequate time for corrective actions and adequate
margin to permit continued operation, corrective actions will be required when calculated
CUF (from cycle based or stress based monitoring) for any monitored location is projected to
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reach 1.0 within the next 2 or 3 fuel cycles. In order to assure sufficient margin to
accommodate occurrence of a low probability transient, corrective actions must also be
taken while there is still sufficient margin to accommodate at least one occurrence of the
worst case (highest fatigue usage per cycle) design transient event. Action limits will permit
completion of corrective actions before either the usage factor limit of 1.0 or the design basis
number of events, as applicable, is exceeded.

For PVNGS locations identified in NUREG/CR-6260 and described in Section 4.3.4, "Effects
of the Reactor Coolant System Environment on Fatigue Life of Piping and Components
(Generic Safety Issue 190)," this action limit is based on accrued fatigue usage calculated
with the Fen factors required for including effects of the reactor coolant environment.

For example, if inadvertent RCS depressurization, when adjusted for the environmental
effects of the reactor coolant system at a NUREG/CR-6260 location, causes 20% of the total
allowable fatigue usage, corrective action for that location would be required before
calculated usage (including the environmental effects factor, Fen) reached 0.8.

CUF Corrective Actions: If a CUF action limit is reached, acceptable corrective actions
include:

1) Determine whether the scope of the monitoring program must be enlarged to include
additional affected reactor coolant pressure boundary locations. This determination
will ensure that other locations do not approach design limits without an appropriate
action.

2) Enhance fatigue monitoring to confirm continued conformance to the code limit.

3) Repair the component.

4) Replace the component.

5) Perform a more rigorous analysis of the component to demonstrate that the design
code limit will not be exceeded.

6) Modify plant operating practices to reduce the fatigue usage accumulation rate.

7) Perform a flaw tolerance evaluation and impose component-specific inspections,
under ASME Section Xl Appendices A or C (or their successors), and obtain required
approvals by the NRC.
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Table 4.3-4 - Summary of Fatigue Usage from Class I Analyses, and Method of
Management by the Metal Fatigue of Reactor Coolant Pressure Boundary

I. 13r'¥V 11I11L IilU.Lit J u.uIouou

2. RPV Outlet Nozzle 0.309574
114U rXcxU %_ ~rVULUU0
NUREG/CR-6260 CBF-C

3. RPV Wall and Bottom Head 0.0012 NUREG/CR-6260 Global(3)Juncture

4. RPV Wall Transition 0.0035 Bounding location Global
5. RPV CEDM Nozzles U1&2 = 0.0066 Bounding location Global

U3 = 0.68
6. RPV Instrument Nozzles U2&3 = 0.140 High CUF Global

7. RPV Core Stabilizer Lugs 0.0600 Bounding location Global
8. RPV Flow Baffle 0.0030 Bounding location Global

eU1&2 = 0.7207
9. RPV Fuel Alignment Plate U3 = 0.9176(4' High CUF Global
10. RPV Surveillance HolderASsembly 0.0714 Bounding location GlobalAssembly

11. RPV Integral Supports 0.2900 Bounding location Global
12. RPV Support Pad Flange 0.06 Bounding location Global
13. RPV Head Studs 0.8236 High CUF CBF-EP
14. RPV Closure Head Flange 0.0258 Bounding location Global

Global, Bounded15. RPV Bottom Head Support 0.9536(5) Bounding location by RPV Head
Lugs Studs

16. Pressurizer Surge Nozzle 0.9602 High CUF SBF
17. Pressurizer Spray Nozzle 0.9923 High CUF SBF
18. Pressurizer Bottom Head and 0.7223 High CUE CBF-C

Support Skirt 0.22__ghCUC_-
19. Pressurizer Heater Sleeve

Outside Diameter Weld -Sleevde toaHeaduntrWel 0.884 (60-year) High CUF SBFSleeve to Head Juncture J-

Weld
20. Pressurizer Manway Cover U1 = 0.345

Plate Assembly Bolts U2&3 = 0.3752 Bounding location Global
21. Pressurizer Safety and Relief 0.0048 Bounding location Global

Valve Lines
22. Pressurizer Spray Piping 0.37881"1 Bounding location Global
23. Hot Leg Surge Nozzle 0.534 High CUF SBF

24. Surge Line (Elbow) 0.9370 High CUF/24_ugLnEbo)097 NUREG/CR-6260 SBF
25. Auxiliary Spray Tee 0.6348 • High CUF CBF-EP

Global, Bounded
26. Auxiliary Spray Line 0.563(6) Bounding location by Auxiliary

L_ I Spray Tee
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Table 4.3-4 - Summary of Fatigue Usage from Class I Analyses, and Method of
Management by the Metal Fatigue of Reactor Coolant Pressure Boundary
Prnnrnm

28. CVCS Letdown Line 0.2063 Bounding location Global
29. CVCS Charging Line 0.3189 Bounding location Global
30. Hot Leg Elbow 0.0177 Bounding location Global

31. Shutdown Cooling Outlet U1&3 = 0.8068 Global, Bounded

Nozzles. U2 U60 = 0.72(8) Bounding location by Shutdown
Cooling Lines

32. Shutdown Cooling Lines 0.702717 High CUF CBF-C
33. Shutdown Cooling Line 0.1118 NUREG/CR-6260 CBF-EP

Elbow 011NURGR26CB-
34. Safety Injection Nozzles 0.3409 NUREG/CR-6260 CBF-PC

(Loop 1 and Loop 2)
35. Safety Injection Piping 0.5155 High CUF CBF-EP
36. Safety Injection Piping Whip U1 = 0.6015

Restraint Lugs U2&3 = 0.628 Bounding location Global

37. Reactor Coolant Drain Lines 0.2302 Bounding location Global
38. Reactor Coolant Pump 0.988 High CUE CBF-EP

Casing Studs
39. RCP Motor Stand Shell 0.668 Bounding location Global

to Flange Juncture
40. RCP Seal Housing 0.3830 Bounding location Global
41. RSG Economizer Feedwater U1&3 = 0.90970

Nozzle U2 = 0.981 High CUF SBF

42. RSG Downcomer Feedwater U1&3 = 0.983 High CUE SBF
Nozzle U2 = 0.996

43. RSG Support Skirt U1&3 = 0.08331 Bounding location Global
_______ ______ ______ ______ U2 = 0.155 _ _ _ _ _ _ _

44. RSG Support Skirt Access Global, Bounded

Opening Region UI&3 = 0.75104 Bounding location by Economizer/
(Unit 1 & 3 Only) Downcomer FW

Nozzles

45. RSG Primary Head ....

Hot Side U10 = 0.02895 Bounding location Global
U2&3 = 0.08502

Cold Side U2 = 0.0352 Bounding location Global
U2& 0.04852

46. RSG Primary Inlet Nozzle U1&3 = 0.04857 Bounding location Global
__________________________ U2 = 0.04634

47. RSG Primary Outlet Nozzle 0.01683 Bounding location Global
48. RSG Primary Manway U1&3 = 0.03494 Bounding location Global

(Cover and Pad) U2 = 0.037 Bounding1location Global
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Table 4.3-4 - Summary of Fatigue Usage from Class I Analyses, and Method of
Management by the Metal Fatigue of Reactor Coolant Pressure Boundary
I r•r•o m

Hot Side
U1&3 = 6.53

U2 = 6.33
Bounding location Global -

Replaceable
Cold Side U1&3 = 4.011 Global -

U2 = 4.67 Bounding location Replaceable

50. RSG Primary Divider Plate U1&3 = 0.03 Bounding location Global
51._RGTubs__Bundi__loctionlobaU2 = 0.06
51. RSG Tubes 0 Bounding location Global

Global, Bounded

52. RSG Tube-to-Tubesheet Weld 1.1 = 0.18816 Bounding location by Economizer!
U2 = 0.792 Downcomer FW

Nozzles
53. RSG Tubesheet ......

Global, Bounded

Hot Side U1&3 = 0.06570 Bounding location by Economizer/
U2 = 0.928 Downcomer FW

Nozzles
Global, Bounded

Cold Side U1&3 = 0.39410 Bounding location by Economizer/
U2 = 0.507 Downcomer FW

Nozzles
54. RSG Tubesheet to Shell (Stub

Barrel) Junction

Hot Side U1&3 = 0.10059 Bounding location Global
U2 = 0.064 Boundinglocatio Global

Cold Side U1&3 = 0.99876 High CUE CBF-EP
U2 = 0.996 HighCUF CBF-EP

55. RSG Economizer Cylinder at
Tubesheet Cold Side (Unit I UI&3 = 0.01075 Bounding location Global
& 3 Only)

56. RSG Secondary Shell U1&3 = 0.00773 Bounding location Global
U2 = 0.00899

57. RSG Downcomer Blowdown U1&3 = 0.197 Bounding location Global
Nozzle U2 = 0.273

58. RSG Recirculation Nozzle U1&3 = 0.099 Bounding location Global
U2 = 0.114

59. RSG Steam Outlet Nozzle U2&3 = 0.169 Bounding location Global
U2 = 0.1767

60. RSG Secondary Manway Pad U10 = 0.129 Bounding location Global
U2 = 0.140 _________ _ _ _ _ _ _ _

61. RSG Secondary Manway U1&3 = 0.618 Bounding location Global -
Studs U2 = 0.7714 Replaceable
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Table 4.3-4 - Summary of Fatigue Usage from Class I Analyses, and Method of
Management by the Metal Fatigue of Reactor Coolant Pressure Boundary
Ornryrnm

IHand hVoUesU (UntUI& 3 COnlyHandholes (Unit 1 & 3 Only) Bounding location

63. RSG Welded Secondary Global -
Handhole Studs (Unit I & 3 U1&3 = 0.424 Bounding location Replaceable
Only) Replaceable

64. RSG Stub Barrel Secondary U1&3 = 0.940 High CUE CBF-EP
Handhole U2 = 0.955

65. RSG Stub Barrel Secondary U1&3 = 1.35 Bounding location Global -
Handhole Studs U2 = 2.15 Replaceable

66. RSG Upper Support Lugs U1&3 = 0.405 Bounding location Global
U2 = 0.161

Global,

67. RSG Feedwater Distribution U1&3 = 0.99201 Monitored by

Box U2 = 0.988 Bounding location Economizer
Feedwater

Nozzle Location

1 Unless otherwise noted, these usage factors were calculated for the design basis number of
loading events applicable to the component, and which were originally intended to encompass a 40-
rear design life. CUF values are for all three units unless otherwise noted.

See Section 4.3.1 for a description of these methods.
3 The reactor pressure shell and lower head juncture will be monitored by the global method due to
the low CUF value obtained even when the environmental factor has been applied.
4 While this location has a high usage factor, the design CUF is less than the fatigue design limit of
1.0 and there are no unaccounted or out-of-limit transients to consider. Therefore the component is
adequately monitored by counting cycles to assure design cycles are not exceeded.
5 Fatigue in these external lugs is fully bounded by fatigue in the RPV head studs, which is
monitored by FatiguePro.

The design CUF for the studs is based on 250 heatup-cooldown cycles and 50 boltup cycles. The
design CUF of the support lugs is based on 500 heatup-cooldown cycles, and the lugs are not
affected by boltup cycles. The usage factor accumulated per thermal cycle is greater for the studs
than for the lugs. Therefore, the head studs will reach a CUF of 1.0 before the support lugs, even
without the additional fatigue usage from boltup cycles, and are therefore more limiting than the
support lugs.
6 APS replaced the entire horizontal length of 4-inch main spray pipe,;the entire vertical length of 4-
inch main spray pipe down to the pressurizer spray nozzle pipe-to-safe-end weld, and the 2-inch x 4-
inch auxiliary spray tee for all three units.
7 Calculated fatigue usage at the peak CUF location in the auxiliary spray line is due to the stress
intensification factor required for a socket weld, compared to the butt welds normally installed in this
piping specification. This location was not replaced by the modification described in Note 6. The
auxiliary spray tee location will however accumulate fatigue usage significantly faster, making it the
bounding location.
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8 The Unit 2 value of 0.72 is applicable to the limiting regions of the nozzle following a weld overlay

installed in 2R14 to mitigate stress corrosion cracking effects. The analysis is based on a 60-year
extended operating life. See Section 4.3.2.4 for further explanation of the weld overlay repair and
analysis of this component.

The 0.8068 Unit 1 and 3 value is no longer bounded by the 0.702 of item 32, Shutdown Cooling
Lines. However, once the overlays are installed, the 40-year equivalent of the 60-year, 0.72 value,
0.48, will be bounded by the 40-year, 0.702 value applicable to item 32. The Unit 1 and 3 overlays
will be installed in 1R14 and 3R14 (fall 2008 and spring 2009), before the period of extended
operation. Item 31 will therefore remain bounded by 32 for the period of extended operation in all
three units.
9 This CUF is less than the maximum reported of 0.8419 for the Unit 1 16" Loop 2 SDC line and a
3/4" branch (node 38). The two analyses were not performed to the same level of detail. When
considered on the same basis, the valve location had a CUF > 1.0. Therefore the bounding location
for fatigue accumulation is at the connection to the valve.

4.3.2 ASME III Class I Fatigue Analysis of Vessels, Piping, and Components

Fatigue analyses are performed for ASME III Division 1 Class 1 piping, vessels, heat
exchangers, pumps, and valves; and if applicable, their supports. Table 4.3-5 lists all
Class 1 vessels, heat exchangers, pumps, piping and subcomponents subject to Class 1
analyses, and the subsection which addresses them.

The PVNGS reactor vessels were designed and fabricated to Class 1 rules of ASME III,
1971 Edition with Addenda through Winter 1973. The PVNGS reactor vessel internals were
designed and fabricated to Subsection NG rules of ASME III, 1974 Edition. The reactor
vessel internals are therefore designed and analyzed to ASME III Subsection NG. See
Section 4.3.3.

Table 4.3-5 - PVNGS Class 1 Components and Piping

Component Application~Subsection<

Reactor Pressure Vessel, Head, Studs, and Supports 4.3.2.1

Control Element Drive Mechanism (CEDM) Housings 4.3.2.2

Reactor Vessel Internals (Subsection NG, not Class 1) 4.3.3

Reactor Coolant Pumps 4.3.2.3

Pressurizer. 4.3.2.4
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Table 4.3-5 - PVNGS Class 1 Components and Piping

Steam Generators (Primary or Tube Side and Shell Side)(1) 4.3.2.5

Pressure-Retaining Bolting (Included with the Reactor Vessel, Steam
Generators, Reactor Coolant Pumps, Pressurizer, and Valves, as As noted
Applicable)

Valves 4.3.2.6

Piping 4.3.2.7

Main Reactor Coolant Loop Piping Nozzles and Thermowells 4.3.2.7

Supports for Class 1 Piping and Valves (See Section 4.3.2.7) No TLAA

1 The shell (steam) side of the PVNGS replacement steam generators is Class 2 but also received a

Class 1 analysis. See Section 4.3.2.5.

4.3.2.1 Reactor Pressure Vessel, Nozzles, Head, and Studs

Summary Description

The PVNGS reactor pressure vessels were designed, built, and analyzed by Combustion
Engineering to ASME Ill, Subsection NB (Class 1), 1971 Edition with addenda through
Winter 1973.

Pressure-retaining and support components of the reactor pressure vessels are subject to
an ASME Boiler and Pressure Vessel Code, Division 1, Section III, fatigue analyses. These
analyses have been updated to incorporate redefinitions of loads and design basis events,
operating changes, and power uprate with steam generator replacement. The currently-
applicable fatigue analyses of these components are TLAAs.

Analysis

The design reports for Units 1, 2, and 3 report identical design basis fatigue analysis results,
with a few exceptions. The Unit 3 report is the most current of the three and reports the
most limiting values (except as may be noted), and was therefore used as the reference for
the original fatigue analysis in this section and in the SIA report for development of the
fatigue monitoring program, described in Section 4.3.1. Table 4.3-6 presents the current
design basis cumulative usage factors (CUF) for the reactor pressure vessel (RPV)
components. This list of components corresponds to each of the detailed analyses reported
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in the original reactor vessel design reports. The CEDM pressure housing nozzles are
discussed in Section 4.3.2.2 below.

Table 4.3-6 - Fatigue Analysis Results for Reactor Pressure Vessel Components

Closure Head and Vessel Flange 0.0258

Vessel Wall and Bottom Head Juncture 0.0012

Vessel Wall Transition 0.0035

Inlet Nozzle 0.073080

Outlet Nozzle 0.309574

Ul = 0.68(2)

Instrument Nozzles U2&3 = 0.14

Core Stabilizer Lugs 0.06

Flow Baffle 0.003

Surveillance Holder 0.0714

Reactor Vessel Support, Integral Attachment 0.29

Reactor Vessel Support Pad Flange 0.060

Bottom Head Support/Shear Lugs 0.953603)

Vent Pipe U1&3 = 0.1654
U2 = 0.9527(4)

Reactor Vessel Studs 0.8236 (5)

1 Unless otherwise noted, these usage factors were calculated for the design basis number of
loading events applicable to the component, and which were originally intended to encompass a 40-
year design life. CUF values are for all three units unless otherwise noted.

The Unit 1 instrument nozzle analysis includes a number of conservative assumptions not included
in the Unit 2 and 3 analyses. The design basis of all three units includes 15,000 load-following
cycles.
3 Fatigue in these external support/shear lugs is bounded by the RPV head studs, which are
monitored. The studs will accumulate a higher fatigue usage factor, although their calculated usage
factor is lower. See "Reevaluation of Reactor Vessel Head Stud Fatigue...," in the text.
4 The Unit 2 vent pipe will be replaced.
5 The studs were reevaluated for a reduced number of heatup-cooldown and boltup transients.
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Effects of Power Uprate and Steam Generator Replacement

The analyses performed to incorporate the effects of power uprate (PUR) and replacement
steam generators (RSG) into the current design bases demonstrated that the effects on
fatigue analyses were limited to the inlet and outlet nozzles. The RSG and PUR report
addressed the effects on the current design bases of all components in Table 4.3-6.

Reevaluation of Reactor Vessel Head-Stud Fatigue for Revised Heatup and Cooldown
Curves and Revised Numbers of Transient Events in response to Combustion
Engineering Infobulletin 88-09, "Nonconservative Calculation of Cumulative Fatigue
Usage"

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatigue Usage," identified a possible increase
in the reactor vessel stud cumulative usage factor.

To accommodate the more-conservative pressure curves, the number of heatup-cooldown
transients was reduced from 500 to 250 cycles, and the number of boltup transients was
reduced from 100 to 50 cycles.

The new cumulative fatigue usage factor, with the new heatup and cooldown pressures and
reduced number of transients, is 0.8236. This CUF is less than the 0.9536 calculated for the
bottom head support lugs, but the RPV head studs will be monitored instead, as the more-
limiting RPV pressure boundary components. The 250 heatup-cooldown cycles used for the
stud fatigue analysis is a conservative estimate, but only half of the 500 from the standard
Combustion Engineering design specification used for the lugs, and the lugs are not subject
to the bolting cycles. The studs will therefore accumulate significantly more fatigue usage
per operating cycle than the support/shear lugs.

Evaluation of Instrument Nozzle Fatigue for Revised Load-Following Transients

The Unit 1 design report for the Reactor Pressure Vessel reports a fatigue usage factor of
0.68 for the instrument nozzles, with conservative assumptions and 15,000 load following
cycles. The Unit 2 and 3 design reports also include the 15,000 load following cycles but do
not make the Unit 1 conservative assumptions, and report a maximum usage factor in these
nozzles of only 0.14. Since none of the PVNGS units operate in load-following mode, nor is
load following expected, these cycles are not counted, as described in Table 4.3-2.

Repair of the Unit 2 Reactor Vessel Closure Head Vent Pipe

While performing preplanned inservice inspections during the Unit 2 1 2 th refueling outage, in
order to address the concerns of NRC Bulletin 2002-02 and NRC Order EA-03-009 for
potential primary water stress corrosion cracking (PWSCC) of the various Alloy 600
penetrations in the reactor vessel head, two axial indications were detected in the vent pipe
from the reactor vessel head.
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The axial indications were removed by machining and confirmed by eddy
current testing (ET) examinations to be removed prior to resuming plant
operations. Engineering confirmed that sufficient reactor vessel head vent
line (i. e. wall thickness) exists to support plant operations for the remaining
40 year design lifetime.

[LER 2005-001-00, June 20, 2005, Ref. 14]

The calculation of fatigue usage in the repaired vent line assumed a constant fatigue rate
over the 14.4 years of operation before the repair, based on the as as-designed 40-year
vent pipe fatigue usage factor. This was added to the fatigue expected to accumulate
during the remaining 25.6 years of operation, based on the as-repaired vent pipe geometry
with the reduced wall thickness. The combined fatigue usage factor for the as-designed and
as-repaired vent pipe for the 40-year plant life is therefore higher than originally calculated.

Similar flaws were discovered during the Unit 2 13th refueling outage, and were similarly
repaired and similarly analyzed.

This location is not included in the fatigue management or ISI programs. However, the
inspection is not required by ASME Section XI. The vessel head will be replaced and the
repaired vent line segment will be replaced and reanalyzed, when the vessel head is
replaced, before the period of extended operation. The revised fatigue analysis for the
replacement will extend to the end of the period of extended.operation, and will therefore
not be a TLAA.

Disposition: Revision, 10 CFR 54.21(c)(1)(ii); and Aging Management,
10 CFR 54.21(c)(1)(iii)

Revision: Repair of the Unit 2 Reactor Vessel Closure Head Vent Pipe

The segment of the Unit 2 head vent line with wall thickness reduced by the removal of
indications will be replaced when the vessel head is replaced, and its fatigue analysis will be
revised. The repair and the revised fatigue analysis will demonstrate an adequate fatigue
life, projected to the end of the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(ii). This is a commitment for license renewal.

Aging Management

The Metal Fatigue of Reactor Coolant Pressure Boundary program will track events to
ensure that appropriate reevaluation or other corrective action is initiated if an action limit is
reached. Fatigue in the reactor vessel studs will be tracked by the cycle-based fatigue
method. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded, and before the cumulative usage factor exceeds the code
limit of 1.0. Effects of fatigue in the reactor pressure vessel pressure boundary and its
supports will thereby be managed for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(iii).

Palo Verde Nuclear Generating Station Page 4.3-34
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

The reactor vessel primary coolant inlet and outlet nozzles and lower-head-to-shell juncture
are evaluated for effects of the reactor coolant environment on fatigue behavior of these
materials, consistent with NUREG/CR-6260. See Section 4.3.4.

4.3.2.2 Control Element Drive Mechanism (CEDM) Nozzle Pressure Housings

Summary Description

The PVNGS CEDM nozzle pressure housings are designed to ASME III, Subsection NB
(Class 1), 1974 Edition with addenda through Winter 1974 [UFSAR, Table 5.2-1], and are
constructed from Alloy 600 material to the requirements of the SB-1 66 material specification.
The reactor vessel design reports include the structural analysis of the CEDM nozzle
pressure housings. The analysis was reexamined for the power uprate and steam
generator replacement modifications.

Analysis

The only location to be considered in the fatigue analysis is the pressure-housing-to-closure-
head weld. The calculated fatigue usage factors in these CEDM pressure housing welds
are 0.0066, 0.0066, and 0.0018 for Units 1, 2, and 3 respectively. These fatigue usage
factors are significantly less than 1.0.

Effects of Power Uprate and Steam Generator Replacement on the CEDM Nozzle
Pressure Housing Analysis

The PVNGS steam generator replacement and power uprate modifications (RSG and PUR)
included evaluation of the CEDM nozzle. The revised OBE and faulted loads on the Unit 1,
2 and 3 CEDM nozzles following RSG and PUR are less than the maximum allowed loads
which were evaluated in the analyses of record. The evaluation identified no changes to
design report fatigue usage in the nozzles.

Effect of Combustion Engineering Infobulletin 88-09 "Nonconservative Calculation of
Cumulative Fatigue Usage"

The CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatigue Usage," did not identify any effects on
the fatigue analysis of the CEDMs.

Disposition: Validation, 10 CFR 54.21(c)(1)(i)

The maximum calculated usage factor in the CEDM pressure housings indicates that the
design has significant margin to the limit of 1.0, and therefore that the design is adequate for
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150 times the number of specified design transients; or for 150 40-year design lifetimes.
The evaluation of fatigue effects in the CEDM pressure housings therefore remains valid for
the period of extended operation, in accordance with 10 CFR 54.21(c)(1)(i).

4.3.2.3 Reactor Coolant Pump Pressure Boundary Components

Summary Description

The PVNGS System 80 reactor coolant pumps were built by the CE-KSB Pump Company,
Inc., Newington, New Hampshire, which was a joint venture of Combustion Engineering
(CE) and Klein, Schanzlin & Becker Aktiengesellschaft (KSB). The design analysis of the
System 80 Reactor Coolant Pump Assembly has been completed in accordance with the
ASME Boiler and Pressure Vessel Code, Section III, 1974 Edition (no addenda) for Class 1
Vessels. The load definitions were updated for Replacement Steam Generators (RSG) with
Power Uprate and the code analyses were evaluated to determine the applicability of the
fatigue analyses with the new loads.

The pump pressure retaining components are constructed in accordance with
Subsection NB of the ASME Boiler and Pressure Vessel Code, Section III, which includes a
fatigue analysis. The compliance of the pump components to Subsection NB with respect to
the fatigue analysis can be demonstrated by two means. A fatigue analysis can be
performed in accordance with Subparagraph NB-3222.4(e), or the requirement for the
fatigue analysis can be waived if the provisions of Subparagraph NB-3222.4(d) are met.
The fatigue analyses are TLAAs. The fatigue waiver analyses are also TLAAs because they
depend in part on the assumed numbers of design basis normal and upset transient cycles.

Analysis

All pump casing components are constructed of SA-508, Class 2 and SA-516, Grade 70
carbon steels, clad with SA-336, F8 stainless steel. Per ASME III Subparagraph NB-3122.1,
no credit is taken for cladding thickness in the structural analysis.

A fatigue analysis was performed only for pump casing components. The high pressure
cooling system and seal housing adapters invoked the fatigue analysis waiver of
NB3222.4(d), or were designed to requirements other than those of Section III Class 1.

The maximum total cumulative usage factor for all components is 0.988 for the pump casing
closure bolts. The analysis of the pump casing closure studs initially resulted in usage
factors greater than 1.0. To reduce the usage factor below 1.0, the number of heatup and
cooldown cycles, the most significant contributors to usage factor in all pump components,
was reduced to 475 events. This reduced number of heatup and cooldown cycles is
incorporated into the fatigue monitoring program.

The original fatigue analyses of record are still valid with replacement steam generators
(RSGs) and Power Uprate loads, or the effects of the RSGs and Power Uprate loads on the
analysis of record have been reconciled.
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No Effect on Reactor Coolant Pumps of Combustion Engineering Infobulletin 88-09
"Nonconservative Calculation of Cumulative Fatigue Usage"

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatigue Usage," did not identify any effects on
the fatigue analysis of the reactor coolant pumps.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

The evaluation of fatigue effects in the reactor coolant pump pressure boundaries will
remain valid for the period of extended operation as long as the number of cycles actually
experienced does not exceed the design basis number of cycles specified in the Design
Specification, UFSAR Table 3.9-1, or the RCP closure studs' more-restrictive number of
heatup and cooldown events. Fatigue usage factors and the NB-3222.4(d) fatigue waivers
for the reactor coolant pumps do not depend on effects that are time-dependent at steady-
state conditions, but depend only on effects of operational and upset transient events,
principally on heatup and cooldown transients.

The Metal Fatigue of Reactor Coolant Pressure Boundary program will track events to
ensure that appropriate reevaluation or other corrective action is initiated if action limits are
reached. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded. The effects of fatigue in the reactor coolant pump pressure
boundaries will thereby be managed for the period of extended operation, in accordance
with 10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

4.3.2.4 Pressurizer and Pressurizer Nozzles

Summary Description

The PVNGS pressurizers are designed to ASME Ill, Subsection NB (Class 1), 1971 Edition
with addenda through Winter 1973.

The pressurizers are welded vertical cylindrical carbon steel pressure vessels with
hemispherical heads, welded interior stainless steel cladding, and a cylindrical support skirt
and flange attached to the lower head with a forged knuckle support ring. The central
vertical surge nozzle, 2 vertical lower level instrument nozzles, and 36 heater sleeves
penetrate the lower head. Four shear lugs, welded to the upper shell, stabilize the vessel
against seismic and other overturning loads. The central vertical spray nozzle, the manway,
four horizontal upper instrument nozzles, and four horizontal safety valve nozzles penetrate
the upper head. The surge, spray, and safety valve nozzles have safe ends for welding to
the attached stainless steel piping, and these nozzles, safe ends, and safe end welds have
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recent crack growth mitigation compressive weld overlays. All of the Alloy 600 instrument
nozzles have been replaced with Alloy 690 materials less susceptible to primary water
stress corrosion cracking.

The heater sleeves and heaters have all been replaced. The replacement Alloy 690 heater
sleeves are attached to the lower vessel head by half-nozzle repairs, welded to external
reinforcing pads. The heater sheaths are attached to the outer ends of the Alloy 690 heater
sleeves by fillet seal welds. The sheaths of the electric heaters are also Class 1 pressure
boundary components, and the welds between end plug and sheath, and the fillet seal
welds to the heater sleeves, are Class 1 pressure boundary welds. Unit 1 heater sleeve
B18 and Unit 2 heater sleeves A06 and B18 have been closed with welded 316 stainless
plugs.

The PVNGS pressurizers have operated since startup with a continuous spray flow to
prevent boron concentration stratification and to mitigate spray line and nozzle fatigue. This
continuous flow is achieved via regulating bypass valves around each of the two main spray
valves.

Analysis

Pressure-retaining and support components of the pressurizer are subject to an ASME
Boiler and Pressure Vessel Code, Division 1, Section III, fatigue analysis. These analyses
have been updated from time to time to incorporate redefinitions of loads and design basis
events, operating changes, power uprate, and modifications; including:

0 Effects of indications in a Unit 2 pressurizer support skirt forging weld

* Effects on the pressurizer of NRC Bulletin 88-11 thermal stratification in the surge
line not included in the original analyses

* Effects on the pressurizer of insurge-outsurge transients not included in the original
analyses

* Effects on the pressurizer of Combustion Engineering Infobulletin 88-09
"Nonconservative Calculation of Cumulative Fatigue Usage"

* Replacement instrument nozzles

Crack growth and fracture mechanics stability analyses of postulated defects in
original heater sleeve attachment welds remaining in the pressurizer lower heads

" Replacement heaters

* Replacement heater sleeves and their welds to the heaters
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Thermal effects on the Unit 3 pressurizer of incorrectly installed replacement
heaters

Compressive weld overlays of the surge, spray, and safety valve nozzles and their

safe ends and welds.

Table 4.3-7 summarizes the currently-applicable results of these analyses.

Effect of Combustion Engineering Infobulletin 88-09 "Nonconservative Calculation of
Cumulative Fatigue Usage"

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09
"Nonconservative Calculation of Cumulative Fatigue Usage" found that the fatigue usage
factor in the worst-affected location (bottom head-support skirt) of the PVNGS Unit 1, 2,
and 3 pressurizers might increase 32 percent above the design basis calculated value of
0.8895. PVNGS therefore further evaluated these effects and amended the design reports.
The revised worst-location 40-year design basis CUF, including these effects, is 0.7223.

Linear Elastic Fracture Mechanics (LEFM) Fatigue Crack Growth Analysis of
Indications in a Unit 2 Pressurizer Support Skirt Forging Weld

An inservice inspection detected two indications in the Unit 2 pressurizer support skirt
forging weld, near the lower vessel head. A linear elastic fracture mechanics (LEFM) fatigue
crack growth analysis predicted growth of the indications from the as-found 0.59 to
0.6921 inches, or only a 17 percent increase, over the design life. The analysis assumed
2,001,500 normal and upset load cycles, including 500 plant startup and shutdown cycles
and 480 plants trips. The predicted 0.6921 inch final size is only 30 percent of the
2.3869 inch stable critical crack size. This fatigue crack growth analysis is a TLAA.

No Effect of Power Uprate and Steam Generator Replacement on the Pressurizer
Fatigue Analysis

The Westinghouse design report addendum for the pressurizer, for power uprate and steam
generator replacement, confirms that these modifications have no effect on the design
reports for any of the three units.

Effects of NRC Bulletin 88-11 Thermal Stratification and Insurge-Outsurge Transients

The surge nozzle stress and fatigue analysis is affected by NRC Bulletin 88-11 thermal
stratification effects. The original analysis of the surge nozzle has been superseded by the
reanalysis for a compressive overlay, which included the thermal stratification and insurge-
outsurge effects.

For related thermal stratification effects in the surge line, see Section 4.3.2.9 below.
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Absence of TLAAs in the Analysis of Thermal Fatigue Crack Growth in Original Heater
Sleeve Attachment Welds, in Support of MNSA Repairs of Unit 3 Sleeves

There are currently no mechanical nozzle seal assemblies (MNSAs) in use at PVNGS.
Three MNSAs were used as a temporary means of sealing unit 3 pressurizer heater
sleeves. However the MNSAs were replaced with half-nozzle repairs during unit 3 refueling
outage 3R11.

A supporting Westinghouse linear elastic fracture mechanics fatigue crack growth analysis,
for postulated cracks in the original sleeve-to-inner-wall attachment welds, was based on a
60-year design life, and was therefore not a TLAA. Although these MNSAs were replaced,
this analysis in support of this temporary modification is still applicable, and is cited by a
subsequent report and incorporated by reference in the code design reports, because the
area of the postulated initial cracks - at the original attachment J-welds - has not been
removed.

Effect of MNSA Anchor Holes on the Pressurizer Fatigue Analysis, in Support of
MNSA Repairs of Unit 3 Sleeves

Three MNSAs were used as a temporary means of sealing Unit 3 pressurizer heater sleeves
A01, A03, and A15. Each MNSA required drilling and tapping the pressurizer shell for four
attachment shoulder bolts. The anchor holes in the pressurizer bottom head wall were
analyzed for various load conditions and checked against the ASME code including the
effects of the anchor holes on the fatigue analysis of the lower head.

When the heater sleeves were replaced the MNSAs were removed and the attachment
holes were plugged with threaded studs, which were ground flush and welded over with the
reinforcing weld pads added to support the external J-welds for the sleeve attachments. A
large pad had been used for the Unit 2 repairs to provide adequate area for ultrasonic
inspection (UT) methods then available. Improved UT permitted use of "Mini/MNSA Pad"
repairs in Units 1 and 3.

The analysis of the weld pads does not explicitly supersede the results of the fatigue
analysis with the tapped anchor holes. Therefore, both fatigue analysis results apply.
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Figure 4.3-1: Cross Section of Pressurizer Heater Sleeve Penetration
Showing the Half-Nozzle Repair Method,

and the Unit 3 Heater Location Fabrication Error

(Not to Scale)
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Effects on the Fatigue Analyses of the Unit 3 Lower Pressurizer Shell due to Elevated
Temperatures, and Absence of a TLAA in the Evaluation of Effects of Creep and
Reduced Allowable Design Stress Intensity, ISI Relief Request 33

In 2005, Framatome identified a fabrication error which had installed longer-than-specified
replacement heaters in the Unit 3 pressurizer, extending them into the lower region of the
heater sleeves, thereby subjecting local regions of the surrounding pressurizer head base
metal to temperatures above those for which design stress intensity values are given in the
ASME III Appendix I table. All 36 of these Framatome heaters have since been replaced.

The Unit 3 pressurizer is designed to ASME 111-1971, W'73 addenda, installed to 1974
W'75. The base metal is SA-533 Grade A Class 1.

SA-533 Grade A is a Table I-1.0, Figure 1-9.1 material for which the highest temperature for
which design stress intensity values are given is 700'F, the temperature to which NB-1120
also limits the application of Figure 1-9.1. The review found that the pressurizer base
material surrounding the heater sleeves had been subjected to temperatures up to 779°F for
up to 3,700 hours. APS therefore requested approval of an alternative to NB-1 120 for these
portions of the PVNGS Unit 3 pressurizer base material.

The evaluation applied the elevated temperature rules of Subsection NH, which permit
design to specific Subsection NB-3000 rules if creep and relaxation are negligible. The
evaluation demonstrated that creep was negligible for the 3,700 hour exposure period, and
therefore that Subsection NB rules could be used, with the adjusted design stress intensity
factors. This review found no immediate adverse effects on the overheated material, and
the NRC granted the relief.

Although this relief was requested 'for the remainder of plant life," as is appropriate for a
request supported, in part, by an evaluation of fatigue effects, the supporting evaluation of
creep effects was limited to the 3,700-hour exposure to elevated temperature, and the
evaluation of the creep effects is therefore not a TLAA.

However, overheating did affect the code fatigue analysis.

Replacement Heater Equivalency Evaluation

The Class 1 pressure boundary of all installed replacement heaters is similar to the original
design, and an APS evaluation confirmed that the Class 1 analysis of the original design
remains applicable.

Fatigue Analysis Revisions due to Pressurizer Nozzle Overlays

The pressurizer nozzle weld overlays are supported by fracture mechanics analyses and
periodic inspections acceptable under ASME Section XI as the means to address aging in
the overlaid welds. The fracture mechanics and fatigue crack growth analyses of the
materials overlaid by the weld repairs assume 1.5 times the design basis number of events
assumed for 40 years, but do not support safety determinations for a defined design lifetime,
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and are therefore not TLAAs. However the revised fatigue analyses of the adjacent
materials affected by the overlays are time-dependent, and are TLAAs unless successfully
projected to the end of the period of extended operation. The revised fatigue analyses
include the period from initial operation to overlay installation, since these materials were not
replaced.

Surge Nozzle: APS evaluated the effects of the weld overlay repairs on the pressurizer
surge nozzle. The worst-case projected usage factor for a 60-year lifetime, that is, for 1.5
times 40-year cycles, is 1.4402616 (U40=0.9602) at the end of the overlay on the outside
surface of the nozzle. However, the surge nozzle is monitored for fatigue usage, and the
fatigue CUF will not exceed the code limit of 1.0 so long as the number of applied load
cycles does not exceed the number specified by the design specification for this nozzle, and
used in the analysis. The analysis includes effects of thermal stratification and insurge-
outsurge transients.

Spray Nozzle: APS similarly evaluated the effects of the weld overlay repairs on the
pressurizer spray nozzle. The worst-case 60-year projected usage factor is 1.4884243
(U40=0.9923) at the inside of the spray pipe. However, the fatigue CUF will not exceed the
code limit of 1.0 so long as the number of applied load cycles does not exceed the number
specified by the design specification for this nozzle, and used in the analysis.

Safety Valve Nozzles: APS similarly evaluated the effects of the weld overlay repairs on
the four pressurizer safety valve nozzles. The worst-case 60-year projected usage factor is
0.0424652 at the end of the overlay on the outside surface of the underside of the nozzle.
The design of the safety valve overlay for fatigue is therefore not a TLAA, and is valid for the
period of extended operation.

Summary of Analyses

With the design basis set of transients, including power uprate, steam generator
replacement, and other effects described above, worst-case calculated 40-year fatigue
usage factors exceed 0.9 in a few pressurizer components. Other fracture mechanics or
fatigue analyses depend on the limiting number of occurrences assumed for a 40-year
design life.

Some of the revised time-dependent component evaluations were based on a 60-year
extended licensed operating period, and if valid for the period of extended operation, are
therefore not TLAAs. Others were for shorter periods than 40 years and did not extend to
the end of the current 40-year licensed operating period, and were therefore also not
TLAAs.

The fatigue analyses for materials adjacent to the surge and spray nozzle overlay repairs
extend their fatigue analyses to a period of extended operation, but were able to meet the
1.0 usage factor acceptance criterion only for a 40-year life and are therefore TLAAs.
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Table 4.3-7 - Summary of PVNGS Pressurizer ASME Ill Class 1 Analyses and Fatigue Usage
Factors

1. Bottom Head and Support
Skirt - Worst Location,
Inside the Support Knuckle
(1993 reanalysis in response
to CE Infobulletin 88-09) See
also item 17 below for a
reanalysis of the Unit 3
bottom head.

Yes 0.7223 0.7223 0.7223

2. LEFM Fatigue Crack
Growth Analysis of
Indications in a Unit 2
Pressurizer Support Skirt Crack growth,
Forging Weld (1993) Crack Yes NA Crno CUF N
growth to less than critical
size for the assumed number
of lifetime cycles.

3. Manway-Cover Plate
Assembly - Worst Location Yes 0.013 0.028 0.028

4. Manway Studs Yes 0.345 0.375 0.375

5. Water Level Boundary Yes 0.0028 0.0028 0.0028

6. Heaters, Support Plate, and 200 cycles 200 cycles 200 cycles

Surge Screen - Natural Yes OBE, OBE, OBE,

Frequency Analysis <endurance <endurance <endurance
limit otherwise limit otherwise limit otherwise

7. Shear Lugs - Worst Yes 0.0067 0.0067 0.0067
Location
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Table 4.3-7 - Summary of PVNGS Pressurizer ASME Ill Class I Analyses and Fatigue Usage
Factors

8. Replacement Lower
Horizontal Temperature
Nozzle - Worst Location,
Outer Sleeve and Clad
Weld (1992 Unit 1, 1995
Units 2 and 3)

No. No

safety
deter-

mination(2)

1.967 with design specification heatup rate,
0.688 with Plant Technical Specification heatup rate

9. Replacement Lower
Horizontal Temperature
Nozzle - Nozzle to Pad Yes 0.029 0.029 0.029
(1992 Unit 1, 1995 Units 2
and 3)

10. Replacement Upper
Horizontal Instrument
Nozzles (In Upper Head) - Yes <0.02 <0.02 <0.02

Worst Location (1992)

11. Replacement Lower
Vertical Instrument Nozzles
(In Lower Head) - Worst Yes 0.990 0.990 0.990
Location (1992 U1, 1995
Units 2 and 3)

12. Effect of MNSA Attachment
Holes on Fatigue in the Yes NA NA 0.443
Unit 3 Lower Head (1994)

13. Replacement Heaters
(Heater Sheath Class 1
Pressure Boundary Sheath Yes 0.0748 0.0017 0.002
Plug Weld)(3)

14. Replacement Alloy 690 No, 60 0.54 for 316SS sheaths
Heater Sheath to Heater N5 S
Sleeve Weld years.(4 0.05 for Alloy 600 sheaths
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Table 4.3-7 - Summary of PVNGS Pressurizer ASME Ill Class 1 Analyses and Fatigue Usage
Factors

15. Short Heater Sleeve Plugs
(for use with stuck heaters)

Yes,
qualified life
comparable
to 40 years.

1.0 for 560 Heatup + Reactor

Trip/Loss of Flow + Leak Test
cycles

NA

No,
16. Replacement Heater Sleeve E0.

OD J-Welds - Worst U60 = 0.884 U60 = 0.884 U60 = 0.884
Location (2003) for 60

years.(4)

No,
17. Unit 1 and 3 Heater Sleeve E e0

Mini/MNSA Pad OD Evaluated U00 = 0.551 NA U60 = 0.551
Repair(5) (2004) for 60

years.(4)

18. Unit 3 Lower Head, No,
Including Effects of Evaluated
Overheating from NA NA U60 0.287
Mislocated Heaters ("Failed for 60
Heater Event") (2005) years.(4)

19. Surge Nozzle and Safe End Yes 0.9602(6) 0.9602(6) 0.9602(6)
with Overlay Repair

20. Spray Nozzle and Safe End Yes 0.9923(6) 0.9923(6) 0.9923(6)
with Overlay Repair

No,
21. Safety Nozzles and Safe Evaluated

Ends with Overlay Repair for 60 U60 = 0.04247 U60 = 0.04247 U60 = 0.04247

years.(4)

1 Unless otherwise noted, the usage factors are U40, calculated for the design basis number of

loading events applicable to the component that were originally intended to encompass a 40-year
design life.

Unless otherwise noted, the U60 usage factors were calculated for 1.5 times the 40-year design
basis number of loading events applicable to the component.
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2 With the specified 200 °F/hr heatup rate the usage factor for the outer sleeve and clad weld is
1.967. However (1) a code analysis is not required for these locations by the design specification,
hence the safety determination does not depend on this usage factor; and (2) although the design
specification lists 200 °F/hr for the heatup transient, the PVNGS Technical Specifications limit the
normal operating heatup rate to 75 °F/hr, and the normal operating cooldown rate to 100 °F/hr
[Technical Specification 3.4.3 and Table 3.4.3-1]. With a more realistic but still conservative 100 °F/hr
heatup rate the usage factor at these locations is 0.688.
3 The original analyses also included results for the sleeve-to-head junction and the sheath-to-
sleeve weld, now superseded by the results summarized on Lines 14 and 15.
4 Analyses that are successfully projected to the end of the period of extended operation are not
TLAAs. See Section 4.1.1, "Identification of TLAAs."
5 The design report for the mini-OD pad repair states that it is a conservative result for the MNSA
OD pad repair; and therefore that the conclusions are equally valid for the MNSA OD Pad Repair.
6 U40 is 2/3 of the 60-year value reported by the calculation.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

Linear Elastic Fracture Mechanics (LEFM) Fatigue Crack Growth Analysis of
Indications in a Unit 2 Pressurizer Support Skirt Forging Weld

The LEFM fatigue crack growth analysis of indications in the Unit 2 pressurizer support skirt
forging weld is valid for up to 500 plant startup and shutdown cycles, 480 plant trips, and
2,000,000 normal plant maneuvers. The Metal Fatigue of Reactor Coolant Pressurre
Boundary program will track these events and action limits will ensure that appropriate
corrective actions are completed before the design basis number of these events is
exceeded. Appropriate corrective actions may include repair, replacement, or reanalysis.
Growth of these Unit 2 pressurizer skirt indications will thereby be managed for the period of
extended operation in accordance with 10 CFR 54.21 (c)(1)(iii).

Fatigue Analyses

All other TLAAs supporting the pressurizer design either exhibit an acceptable fatigue usage
factor, or depend on an effect found to be acceptable for a limiting number of transient
events. The Metal Fatigue of Reactor Coolant Pressure Boundary program will ensure that
the fatigue usage factors based on those transient events will remain within the code limit of
1.0 for the period of extended operation, or will ensure that appropriate reevaluation or other
corrective action is initiated if an action limit is reached. Action limits will permit completion
of corrective actions before the design basis number of these events is exceeded, and
before the cumulative usage factor exceeds the code limit of 1.0. Fatigue in the pressurizer
will therefore be managed by the PVNGS fatigue monitoring program, in accordance with
10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
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of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.
4.3.2.5 Steam Generator ASME III Class 1, Class 2 Secondary Side, and

Feedwater Nozzle Fatigue Analyses

Summary

The PVNGS replacement steam generators (RSGs) are designed to ASME III,
Subsection NB (Class 1) and NC (Class 2), 1989 Edition with no addendum. The design
reports included design for a concurrent power uprate. The results of the fatigue analyses
from these design reports are presented in Table 4.3-8.

Analysis

Pressure-retaining and support components of the primary coolant side of the steam
generators are subject to an ASME Boiler and Pressure Vessel Code, Division 1, Section III
fatigue analysis. Although the secondary side is Class 2, all pressure retaining parts of the
steam generators satisfy the Class 1 criteria, including a Division 1, Section III fatigue
analysis.

The replacement steam generators were evaluated for a spectrum of design basis transients
sufficient for a 40-year operating life, from date of installation.

Effect of Combustion Engineering Infobulletin 88-09 "Nonconservative Calculation of
Cumulative Fatigue Usage"

The CE Owner's Group review of Combustion Engineering Infobulletin 88-09 did not identify
any effects on the fatigue analysis of the original steam generators, and all of the PVNGS
steam generators have been replaced.

Steam Generator Tube Code Fatigue Analysis Not a TLAA

The design of the PVNGS steam generators includes a code fatigue analysis of the steam
generator tubes, as indicated in Table 4.3-8. This analysis would be a TLAA if the safety
determination depended upon it. However the design report indicates a zero fatigue usage
factor, and a code fatigue analysis has historically not proved sufficient to support the safety
determination for steam generator tubes, which depends on a separate tube inspection
program.

The various tube degradation mechanisms not anticipated in the original design have
required stringent periodic inspection programs in order to ensure adequate steam
generator tube integrity. The steam generator tubes are, in effect, (1) no longer qualified for
a licensed design life (10 CFR 54.3(a) Criterion 3), and the (2) the fatigue analysis is
therefore no longer the basis of the safety determination; in this case that the tubes will
maintain their pressure boundary function between primary and secondary systems
(Criterion 5).
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Therefore, even in installations (such as PVNGS) with excellent material and chemistry
control, or in this case, new steam generators, the safety determination for integrity of steam
generator tubes now depends on managing aging effects by a periodic inspection program
rather than on the fatigue analysis, and the code fatigue analysis of the tubes is therefore
not a TLAA.

Table 4.3-8 - PVNGS

Support Skirt 0.08331 0.155
Support Skirt Access Opening Region 0.75104 NR(2)(3)

Primary Head
Hot Side 0.02895 0.0309
Cold Side 0.08502 0.0352

Primary Inlet Nozzle 0.04857 0.04634
Primary Outlet Nozzle 0.01683 0.01683

Primary Nozzle Dam Retaining Rings, Inlet and Outlet 0.0 0.0
Primary Manway

Pad 0.02747 0.037
Cover 0.03494 0.019

Primary Manway Studs
Hot Side .(No TLAA, replaced every six years) 6.53 6.33
Cold Side (No TLAA, replaced every six years4 in 4.011 4.67

Unit 2, nine years in Unit 1 and 3)
Primary Divider Plate 0.03 0.06
Tubes 0 0
Tube to Tubesheet Weld 0.18816 0'.792
Tubesheet

Hot Side 0.06570 0.928
Cold Side 0.39410 0.507

Tubesheet to Shell (Stub Barrel) Junction
Hot Side 0.10059 0.064
Cold Side 0.99876 0.996

Economizer Cylinder (at the Tubesheet Cold Side) 0.01075 NR
Secondary Shell 0.00773 0.00899

NB-3222.4(d) NB-3222.4(d)
Secondary Shell Instrument Nozzle Holes and Nozzles Exemption Exemption
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Small Nozzles
NB-3222.4(d)

Exemption
NB-3222.4(d)

Exemption
Economizer Feedwater Nozzle 0.90970 0.981,
Downcomer Blowdown Nozzle 0.197 0.273
Downcomer Feedwater Nozzle 0.983 0.996
Downcomer Feedwater Piping Assembly 0.106 0.125
Recirculation Nozzle 0.099 0.114
Steam Nozzle 0.169 0.1767
Secondary Manway Pad 0.129 0.140
Secondary Manway Studs 0.618 0.7714
Secondary Handholes Welded on Lower Shell 0.113 NR
Studs for Secondary Handhole Welded on Lower Shell 0.424 NR

Secondary Stub Barrel Handhole .0.940 0.955
Secondary Stub Barrel Handhole Studs (No TLAA,

replaced every 29 years in Units 1 and 3, every 18 1.35 2.15
years in Unit 2)

Upper Support Lugs 0.405 0.161
Feedwater Distribution Box 0.99201 0.988

1 The analyses are for a 40-year component life. The Unit 2 replacement steam generators were
installed at about operating year 18, the Unit 1 and 3 replacements at or after operating year 20. The
analyses therefore qualify the replacement steam generators for a nominal 60-year plant life in
Units 1 and 3, and 58 years in Unit 2.
2 Effects of the opening on the stress analysis were evaluated by evaluating stress concentration
factors but no fatigue usage was calculated for the Unit 2 opening.
3 Not reported.
4 The Unit 2 design report does not distinguish between the hot- and cold-side studs, does not state
the separate, lower 4.67 CUF for the cold side, and states a six-year replacement interval for both.
However the supporting design analysis reports the 4.67 CUF for the cold side, and therefore states a
Unit 2 cold-side stud replacement interval of eight years.

The high usage factors calculated for the primary manway and secondary handhole studs
require that these studs be periodically replaced. The fatigue analysis determines the
replacement interval but is not otherwise the basis for a safety determination that depends
on the licensed life, and the fatigue analysis is therefore not a TLAA for these studs.
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Although the replacement steam generator designs are essentially identical, the Unit 2 code
analysis was performed first, under separate contract. The calculated CUFs therefore differ
to some extent. The results are identical or comparable where comparable methods were
used. However:

* The code requires only that the calculated CUF be less than 1.0. In some cases a
simple analysis achieved this, and no finer analysis was applied to further reduce the
result; though this may have been done for the other unit or units. Compare, for
example, the CUFs for the tube sheet hot side and for the tube-to-tube sheet welds.

" The code does not specify all locations which must be analyzed, leaving many of the
detailed choices to the experience and skill of the analyst. For example, the Unit 2
analyst did not elect to perform a fatigue analysis at the support skirt opening or in
the economizer cylinder near the tubesheet; the Unit 1 and 3 analyst did so.

With power uprate and replacement steam generators the worst-case usage factors
calculated for the specified set of design basis transients exceed 0.9 in several other steam
generator components. However, except for the steam generator tubes (which are subject
to periodic inspection), fatigue usage factors in the steam generator components do not
depend on flow-induced vibration or other effects that are time-dependent at steady-state
conditions, but depend only on effects of operational and upset transient events. The Metal
Fatigue of Reactor Coolant Pressure Boundary program will track these events to ensure
that appropriate reevaluation or other corrective action is initiated if an action limit is
reached. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded.

The Unit 1 and 3 replacement steam generators are also analyzed for a period sufficient to
cover their installed life, to the end of the extended period of operation, and the Unit 2
replacement steam generators are analyzed for a period sufficient to cover all but two years
of their installed life, including the period of extended operation.

The Unit 2 RSG tube-to-tubesheet welds and the, hot sides of the tubesheets; and the cold
side of the tubesheets and the feedwater distribution boxes in all three units, have high
calculated CUFs but will be monitored using the global cycle counting method as shown in
Table 4.3-4. This will prompt actions that address the high-CUF locations when a cycle
count action limit is approached. This method is sufficient because the economizer and
downcomer feedwater nozzles, which are monitored using stress based fatigue, are more
sensitive to plant operational behavior, and their monitored fatigue usage factors will
therefore bound those in these other locations.
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Disposition: Validation, 10 CFR 54.21(c)(1)(i); and Aging Management,
10 CFR 54.21 (c)(1)(iii)

Validation, Units I and 3

The fatigue analyses of the Unit 1 and 3 replacement steam generators are for a period
sufficient to cover their installed life, to the end of the period of extended operation, and
therefore will remain valid for the period of extended operation in accordance with
10 CFR 54.21 (c)(1 )(i).

Aging Management, Unit 2

The fatigue analyses of the Unit 2 replacement steam generators are for a period sufficient
to cover all but about two years of their expected 42-year installed life, including the period
of extended operation. The Metal Fatigue of Reactor Coolant Pressure Boundary program
will track events to ensure that appropriate reevaluation or other corrective action is initiated
if an action limit is reached. Action limits will permit completion of corrective actions before
the design basis number of events is exceeded, and before the cumulative usage factor
exceeds the code limit of 1.0. Effects of fatigue in the Unit 2 replacement steam generator
pressure boundaries with Class 1 analyses will thereby be managed for the period of
extended operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

4.3.2.6 ASME III Class 1 Valves

Summary Description

PVNGS Class 1 valves (power-operated relief, pressurizer safety, control, motor- and air-
operated, manual, check, and solenoid) are designed to ASME III, Subsection NB, 1974
Edition with multiple addenda, the 1977 Edition with Winter 1977 addendum, and the 1989
Edition no addenda [UFSAR Table 5.2-1]. ASME Section III requires a fatigue analysis only
for Class 1 valves with inlets greater than four inches nominal. At PVNGS, specifications for
some Class 1 valves with inlets four inches or less also require a fatigue analysis.
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Analysis

Code Fatigue Analyses

Fatigue analyses or evaluations were performed for the valves listed in the following table:

IILI3JlMUVUDO I IllU. I//I3JOIDUVUO/ DUIY-VVdIImer IVIUUlI

77850/77850-1, 16" Shutdown Cooling Suction Isolation Valve
Reanalysis

Valve UV-651 was relocated closer to the RCS hot leg in all
three Units because of line vibration issues in Unit 1, and
reanalyzed. See Section 4.3.2.13. The reanalysis included
the UV-652 valves.

0.702
(Crotch)"3 )

1/2/3JSICUV0653 and 1/2/3JSIDUV0654 Borg-Warner Model
77850/77850-1, 16" Shutdown Cooling Containment Isolation Valves

Since these valves are the same model and experience
similar numbers of operating events as the UV-651 and-652
valves, and similar or less-severe transients per event,
monitoring fatigue in the UV-651 and -652 valves will ensure
that the design basis of the UV-653 and -654 valves also
remains valid.

3JCHAHV0205 and 3JCHBHV0203 Valcor Model V526-5631-9, 2" 0.151
Isolation Valves between the Unit 3 Regenerative Heat Exchanger 10,000 (Crotch)
and Auxiliary Spray Line
1/2/3JRCEPSVO200/201/202/203 Dresser Model 6-31709NAX-1- > 106 0.002(4)
XNC045 Pressurizer. Pressure Safety Valves (6" Inlet)
1/2/3JCHEPDVO240 FisherModel 667-DBQ/ 50B0617/ 54A6460, 2" 0.7656
Isolation Valves for the Charging Line 6,000 (Valve

Body)

1 NA and It were calculated for the design basis number of loading events applicable to the
component that were originally intended to encompass a 40-year design life.
2 The fatigue evaluations of the valve components are performed in accordance with ASME Code,
Section III, Subparagraph NB-3222.4, hence a calculated NA for NB-3545.3 normal duty operations is
not applicable.
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3 "Crotch" is the minimum radius in the valve body between the body and the neck, a stress
concentration region and a required analysis location under ASME III Subarticle NB-3500 design
rules for Class 1 valves, Subparagraph NB-3545.1.
4 The CUF is not explicitly calculated in the Design Report, but the CUF presented here is derived
from the statement in the Design Report that the allowable number of cycles from the ASME Code
analysis is greater than 106, compared to the specification allowable value of 2,000 cycles
(CUF = 2,000/>106 < 0.002).

For the three valves modeled with an NB-3545.3 normal duty operating cycle evaluation, the
allowed NB-3545.3 NA normal duty operations far exceed those expected to occur. The
calculated cumulative usage factors It for, NB-3550 cyclic loads are less than the code limit
of 1.0.

Fatigue Analyses to be Recovered

Table 4.3-9 does not include all ASME III Class 1 valves. APS has not yet been able to
recover a fatigue analysis, or to confirm that none is required, for every ASME III Class 1
valve greater than four inches nominal inlet whose specification or purchase date indicates a
design code edition and addendum that might require a fatigue analysis.

APS will recover and evaluate a fatigue analysis for each remaining ASME III Class 1 valve
greater than four inches nominal inlet, for which a fatigue analysis. is also otherwise
required, before the end of the current licensed operating period.

Effect of Combustion Engineering Infobulletin 88-09 "Nonconservative Calculation of
Cumulative Fatigue Usage"

The CE Owner's Group review of Combustion Engineering Infobulletin 88-09 did not identify
any effects on the fatigue analyses of Class 1 valves.

Disposition: Validation, 10 CFR 54.21 (c)(1)(i); Possible Revision,
10 CFR 54.21(c)(1)(ii); and Aging Management, 10 CFR 54.21(c)(1)(iii)

Validation - Pressure Safety and Auxiliary Spray Isolation Valves

The calculated worst-case usage factors for the Class 1 pressurizer safety valves and the 2"
isolation -valves for the auxiliary spray line indicate that the designs have large margins, and
therefore that the pressure boundaries would withstand fatigue effects for at least two of the
original design lifetimes. The design of these valves for fatigue effects is therefore valid for
the period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(i).
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Aging Management - Shutdown Cooling Suction Isolation Valve, and Charging Line
Isolation Valves

The calculated worst-case usage factor in these Class 1 valves is 0.7656. However, fatigue
usage factors in these valves do not depend on effects that are time-dependent at steady-
state conditions, but depend only on effects of operational, abnormal, and upset transient
events. The Metal Fatigue of Reactor Coolant Pressure Boundary program will track events
to ensure that appropriate reevaluation or other corrective action is initiated if an action limit
is reached. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded. The charging line isolation valves are subject to similar but
less-severe cyclic effects than the charging nozzles, whose fatigue usage is tracked by the
stress-based method. The shutdown cooling suction isolation valve is the limiting location
on the shutdown cooling line, and will be tracked by thecycle-based fatigue method. Effects
of fatigue in Class 1 valve pressure boundaries will thereby be managed for the period of
extended operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

Validation, Revision, or Aging Management - Valves whose Fatigue Analyses have not
been Recovered

APS will recover and evaluate the fatigue analysis for each of the remaining ASME III
Class 1 valves greater than four inches nominal inlet, for which a fatigue analysis is also
otherwise required, before the end of the current licensed operating period. Each evaluation
will either confirm that the analysis remains valid for the period of extended operation, in
accordance with 10 CFR 54.21(c)(1)(i); or will revise the analysis for the period of extended
operation, in accordance with 10 CFR 54.21(c)(1)(ii); or will include the valve in the Metal
Fatigue of Reactor Coolant Pressure Boundary program in accordance with
10 CFR 54.21(c)(1)(iii).

Fatigue in valves added to the program may be managed by individual monitoring; or by
monitoring a component with greater projected usage factor, subject to the same or an
enveloping set of transient events and valve operations:

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

4.3.2.7 ASME III Class I Piping and Piping Nozzles

Summary Description

Class 1 reactor coolant main loop piping designed and supplied-by Combustion Engineering
is designed to ASME Ill, Subsection NB, 1974 edition with addenda through Summer 1974.
The main loop piping fatigue analysis was performed to the 1974 edition with addenda
through Summer 1974. The fatigue analyses of piping outside the main loop used the 1974
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edition with addenda through Winter 1975 or the 1977 edition with addenda through
Summer 1979.

These analyses have been updated from time to time to incorporate, redefinitions of loads
and design basis events, operating changes, power uprate, steam generator replacement,
and minor modifications. The currently-applicable fatigue analyses of these components are
TLAAs.

For fatigue in the pressurizer surge line see Section 4.3.2.9 below.

Analysis

In the primary coolant system, the most limiting calculated design basis usage factor occurs
in the charging nozzle and approaches the limit of 1.0. The high usage factors are primarily
due to transient thermal stresses from normal operating and upset injection events.

However, with the exception of the charging line nozzles, and possibly the pressurizer surge
line discussed in Section 4.3.2.9 (if thermal stratification has not been completely mitigated);
fatigue usage factors in these components do not depend on effects that are time-
dependent at steady-state conditions, but depend only on effects of operational, abnormal,
and upset transient events. Since the Metal Fatigue of Reactor Coolant Pressure Boundary
program will track these events, the design basis fatigue usage factor limit (1.0) will not be
exceeded in these locations without an appropriate evaluation and any necessary mitigating
actions.

No Cycle-Basis Stress Limit for Supports

The original codes of record (1974 S'74, W'75 to 1977 S'79) did not invoke this requirement,
and as permitted by code rules, later editions were not invoked for any support reanalysis.

Effects of Power Uprate and Steam Generator Replacement on the Piping Fatigue
Analyses

The effects of power uprate and steam generator replacement were addressed in an
addendum to the design report for the RCS piping, nozzles, and RTD thermowells and in the
Class 1 analyses for other Class 1 piping systems. The evaluations demonstrated the
acceptability of the Class 1 piping system under the current licensing basis design number
of transients.

Charging Lines and Nozzles

The nozzle is the critical component in each charging path. The Metal Fatigue of Reactor
Coolant Pressure Boundary program will calculate stress-based fatigue in the CVCS
charging nozzle.
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Reduced Wall Thicknesses in the Reactor Coolant System

The fatigue analysis for the RCS hot leg and cold leg piping was reviewed for the RSG and
PUR project. The review produced an addendum to the design reports, which accounts for
two piping configurations.

The first is the intended design configuration, assuming full carbon steel field welds. These
results continue to remain applicable to the actual pipe runs; except the field welds. This
configuration results in a maximum calculated usage factor for the Hot Leg and for the Hot
Leg Elbow far below 1.0. This fatigue analysis assumes the design basis transients for a
40-year plant life, and is therefore a TLAA that will be managed through the fatigue
management program described in Section 4.3.1.5.

The second configuration assumed reduced piping wall thicknesses at both "postulated" and
"acceptable" minimum wall thicknesses. The "postulated" minimum wall thickness values
were the bounding values derived from shop records for all three PVNGS Units. The
"acceptable" minimum wall thickness values were based on design condition, stress limits.
This evaluation also assumes a full complement of design basis transients for a 40-year
plant life. More importantly, all of the fatigue calculations utilize conservative bending stress
intensification factors that are specifically applicable only to the crotch region of elbows.
This evaluation also assumed that the entire pipe runs are of reduced wall thickness, rather
than only the welds. This evaluation concluded that the "acceptable" minimum wall
thickness values in all field weld locations meet all ASME Code requirements.

This evaluation for reduced wall thicknesses calculated fatigue usage factors approaching
1.0. Fatigue in RCS piping can be adequately managed during the period of extended
operation using the cycle count method. Cycle count monitoring will ensure that appropriate
reevaluation or other corrective action is initiated if cycle count action limit is reached and is
therefore adequate to manage the fatigue in the welds, since the revised calculated fatigue
usage in the welds has the same transient event cycle count basis. Action limits will permit
completion of corrective actions before the design basis number of events is exceeded.

Alloy 600 Hot Leg Small-Bore Nozzle Repairs

All the Alloy 600 instrumentation nozzles have been replaced in the hot legs and pressurizer
for all three units in an effort to reduce the potential for Primary Water Stress Corrosion
Cracking (PWSCC). Three methods of repairs'have been used, "full nozzle," welded plugs,
and "half-nozzle,". also known as "three-quarter' nozzle repairs for the inservice RTDs. The
methods and new design basis for the repairs used in the RCS hot leg small-bore nozzles
are discussed below. The pressurizer nozzle repairs are discussed in Section 4.3.2.4.

Unit 2 Alloy 600 Hot Leg Partial Penetration Weld Full-Nozzle Repairs

The original RCS hot legs contained a total of 27 Alloy 600 small-bore nozzles with partial
penetration welds, in each unit. During 1992, PVNGS replaced seven pressure differential
transmitter (PDT) nozzles and one sample nozzle in Unit 2 with full nozzles. The full-nozzle
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repair consists of the total removal of all Alloy 600 nozzle and Alloy 82/182 weld material.
An Alloy 690 nozzle is installed which penetrates through the whole thickness of the RCS
piping and replaces the entire Alloy 600 nozzle. The qualification of this repair method to
Class 1 requirements included a fatigue analysis.

The fatigue analyses for the designed and as-built conditions of the repairs results in high
CUFs. However the higher CUF associated with the PDT and sampling nozzle will not affect
the fatigue monitoring of the RCS piping, which will be monitored using the cycle counting
method. The PDT and sampling nozzle do not experience significant thermal transients.
The CUF is driven by the operating basis earthquake (OBE) event. This event is tracked by
in the monitoring program, which will prompt actions to address the Unit 2 unique high CUF
when the cycle count action limit is approached.

Alloy 600 Hot Leg Small-Bore Half-Nozzle Repairs

The remaining hot leg small-bore nozzles were replaced under the PVNGS Alloy 600
replacement program. Alloy 600 nozzles were replaced with the Alloy 690 half-nozzle
design. In the half-nozzle design the Alloy 600 nozzle is cut or bored out to just outboard of
the partial-penetration weld on the inner surface of the RCS piping. The remainder of the
Alloy 600 nozzle, including the partial penetration weld, remains in place. A short Alloy 690
nozzle section is inserted into the bored-out region and is welded to the RCS piping outer
surface.

The PDT and sampling half-nozzle repairs were designed to Class 1 requirements of the
ASME BPV Code, Section III, and invoked the fatigue waiver of subparagraph NB-32224(d)
of the ASME Code, Section II1.

The "three-quarter"' nozzle repairs were used for the inservice RTDs, and were designed to
Class 1 requirements. The analysis was incorporated in the RCS piping design reports with
the RSG and PUR addendum. The crack propagation analysis, which ensures that an
existing worst case crack in the remaining Alloy 600 nozzle or weld will not propagate far
enough to threaten the pressure boundary, is discussed in Section.4.7.4.

All spare RTD nozzles were plugged with Alloy 690 material to prevent PWSCC. The RTD
plug is inserted into the nozzle and is welded to the outside diameter of the hot leg. The
length of the plug is then field cut to be flush with the inner diameter of the hot leg in order to
prevent any flow-induced vibration. After installation, the welded plug constitutes part of the
RCS primary boundary, thus they were designed to the Class 1 requirements of ASME BPV
Code, Section III which includes a fatigue analysis per NB-3222.4(e).

Effect of Unit 3 MNSA Holes on Reactor Coolant Piping

A mechanical nozzle seal assembly (MNSA) had been installed at a leaking thermowell in
Unit 3. This MNSA was replaced with a three-quarter nozzle repair during the U3R1O
Alloy 600 replacement program. The tapped holes in the hot leg for the MNSA attachment
were not repaired after the nozzle replacement. Consequentially, this portion of this Unit 3
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hot leg has a higher CUF at the tapped hole location, as identified in the MNSA design
report. The CUF was confirmed in the RSG and PUR design report. The higher CUF
associated with the MNSA tapped holes will not affect the fatigue monitoring of the RCS
piping. The Metal Fatigue of Reactor Coolant Pressure Boundary program cycle count
action limit for the RCS will initiate reevaluation or other corrective actions to address this
Unit 3-unique location. Action limits will permit completion of corrective actions before the
design basis number of events is exceeded.

Redesigned Reactor Coolant. System Thermowells

SER Supplement 7 Chapter 14, "Initial Test Program," describes failure and redesign of the
primary loop thermowells:

After evaluating the analytical results and test data submitted by the applicant
on this subject, the staff concurs that thermowell failures were caused by the
resonance of vortex shedding frequencies and the thermowell natural
frequency which resulted in wear and high-cycle fatigue. The staff concludes
that analyses conducted by the applicant, supplemented by test data from the
CE-Windsor TF-2 flow loop, the CE-KSB pump test loop and the full-scale
demonstration tests satisfactorily demonstrated that the new thermowell
design is structurally adequate.

This issue was re-addressed during the replacement steam generator and power uprate
projects. The evaluation concluded that the current fatigue analysis is still valid and
applicable to all three units. The evaluation concluded that the modification did not affect
the previous conclusion concerning fatigue of the thermowells. These evaluations indicate
no safety determination based on the, plant life for these high-cycle loads, and therefore no
TLAAs.

Removal of Reactor Coolant System Safety Injection Nozzle Thermal Sleeves

SER Supplement 7 Chapter 14, "Initial Test Program," describes failure and removal of the
primary loop safety injection nozzle thermal sleeves (thermal liners).

Ultimately, in order to avoid debris, PVNGS decided to remove all thermal liners from the
safety injection nozzles. Any damage done to the nozzle cladding was repaired and
operational suitability was verified by non-destructive examination.

The applicant has removed all thermal liners from the safety-injection nozzle
areas together with the expansion ridges and repaired all the damages. The
staff has reviewed this matter, including the applicant's report regarding
resolution of the issue submitted by letter dated December 30, 1983. Since
the cumulative usage factor in the area that was behind the liner is a
maximum of 0.34 compared with the usage factor of 0.6 at the safe-end
portion of the nozzle, the staff concludes that the modification eliminated the
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potential problem and will not affect the operability of the nozzles. The staff
agrees to this modification and finds it acceptable.

[SER, Ref. 5]

This issue was re-addressed during the replacement steam generator and power uprate
project. The evaluation for replacement steam generator and power uprate concluded that
the current fatigue analysis is still valid and applicable to all three units. The evaluation
concluded that the modification did not affect the previous conclusion concerning fatigue of
the safety injection nozzles.

Flow Stratification Thermal Gradient in the Auxiliary Spray Line and Tee

Possible flow stratification in the auxiliary spray line and tee was first evaluated during hot
functional testing, then re-evaluated in response to NRC Bulletin 88-08 concerns, as
described in Section 4.3.2.8.

CE recommended assessing the pressurizer spray piping system based on actual operating
conditions that may result in more severe thermal loading than those originally defined by
CE. This assessment was based on actual operating conditions from the precore, postcore,
and natural circulation tests, and the flow evaluation during initial startup testing. The
assessment included an evaluation of fatigue effects, but was superseded by the
subsequent thermal gradient analysis prompted by the Bulletin 88-08 review.

NRC Bulletin 88-08 was concerned with possible thermal cycling in non-isolatable lines
caused by cyclical valve leakage. To investigate the concern, PVGNS implemented a
temporary temperature monitoring program in the Unit 3 auxiliary spray line and tee during
operating Cycles 3 and 5, as described in Section 4.3.2.8. While the temperature
monitoring did not identify any thermal cycling anticipated by Bulletin 88-08, it did identify an
unanalyzed thermal gradient in the Auxiliary Spray Line due to inleakage through the
auxiliary spray isolation valve. The analysis of the thermal gradient demonstrated that the
cumulative fatigue usage factor, including the effects of this thermal gradient, meets ASME
Section III Subsection NB-3600 for a 40-year plant life.

Hot Leg Surge and Shutdown Cooling Nozzle Weld Overlays

Primary Water Stress Corrosion Cracking (PWSCC) has been identified as a degradation
mechanism for Alloy 82/182 welds and weld butters. While no PWSCC flaws have been
detected in PVNGS piping, APS has decided to preemptively perform full structural weld
overlays (FSWOL) over pressurizer surge, spray, and safety and relief valve nozzles, and
over the hot leg surge and shutdown cooling (SDC) nozzle Alloy 82/182 welds, as the most
appropriate course of action to ensure the integrity of the reactor coolant pressure boundary.
The pressurizer nozzle overlays are described in Section 4.3.2.4.

All of these components are considered piping components subject to ASME III Subarticle
NB-3200. The weld overlay repairs meet requirements for Class 1 components.
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The weld overlays are also supported by fracture mechanics analyses and periodic
inspections acceptable under ASME Section XI as the means to address aging in the
overlaid welds. The fracture mechanics analyses of the materials overlaid by the weld repair
are not TLAAs. The LEFM and inspections are now the basis for the safety determination.
ASME Section XI requires a fatigue crack growth analysis and an LEFM analysis to
calculate the propagation rate of a flaw in order to determine the inspection interval, but
these do not support a safety determination for the entire plant life. However, the revised
fatigue analyses of the adjacent materials affected by the overlays are time-dependent, and
are TLAAs unless successfully projected to the end of the period of extended operation.

The basis of the fatigue analysis was increased to 60 years by increasing the 40-year
number of cycles of each event by a factor of 1.5. The detailed fatigue analyses showed
that the usage factors at all evaluated locations are below the allowable value of 1.0.
Because the fatigue analyses of materials adjacent to the hot leg and shutdown cooling
nozzle weld overlay repairs have been projected to the end of the period of extended
operation, these fatigue analyses are not TLAAs. Because the Section XI inspections will
be the basis for the safety determination of the overlaid materials, and because the
supporting crack growth and LEFM analyses are not time-limited to the current operating
term, these analyses are not TLAAs.

No Effect on Class 1 Piping and Nozzles of Combustion Engineering
Infobulletin 88-09, "Nonconservative Calculation of Cumulative Fatigue Usage"

I .

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09 did not
identify any effects on the fatigue analysis of the reactor coolant piping and other Class 1
system piping or piping nozzles.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

With the exception of the CVCS charging line nozzle and possibly the pressurizer surge line
discussed in Section 4.3.2.9, usage factors and the NB-3222.4(d) fatigue waiver for Class 1
piping pressure boundaries do not depend on effects that are time-dependent at steady-
state conditions, but depend only on effects of operational, abnormal, and upset transient
events.

The Metal Fatigue of Reactor Coolant Pressure Boundary program will continue to confirm
that this is so, or that appropriate reevaluation or other corrective action is initiated if an
action limit is reached.

Cycle-Count Monitoring and Cycle-Based Fatigue Monitoring: The Metal Fatigue of
Reactor Coolant Pressure Boundary program will count significant transient events and
thermal cycles and tracks usage factors in the bounding set of sample locations listed in
Table 4.3-4. The program tracks events to ensure either that appropriate reevaluation or
other corrective action is initiated if an action limit is reached. Action limits will permit
completion of corrective actions before the design basis number of events is exceeded.
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Stress-Based Fatigue Monitoring: The CVCS charging nozzles are the limiting
components for fatigue in the Class 1 charging paths. These and the hot leg surge line
nozzle and limiting surge line elbow are subject to stress-based fatigue monitoring under the
Metal Fatigue of Reactor Coolant Pressure Boundary program. The program records the
critical parameters of each operating event cycle that affects these nozzles. From that data
the program determines the contribution to the usage factor in these nozzles for each event,
and maintains a current record of the worst-case cumulative usage factor for each location.
This record will be reviewed and evaluated at intervals specified by the program, at a
frequency sufficient to ensure that appropriate corrective action is initiated if an action limit is
reached. Action limits will permit completion of corrective actions before the cumulative
usage factor exceeds the code limit of 1.0.

Effects of fatigue in the Class 1 piping pressure boundary will thereby be managed for the
period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

See also Section 4.3.4 for effects of the reactor coolant environment on NUREG/CR-6260
sample locations in the surge line, charging nozzles, safety injection nozzles, and shutdown
cooling suction line.

4.3.2.8 Absence of Supplemental Fatigue Analysis TLAAs in Response to
Bulletin 88-08 for Intermittent Thermal Cycles due to Thermal-Cycle-
Driven Interface Valve Leaks and Similar Cyclic Phenomena

NRC Bulletin 88-08 requested that licensees review the primary coolant pressure boundary
and connected interfaces for possible effects of thermal cycles in normally-isolated dead-
end branches, due to leaking interface valves.

Summary Description

By letter dated October 3, 1988, Arizona Public Service ... responded to
Bulletin 88-08 and identified the auxiliary pressurizer spray system (APSS)
as the only system with unisolable piping potentially susceptible to the
thermal stratification cycling phenomena described in the Bulletin.

[Ref. 15]

Analysis

In order to satisfy the requirements of Action 3 of the Bulletin, PVGNS implemented a
temporary temperature monitoring program of the Unit 3 auxiliary spray line and. tee during
operating Cycles 3 and 5. The objective of this program was to determine the source of the
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stratification in the APSS line, including potential valve leakage, and to verify that the limiting
temperature conditions used in the fatigue analysis were valid. This program would also
indicate the necessity for the installation of thermocouples in Units 1 and 2. The results of
the traces from Cycle 3

... identified the charging system as the potential source of in-leakage into the
APSS. The monitored temperature data indicated that thermal stratification
(600 F to 115 0F) occurred under heatup and cooldown operation. Thermal
stratification (up to 90 0F) during normal operation was also observed.
However, there was no evidence of large temperature fluctuations reflecting
in-leakage through the isolation valves into the APSS line from the charging
system.

Conclusion

Based on the evaluation of the monitored temperature traces provided by
APS during operating cycles 3 and 5 of Unit 3, the staff concludes that APS
has demonstrated that no high cycle thermal fatigue will result in the auxiliary
spray line from the interaction of in-leakage flow through the isolation valves
of the APSS line and turbulent penetration from the main spray line. Since
APS has stated that the APSS in PVNGS Units 1 and 2 are identical to
Unit 3, the same conclusion also applies to Units 1 and 2.

[Ref. 15]

The form of stratification identified in the auxiliary spray pipe run, up to its first valve,
suggests that there is no "high cycle" mixing zone at the temperature interface boundary.
Rather there will be a stable low cycle axial and tangential stress condition due only to the
temperature differences between the top and bottom of the pipe, and their values will
depend on the interface level, with an insignificant mixing zone. Since the observed
temperature differences exceeded the 50 OF criterion set by the NRC, APS performed a
supplemental bounding thermal gradient stress analysis to determine the effect of low cycle
fatigue.

Although investigation of Bulletin 88-08 stratification phenomena prompted this
supplemental analysis, the analysis did not analyze effects of the Bulletin 88-08 high-cycle
thermal fatigue- phenomena, which the testing program had demonstrated to be of no
concern. It instead analyzed effects of low-cycle thermal stresses from differential
temperature gradients not anticipated in the original code analysis. It therefore affects the
original code analysis, as described under "Flow Stratification Thermal Gradient in the
Auxiliary Spray Line and Tee" in Section 4.3.2.7.
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Absence of a TLAA

The investigations demonstrated that PVNGS is not susceptible to the Bulletin 88-08
phenomena. The supporting evidence is measured data not dependent on time, and
prompted no time-dependent analyses of the Bulletin 88-08 phenomena.

4.3.2.9 Bulletin 88-11 Revised Fatigue Analysis of the Pressurizer Surge Line for
Thermal Cycling and Stratification

The purpose of this bulletin is to (1) request that addressees establish and
implement a program to confirm pressurizer surge line integrity in view of the
occurrence of thermal stratification and (2) require addressees to inform the
staff of the actions taken to resolve this issue.

[NRC Bulletin 88-11]

Summary Description

The surge lines are designed to ASME Ill, Subsection NB, 1977 edition with addenda
through Summer 1979. The surge line design was re-evaluated in 1991 through the
Combustion Engineering Owners Group in response to the NRC Bulletin 88-11 thermal
stratification concerns.

Analysis

Effects of Thermal Stratification on the Surge Line Piping Fatigue Analysis

Combustion Engineering (CE) performed a fatigue evaluation of surge lines in various CE
Owners Group (CEOG) plants, with thermal stratification loading. The analysis assumed the
design basis number of 500 heatup transients. The CEOG analysis is based on a limiting
set of thermal stratification transients defined from data collected from several Combustion
Engineering units, not including PVNGS, but used the PVNGS surge line for the limiting
analysis because its geometry produced the most-limiting stresses. Insurge-outsurge and
thermal stratification effects doubled the 40-year CUF of the original analysis of record, at
the limiting location in the surge line elbow at the pressurizer.

The elastic analysis produced a cumulative usage factor of 1.65 in the elbow. To decrease
the CUF below the ASME fatigue limit of 1.0, CE therefore performed a plastic analysis,
resulting in a limiting CUF of 0.937 in the pressurizer elbow. This CEOG limiting-case
analysis is conservative because it did not include any credit for mitigating actions, or the
actual severity of transients, experienced during operation. A reanalysis for more realistic
transients should therefore be able to demonstrate considerable margin. PVNGS collected
and reduced their data independently from the other plants; hence, there is no specific
thermal transient information from PVNGS within the CEOG report. However, in the
absence of any analysis more specific to PVNGS, APS confirmed this bounding analysis as
the fatigue analysis of record for this component at PVNGS.
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See Section 4.3.4 for effects of the reactor coolant environment on fatigue in this location.

Effect of NRC Bulletin 88-11 on Risk Informed Inservice Inspection (RI-ISI) Program,
Relief Request 32.

PVNGS augmented its ASME Section Xl, ISI program to include inspections of the surge
line elbow, which were performed to address NRC Bulletin 88-11 concerns. PVNGS
subsequently proposed the alternative RI-ISI in Relief Request 32 [Ref. 23]. The RI-ISI
application is based on the EPRI RI-ISI program, which explicitly considered NRC Bulletin
88-11 concerns in its application. The NRC Bulletin 88-11 concerns are therefore
addressed by the PVNGS RI-ISI program.

Effects of Power Uprate and Steam Generator Replacement on the Surge Line Piping
Fatigue Analysis

The evaluation of these modifications found that the resulting changes in temperature

ranges have no effect on the surge line analysis.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

The surge line is subject to stress-based fatigue monitoring under the Metal Fatigue of
Reactor Coolant Pressure Boundary program. The program maintains a record of the worst-
case cumulative usage factors. This record will be reviewed and evaluated at intervals
specified by the program, at a frequency sufficient to ensure that appropriate corrective
action is initiated if an action limit is reached. Action limits will permit completion of
corrective actions before the code limit is exceeded. The effects of fatigue in the Class 1
surge line will thereby be managed for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary aging management program is
described in Section 4.3.1; and is summarized in Appendix B, Section B3.1. See
Table 4.3-4 for details of the program, and Section 4.3.1.5 for a description of its action
limits and corrective actions.
4.3.2.10 Class 1 Fatigue Analyses of Class 2 Regenerative and Letdown Heat

Exchangers

Summary Description

The regenerative heat exchangers were designed and constructed to Class 2 rules on both
shell and tube sides. The letdown heat exchangers were designed and constructed to
Class 2 rules on the tube side, Class 3 on the shell side. However, although these are
Class 2 and 3 heat exchangers, the specifications require a Class 1, NB-3222 analysis,
including a fatigue evaluation for a specified set of events, each for a specified number of
occurrences, for a 40 year design life.
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The current licensing basis reference to these analyses is UFSAR 9.3.4.1.2, [CVCS] Design
Criteria:

F. Letdown and charging portions of the CVCS are designed to
withstand the design transients defined in Table 9.3.4-1 without any
adverse effects.

Although the Class 1 fatigue analyses are not directly described or cited by this UFSAR
statement, the actual qualification for these effects includes the Class 1 analyses, which are
therefore TLAAs.

Analysis

Regenerative Heat Exchangers

The regenerative and letdown heat exchanger fatigue analyses were performed with
transients specified in the CE general specification for System 80 plants. The numbers of
events required by these specifications are consistent with or are greater than the number of
transients used as action limits in the fatigue management program with enhancements,
described in Section 4.3.1.5.

The original assessment that fatigue in the regenerative and letdown heat exchangers was
bounded by the fatigue of the charging nozzle is still valid. The most severe transients for
the letdown and regenerative heat exchangers also affect the charging nozzle. The
charging nozzle has a higher calculated design basis usage factor (over 0.9) and is
monitored by stress-based fatigue. The monitored fatigue usage in the charging nozzle is
therefore an appropriate and conservative indication that these heat exchangers may be
approaching the code design limit of 1.0.

Letdown Heat Exchangers

The fatigue analysis for standard System 80 letdown heat was performed using the original
System 80 transients. The letdown heat exchanger for PVNGS was built to Revision 4 of
the CE general letdown heat exchanger specification for System 80 plants, which combined
multiple transients from the previous revision of the specification. The new transients were
found to bound those used in the standard System 80 letdown heat exchanger fatigue
analysis.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

The Metal Fatigue of Reactor Coolant Pressure Boundary program will track events to
ensure that appropriate reevaluation or other corrective action is initiated if an action limit is
reached. Action limits will permit completion of corrective actions before the design basis
number of events is exceeded, and before the cumulative usage factor exceeds the code
limit of 1.0. The combination of cycle counting and stress-based fatigue monitoring of the
charging nozzles will assure that the effects of aging in the regenerative and letdown heat

Palo Verde Nuclear Generating Station Page 4.3-66
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

exchangers are managed for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

4.3.2.11 Class 1 Fatigue Analyses of Class 2 HPSI and LPSI Safety Injection
Safeguard Pumps for Design Thermal Cycles

The HPSI and LPSI safety injection safeguard pumps were designed to ASME III Class 2,
for which the code requires no fatigue analysis. However UFSAR 3.9.3.5.3.3 describes
design for a stated number of thermal transient cycles.

The structural integrity and operability analyses for both the HPSI and LPSI
pumps cite the Class 1 methods of ASME III Subparagraph NB-3222.4 when
addressing these thermal transients.

Analysis

40OF to 300°F Transient - 10 Cycles

This thermal transient corresponds to the initiation of safety injection, which is classified as
an upset condition. Both the HPSI and LPSI pumps are designed for this transient,
therefore the analysis for this thermal transient is a TLAA for both pumps.

The HPSI structural integrity and operability analysis compares the temperature difference
caused by this transient with the temperature difference calculated using the maximum
thermal stress from ASME III Appendix I Figure 1-9.2 for 10 cycles. (The pump casings are
Type 304 stainless). The calculation found the maximum equivalent temperature difference
for the Figure 1-9.2 10-cycle stress range Sa to be 1250.58 OF, which is much greater than
the design temperature difference of 260 OF. Using the 260 OF design temperature
difference, the calculated fatigue stress range Sa is approximately one-fifth of the Figure
1-9.2 allowable fatigue stress range Sa for 10 cycles, 640,000 psi:

Salt = ATx 2x ax E = 260 OF x 2 x (9.53 x 106 /OF) x (26.85 x 106 lbf/in 2)

Salt = 133,058 psi

Where a is the thermal coefficient of expansion and E is the elastic (Young's) modulus.
Applying the NB-3222.4(e)(4) rule for the effect of the elastic modulus,

S. = Salt x EI-9.jE = 133058 psi x 26.0/26.85 = 128,846 psi

For this alternating stress range, ASME III Appendix I Figure 1-9.2 allows approximately 550
operating cycles, compared to the 10 assumed to be required by the HPSI pump design
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basis. Therefore sufficient margin exists. to support the period of extended licensed
operation.

The LPSI pump structural integrity and operability analysis analyzed this transient and found
23,500 allowable cycles and a usage factor of 0.000426 for 10 cycles. Therefore sufficient
margin exists to support the period of extended operation.

70OF to 350OF Transient - 500 Cycles

This thermal transient corresponds to the initiation of shutdown cooling. Analysis of the
LPSI pump for this transient is cycle based, and is therefore supported by a TLAA.

The LPSI pump structural integrity and operability analysis analyzed this transient and found
18,000 allowable cycles and a usage factor of 0.0278 for the design basis 500 cycles.
Therefore sufficient margin exists to support the period of extended operation.

Disposition: Validation, 10 CFR 54.21 (c)(1)(i)

There is sufficient margin in the design of these pumps for any possible increase in
operating cycles above the original estimate. The design of the HPSI and LPSI pumps is
therefore valid for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1 )(i).

4.3.2.12 Class 1 Analysis of Class 2 Main Steam Safety Valves

Summary Description

The Main Steam Safety Valves (MSSVs) are Dresser Model 3707R, 6 inch inlet by 10 inch
outlet, ASME III Class 2 (1974 S '75). However, the design of these Class 2 valves includes
a Class 1 fatigue analysis to Subsubarticle NB-3550, "Cyclic Loads for Valves." The cyclic
design basis is described in the UFSAR. The fatigue analysis is therefore a TLAA.

Analysis

The MSSVs were specified for a stated number of design transients without failure or
malfunction [UFSAR 5.2.2.4.3.2]:

LOSS OT seconaary Temperature falls from 565 to 75 *F in 60 seconds 5pressure

Secondary side leak test Pressure rises from 0 to 1375 psig, 200
Temperature rises from 100 to 200 'F

Palo Verde Nuclear Generating Station
License Renewal Application

Page 4.3-68



Section 4
TIME-LIMITED AGING ANALYSES

Plant heatup and
cooldown1

Temperature rises from 75 to 565 OF and returns to
75 "F at 100 "F/hr with pressures at saturation

500

10, plus
System is pressurized to 1.5 times the set pressure number of

Hydrostatic test at 100 °F to 200 °F hydros before
shipment

Turbine trip test Opening and closing cycles with full-range stem 480Turbine___trip __test _movement

Heatup and cooldown are separate transients, each beginning at steady state conditions.

The analysis was performed on two critical areas of the valves, the inlet crotch and the disc,
with these results:

Inlet Crotch: It = 205/2000 = 0.11 < 1.0

Disc: U = 745/9500 = 0.08 < 1.0

Disposition: Validation, 10 CFR 54.21 (c)(1)(i)

The existing analysis demonstrates that the design is suitable for at least nine of the original
40-year design lifetimes. The analysis is therefore valid for the period of extended
operation, in accordance with 10 CFR 54.21 (c)(1)(i).

4.3.2.13 Absence of TLAAs in Evaluations of Effects of Vibration on the Unit 1
Train A Shutdown Cooling System Suction Line Fatigue Analysis, and of
Vibration Limits Established for its Isolation Valve Actuator

This section describes evaluations of high vibration of the Unit 1 Train A shutdown cooling
(SDC) suction line and of the actuator of its UV651 motor-operated isolation valve. See
Section 4.3.2.7 for fatigue effects of design basis thermal and pressure transients in this
piping.

Vibration can cause high-cycle fatigue failures if the resulting alternating stresses exceed
the endurance limit, or the limits established by test or by other analyses for affected
components. Fatigue in the affected piping, and effects on the SDC isolation valve actuator
of vibration in excess of levels to which it had been tested and analyzed, were therefore
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principal concerns in the evaluation of this problem. These evaluations were therefore
examined to confirm that they include no TLAAs.

On March 18, 2006, PVNGS conducted a test to diagnose causes of high vibration in the
Unit 1 Train A SDC suction line. The Train A SDC suction line is connected to the Loop 1
hot leg. This test operated both Loop 1 reactor coolant pumps but only one Loop 2 pump.
This condition produced high Loop 1 flow, which caused brief excursions of an SDC Train A
vibration monitor beyond both the administrative and analytical limits. A trip of a Loop 2
pump, under normal, four-pump operating conditions, could produce the same flow
conditions and the same elevated vibration levels in the SDC line; and at these vibration
levels, the time required for operator action to shut down the unit might result in
unacceptable fatigue usage and eventual failure of the piping or isolation valve motor
operator. Loop 1 was therefore restricted to single-pump operation, and the unit was
maintained in a shutdown condition for evaluation and correction of the vibration condition.

The correction included moving the Unit 1 UV651 valve inboard, to increase the acoustic
response above the line and valve resonance. Unit 1 has since operated at 100 percent
power with acceptable vibration levels. APS has since moved the corresponding valves in
Units 2 and 3 to prevent similar problems.

Absence of TLAAs

The evaluation of affected piping, supports, and piping components determined that
maintaining vibration below the administrative limit would maintain alternating stresses
below the endurance limit at the most limiting location. The evaluation of the UV651 valve
actuator determined that maintaining vibration below the administrative limit would maintain
accelerations below the revised vibration limits established for the actuator for indefinite,
continuous operation. These evaluations are therefore not time-limited and are therefore
not TLAAs. The evaluations of the piping and valve operator for effects of having exceeded
the vibration administrative limit during the test determined that this single event did not
produce unacceptable damage. Since these evaluations did not qualify either piping or
valve for any similar excursions during the remaining life of the plant, these evaluations are
not time-limited and are therefore not TLAAs.

4.3.2.14 High Energy Line Break Postulation Based on Fatigue Cumulative Usage

Factor

Summary Description

Break locations are determined in accordance with Branch Technical Position MEB 3-1.
However, a leak-before-break analysis (LBB) eliminated the large breaks in the main reactor
coolant loops. See Section 4.3.2.15 below.
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Analysis

Breaks in piping with ASME III Class 1 fatigue analyses are identified based on cumulative
usage factor (with the stated exception of the reactor coolant system primary loops), and
these determinations are therefore TLAAs.

PVNGS has containment penetration break exclusion regions (no break zones). However
these contain no ASME III Class 1 piping with fatigue analyses, and their qualification is
therefore based only on calculated stress. The break locations in these no break zones are
therefore independent of time and are not supported by a TLAA.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

Break locations which depend on usage factor will remain valid as long as the calculated
usage factors are not exceeded. The Metal Fatigue of Reactor Coolant Pressure Boundary
program ensures that appropriate reevaluation or other corrective actions are initiated if an
action limit is reached. Action limits for the HELB design basis permit completion of
corrective actions before the calculated design basis usage factors in Class 1 lines (outside
the reactor coolant system primary loops) is exceeded. Effects of fatigue on the HELB
analysis will thereby be managed for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Section 4.3.1.5 for
details of the program, and Table 4.3-4 for details of its action limits and corrective actions.

4.3.2.15 Absence of TLAAs in Fatigue Crack Growth Assessments and Fracture
Mechanics Stability Analyses for the Leak-Before-Break (LBB)
Elimination of Dynamic Effects of Primary Loop Piping Failures

Summary Description

A leak-before-break analysis eliminated the large breaks in the main reactor coolant loops,
which permitted omission of evaluations of their jet and pipe whip effects. This permitted
omission of large jet barriers and whip restraints. The containment pressurization and
equipment qualification analyses retained the large-break assumptions.

The NRC approval of this use of leak-before-break at PVNGS was granted with the original
SER, Ref. 5, Supplement 11, §3.6.2.

Analysis

The PVNGS LBB analysis is based on the CESSAR LBB analysis, which is based on the
Combustion Engineering Report Basis for Design of Plant Without Pipe Whip Restraints,
which provided the technical basis for eliminating ruptures of the large reactor coolant piping
as a design basis for CE System-80 plants. PVNGS was the prototype, and PVNGS
material test data support this study.
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Fatigue Crack Growth Analysis (not a TLAA)

The supporting fatigue crack growth analyses are not TLAAs. The principal basis for the
safety determination is a fatigue crack growth analysis that confirms that even large
postulated cracks grow slowly, even beyond the point at which they become through-wall
and begin to leak fast enough that the leak will be detected, and before which catastrophic
failure can occur. This evaluation does not depend on the design life.

Fracture Mechanics Stability Analyses (not a TLAA)

LBB at PVNGS is supported by both linear elastic fracture mechanics (LEFM) analyses and
elastic-plastic fracture mechanics (EPFM) stability analyses. Neither of them is a TLAA.

An LEFM analysis compares a crack stress intensity K, calculated for the applied load to the
Kic fracture toughness stress intensity factor of the material. If K, is less than Kic the crack is
stable and will not propagate.

If that does not suffice, an EPFM stability analysis compares the crack tip extension energy
integral Japp calculated for the applied load to the material crack resistance parameter Jjc (in
the Combustion Engineering documents, JIN in later usage elsewhere). If the calculated J-
integral for an applied load is less than JIN (Japp < Jic), the crack is stable.

If that does-not suffice, the crack is still stable if load distribution and shedding cause Japp to
increase less rapidly than Jjc with crack extension. That is, if

MP J<lc

aa aa

-where a is the crack extension, the crack is stable. This is described in terms of a
dimensionless tearing modulus

T aJ E
aa u2

-where E is Young's modulus and oy is the yield strength. If the tearing modulus Tapp
calculated for the applied load is less than the material tearing modulus Tmat the crack is
stable.

The only phenomena that have significant effects on the results of these stability analyses
are those that produce changes in (1) material properties, or (2) to the expected and
assumed state of stress due to (2a) piping and component geometry, or (2b) changes in
pressure, thermal, dynamic, or applied loads. Changes in the state of stress have been
evaluated, as appropriate, for power uprate and steam generator replacement, but are not
themselves time dependent. Changes in primary loop geometry (i.e., due to erosion or
corrosion, in the absence of modifications) are insignificant.
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The only phenomena that produce significant changes in the K1c, J1c , and Tmat material
properties of primary loop materials during a normal operating life are neutron embrittlement,
which does not affect these materials remote from the reactor vessel beltline, and thermal
embrittlement, which is significant only in cast austenitic stainless steel with certain
compositions. There is no cast reactor coolant piping at PVNGS. PVNGS primary loops are
SA 516 Grade 70 (low-alloy carbon steel), and are therefore not subject to significant
thermal embrittlement.

Therefore neither Kic, J1c, nor Tmat depend on the design life. Similarly, K1, Japp, and T, all
depend only on the assumed set of applied loads, independent of fatigue effects, and are
not time-dependent. Therefore neither of the CESSAR LEFM or EPFM analyses is a TLAA.

Effects of Power Uprate and Steam Generator Replacement on the LBB Analysis

Effects of Power Uprate and Steam Generator Replacement have been evaluated and
resulted in no change to the conclusion of the LBB analysis.

4.3.3 Fatigue and Cycle-Based TLAAs of ASME III Subsection NG Reactor
Pressure Vessel Internals

Summary Description

The PVNGS reactor vessel internals were designed and fabricated to Subsection NG rules
of ASME III, 1974 Edition. The design reports indicate use of some later addenda for some
parts.

Reactor Internals Design Bases

The reactor internals design bases are to maintain a coolable geometry that also allows
control element assembly (CEA) function. For this, purpose, deflections which would
influence CEA movement are limited to less than 80% of that which might cause loss of
function under design basis loading conditions.

The licensing basis descriptions of the design evaluations and analyses indicate that
"fatigue limits" in some contexts are endurance limits, therefore do not depend on the
number of applied cycles, and are therefore not TLAAs. However the ASME Subsection NG
fatigue analyses of elements of the reactor internals are TLAAs.

Analysis

Evaluations and Analyses Described in the CESSAR and UFSAR

The CESSAR and UFSAR describe several evaluations and analyses that have been
performed to ensure that the reactor vessel internals will withstand forces resulting from
design loading conditions.
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Dynamic Response Analysis of Reactor Internals Under Operational Flow Transients and
Steady-State Conditions (UFSAR § 3.9.2.3)

Flow-induced vibration of the reactor internals components during normal operation can be
characterized as a forced response to both deterministic (periodic and transient) and
random pressure fluctuations in the coolant. This section of the UFSAR describes types of
internals, the forces they are subjected to, and the mathematical models used to predict the
response of the reactor internals to theses forces. However, this section does not describe
an analysis of fatigue or other time-limited effects for a licensed operating period, and
therefore does not indicate the existence of a TLAA.

Preoperational Flow-Induced Vibration Testing of Reactor Internals (UFSAR q 3.9.2.4)

This section of the UFSAR describes the program phases which satisfy the guidelines of
Regulatory Guide 1.20. However, this section does not describe an analysis of fatigue or
other time-limited effects for a licensed operating period, and therefore does not indicate the
existence of a TLAA.

Dynamic System Analysis of the Reactor Internals Under Faulted Conditions (CESSAR
§ 3.9.2.5 and UFSAR § 3.9.2.5)

CESSAR Section 3.9.2.5 (NUREG-0852) describes the dynamic analysis methods for
reactor internals.

UFSAR Section 3.9.2.5 describes how the stresses of the reactor internals were calculated,
and states that the stresses are below the allowable stresses for faulted conditions of the
ASME B&PV Code, Section III, Appendix F. However, this section does not describe an
analysis of fatigue or other time-limited effects for a licensed operating period, and therefore
does not indicate the existence of a TLAA.

Evaluation of High-Cycle Hydraulic Loads with Reduced Cold Leg Temperature

An evaluation of reduction in the reactor coolant cold leg temperature from 500 OF to 450 OF
(with four reactor coolant pumps in operation) demonstrated that the resulting hydraulic
high-cycle loads on internals are acceptable and within the limits of the existing design. The
acceptability of high-cycle loads is not based on time-dependent criteria.

Effects and Analyses Described in Power Uprate and Steam Generator Replacement
Licensing Documents

The power uprate and steam generator replacement reports state that the fatigue
evaluations of the RVI components were based on the fatigue curve provided in the ASME
Code, and provide acceptable results in all cases. These fatigue evaluations are included in
design report addenda.

The reports also state that uprate did not increase flow-induced vibration loads on vessel
internals, because RCS flow remains within the original design range, but also state that
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"Vibration evaluations demonstrate that the new RCS conditions will not adversely affect the
response of the RVIs systems and components to flow induced vibrations." However, a
search for these vibration evaluations has only located references describing the methods of
analysis, not the evaluations themselves. The subsequent license amendment shows that
the final form of the commitments for these "vibration evaluations" are to continue
cooperation with joint industry efforts, and therefore that the safety determination depends
on no new or additional vibration evaluations.

Summary of Vibration and Other High-Cycle Effects

The evaluations of internals designs to stress and deflection limits, and tests to confirm that
vibration endurance limits are not exceeded, do not depend on the design life and are
therefore not TLAAs. The final licensing basis safety determination for the effect of power
uprate and steam generator replacement on these evaluations relies on no analyses that
depend on the design life, and therefore on no TLAAs, but on the licensee's commitment to
continue support and cooperation with industry initiatives to manage effects of vibration and
other possible age-related degradation mechanisms in internals.

ASME Subsection NG Fatigue Analyses

The ASME Subsection NG design reports and addenda include calculated usage factors for
the reactor internal components. The report addenda for power uprate and steam generator
replacement concluded that all code and specification requirements were satisfied.

Absence of TLAAs for Ductility Reduction of Fracture Toughness for the Reactor
Vessel Internals

Table 4.1 3 of the NUREG 1800 Standard Review Plan for License Renewal identifies
"ductility reduction of fracture toughness for the reactor vessel internals" as a potential plant-
specific TLAA. However, a review of the PVNGS licensing basis found no explicit 40-year
embrittlement analysis for reactor vessel internals.

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

Since the Subsection NG fatigue usage factors do not depend on flow-induced vibration or
other high-cycle effects that are time-dependent at steady-state conditions, but depend
more strongly on effects of operational, upset, and emergency transient events, the increase
in operating life to 60 years will not have a significant effect on these fatigue usage factors
so long as the number of design basis transient cycles remains within the number assumed
by the original analysis. Transient cycle counting under the Metal Fatigue of Reactor
Coolant Pressure Boundary program will ensure that appropriate reevaluation or other
corrective action is initiated if an action limit is reached in any analyzed location in the
reactor internals. Action limits will permit completion of corrective actions before the design
basis number of events is exceeded. Subsection NG fatigue in the reactor vessel internals
will therefore be adequately managed for the period of extended operation, in accordance
with 10 CFR 54.21 (c)(1)(iii).
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The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.
4.3.4 Effects of the Reactor Coolant System Environment on Fatigue Life of

Piping and Components (Generic Safety Issue 190)

Summary Description

The fatigue data upon which the ASME Section III fatigue curves are based are the result of
tests in air at room temperature and constant strain rate. Concerns with possible effects of
elevated temperature, reactor coolant chemistry environments, and different strain rates
prompted NRC-sponsored research to assess these effects, first presented in the 1993
NUREG/CR-5999 Interim Fatigue Curves.

The NRC concluded that effects of the reactor coolant environment might need to be
included in the calculated fatigue life of components, and opened three generic safety
issues to address this question, all finally closed to a single Generic Safety Issue 190.
Subsequent research and studies refined the methods, which no longer use the interim
fatigue curves of NUREG/CR-5999 but calculate an environmental fatigue effect multiplier
Fen, which depends on material type, temperature, strain rate, and dissolved oxygen; and for
carbon and low-alloy steel, sulfur content.

NUREG-1 800 Section 4.3.1.2 states that "The applicant's consideration of the effects of
coolant environment on component fatigue life for license renewal is an area of review,"
noting the staff recommendation "that the samples in NUREG/CR-6260 should be evaluated
considering environmental effects for license renewal."

The GSI-190 review requirements are therefore imposed by the Standard Review Plan and
do not depend on the individual plant licensing basis.

Analysis

NUREG/CR-6260 identifies seven sample locations for newer Combustion Engineering
plants:

* Reactor vessel shell and lower head

* Reactor vessel inlet nozzles

* Reactor vessel outlet nozzles

* Surge line

* Charging system nozzle
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* Safety injection system nozzle

* Shutdown cooling line.

The thermal sleeves were removed from the PVNGS Loop 1 and Loop 2 safety injection
nozzles, potentially increasing the cumulative usage factor (CUF) for the entire interior
surface of the nozzle. Therefore two values were calculated for the safety injection nozzles,
at the knuckle location and at the safe end. Table 4.3-11 therefore includes both of these
locations.

Table 4.3-11 also includes results for the pressurizer heater penetrations. Although
NUREG/CR-6260 does not identify the heater penetrations as locations of concern, they
may be subject to effects of thermal stratification and insurge-outsurge, have been subject
to significant repair, modification, and reanalysis, and accumulation of fatigue usage in them
is therefore of concern for the period of extended operation. APS has therefore elected to
include them in locations monitored for effects of environmentally-assisted fatigue. The
calculated CUF at the heater penetrations is acceptable using the maximum Fen. However,
the analysis does not specifically account for loads due to insurge-outsurge transients. This
loading will be monitored by the Fatigue Management Program using the stress-based
fatigue (SBF) method described in Section 4.3.1.

APS therefore evaluated a total of nine NUREG/CR-6260 locations for effects of the reactor
coolant system environment on fatigue life (or "environmental effects on fatigue," EAF). See
Table 4.3-11 for the resulting environmentally-assisted fatigue CUFs at these EAF locations.

Removing Conservatism

Section 6.4 of NUREG/CR-6260 advises that conservative assumptions remain which could
be removed to reduce the CUF values. The best method to lower the CUF for the few worst
locations is fatigue monitoring. By using actual numbers of cycles and severity of transients,
the calculated CUF can be reduced sufficient to meet the 1.0 allowable, with EAF, without
resorting to more detailed analysis methods. However, in some cases, a combination of
fatigue monitoring and revised analyses may be needed.

Locations with EAF U40 < 1.0 Based on Max Fen

Five of the locations (1) RPV Shell and Lower Head, (2) RPV Inlet Nozzle, (3) RPV Outlet
Nozzle, (6) Safety Injection Nozzle (Forging Knuckle), and (9) Pressurizer Heater
Penetrations, have environmentally-assisted fatigue CUF values below 1.0 when the
40-year design CUF is multiplied by the maximum applicable Fen for the material, from
NUREG/CR-6583 for carbon and low-alloy steels and from NUREG/CR-5704 for stainless
steels.

The environmentally-assisted CUF at Location 1, RPV shell and lower head, projected for
60 years, is much lower than the ASME fatigue limit of 1.0, will therefore remain valid for the
period of extended operation, and no monitoring will be required. The remaining eight

Palo Verde Nuclear Generating Station Page 4.3-77
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

NUREG/CR-6260 locations will be monitored for either transient cycles or fatigue. See

Table 4.3-4 for monitoring methods.

Locations Re-evaluated with NB-3200 Methods

The remaining four EAF locations have been evaluated using NB-3200 methods to reduce
the CUF values. Three of these evaluations also used reduced estimates of the number of
design basis transient events, based on plant-specific cycle accumulation data:

Shutdown Cooling Line (Lonq Radius Elbow, Location 8): The shutdown cooling line long-
radius elbow has been re-evaluated using plant-specific transient data. The revised
analysis reduced the CUF by reducing the assumed number of transient cycles for 40 years
and 60 years based on plant-specific cycle accumulation data. The reduced number of
transient cycles will be used to set action limits in the Fatigue Management Program. See
Section 4.3.1.5 for a discussion of corrective action limits and corrective actions.

The maximum Fen from NUREG/CR-5704 for stainless steels was used. The resulting
40-year and 60-year environmentally-assisted fatigue CUFs are less than the ASME code
allowable fatigue limit of 1.0.

This location will be monitored using the cycle-based fatigue, event pairing (CBF-EP)
method described in Section 4.3.1.

Charging System Nozzle (Safe End, Location 5): In order to demonstrate that fatigue
usage, including environmental effects, can be maintained less than 1.0, the charging
nozzle safe end has been evaluated for a plant-specific reduced number of cycles for
transient pairs with a significant contribution to fatigue. The reduced number of transient
cycles is based on plant-specific cycle accumulation data and will be used to set action
limits in the Fatigue Management Program. See Section 4.3.1.5 for a discussion of
corrective action limits and corrective actions.

The method uses 6-component stress tensors and plant-specific transient data, consistent
with ASME III subarticle NB-3200, for all fatigue-significant design transients. These stress
intensities were used to calculate a revised CUF value.

Strain-rate-dependent Fen values were then calculated for the significant load set pairs in the
fatigue analysis. Load set pairs that produce no Significant stress range or fatigue
contribution were assigned the maximum Fen from NUREG/CR-5704 for stainless steels.
The integrated strain rate method described in MRP-47 was used to calculate Fen values for
individual load pairs that produce significant stress ranges. Each of these significant load
pair transients was divided into appropriate time steps, and the stress intensity was used to
calculate strain amplitude for each time step. This strain amplitude was then used to
determine the strain rate over each time step. The strain rate is used to calculate the Fen for
the time step; and from these, an integrated weighted Fen for the entire load pair transient
was calculated. These significant-stress-range Fen were then combined with the maximum
Fen assumed for the less-significant events to produce a weighted average Fen for the
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component. Multiplying the revised design CUF by the weighted average Fen value resulted
in a 40-year environmentally-assisted fatigue CUF less than the ASME code allowable
fatigue limit of 1.0.

This location will also be monitored using the cycle-based fatigue, event pairing (CBF-EP)
method described in Section 4.3.1.

Safety Iniection Nozzle (Safe End, Location 7): Fatigue usage at the safety injection nozzle
safe end, including environmental effects, has been re-evaluated using the design basis
number of transient cycles.

The method is the same as described above for the charging nozzle safe end. It uses
6-component stress tensors and plant-specific transient data, consistent with ASME III
Subarticle NB-3200, for all fatigue-significant design transients. These stress intensities
were used to calculate a revised CUF value.

Strain-rate-dependent Fen values, calculated by the MRP-47 integrated strain rate method
for the significant load set pairs, were combined with the assigned maximum Fen from
NUREG/CR-5704 for stainless steels, for the less significant load set pairs, to produce a
weighted average Fen for the component. Multiplying the revised design CUF by the
weighted average Fen resulted in a 40-year environmentally-assisted fatigue CUF above the
ASME code allowable fatigue limit of 1.0.

This location will be monitored using the cycle-based fatigue, partial cycle (CBF-PC) method
described in Section 4.3.1.

Pressurizer Surge Line (Hot Leg) Elbow (Location 4): Combustion Engineering (CE)
performed a fatigue evaluation of surge lines in various CE Owners Group (CEOG) plants,
with thermal stratification loading. The analysis assumed the design basis number of
500 heatup transients. The elastic analysis produced a cumulative usage factor of 1.65 in
the comparable (and more limiting) surge line pressurizer elbow. To decrease the CUF
below the'ASME fatigue limit of 1.0, CE then performed a plastic analysis resulting in a
limiting CUF of 0.937 in the pressurizer elbow. APS confirmed this bounding analysis as the
fatigue analysis of record for this component at PVNGS. See Section 4.3.2.9.

To evaluate effects of the reactor coolant environment, APS re-evaluated the CUF in the
pressurizer surge line hot leg elbow using design basis transient cycles and ASME
Subsection NB-3200 6-component stress tensors. The elastic analysis produced a CUF of
1.9396, which is above the ASME code allowable fatigue limit of 1.0. This result is
consistent with the CUF of 1.65 in the pressurizer elbow from the CE elastic analysis. The
CE plastic analysis is more precise than the APS reevaluation; however, the APS hot leg
elbow reevaluation will not be refined further because (1) fatigue will be monitored by the
Fatigue Management Program, and (2) actual fatigue usage (without Fen) should be less
than calculated, for the following reason:
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The design basis transient events that contribute most to fatigue usage are plant heatup and
plant cooldown (startup and shutdown). The design basis assumes 500 of these events; but
the composite worst-case unit 2005 accumulation of the heatup-cooldown transient
recorded in 73ST-9RC02 is only 64 cycles, projected to reach about 213 cycles in 60 years.
Therefore, based on the actual cycle accumulation rate, the projected 60-year CUF without
environmental effects is expected to be only about 0.83, based on the 1.9396 elastic
reanalysis result.

The maximum Fen from NUREG/CR-5704 for stainless steels was used in lieu of the more
detailed integrated strain rate approach, because the stratification loads which govern the
fatigue calculation do not occur over transient periods that permit calculation of integrated
Fen values. Multiplying the re-evaluated CUF by the maximum Fen resulted in an
environmentally-assisted CUF above the ASME code allowable fatigue limit of 1.0, as
shown in Table 4.3-11.

Fatigue usage at this location will be monitored using the stress-based fatigue (SBF)
method described in Section 4.3.1. This method more closely approximates the actual
severity of events as they occur. Therefore, fatigue usage at this location will be adequately
monitored and appropriate corrective action limits will permit completion of corrective actions
before the cumulative usage factor, including environmental effects, exceeds the ASME
fatigue limit of 1.0.

The pressurizer surge line pressurizer elbow will be monitored in lieu of the pressurizer
surge line hot leg elbow specified in NUREG/CR-6260. The Combustion Engineering
pressurizer surge line flow stratification analysis has shown that the pressurizer elbow has
the limiting fatigue usage in the surge line, when calculated on a common basis. The hot
leg elbow location experiences the same transients, has essentially the same geometry, and
is made of the same material as the pressurizer elbow. Because fatigue is more severe in
the pressurizer elbow and because of the similarities to the hot leg elbow, monitoring the
pressurizer elbow using the SBF method will accurately indicate the fatigue usage in both
locations.

If the monitored pressurizer elbow location reaches the corrective action limit set by the
Fatigue Management Program, it will be assumed that the hot leg elbow location has also
reached the same action limit. The same corrective actions will be performed for both
elbows. See Section 4.3.1.5 for a discussion of corrective action limits and corrective
actions.
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Table 4.3-11 - Summary of Fatigue Usage Factors at NUREG/CR-6260 Sample Locations, Adapted to PVNGS

33, Urade B, Class
Low Alloy Steel

J-year design cycles
and maximum Fen

2. RPV Inlet Nozzle SA-508, Class 2, 40-year design cycles 0.072 2.455 0.177 0.177(2)
Low Alloy Steel and maximum Fen

3. RPV Outlet Nozzle SA-508, Class 2, 40-year design cycles 0.289 2.455 0.710 0.710(2)
Low Alloy Steel and maximum Fen

Plant-specific cycle
4. Surge Line (Hot Leg) Elbow SA-376, Type 316, projections 1.93963 15.35 29.77 29.77(24.5)Surge ~Stainless Steel admxmmFn ___________and maximum Fen

5. Charging System Nozzle SA-182, Type 316, Plant-specific cycle
(Safe End) Stainless Steel projections and strain- 0.15534(6) 6.391(•) 0.9927 0.9927(2)

rate-dependent Fen

6. Safety Injection Nozzle SA-182, Grade F1, 40-year design cycles 0.0287 2.455 0.070 0.070(2)
(Forging Knuckle) Stainless Steel and maximum Fen-

7. Safety Injection Nozzle SA-182, Type 316, 40-yeardesign cycles
and strain-rate- 0.6930(8) 3.042(') 2.108 2.108(25)(Safe End) Stainless SteeldeednFe ____________

dependent Fen

Plant-specific cycle8. Shutdown Cooling Line SA-182, Type 316, projections 0.0344 15.35 0.529(1°) 0.789(1°)
(Long Radius Elbow) Stainless Steel and maximum Fen

9. Pressurizer Heater
Penetrations (Not Alloy 600/690 Inconel 40-year design cycles 0.633 1.49 0.943 0.943(2)
NUREG/CR-6260 locations) and maximum Fen

1 The 40-year CUF is sufficiently low to permit validation of the 60-year CUF by multiplying by 1.5.
2 The 40-year design basis number of transient cycles is not expected to be exceeded in 60years; therefore the 40-year

environmentally-assisted fatigue CUF is sufficient for 60 years.
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3 The pressurizer surge line hot leg elbow re-analysis determined stress intensity ranges using 6-component stress tensors and the design basis
number of transient cycles to produce this CUF value.
4 This EAF U40 and U60 value is very conservative. See the discussion on page 4.3-80.
5 Action limits will prompt corrective actions before the limit of 1.0 is reached at this location.
6 The charging nozzle safe end re-analysis determined stress intensity ranges using 6-component stress tensors and an assumed number of
cycles based on the current accumulation rate to produce this CUF value.
7 The charging nozzle safe end re-analysis computed Fen values for load set pairs with a significant fatigue contribution; all remaining load set
pairs were assigned the maximum Fen values for the appropriate material.

The safety injection nozzle safe end re-analysis determined stress intensity ranges using 6-component stress tensors and the design basis
number of cycles to produce this CUF value.
9 The safety injection nozzle safe end re-analysis computed Fen values for load set pairs with a significant fatigue contribution, all remaining load
set pairs were assigned the maximum Fen values for the appropriate material.
10 The shutdown cooling line elbow re-analysis determined that, based on the current rate of cycle accumulation, the 40-year projection of cycles
is 31% of the design assumption. Therefore, the design CUF of 0.1118 was reduced to 31% then multiplied by the Fen value to determine the
40-year environmentally-assisted fatigue CUF. Similarly, the 60-year projection of cycles is 46% of the design assumption. Therefore, the design
CUF of 0.1118 was reduced to 46% then multiplied by the Fen value to determine the 60-year environmentally-assisted fatigue CUF.
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Disposition: Validation, 10 CFR 54.21(c)(1)(i); and Aging Management,
10 CFR 54.21(c)(1)(iii)

APS performed plant-specific calculations for the seven sample locations applicable to
PVNGS identified in NUREG/CR-6260 for newer Combustion Engineering plants. APS has
also performed calculations for the safety injection nozzle forging knuckle and the
pressurizer heater penetrations, as identified in Table 4.3-11.

Validation

The evaluation of environmental fatigue effects in the RPV shell and lower head location
found that the CUF will remain below the ASME code allowable fatigue limit of 1.0 using the
maximum applicable Fen, when extended to 60 years. The evaluation of fatigue effects in
this location has thereby been validated for the period of extended operation, in accordance
with 10 CFR 54.21 (c)(1)(i), including effects of the reactor coolant environment.

Aging Management

The remainder of these locations will be monitored for fatigue usage including environmental
effects by the Metal Fatigue of Reactor Coolant Pressure Boundary program. Appropriate
action limits will permit reevaluation or completion of other corrective actions before the
cumulative usage factor, including Fen, exceeds the ASME fatigue limit of 1.0.

Therefore, the effects of the reactor coolant environment on fatigue usage factors in the
RPV inlet nozzle, RPV outlet nozzle, shutdown cooling line long radius elbow, charging
nozzle safe end, safety injection nozzle forging knuckle, safety injection nozzle safe end,
and the pressurizer heater penetrations will be managed for the period of extended
operation in accordance with 10 CFR 54.21 (c)(1)(iii).

The pressurizer surge line pressurizer elbow will be used to monitor fatigue in both this
location and in the pressurizer surge line hot leg elbow. The same corrective action limits
and corrective actions will be applied to both locations. Fatigue in both elbows, including
effects of the reactor coolant environment, will thereby be adequately managed for the
period of extended operation in accordance with 10 CFR 54.21 (c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is described in
Section 4.3.1; and is summarized in Appendix B, Section B3.1. See Table 4.3-4 for details
of the program, and Section 4.3.1.5 for a description of its action limits and corrective
actions.

Palo Verde Nuclear Generating Station Page 4.3-83
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

4.3.5 Assumed Thermal Cycle Count for Allowable Secondary Stress Range

Reduction Factor in ANSI B31.1 and ASME III Class 2 and 3 Piping

Summary Description

None of ANSI B31.1 or the ASME III Subsections NC and ND for Class 2 and 3 piping
invokes fatigue analyses. However, piping in the scope of license renewal that is designed
to these codes requires the application of a stress range reduction factor (SRRF) to the
allowable stress range for secondary stresses (expansion and displacement) to account for
thermal cycling. The allowable secondary stress range is 1.0 SA for 7000 equivalent full-
range temperature cycles or less, and is reduced in steps to 0.5 SA for greater than 100,000
cycles. Partial cycles are counted proportional to their temperature range.

These piping analyses are TLAAs because they are part of the current licensing basis, are
used to support safety determinations, and depend on an assumed number of thermal
cycles that can be linked to plant life.

Analysis

PVNGS Piping

The EPRI license renewal Non-Class I Mechanical Implementation Guideline and
Mechanical Tools [Ref. 16] includes temperature screening criteria to identify components
that might be subject to significant thermal fatigue effects. Normal and upset operating
temperatures less than 220 OF in carbon steel components, or 270 OF in stainless steel, will
not produce significant thermal stresses, and will not therefore produce significant fatigue
effects. A systematic survey of all plant piping systems found that with the exception of
reactor coolant sampling lines and the steam generator downcomer and feedwater
recirculation lines described in this section, the piping and components within the scope of
license renewal:

Do not meet the operating temperature screening criteria of the EPRI Mechanical
Tools, and therefore do not experience significant thermal cycle stresses; or

Clearly do not operate in a cycling mode that would expose the piping to more than
three thermal cycles per week, i.e. to more than 7,000 cycles in 60 years; or

The assumed thermal cycle count for the analyses depends closely on reactor
operating cycles, and can therefore conservatively be approximated by the thermal
cycles used in the ASME III Class 1 vessel and piping fatigue analyses.

For this last case, see the reactor coolant system thermal cycles listed in Table 4.3-3. Of
these, those likely to produce full-range thermal cycles in balance-of-plant Class 2, 3, and
B31.1 piping, in a 40-year plant lifetime, are the 500 heatup-cooldown cycles plus 240
reactor trips. Other events may contribute a few full-range cycles or a number of part-range
cycles, but the total count of expected full-range thermal cycles is under 1000 for a 40-year
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plant life. This is true for in-scope balance-of-plant support systems, as well as the CVCS
and ECCS piping more directly connected to the reactor system. For a 60-year life the
number of thermal cycles for piping analyses would be proportionally increased to less than
1500, which is only a fraction of the 7000-cycle threshold for which a stress range reduction
factor is required in the applicable piping codes.

Reactor Coolant Hot Leg Sample Lines

The survey of all plant piping systems found that the reactor coolant sample line used for
periodic hot leg samples may be subject to more than 7,000 thermal cycles. APS therefore
revised the design analyses for these lines to increase the design basis estimates of the
number of sampling events for a 60-year life and to revise the stress analysis for the revised
SRRF. The revised analyses estimate 8,273 sampling operations (and therefore the same
number of full-range thermal cycles) in a 60-year operating life. The estimate is for the worst
of the three units and accounts for actual plant operating time, sampling rates to date, and
the sampling rate expected through the period of extended operation. Hot legs were
sampled daily into early 2003, weekly thereafter, and weekly sampling is expected to
continue for the remainder of plant life. This estimate exceeds 7,000 and therefore required
a revision to the stress analyses for a reduction in the SRRF from 1.0 to 0.9. The revised
analyses found that stresses in the limiting locations are less than allowable stresses.

Other nuclear sampling lines have been used less frequently than the hot leg sample lines,
are therefore not expected to exceed 7,000 cycles in 60 years, and were therefore not
reanalyzed.

Steam Generator Downcomer and Feedwater Recirculation Lines

The downcomer and feedwater recirculation line to each steam generator is unique to
Combustion Engineering System 80 plants. These lines were designed with an SRRF of 0.9
for 10,224 thermal cycles. The design analysis was therefore revised for a proportional
increase in the number of cycles to 1.5 x 10,224 = 15,336, for a 60-year design life,
requiring an SRRF of 0.8. The revised analysis found that stresses met allowables, and that
break locations and break types of the pipe break analysis were unaffected by the reduced
allowable stresses.

Disposition: Validation, 10 CFR 54.21(c)(1)(i); and Revision, 10 CFR 54.21(c)(1)(ii)

For less than 7000 equivalent full-temperature thermal cycles the stress range reduction
factor is 1. Therefore, so long as the estimated number of cycles remains less than 7000 for
a 60-year life, the stress range reduction factor remains at 1 and the stress range reduction
factor used in the piping analysis will not be affected by extending the operation period to
60 years.
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Validation for Piping Other than Reactor Coolant Hot Leg Sample and Steam
Generator Downcomer and Feedwater Recirculation Lines

The number of equivalent full-range thermal cycles for other than the reactor coolant hot leg
sample lines and the steam generator downcomer and feedwater recirculation lines will only
be about 1500 or less in 60 years, which is only a fraction of the 7000-cycle threshold for
which a stress range reduction factor is required in the applicable piping codes. Therefore
the existing analyses of piping for which the allowable range of secondary stresses depends
on the number of assumed thermal cycles and that are within the scope of license renewal,
other than ASME Class 1 analyses, the hot leg sample lines, and the steam generator
downcomer and feedwater recirculation lines, are valid for the period of extended operation,
in accordance with 10 CFR 54.21 (c)(1)(i).

Revision for Reactor Coolant Hot Leg Sample and Steam Generator Downcomer and
Feedwater Recirculation Lines

APS revised the design analyses of these lines for appropriate increases in design
estimates of expected full-range thermal cycles and for corresponding reductions in SRRF,
as described above. The revised analyses demonstrate that stresses remain within
allowables, and that pipe break locations and break types determined by the pipe break
analysis of the steam generator downcomer and feedwater recirculation lines are
unchanged. These analyses have therefore been extended to the end of the period of
extended operation, in accordance with -10 CFR 54.21 (c)(1)(ii).
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4.4 ENVIRONMENTAL QUALIFICATION (EQ) OF ELECTRIC
EQUIPMENT

10 CFR 50.49, "Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Power Plants," requires that certain electrical and instrument and control equipment
located in harsh environments be qualified to perform their safety-related functions in those
harsh environments after the effects of inservice aging.

Aging evaluations that qualify components to at least the end of the current licensed

operating period are TLAAs. The PVNGS EQ program is described in UFSAR 3.11.

Summary Description

10 CFR 50.49(e)(5) contains provisions for aging that require, in part, consideration of all
significant types of aging degradation that can affect component functional capability.
10 CFR 50.49(e)(5) also requires component replacement or maintenance prior to the end
of designated life, unless additional life is established through ongoing qualification.
10 CFR 50.49(k) and (I) permit different qualification criteria to apply based on plant vintage.
Supplemental Environmental Qualification regulatory guidance for compliance with these
different qualification criteria is provided in Regulatory Guide 1.89 Revision 1, Environmental
Qualification of Certain Electric Equipment Important to Safety for Nuclear Power Plants,
and in NUREG-0588, Interim Staff Position on Environmental Qualification of Safety Related
Electrical Equipment.

All operating plants must meet the requirements of 10 CFR 50.49 for certain electrical and
I&C components important to safety. Compliance with 10 CFR 50.49 provides evidence that
the component will perform its intended functions during and after a design basis accident
after experiencing the effects of inservice aging.

The PVNGS EQ licensing commitments are outlined in UFSAR Section 3.11.2.2. Electrical
equipment within the scope of the PVNGS EQ Program is environmentally qualified in
accordance with NUREG-0588, Category I as supplemented by 10 CFR 50.49. The NRC
evaluated PVNGS electrical equipment qualification based on Regulatory Guide 1.89
Revision 0, which endorses IEEE Standard 323-1974. This is the guidance applicable to
NUREG-0588 Category I plants, such as PVNGS, with construction permits after June 30,
1974. At PVNGS the recommendations of Revision 1 to Reg Guide 1.89 are also met, for
harsh environments; with some interpretations of and exceptions to the Reg Guide
Revision 1 and IEEE 323-1974 guidance, as described in UFSAR Section 1.8.

Analysis

The Equipment Qualification Program Manual (EQ-PM) describes history, licensing basis
and other requirements, scope, environments, qualification and analysis methods, and
program elements.
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The list of qualified components or Equipment Qualification List (EQL) is a subset of the
plant Site Work Management System (SWMS) data base. Components and commodities
requiring electrical environmental qualification are identified by controlled EQ category
fields. SWMS lists special maintenance requirements; and lists the environmental zones for
components, from which environmental limits can be retrieved from the EQ Program
Manual.

The qualification evaluation records for specific component types are maintained as
Electrical Equipment Qualification Data Files (EEQDFs).

Vibration and Seismic Fatigue Considerations

Vibration aging is a required consideration of electrical component qualification and depends
on the design life, and is therefore an element of TLAAs managed by the EQ program.
Seismic qualification of PVNGS electrical components also assumes a given number of
seismic events and stress cycles in a design life, and the seismic qualifications are therefore
TLAAs, but the number of seismic events assumed need not be increased for an increase in
the licensed operating period.

Seismic qualification of PVNGS electrical equipment addresses the need to model seismic
effects for the design basis number of stress cycles, and to test or analyze components for
possible low-cycle fatigue in accordance with IEEE 344-1975 Section 5. The qualification
method models the entire set of seismic events expected over the design lifetime.

For balance-of-plant equipment, required vibration and seismic fatigue aging for EQ, and
evaluation of fatigue under other design codes and standards, both include two operating-
basis earthquake (OBE) events followed by one safe shutdown earthquake (SSE).

For NSSS equipment, required fatigue aging for EQ, and evaluation of fatigue under other
design codes and standards, both include 200 maximum-range OBE stress cycles. The
SSE is not included in the NSSS-scope fatigue analysis.

The PVNGS requirement for two OBE events instead of the five events required by
NUREG-0800 Standard Review Plan (SRP) Section 3.7.3 Criterion 2 is justified because:

a) PVNGS is in an area with a low probability of a significant earthquake.

The SRP requirement is in fact less conservative. The SRP model assumed only 10
maximum stress cycles per event, or 50 cycles for 5 OBEs; but the PVNGS model assumed
a 20 Hz response for 24 seconds per event, or 960 cycles for two OBEs. For code fatigue
analyses these 960 cycles are also assumed to be at the maximum stress range.

Equipment qualified by test is subject to at least two events of 30 seconds duration, or a
total of 1200 full-range cycles, the majority for five events or 3000 cycles.

Since no significant seismic loads have occurred to date, the original seismic qualifications
of electrical equipment will be sufficient for the extended licensed operating period.
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Effects of Power Uprate and Steam Generator Replacement

Effects of power uprate (PUR) and steam generator replacement have been evaluated and
equipment has been requalified as required.

Environmental Qualification Reanalysis Attributes

The EQ program manages applicable component thermal, radiation, and cyclic aging effects
through the aging evaluations based on 10 CFR 50.49 for the current operating license
using methods of demonstrating qualification for aging and accident conditions established
by 10 CFR 50.49(f). Under 10 CFR 54.21(c)(1)(iii), plant EQ programs, which implement the
requirements of 10 CFR 50.49 (as further defined and clarified by NUREG-0588 and
RG 1.89, Rev. 1), are an aging management program for license renewal. Maintaining
qualification through the extended license renewal period requires that existing EQ
evaluations (EEQDFs) be re-evaluated. The important attributes of reanalysis include
analytical methods, data collection and reduction methods, underlying assumptions,
acceptance criteria, and corrective actions (if acceptance criteria are not met).

Analytical Methods: The analytical models used in the reanalysis of an aging evaluation are
the same as those previously applied during the prior evaluation. The Arrhenius
methodology is an acceptable model for a thermal aging evaluation. The PVNGS program
uses the Arrhenius model or an Arrhenius-based equivalent temperature method.
Temperature data used in an aging evaluation are conservative based on plant design
temperatures, or are revised when actual plant temperature data indicate they are not
conservative. For license renewal radiation aging evaluations, 60-year normal radiation
dose is established by extrapolating the 40-year normal dose (40-year dose times 1.5) plus
accident radiation dose. Cyclical aging is extended to 60 years in a similar manner. Other
models may be justified on a case-by-case basis. Seismic aging need not be extended at
PVNGS for reasons described above.

Data Collection and Reduction Methods: Reducing excess conservatism in the component
service conditions (for example, temperature, radiation, and cycles) used in the prior aging
evaluation is the chief method used for a reanalysis. Actual monitored service conditions
such as temperature are generally lower than the design service conditions used in the prior
aging evaluation and therefore can support extended thermal life of the equipment. The
PVNGS Temperature Monitoring Program provides

...actual plant ambient temperature data to validate existing equipment aging
analysis assumption[s] and provide the basis for refining qualified life.... This
monitoring program [also identifies] any plant areas experiencing elevated
temperatures (i.e., hot spots) in response to NRC Information Notice 89-30....

Underlying Assumptions: EQ component aging evaluations contain sufficient conservatism
to account for most environmental changes occurring due to plant modifications and events.
When unexpected adverse conditions are identified during operational or maintenance
activities that affect the normal operating environment of a qualified component, the affected
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EQ component is evaluated and appropriate corrective actions are taken, which may include
changes to the qualification bases and conclusions.

Excess conservatism in thermal life analysis may be reduced by reevaluating material
activation energy, to justify a higher value that would support extended life at elevated
temperature. Similar methods of reducing excess conservatism in the component service
conditions and material properties used in prior aging evaluations may be used for radiation
and cyclical aging. The PVNGS EQ-PM provides detailed directions for use of these
Arrhenius and Arrhenius-based methods, including the basis for activation energies,
examples of specific cases, and activation energies for specific materials.

Acceptance Criteria and Corrective Actions: If qualification cannot be extended by
reanalysis, the component is refurbished or replaced prior to exceeding the period for which
the current qualification remains valid. A reanalysis is to be performed in a timely manner
(that is, sufficient time is available to refurbish, replace or requalify the component if
reanalysis is unsuccessful).

Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

The existing EQ program will be continued for the period of extended operation. Continuing
the existing EQ program ensures that the aging effects will be managed and that the EQ
components will continue to perform their intended functions for the period of extended
operation. Aging effects addressed by the EQ program will thereby be managed for the
period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

The Environmental Qualification (EQ) of Electrical Components program is summarized in
Appendix B, Section B3.2.
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4.5 CONCRETE CONTAINMENT TENDON PRESTRESS

Summary Description

The PVNGS containment is a prestressed concrete, hemispherical-dome-on-a-cylinder
structure with a steel membrane liner. Post-tensioned tendons compress the concrete and
permit the structure to withstand design basis accident internal pressures.

The steel tendons, in tension, relax with time; and the concrete structure, which the tendons
hold in compression, both creeps and shrinks with time. Therefore, to ensure the integrity of
the containment pressure boundary under design basis accident loads, an inspection
program confirms that the tendon prestress remains within design limits throughout the life

-of the plant.

The original design predictions of loss of prestress are TLAAs. Regression analyses of
surveillance data that predict the future performance of the post-tensioning system to the
end of design life support validation of the tendon design per 10 CFR 54.21(c)(1)(i), as
described in NUREG-1800 and NUREG-1801.

Post-Tensioning System

The PVNGS post-tensioning system consists of two tendon groups in each unit:

90 vertical, inverted-U-shaped tendons,extending up through the basemat, through
the full height of the cylindrical walls, in two subgroups that cross at right angles
over the dome.

150 horizontal circumferential (hoop) tendons, in two subgroups, at intervals from
the basemat to about the 45-degree elevation of the dome. There are 120 cylinder
(wall) tendons and 30 dome hoop tendons.

The vertical inverted-U tendons are anchored through the bottom of the basemat. The
basemat is conventionally-reinforced concrete. The horizontal hoop tendons are anchored
at three exterior buttresses, 120 degrees apart. Each hoop tendon extends 240 degrees
around the containment building, passing under an intervening buttress. The tendons are
not bonded to the concrete but were inserted in tendon ducts, after concrete cure, and
tensioned in the prescribed sequence.

Each tendon consists of up to 186, ¼ - inch high-strength steel wires with cold-formed
button heads on each end bearing on a stressing anchorhead. The total tendon load is then
carried by a shim stack to steel bearing plates embedded in the structure. The tendons are
twisted approximately 1 turn every 20 feet.
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Tendon Surveillance Program

Prior to September of 1996, the tendon examinations were governed by Regulatory
Guide 1.35, Inspection of Ungrouted Tendons in Prestressed Concrete Containments.
Under License Amendment 151 [Ref. 19] the program has been governed by ASME Xl
Subsection IWL - 1992, instead of Regulatory Guide 1.35. The beginning of the second
interval will be August 1, 2011 for all three units. The program will be updated for
subsequent intervals as required by 10CFR50.55a(b)(2)(vi) and (viii), and by
10 CFR 50.55a(g)(4)(ii).

The Concrete Containment Tendon Prestress program is summarized in Appendix B,

Section B3.3.

Tendon Samples and Inspection Schedule

The program inspects a random sample of tendons from each group (vertical and hoop),
selected for each inspection interval, to confirm that acceptance criteria, calculated from
surveillance program predicted prestress force lines, are met, and therefore that tendon
prestresses will remain above minimum required values (MRVs) 2 for the succeeding
inspection interval. With enhancements the program will also recalculate the regression
analysis trend lines of these two groups, at each inspection, to confirm that average
prestresses are expected to remain above their MRVs for the remainder of the licensed
operating period. The trend lines of data to date confirm this to at least the end of the period
of extended operation. Figures 4.5-1 through 4.5-6 summarize the results of these
regressions.

ASME Xl IWL - 1992 required tendon lift-off tests every five years. At PVNGS, the original
licensing basis examined Unit 1 and 3 tendons every five years. The approval of Relief
Request RR-4 revised the examination schedule, from examination of Units 1 and 3 only,
every 5 years, to examination of each of the 3 units every 10 years.

With the second 10-year IWL inspection interval beginning August 1, 2011, the program will
conform to a later edition of ASME Section Xl, Subsection IWL, as required by
10 CFR 50.55a. IWL-2421(b) of recent editions (e.g., 2001 with 2002 and 2003 Addenda)
permits a 10-year interval between tendon prestress surveillance tests, for each unit of a
multi-unit plant, as presently permitted by PVNGS Relief Request RR-L4. This provision is
expected to remain for the foreseeable future, and therefore to be available for the second
10-year PVNGS IWL interval.

2 The MRV is the minimum prestress, per tendon within a group or subgroup, assumed for design of

the containment building, for limiting loads, as a pressure vessel. Also called minimum required
prestress, minimum design prestress, and cognates.
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Analysis

The program includes randomly-selected surveillance tendons for a 40-year license (through
the year 35 surveillance). The tendon selection was random within each of the vertical and
horizontal groups. Separate random samples were selected for each of Units 1 and 3 but
not Unit 2, since Unit 2 tendon lift-off surveillance was covered under the Unit 1 results
under the previous Reg Guide program. Unit 2 was subject only to visual inspection under
that program. The tendon sample selection is by calculation and is shown, together with the
mean, high-loss, and low-loss predicted values for each tendon to be inspected, in the
Tendon Integrity test procedure. The Tendon Integrity test procedure will be revised to
extend the list of surveillance tendons to include random samples for the year 45 and 55
surveillances.

The first Unit 2 tendons were examined at the Unit 2, 20th-year inspection, under a new
commitment to ASME XI Subsection IWL and under the revised schedule of Relief Request
RR-L4, under which lift-off tests are now conducted on each of the 3 units every 10 years,
instead of on only Units 1 and 3 every 5 years. Procedures currently include predictions for
only the 20th-year tendons for Unit 2, and will be revised again for the Unit 2, 25th-year
tendons to be examined in 2010. The Unit 1, 20th-year sample tendon numbers were used
to determine the 20th-year Unit 2 surveillance sample, with one adjustment for accessibility.

Minimum Required Values, MRVs

The design acceptance criteria for the prestressing system (upon which the examination
acceptance criteria are based) are a minimum average meridional prestressing force of
388 kips/foot in both the dome and cylinder (provided by the vertical tendons), a minimum
average dome hoop force of 393 kips/foot, and a minimum cylinder hoop force of
772 kips/foot; including effects of all losses over the design and operating life.

For surveillance purposes these criteria reduce to tendon load minimum required values
(MRVs) which the tendons must meet at any time up to the end of design life, including
effects of prestress loss.

Tendons were post-tensioned to higher values to ensure adequate tendon force at end of
life, including effects of loss of prestress.

Tendon Liftoff Test Acceptance Criteria

The acceptance criteria are based on (1) minimum required average design prestress lift-off
forces (minimum required values, MRVs) for each of the three vertical, dome hoop, and
cylinder wall hoop tendon subgroups; and (2) prestress reduction predicted mean lift-off
force (predicted force) values for each tendon of the two vertical and hoop tendon groups.

The MRVs and the predicted relaxations of the tendon lift-off forces (predicted force and
predicted upper and lower limit values) were developed during the original design to confirm
the adequacy for the original 40-year licensed operating term.
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The tendon liftoff acceptance criteria of the tendon inspection procedures are consistent with
those of IWL-3221.1, 1992 Edition.

Surveillance Results

A regression analysis was performed on Unit 1 and 3 horizontal and vertical tendon data
including the 15-year surveillances for Units 1 and 3, and on the 20 year surveillance data
for Unit 2. The Unit 1, 25-year surveillance was not complete in time to be included in this
analysis.

The average value between the shop and field end liftoffs of each tendon was used to obtain
a trend line indicating loss of prestress. This trend line was projected to 60 years. The loss
curves were compared to the predicted loss of force. The projected loss lines were
recalculated using Reg Guide 1.35.1 methods to determine loss of prestress as a percent of
the original prestress value for high-loss, median-loss, and low-loss cases. The projected
loss lines are consistent with the original design calculation, which calculated loss of
prestress for each tendon in the surveillance sample, using methods consistent with
Proposed Reg Guide 1.35.1, Rev. 0, April 1979.

The regression analysis trend lines indicate that tendon prestress will remain above the
minimum required value (MRV) through the end of the period of extended operation.

Table 4.5-1 summarizes input data. In the table, common tendons (those surveyed at each
inspection) are marked in boldface. Figures 4.5-1 through 4.5-6 summarize the results of
these regressions.

Disposition: Revision, 10 CFR 54.21(c)(1)(ii); and Aging Management,
10 CFR 54.21 (c)(1)(iii)

Revision

The condition of the PVNGS containment prestressing system meets criteria for revision of
the predicted loss of prestress for the period of extended operation as described in
NUREG-1800, Section 4.5.3.1.2. (1) The lift-off trend lines were calculated by regression of
individual tendon lift-off data, including results of the 2005, Unit 2 20-year surveillance.
These calculations are therefore consistent with NRC Information Notice 99-10,
Attachment 3. (2) The regression analysis of surveillance lift-off data extends the trend lines
for both the vertical and horizontal cylinder tendons to 60 years. (3) The trend lines for all
tendon groups remain above their minimum required values for the period of extended
operation.

The current regression analysis of the vertical and horizontal cylinder tendons therefore
revises the predicted loss of prestress for the period of -extended operation, and
demonstrates that loss of prestress is expected to remain within acceptable values for the
period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(ii).
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Aging Management

The existing Concrete Containment Tendon Prestress program (Section B3.3) will be
continued for the period of extended operation. The average tendon prestress in each of
the vertical and hoop tendon groups will thereby be maintained above its design basis
minimum required value (MRV) for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(iii).

Table 4.5-1 Tendon Regression Analysis Input Data For PVNGS
Units 1, 2, and 3

1 1 H13-07 Field 1393 01/27/84 02/16/82 1.94
1 1 H13-07 Shop 1366 01/27/84 02/16/82 1.94
1 1 H13-21 Field 14.97 03/08/84 01/15/82 2.14
1 1 H13-21 Shop 1446 03/01/84 01/15/82 2.12
1 1 H21-37 Field 1471 02/13/84 01/11/82 2.09
1 1 H21-37 Shop 1453 02/28/84 01/11/82 2.13
1 1 H32-16 Field 1387 02/10/84 06/01/81 2.69
1 1 H32-16 Shop 1370 03/07/84 06/01/81 2.77
1 1 H32-30 Field 1502 02/13/84 05/27/81 2.72
1 1 H32-30 Shop 1492 03/07/84 05/27/81 2.78
1 1 H21-44 Field 1508 02/14/84 05/18/81 2.74
1 1 H21-44 Shop 1517 02/28/84 05/18/81 2.78
1 3 H13-25 Field 1486 01/02/86 01/14/82 3.97
1 3 H13-25 Shop 1410 01/03/86 01/14/82 3.97
1 3 H21-11 Field 1451 01/12/86 02/12/82 3.92
1 3 H21-11 Shop 1440 01/06/86 02/12/82 3.90
1 3 H32-09 Field 1464 01/05/86 02/16/82 3.89
1 3 H32-09 Shop 1483 01/02/86 02/16/82 3.88
1 3 H32-30 Field 1516 01/09/86 05/27/81 4.62
1 3 H32-30 Shop 1487 01/02/86 05/27/81 4.60
1 3 H32-33 Field 1505 01/09/86 01/12/82 4.04
1 3 H32-33 Shop 1402 01/02/86 01/12/82 4.04
1 3 H21-42 Field 1645 01/13/86 05/19/81 4.65
1 3 H21-42 Shop 1468 01/03/86 05/19/81 4.63
1 5 H 13-19 Shop 1364 04/26/88 02/11/82 6.20
1 5 H21-03 Field 1419 04/19/88 02/17/82 6.17
1 5 H21-03 Shop 1507 04/26/88 02/17/82 6.19
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Table 4.5-1 Tendon Regression Analysis Input Data For PVNGS
Units 1, 2, and 3

1 5 H32-30 I Field 1493 04/19/88 1 05/27/81 6.90
1 5 H32-30 Shop 1479 03/25/88 05/27/81 6.83
1 5 H32-44 Field 1557 04/18/88 05/19/81 6.92
1 5 H32-44 Shop 1486 03/26/88 05/19/81 6.85
1 10 H 13-08 Field 1389 08/27/92 06/30/81 11.16
1 10 H 13-08 1Shop 1380 08/25/92 06/30/81 11.15
1 10 H32-30 Field 1483 08/12/92 05/27/81 11.21
1 10 H32-30 Shop 1465 08/14/92 05/27/81 11.22
1 10 H32-41 Field 1466 08/11/92 01/11/82 10.58
.1 10 H32-41 Shop 1413 08/14/92 01/11/82 10.59
1 15 H21-06 Field 1483 05/15/98 06/30/81 16.87
1 15 H21-06 Shop 1303 06/11/98 06/30/81 16.95
1 15 H32-15 Field 1442 06/02/98 02/12/82 16.30
1 15 H32-15 Shop 1367 106/02/98 02/12/82 16.30
1 15 H32-30 Field 1463 05/15/98 05/27/81 16.97
1 15 H32-30 Shop 1463 06/02/98 05/27/81 17.02
2 20 -H21 -40 Field 1368 07/08/05 05/03/82 23.18
2 20 H21-40 Shop 1402 07/07/05 05/03/82 23.18
2 20 H32-12 Field 1301 08/17/05 05/03/82 23.29
2 20 H32-12 Shop 1351 07/01/05 06/15/82 23.04
2 20 H32-30 Field 1358 08/17/05 06/15/82 23.17
2 20 H32-30 Shop 11297 07/01/05 05/20/82 23.12
3 1 H13-10 Field 1471 10/17/87 03/28/84 3.55
3 1 H13-10 Shop 1415 10/13/87 03/28/84 3.54
3 1 HI13-36 Field 1401 10/17/87 10/21/83 3.99
3 1 H1 3-36 Shop 1392 10/13/87 10/21/83 3.98
3 1 H 13-44 Field 1490 10/15/97 08/12/83 4.18
3 1 H 13-44 Shop 1457 10/17/97 08/12/83 4.18
3 1 H21-07 Field 1422 10/19/87 04/09/84 3.53
3 1 H21-07 Shop 1414 10/14/87 04/09/84 3.51
3 1 H32-13 Field 1433 10/19/87 04/05/84 3.53

13 1 H32-13 Shop 1466 10/16/87 04/05/84 3.53
13 1 H32-21 Field 1453 10/19/87 04/03/84 3.54
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Table 4.5-1 Tendon Regression Analysis Input Data For PVNGS
Units 1, 2, and 3

3 1 1 1 H32-21
3 13 1 H13-36 Field 1375 12/20/89 10/21/83 6.17 1
3 3 H13-36 Shop 1363 01/22/90 10/21/83 6.26
3 3 H 13-45 Field 1504 12/20/89 10/27/83 6.15
3 3 H13-45 Shop 1498 01/22/90 10/27/83 6.24
3 3 H21-04 Shop 1403 01/24/90 03/30/84 5.82
3 3 H21-05 Field 1392 12/14/89 04/10/84 5.68
3 3 H21-05 Shop 1349 01/22/90 04/10/84 5.79
3 3 H21-06 Field 1434 03/23/90 03/29/84 5.98
3 3 H21-06 Shop 1352 01/24/90 03/29/84 5.82
3 3 H21-09 Field 1431 12/14/89 04/09/84 5.68
3 3 H21-09 Shop 1387 01/22/90 04/09/84 5.79
3 3 H32-18 Field 1453 12/13/89 03/11/84 5.76
3 3 H32-18 Shop 1483 12/19/89 03/11/84 5.77
3 3 H32-29 Field 1410 12/14/89 11/01/83 6.12
3 3 H32-29 Shop 1444 12/19/89 11/01/83 6.13
3 5 H 13-09 Field 1469 08/08/91 04/09/84 7.33
3 5 H13-09 Shop 1361 08/09/91 04/09/84 7.33
3 5 H13-16 Field 1479 08/20/91 03/27/84 7.40
3 5 H13-16 Shop 1354 08/19/91 03/27/84 7.39
3 5 H1 3-36 Field 1394 08/05/91 10/21/83 7.79
3 5 H13-36 Shop 1368 08/09/91 10/21/83 7.80
3 5 H21-04 -Field 1314 07/19/91 03/30/84 7.30
3 5 H21-04 Shop 1394 08/09/91 03/30/84 7.36
3 5 H21-25 Field 1396 07/19/91 03/30/84 7.30
3 5 H21-25 Shop 1370 08/14/91 03/30/84 7.37
3 5 H32-42 Field 1500 07/22/91 10/20/83 7.75
3 5 H32-42 Shop 1468 08/05/91 10/20/83 7.79
3 10 H 13-24 Field 1458 12/06/96 03/26/84 12.70
3 10 H 13-24 Shop 1314 12/06/96 03/26/84 12.70
3 10 HI13-36 Field 1371 12/11/96 10/21/83 13.14
3 10 H1 3-36 Shop 1342 12/11/96 10/21/83 13.14
3 10 H21 -10 Field 1313 11/13/96 03/28/84 12.63
3 10 H21 -10 Shop 1324 12/11/96 03/28/84 12.71
3 15 H13-36 Field 1315 08/19/02 10/21/83 18.83
3 15 H1 3-36 Shop 11330 08/16/02 10/21/83 18.82
3 15 H21-22 Field 11345 08/16/02 03/26/84 18.39
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Table 4.5-1 Tendon Regression Analysis Input Data For PVNGS
Units 1, 2, and 3

3 15 H21-43 Shop 1408 1 08/16/02 1 10/27/83 18.80
1 32 Feld 1462 0 4eticaI Tendons

1 1 V32 Field 1462 01/09/84 12/1/1981 2.11
1 1 V32 Shop 1338 01/09/84 12/1/1981 2.11
1 1 V43 Field 1517 01/16/84 10/2/1981 2.29
1 1 V43 Shop 1391 01/17/84 10/2/1981 2.29
1 1 V62 Field 1468 01/12/84 11/25/1981 2.13
1 1 V62 Shop 1453 01/12/84 11/25/1981 2.13
1 1 V75 Field 1468 01/10/84 11/24/1981 2.13
1 1 V75 Shop 1438 01/10/84 11/24/1981 2.13
1 3 V02 Field 1440 02/16/86 10/19/1981 4.33
1 3 V02 Shop 1495 02/15/86 10/19/1981 4.33
1 3 V18 Field 1355 02/12/86 10/7/1981 4.35
1 3 V18 Shop 1473 02/09/86 10/7/1981 4.34
1 3 V55 Field 1462 02/13/86 10/9/1981 4.35
1 3 V55 Shop 1445 02/10/86 10/9/1981 4.34
1 3 V75 Field 1471 02/13/86 11/24/1981 4.22
1 3 V75 Shop 1474 02/07/86 11/24/1981 4.21
1 5 Vi1 Field 1477 02/26/88 10/14/1981 6.37
1 5 V11I Shop 1452 02/26/88 10/14/1981 6.37
1 5 V36 Field 1515 02/26/88 12/1/1981 6.24
1 5 V36 Shop 1363 02/29/88 12/1/1981 6.25
1 5 V75 Field 1454 02/26/88 11/24/1981 6.26
1 5 V75 Shop 1468 02/29/88 11/24/1981 6.26
1 5 V86 Field 1474 02/29/88 7/10/1981 6.64
1 5 V86 Shop 1492 03/01/88 7/10/1981 6.64
1 10 V40 Field 1533 09/18/92 11/23/1981 10.82
1 10 V40 Shop 1538 09/18/92 11/23/1981 10.82
1 10 V53 Field 1416 09/15/92 11/5/1981 10.86
1 10 V53 Shop 1390 09/17/92 11/5/1981 10.87
1 10 V75 Field 1442 09/02/92 11/24/1981 10.77
1 10 V75 Shop 1461 09/14/92 11/24/1981 10.81
1 15 V37 Field 1434 07/24/98 11/30/1981 16.65
1 15 V37 Shop 1376 07/24/98 11/30/1981 16.65
1 15 V72 Field 1402 07/17/98 12/2/1981 16.62
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Table 4.5-1 Tendon Regression Analysis Input Data For PVNGS
Units 1, 2, and 3

1 15 V75
oIIul.. IO3u VII/LjIZO I7I0I I ;:/0o I

Field 1 1448 07/21/98 11/24/1981
I .6-+
16.65

1 15 V75 Shop 1409 07/16/98 11/24/1981 16.64
2 20 V26 Field 1380 09/08/05 8/13/1982 23.07
2 20 V26 Shop 1298 09/08/05, 8/13/1982 23.07
2 20 V67 Field 1338 08/31/05 8/16/1982 23.04
2 20 V67 Shop 1479 08/30/05 8/16/1982 23.04
2 20 V75 Field 1430 09/01/05 8/16/1982 23.02
2 20 V75 Shop 1400 09/15/05 8/24/1982 23.06
3 1 V07 Shop 1520 11/03/87 12/19/1983 3.87
3 1 V15 Shop 1491 11/03/87 1/17/1984 3.79
3 1 V16 Field 1558 10/29/87 2/3/1984 3.73
3 1 V16 Shop 1404 10/26/87 2/3/1984 3.73
3 1 V20 Field 1486 12/10/87 2/3/1984 3.85
3 1 V20 Shop 1574 12/10/87 2/3/1984 3.85
3 1 V28 Field 1485 12/03/87 2/9/1984 3.81
3 1 V28 Shop 1421 12/03/87 2/9/1984 3.81
3 1 V49 Field 1527 12/04/87 1/20/1984 3.87
3 1 V49 Shop 1353 10/24/87 1/20/1984 3.76
3 3 V16 Field 1550 11/01/89 2/3/1984 5.74
3 3 V16 Shop 1379 10/30/89 2/3/1984 5.74
3 3 V39 Field 1471 11/01/89 12/20/1983 5.87
3 3 V39 Shop 1398 11/01/89 12/20/1983 5.87
3 3 V59 Field 1485 10/31/89 1/16/1984 5.79
3 3 V59 Shop 1387 11/01/89 1/16/1984 5.79
3 3 V66 Field 1481 10/31/89 2/7/1984 5.73
3 3 V66 Shop 1435 11/02/89 2/7/1984 5.74
3 5 V16 Field 1543 09/11/91 2/3/1984 7.60
3 5 V16 Shop 1410 09/13/91 2/3/1984 7.61
3 5 V33 Field 1598 09/18/91 2/16/1984 7.59
3 5 V33 Shop 1456 09/18/91 2/16/1984 7.59
3 5 V48 Field 1445 09/11/91 12/22/1983 7.72
3 5 V48 Shop 1293 09/12/91 12/22/1983 7.72
3 5 V71 Field 1558 09/10/91 2/9/1984 7.58
3 5 V71 Shop 1468 09/12/91 2/9/1984 7.59
3 10 V13 Field 1507 08/01/96 2/6/1984 12.48
3 10 V13 Shop 1405 08/14/96 2/6/1984 12.52
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Table 4.5-1 Tendon Regression Analysis Input Data For PVNGS
Units 1, 2, and 3

3 10 V16 Field 1524 08/02/96 2/3/1984 12.50
3 10 V16 Shop 1366 07/31/96 2/3/1984 12.49
3 10 V82 Field 1478 08/02/96 12/22/1983 12.61
3 10 V82 Shop 1394 08/02/96 12/22/1983 12.61
3 15 V16 Field 1517 07/11/02 2/3/1984 18.43
3 15 V16 Shop 1367 07/11/02 2/3/1984 18.43
3 15 V41 Field 1542 07/11/02 1/24/1984 18.46
3 15 V41 Shop 1419 07/16/02 1/24/1984 18.48
3 15 V57 Field 1520 07/16/02 2/7/1984 18.44
3 15 V57 Shop 1378 07/10/02 2/7/1984 18.42

1 Nominal, post- SIT (Structural Integrity Test).
2 Boldface numbers are "common" tendons, examined at each tendon prestress surveillance.
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Figure 4.5-1: Regression Analysis of Unit I Horizontal Tendon Lift-off Data
Through the 15-Year Surveillance; With Reg Guide 1.35.1 Predicted Prestress

(See Notes)
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Figure 4.5-2: Regression Analysis of Unit 1 Vertical Tendon Lift-off Data
Through the 15-Year Surveillance; With Reg Guide 1.35.1 Predicted Prestress

(See Notes)

Palo Verde Nuclear Generating Station
License Renewal Application

Page 4.5-12



Section 4
TIME-LIMITED AGING ANALYSES

1600

1500

Regression Analysis Predicted Prestress
y= -122.67Log(t) + 1509.6

R' = 0.3167

Reg Guide 1.35.1 Predicted Prestress.
y = -67.493Log(t) + 1445.2

0

U-

CL

1400

1300

Chart Legend

A Measured Tendon Prestress

- - - - Minimum Required Value (MRV)

- - - RG 1.35.1 Predicted Prestress

-Regression Analysis Predicted
Prestress

1200

1100

0 2
1 10 40 60 100

log(Time), Time (Years)

Figure 4.5-3: Regression Analysis of Unit 3 Horizontal Tendon Lift-off Data
Through the 15-Year Surveillance; With Reg Guide 1.35.1 Predicted Prestress

(See Notes)
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Figure 4.5-4: Regression Analysis of Unit 3 Vertical Tendon Lift-off Data
Through the 15-Year Surveillance; With Reg Guide 1.35.1 Predicted Prestress

(See Notes)
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Figure 4.5-5: Joint Regression Analysis of Unit 1, 2, and 3 Horizontal Tendon Lift-off Data
Through the Unit 2 20-Year Surveillance; With Reg Guide 1.35.1 Predicted Prestress

(See Notes)
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Figure 4.5-6: Joint Regression Analysis of Unit 1, 2, and 3 Vertical Tendon Lift-off Data
Through the Unit 2 20-Year Surveillance; With Reg Guide 1.35.1 Predicted Prestress
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Notes to Figures:

a) Since only a single, 20-year inspection has been performed on the Unit 2 tendons,
insufficient data were available for a regression analysis of Unit 2 tendons alone. The
Unit 2 20-year data were included in the joint regression analysis of all three units.

b) "Trend line" and "minimum required value" (MRV) are equivalent to the same terms in
NUREG-1 800 and NUREG-1801 Chapter 4, and X.S1.

c) The time scale and variable t are actual years from original tensioning date.

d) The original predicted loss of prestress values used by the surveillance program were
calculated separately for each tendon in the surveillance sample, using methods
consistent with Proposed Reg Guide 1.35.1 Rev. 0. These lines were calculated "per
wire" because they are used to calculate a predicted force per tendon, based on the
actual number of wires, in order to compare the predicted force with the surveillance lift-
off force. The new predicted force lines ("predicted losses") shown on these plots are
average values, recalculated using Reg Guide 1.35.1 methods. The values plotted here
assume 186 wires per tendon. Some tendons have fewer due to failure to meet
acceptance criteria at installation, or due to removal for surveillance testing.

e) The dome and cylinder horizontal hoop tendons are sampled and tested as a single
group. The predicted force lines were developed from data for the entire horizontal
population. The regression lines were similarly developed from surveillance data of a
sample that includes both dome and hoop tendons. However the dome tendons have a
lower MRV. Both MRVs are shown on the horizontal tendon plots.

f) The Unit 1, 25-year surveillance was not complete in time to be included in this analysis.

g) Each of the trend lines is a regression analysis of the entire set (or stated subset) of
individual tendon lift-off data for each of the tendon groups. The trend lines were
calculated from the actual tendon lift-off forces, regardless of the number of effective
wires per tendon.
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4.6 CONTAINMENT LINER PLATE, EQUIPMENT HATCH AND
PERSONNEL AIR LOCKS, PENETRATIONS, AND POLAR
CRANE BRACKETS

The NUREG-1 800 Standard Review Plan for License Renewal observes that some designs
of containment liners, their anchors to the concrete pressure vessel, and their penetrations
may be based on an assumed number of loading cycles for the current operating term
[NUREG-1800 §4.6].

However, examination of the controlling Bechtel Topical Reports BC-TOP-1 and
BC-TOP-5-A, the design specification, the design report, and design calculations, found that
the application of cyclic limits to the design is time-dependent only for design of the main
steam, main feedwater, and recirculation sump suction penetrations.- See Sections 4.6.2
and 4.6.3.

Design Criteria and Design Codes

The post-tensioned concrete containment vessels are designed to Bechtel Topical Report
BC-TOP-5-A Revision 3. They are poured against steel membrane liners designed to
BC-TOP-1 Revision 1. No credit is taken for the liner for the pressure design of the
containment vessel, but the liner and penetrations ensure the vessel is leak-tight, and its
electrical, process, personnel air lock, and equipment hatch penetrations are part of the
containment pressure boundary.

Revision 3 of the BC-TOP-5-A topical is dated February 1975, and lists ASME Section III,
Division 1, "1971 ... including applicable addenda" [Ref. 22 § 4.1.21. This code edition
preceded the Summer 1972 Division 1 addendum that added specific criteria for Class MC
metal containment components (other than by citation of Section VIII), and preceded the
1975 issue of Division 2, Code for Concrete Reactor Vessels and Containments. However
BC-TOP-5-A Revision 3 includes a draft version of Division 2 Article CC-3000, "Design"
[Ref. 22 App. C]. The PVNGS containment elements were designed to slightly later editions
and addenda, up through the 1975 issue of Division 2.

ASME Section III Division 1, Subsection NE, 1974 and later, Subparagraph NE-3222.4,
provides rules for a fatigue analysis of MC components "...for specified operating conditions
involving cyclic application of loads and thermal conditions...," that is, if cyclic loads are
specified (see also NE-31 10).

The design of the recirculation sump suction penetrations is supported by a fatigue analysis
waiver under NE-3222.4(d). However, this NE-3222.4(d) waiver is itself a TLAA, because
some of the exemption criteria depend on the number of cycles for which loads are applied.
See Section 4.6.3.
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The guidance of ASME III Division 2 for design of liners for fatigue, of which a draft is also
included in BC-TOP-5-A, is limited, referring to Division 1 for specifics.

Containment Liner and its Anchors, Penetration Assemblies, and Attachments and
Brackets (including Polar Crane Brackets)

The UFSAR and containment design report states that these elements were designed to
ASME III Division 2, Code for Concrete Reactor Vessels and Containments, 1975 Edition
"...supplemented by the methods in BC-TOP-1 and BC-TOP-5-A."

However neither the containment design specification nor BC-TOP-5-A impose an analysis
for cyclic loading on the containment liner to other than quasi-static stress criteria (except
possibly by reference, through ASME III Division 2, CC-3570).

Equipment Hatch and Personnel Air Locks

The equipment hatch and personnel airlocks were specified to ASME III Division 1,
Subsection NE - Class MC Components, 1974 'W74.

Effects of Power Uprate and Steam Generator Replacement

The containment design report has been revised to address effects of power uprate and
steam generator replacement. The evaluation concluded that design parameters remain
bounded by those assumed for the analyses.

4.6.1 Absence of a TLAA for Containment Liner Plate, Polar Crane Bracket,
Equipment Hatch, Air Lock, and Containment Penetration Design (Except
Main Steam, Main Feedwater, and Recirculation Sump Suction
Penetrations)

Liner Plate

The containment liner and penetrations were designed to BC-TOP-1 Revision 1 and
BC-TOP-5-A Revision 3.

Bechtel containment design topical reports BC-TOP-1 and BC-TOP-5-A are invoked by the
PVNGS containment design specification and design report.

Neither the BC-TOP-1 topical report for the liner plate [Ref. 20 Part I] nor the PVNGS
containment design report include results of a fatigue analysis, or of any other design for a
stated number of cyclic loads or events, for the liner, or for its anchors or embedments.
BC-TOP-1 Part II does include cyclic design of the main steam penetrations.

The UFSAR contains no description of cyclic loads or design cycles for the entire
containment building. However, UFSAR Section 3.8.1.5.4.B describes design cycles that
are to be included in the design of the liner plate and penetrations.
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Review of the design specification, design report, and design calculations found time-
dependent aspects of some penetration designs, but none for liner plate design, and
therefore the liner plate design is not supported by a TLAA.

Examination of the controlling BC-TOP-1 and BC-TOP-5-A topical reports, the design
specification, and the design report found no evidence that heatup and cooldown or
seasonal temperature variations were considered to be cyclical loads on the containment
building and liner. Seasonal temperature variations were used to determine thermal stress
only for comparison with stress criteria when combined with other loads. The design report
uses an incremental-iterative analysis to determine the extent of concrete cracking based on
various loading conditions. This cracking was determined to be minor and the report shows
that sufficient reinforcement exists to ensure that the containment pressure boundary alone
has sufficient strength to resist all loading combinations.

Polar Crane Brackets

The polar crane is supported on a system of girders which are supported by a series of
brackets that are attached to the containment shell. BC-TOP-1 Revision 1 reviews design of
the polar crane brackets [Ref. 20 Part Ill], but neither reports nor specifies a fatigue analysis,
nor any other design for a stated number of crane lifts, cyclic loads, or other cyclic events.
Therefore, design of the polar crane brackets for a finite number of loads is not supported by
a TLAA at PVNGS.

See Section 4.7.1 below for design of the polar crane itself.

Equipment Hatch and Personnel Air Locks

The equipment hatch and personnel air locks were designed to ASME III Division 1,
Subsection NE - Class MC Components, 1974 'W74. Subparagraph NE-3222.4 provides
rules for a fatigue analysis of MC components for cyclic loads if specified. However, review
of licensing basis documents, specifications, and the design report identified no,, time-
dependent analyses. Designs of the equipment hatch and personnel air locks are therefore
not supported by TLAAs.

Penetrations

A search of the licensing basis and review of the design documents for the containment liner
and polar crane brackets, found no evidence of any TLAAs applicable to containment
penetrations, except for the main steam and main feedwater penetration design in
BC-TOP 1 Part II and supporting design calculations, described in Section 4.6.2 below and
the recirculation sump suction penetration design, described in Section 4.6.3 below.

The containment penetrations include no bellows or expansion joints whose design is
supported by a TLAA.
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4.6.2 Design Cycles for the Main Steam and Main Feedwater Penetrations

Summary Description

The main steam penetrations are designed for cyclic loads. The BC-TOP-1 Containment
Building Liner Plate Design Report [Ref. 20, Part II §1.1] includes:

100 lifetime steady state operating thermal gradient plus normal operating cyclic
loads (BC-TOP-1 Part II "Loading Condition V"), and

10 steady state operating thermal gradient plus steam pipe rupture cyclic loads
(BC-TOP-1 Part II "Loading Condition IV").

Although neither BC-TOP-1 nor the main steam penetration design calculation explicitly
include the main feedwater penetrations, the design calculation for "remaining penetrations"
refers to the main steam penetration design calculation for both main steam and main
feedwater penetrations.

The elastic-plastic evaluation of BC-TOP-1 Condition IV pipe rupture events can also apply
to the main feedwater lines despite the dimensional differences, because the limiting
BC-TOP-1 condition IV rupture stress is taken as the plastic limit, which is the same in both
cases, since the materials are the same.

Analysis

The BC-TOP-1 analysis of effects of Loading Condition IV and V cyclic loads does not
calculate a usage factor, but uses a simplified ASME III Subparagraph NB-3228.3 elastic-
plastic analysis to compare the maximum allowed alternating stress range Sa for the
assumed number of cycles to the calculated maximum alternating stress intensity for this
load combination, S'a = Sa Ke, where Ke is a simplified elastic-plastic multiplier (or fatigue
stress intensity multiplier). S, for the number of event cycles is taken from the applicable
ASME III S-N fatigue diagram [Ref. 6 Fig. 1-9-1]. The line for material with ultimate tensile
strength _< 80,000 psi on the S-N diagram applies to this SA 516 Grade 70 or A 516
Grade 70, 70,000 psi ultimate tensile material [Ref. 20 Part II §§4.1 and 5.1.1, strength from
Ref. 6 Table 1-7.1].

Evaluation of the main steam penetration calculation for effects of steam generator
replacement and power uprate on pipe rupture loads identified no changes to the design
calculation.

BC-TOP-1 Loading Condition IV - Normal Plus Pipe Rupture - 10 Cycles

Design for this combination is not a TLAA, since it, in fact, represents a single end-of-
design-life event which is not affected by the design lifetime. It is however the subject of a
simplified elastic-plastic analysis of the fatigue effects.
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For BC-TOP-1 Part II Loading Condition IV (normal thermal gradient plus pipe rupture), the
analysis compares the allowed value of Sa from the S-N diagram for 10 cycles, 600,000 psi,
to the calculated maximum alternating stress intensity for this load combination,

S'a = Sa Ke = 322,000 psi

-which is acceptable, since S'a is less than Sa [Ref. 20 Part II §5.3.4.(d)].

The analysis used 10 cycles instead of 1 for this load combination because 10 is the lowest
number of cycles on the S-N diagram. This loading condition meets the definition of a
"faulted event," and therefore, if addressed within an ASME III Class 1 fatigue analysis,
would not contribute to the predicted fatigue cumulative usage factor. However, although
the main steam and main feedwater penetrations are not ASME III Class 1 components,
they must function for faulted events in other components, such as a main steam or main
feedwater line break inside containment, which concurrently imposes the worst load on the
penetration.

For license renewal purposes, the following estimate of usage factor due to these
Condition IV faulted events permits an assessment of the possible additive effect of this
event when combined with the effect of Loading Condition V. Referring to the S-N diagram,
about 37 cycles are allowed for the 322,000 psi applied stress range S',, for an equivalent
usage factor of

10/37 = 0.270

-for the 10 cycles assumed, or

1/37 = 0.027

-for a single design basis pipe rupture event.

BC-TOP-1 Loading Condition V - Normal Penetration Thermal Gradient Plus Startup-
Shutdown - 100 Cycles

For BC-TOP-1 Loading Condition V (normal thermal gradient plus operating cycle), the
analysis compares the allowed value of Sa from the S-N diagram for 100 cycles,
200,000 psi, to the calculated maximum alternating stress intensity for this load combination,

S'a = Sa Ke = 52,800 psi

-which is acceptable, since S'a is less than Sa [Ref. 20 Part II §5.3.5.(c)].
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BC-TOP-1 assumed a set of normal-condition operating loads, "for illustration," noting that

they "vary for each piping system:"

Axial Force No = 50 kips

Bending Moment M0 = 17,800 in-kips

Shear Force V0 = 0

Torsion To = 0

[BC-TOP-1, Part II §3.1.5]

BC-TOP-1 did not calculate a usage factor for this case, but referring to the ASME 111-1971
Figure 1-9-1 S-N diagram, about 3,600 cycles are allowed for the 52,800 psi applied stress
range S'a, for an equivalent usage factor of

100/3,600 = 0.028

-for the 100 cycles assumed.

The main steam penetration calculation reviewed the limiting pipe rupture loads on the
penetration for the plant-specific case. It did not re-evaluate'the BC-TOP-1 typical
illustrative analysis for plant-specific loads or plant-specific fatigue results, but accepted
them without change.

Estimated Number of BC-TOP-1 Loading Condition V Events in 60 Years

The operating history to date indicates that the original design basis 100 operating cycles
assumed by the topical report for main steam penetrations (and applicable to main
feedwater penetrations) will be exceeded during the 60-year period. However, the
Condition V events do not contribute significantly to usage factor, and examination of
possible changes to the BC-TOP-1 analysis for any reasonably-expected increase in the
number of these events demonstrates adequate margin to the stress limit determined by the
elastic-plastic analysis.

PVNGS refuels on 18-month cycles, about 40 refuelings in 60 years. The number of plant
heatups to date, from Table 4.3-3, "APS Fatigue Cycle Count Verification (Composite
Worst-Case Unit), and Projections", if projected to 60 years, is 214. Since there are no
inboard MSIVs in this PWR design, main steam penetration thermal cycles do not occur
separately from reactor coolant system heatup-down cycles. Therefore the same number of
main steam penetration full-range thermal cycles (BC-TOP-1 Part II "Condition V" events),
perhaps 250, is expected in 60 years. Main feedwater lines have inboard check valves, but
for operational reasons their penetrations should experience a similar number of thermal
cycles, or even fewer: An interrupted primary system heatup is possible without initiating
feedwater heating (or with flow through only the economizer feedwater lines); but a main
feedwater penetration heatup is unlikely without a primary system heatup.
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Combined Effect of BC-TOP-1 Loading Conditions IV and V with a Large Increase in
the Number of Condition V Events

The faulted Loading Condition IV event would not affect the fatigue calculation for an
ASME III Class 1 pressure boundary component. Since only one faulted event is assumed
at the end of life, the number of faulted events that might be included in a fatigue evaluation,
such as this, is also not time-dependent and is therefore not a TLAA. The main steam and
main feedwater penetrations are not ASME III Class 1 components; however, they must
function following this faulted event. To assess the combined effect, the effect of the
increased number of Condition V normal operating loads is therefore combined with the
effect of the unchanged number of Condition IV faulted events.

Even if the main steam penetrations experience a very large number of BC-TOP-1 Part II
Condition V events, an examination of the analysis basis demonstrates that the design is
adequate. The Condition V events do not contribute significantly to usage factor, and a
revised BC-TOP-1 analysis for any reasonably expected increase in the number of these
events demonstrates adequate margin to the stress limit determined by the elastic-plastic
analysis.

ASME 111-1971 Figure 1-9-1 indicates that about 3,600 cycles could be accommodated by
the BC-TOP-1 simplified elastic-plastic analysis at Sa' = 52,800 psi, as calculated for the
worst-case Condition V event.

Alternatively, adding the usage factor estimated above for 10 Loading Condition IV events to
10 times the 250 startup-shutdown cycles expected in 60 years, or 2500 Condition V events,
would still result in a usage factor estimate less than 1.0, and therefore would not affect the
conclusion of the analysis:

0.270 + 25.0 x 0.028 = 0.970.

The main feedwater penetration calculation does not specifically apply the typical, illustrative
BC-TOP-1 main steam penetration fatigue evaluation for the combined Condition IV and V
events to the main feedwater penetrations. The applicability of the BC-TOP-1 main steam
penetration evaluation to the feedwater penetrations depends on the citation of the separate
main steam penetration calculation by the main feedwater penetration calculation, and from
the similarity of operating conditions, geometry, and size of these penetrations and lines.
(The main steam lines are 28-inch in 56-inch penetrations, the main feedwater lines are
24-inch in 52-inch penetrations, and the penetration design is similar.) The applicability of
the main steam penetration evaluation for the period of extended operation to the main
feedwater penetrations follows on the same basis.

Disposition: Validation, 10 CFR 54.21(c)(1)(i)

There is sufficient margin in the design for any possible increase in operating cycles above
the original estimate. The design of the main steam and main feedwater penetrations is

Palo Verde Nuclear Generating Station Page 4.6-7
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

therefore valid for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(i).

4.6.3 Design Cycles for the Recirculation Sump Suction Line Penetrations

Summary Description

Recirculation sump suction line containment penetrations were evaluated for an
NE-3222.4(d) exemption from fatigue analysis. The exemption criteria depend on the
number of cycles for which loads are applied; therefore the exemption is supported by a
TLAA.

Analysis

The analysis of these penetrations was based on the alternating stress range for pressure
cycles, and demonstrated that the allowable number of cycles is 1 x 104. This is far greater
than the number expected for the period of extended operation.

Disposition: Validation, 10 CFR 54.21 (c)(1)(i)

There is sufficient margin in the design for any possible increase in operating cycles above
the original estimate. The design of the recirculation penetrations is therefore valid for the
period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(i).
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4.7 PLANT-SPECIFIC TIME-LIMITED AGING ANALYSIS

4.7.1 Load Cycle Limits of Cranes, Lifts, and Fuel Handling Equipment Designed
to CMAA-70

Summary Description

The licensing basis describes design of the following lifting machines to Crane
Manufacturers Association of America standard CMAA-70:

Cranes
Containment Polar Crane
Cask Handling Crane
SAFLIFT TM Strongback Canister Hoist
New Fuel Handling Crane

Fuel- and CEA Handling Machines
Spent Fuel Handling Machine
Refueling Machine
Control Element Assembly (CEA) Change Platform
Fuel Transfer System (Upenders, Trolley, etc.)
New Fuel Elevator
CEA Elevator

[UFSAR 9.1.4.1.4]3

The CMAA-70 crane service classification (hereinafter "class" or "service level") for each
machine depends, in part, on the assumption that the number of stress cycles at or near the
maximum allowable stress will not exceed the number assumed for that design class. In
operation, this means the number of lifts which approach or equal the design load
(significant lifts) will not exceed the number of stress cycles assumed for that design class.
The designs of these machines for these standard numbers of lifts for the plant lifetime are
therefore TLAAs.

3 UFSAR Section 9.1.4.1 describes the design basis of the fuel handling equipment and the
"...equipment used for assembly, disassembly and storage of the reactor closure head and internals."
The codes and standards listed in UFSAR Section 9.1.4.1.4 therefore apply to all these machines.
CMAA-70 design is more explicit in the crane specifications, and in UFSAR 9.1.4.1.2.A for the fuel-
and CEA handling machines.
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Cranes

Containment Building Polar Crane: The polar crane is designed to CMAA-70, Class A, with
225 ton main and 35 ton auxiliary hoists [UFSAR 9.1.4.1]. The main hoist is used to remove
the reactor vessel head, the reactor vessel upper internals, and the lower internals. The
auxiliary hoist is used for routine maintenance and inservice inspection. The crane has
three operational requirements: steam generator erection (SGE), plant operation, and steam
generator removal (SGR).

Cask Handling Crane: The cask handling crane is an indoor electrical overhead traveling
bridge crane with a single failure proof trolley [UFSAR 9.1.4.2.2.16]. The main hoist is rated
at 150 tons and the auxiliary hoist is rated at 15 tons. The cask handling crane currently
meets CMAA-70, Service Level A standards [UFSAR 9.1.4.1.4].

SAFLIFT Stronqback Canister Hoist: The SAFLIFT TM strongback canister hoist is a
combined 125 ton lift beam plus 50 ton single-failure-proof canister hoist. It is suspended
from the cask handling crane main hook and trolley in order to provide single-failure-proof
lifts of spent fuel casks and fuel canisters. It is designed to CMAA-70 Class C (2000),
NUREG-0554 (1979), and to NUREG-0612 Appendix C (1980) [UFSAR 9.1.4.2.2.16].

New Fuel Handling Crane: The new fuel handling crane is a CMAA-70 Service Level C, 10
ton bridge crane. It is also used to perform activities associated with spent fuel
reconstitution and recaging [UFSAR 9.1.4.2.2.17].

Fuel- and CEA Handling Machines

The original specification for the refueling machines invokes CMAA-70 but does not include
a CMAA-70 service level. For each of these machines the specification also requires design
for a stated number of lifetime operations that is less than the limiting number contemplated
by the lowest CMAA-70 classification (Class A, 100,000 lifts). The specification does not
permit a reduction in the CMAA-70 allowable design stresses, and these lower numbers
must therefore be estimates of the expected lifetime operations rather than design criteria.

Spent Fuel Handling Machine: The spent fuel handling machine transfers fuel between the
new fuel elevator, the transfer system, the spent fuel storage racks, and the spent fuel
storage canister in the cask loading pit [UFSAR 9.1.4.2.1]. The specification requires design
for 60,000 cycles of full speed hoist operation and 30,000 cycles of bridge and trolley
operation. The hook capacity is 2000 lbf.

Refueling Machine: "The refueling machine moves fuel assemblies into and out of the core
and between the core and the transfer system" [UFSAR 9.1.4.2.1]. The specification
requires design for 60,000 cycles of full speed hoist operation and 30,000 cycles of bridge
and trolley operation. The hook load is limited to 2600 lbf over fuel only regions" and 1600
Ibf over "fuel plus hoistbox regions."
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Control Element Assembly (CEA) Chanqe Platform: "The CEA change platform is used to
move the CEAs within the Upper Guide Structure or between the UGS and the CEA
elevator" [UFSAR 9.1.4.2.1]. The specification requires design for 30,000 cycles of full
speed operation. The hook capacity is 2000 lbf. The CEA change platform is not expected
to perform any over-capacity lifts during its lifetime.

Fuel Transfer System (Upenders, Trolley, etc.): "The fuel transfer system moves the fuel
between the containment building to the fuel building through the transfer tube" [UFSAR
9.1.4.2.1]. The specification requires design for 10,000 cycles of operation, where one cycle
consists of the transport and handling operations associated with the exchange of fuel
assemblies between the fuel handling and containment buildings. The fuel transfer
components are not expected to perform any over-capacity transfers during their lifetime.

New Fuel Elevator: "The new fuel elevator is used to introduce new fuel into the spent fuel
pool so that it can be moved to the transfer system by the spent fuel-handling machine"
[UFSAR 9.1.4.2.1]. The specification requires design for 20,000 cycles of operation, where
one cycle is defined as one complete up and down movement of the elevator. The capacity
is 2000 lbf. The new fuel elevator is not expected to perform any over-capacity lifts during
its lifetime.

CEA Elevator: "The CEA elevator is used to introduce new CEAs into the refueling pool and
may be used to hold the spent CEAs while they are being disassembled for disposal"
[UFSAR 9.1.4.2.1]. The specification requires design for 10,000 cycles of operation. The
capacity is 2000 lbf. The CEA elevator is not expected to perform any over-capacity lifts
during its lifetime.

Analysis

During construction and steam generator replacement, the Polar Crane bridge was used to
support a temporary lift rig. None of these lifts exceeded the capacity of the bridge and the
polar crane trolley was not used for these lifts. Therefore these activities had no effect on
the trolley, and added only a very few full-capacity lifts to the bridge loading history.

The number of significant lifts for each machine per refueling outage is estimated from the
UFSAR Section 9.1.4.2.3.3 description of refueling operations. This number is then
multiplied by a factor of 1.5 to account for non-refueling lifts. Based on an 18-month refuel
cycle, approximately 27 refuel cycles are expected over a 40-year plant design life, or about
40 in a 60-year design life.
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Table 4.7-1 - Estimated Maximum Number of Significant Crane Lifts

Polar Crane 6(1) 9 243 390 100,000(A)

Cask Handling Crane 21(2) 32 864 1,296 100,000(A)

SAFLIFT TM  63(2) 95 2,565 3,848 500,000(C)

New Fuel Handling Crane 340(3) 510 1 13,770 20,655 500,000(C)T

Spent Fuel Handling 1,071(4) 1,607 43,389 65,084 100,000 (A)
Machine [30,000](5)

100,000 (A)
Refueling Machine 532(6) 798 21,546 32,319 [30,000]

(7) 100,000 (A)
CEA Change Platform 36 54 1458 2187

[30,000]
48,i 2 100,000 (A)

Fuel Transfer System 482(8) 723 19,521 29,282 10,000]
t! [10,000]

+t 100, 000 (A)New Fuel Elevator 108(9) 162 4,374 6,561

[20,000]
T 100,000 (A)

CEA Elevator 18(10) 27 729 1,094 [10,000]

I Based on 2 cycles each for missile shield, head, and CEA guide structure per refuel (plus 25 total
construction, steam generator replacement, core, and core internal lifts, included in the Pr x 1.5
allowance).
2 Based on hypothetical transfer to dry storage of all spent fuel for each refuel (3 cycles per cask,
7 casks per unit, and times 3 units for the common SAFLIFTTM).
3 Based on 3 cycles each for 108 new fuel assemblies each refuel and 16 gate lifts per operating
cycle.
4 Based on core offload/reload, 241 (x2 lifts each) fuel assemblies each refuel, 108 new fuel
assemblies to pool each refuel, 168 (x2 lifts each) operating cycles for dry coolant sipping and

Palo Verde Nuclear Generating Station Page 4.7-4
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

ultrasonic inspection, 108 assembly moves for pool optimization, and 37 for fuel assembly inspection
each refuel.
5 Equipment specification lifetime lifts are in brackets.
6 Based on core offload/reload, 241 (x2 lifts each) fuel assemblies each refuel, plus 50 miscellane-
ous lifts per cycle.
7 Based on 89 x 2 cycles every 5 refuelings (36 every refuel).
8 Based on core offload/reload, 241 (x2 lifts each) fuel assemblies each refuel.
9 Based on 108 new fuel assemblies per refuel.
10 Based on 89 CEAs every 5 refuels (18 each refuel).

The polar crane, cask handling crane, new fuel handling crane, SAFLIFTTM, CEA change
platform, CEA elevator, and new fuel elevator will experience only a fraction of their rated
lifetime number of lifts over 60 years. Their designs are therefore valid for a 60-year design
life.

The estimated operations of the spent fuel handling machine, refueling machine, and fuel
transfer system for a 60-year design life exceed the number of operations expected by their
original specification. However, these machines were designed to the minimum Service
Level A standards of CMAA-70 and are therefore qualified for up to 100,000 lifts. The
designs of the spent fuel handing machine, refueling machine, and fuel transfer system are
therefore also valid for a 60-year design life.

Therefore, the designs of all of these lifting machines remain valid for the period of extended
operation.

Disposition: Validation, 10 CFR 54.21(c)(1)(i)

The CMAA-70 design standard full-capacity lifts for each machine exceeds the number
expected of the machine for a 60-year period of operation. The designs of these machines
therefore remain valid for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(i).

4.7.2 Absence of TLAAs for Metal Corrosion Allowances and Corrosion Effects

Summary

Nuclear plant components are commonly designed with corrosion allowances, and TLAAs of
corrosion effects for the 40-year design life sometimes occur. However, a review of the
PVNGS licensing basis found no description of time-dependant corrosion allowances, rates,
or corrosion-dependent design lives of pressure vessels, system components, piping, or
metal containment components; other than some pro forma statements for which further
examination found no time-dependent analytical basis, and those described in
Sections 4.7.4 and 4.7.5.
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4.7.3 Inservice Flaw Growth Analyses that Demonstrate Structural Stability for 40

Years

Summary

Defects discovered by inservice inspection or component failures may be repaired or
replaced to restore the basis of the original design analysis; may be repaired or replaced to
a different configuration, or may be analyzed to confirm that the as-found condition is
acceptable. For ASME components these activities are controlled by Section XI, Rules for
Inservice Inspection of Nuclear Power Plant Components. A flaw analysis of a Class 1
component usually requires a fatigue crack growth analysis, which is a TLAA if it qualifies
the component for the plant design life. A thorough review of the PVNGS licensing basis,
supported by interviews with plant staff familiar with the history of Class 1 components,
found the following TLAA evaluation of indications discovered during inservice inspections:

* A linear elastic fracture mechanics (LEFM) fatigue crack growth analysis of
indications in a Unit 2 pressurizer support skirt forging weld. See Section 4.3.2.4.

The review also found the following similar evaluations of postulated (rather than actual)
initial defects:

* Crack growth and fracture mechanics stability analyses of postulated defects in
original heater sleeve attachment welds remaining in the pressurizer lower heads
following heater sleeve replacements. See Section 4.3.2.4.

" Fatigue crack growth and fracture mechanics stability analyses in support of
pressurizer nozzle overlays. See Section 4.3.2.4.

• Fatigue crack growth and fracture mechanics stability analyses in support of hot leg
surge and shutdown cooling nozzle weld overlays. See Section 4.3.2.7.

" Fatigue crack growth assessments and fracture mechanics stability analyses in
support of the leak-before-break (LBB) evaluation, but no TLAAs. See
Section 4.3.2.15.

* Fatigue crack growth and fracture mechanics stability analyses of half-nozzle repairs
to alloy 600 material in reactor coolant hot legs. See Section 4.7.4.
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4.7.4 Fatigue Crack Growth and Fracture Mechanics Stability Analyses of Half-
Nozzle Repairs to Alloy 600 Material in Reactor Coolant Hot Legs; Absence
of a TLAA for Supporting Corrosion Analyses

Summary

PVNGS obtained exemptions from the flaw removal and successive inspection requirements
of ASME XI (1992) sections IWA-3300 and IWB-2420, for the alternative half-nozzle method
used to repair Alloy 600 small bore, hot leg nozzles.

Analysis of corrosion in the hot leg piping walls, exposed by the repairs, depends on time at
cold shutdown. This analysis was extended beyond 60 years and is therefore not a TLAA.
However the code exemption permitting these repairs was granted only through the fourth
10-year inspection interval, and must therefore be extended for the period of extended
operation. The safety determination supporting this code exemption is also supported by a
commitment to track time at cold shutdown conditions, which must also be continued for the
period of extended operation.

Fatigue crack growth and stability analyses of nozzle remnants and welds left in the hot legs
depend on the number of heatup-cooldown and operating basis earthquake (OBE) cycles
assumed for a 40-year life, and are therefore TLAAs.

Analysis

Absence of TLAAs in Corrosion Analyses in Support of Hot Leg Half-Nozzle Repairs

In March, 2004, Westinghouse Electric released topical report WCAP-15973-P, approved as
WCAP-15973-P-A, Low-Alloy Steel Component Corrosion Analysis Supporting Small-
Diameter Alloy 600/690 Nozzle Repair/Replacement Programs [Ref. 24]; and calculation
CN-CI-02-71, Summary of Fatigue Crack Growth Evaluation Associated with Small Diameter
Nozzles in CEOG Plants [Ref. 25]. These reports support half nozzle and mechanical
nozzle seal assembly (MNSA) repairs in Combustion Engineering plants.

On March 25, 2005, PVNGS submitted APS letter 102-05237 to the NRC [Ref. 26]. This
request uses CN-CI-02-71 and WCAP-15973-P in support of a request for exemption from
the flaw removal and successive inspection requirements of ASME XI (1992) sections
IWA-3300 and IWB-2420, for the alternative half-nozzle method used for the 10 PVNGS
Unit 2 small bore, hot leg nozzles to be repaired during the Spring 2005 refueling outage.
WCAP-1 5973-P calculated corrosion rates of 1.53 mils per year (mpy) for Alloy 600 nozzles.
In response to the conditions of the final safety evaluation for the Westinghouse topical
report, APS calculated that a limiting corrosion rate of 1.377 mpy for Unit 3 would not
exceed the allowable diameter until 2058, 60 years after the repair and 10 years after the
end of the period of extended operation. This calculation is therefore not a TLAA, and is
valid for the period of extended operation.
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However, in the relief request submittal, APS made an ongoing commitment to track the
time at cold shutdown conditions:

APS commits to continue to track the time at cold shutdown conditions
against the assumptions made in the corrosion analysis to assure that the
allowable bore diameter is not exceeded over the life of the plant. If the
analysis assumptions are exceeded, APS shall provide a revised analysis to
the NRC and provide a discussion on whether volumetric inspection of the
area is required.

[Ref. 26]

This commitment was made because the corrosion rate at cold shutdown conditions is
significantly higher than at operating conditions. This request was authorized by the NRC,
consistent with the APS commitment, and is valid for the second, third, and fourth 10 year
inspection intervals. Therefore, an extension of this authorization will be required for
continued relief from the ASME code sections.

Fatigue Crack Growth and Stability, Analysis in Support of Hot Leg Half-Nozzle
Repairs

Westinghouse calculation CN-CI-02-71 found that postulated defects left in unremoved
portions of the hot leg nozzles would not grow beyond an acceptable or unstable size,
assuming 500 heatup/cooldown cycles and 200 OBE cycles, which are the design basis for
PVNGS for a 40-year life. The CN-CI-02-71 fatigue crack growth and stability analysis is
therefore a TLAA.

Extension to All Hot Leg Small-Bore Nozzles

After reconciling the WCAP 15973-P topical report with the non-Westinghouse
documentation which it had originally used as a basis, APS issued Revision 1 to Relief
Request 31 in APS Letter 102-05324 [Ref. 27], which adds the 63 previously-repaired small
bore hot leg nozzles in all three units to those already covered in the initial request. This
request was also granted by the NRC.

All of PVNGS's small diameter hot leg nozzles have been replaced. PVNGS has a total of
27 small diameter hot leg penetrations per unit, as described in section IV of Relief Request
31, Rev. 1, which is enclosed in APS letter 102-05324.

See Section 4.3.2.7 for a description of the half-nozzle repairs and their effects on the RCS
fatigue analyses.
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Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

Corrosion Analysis - No TLAA, but Supporting Program and Exemption Require
Extension

The WCAP-15973-P analysis of corrosion in the hot leg pipe wall due to exposure to reactor
coolant by small-bore half-nozzle repairs was extended by APS for a period in excess of the
period of extended operation, and is therefore not a TLAA. However the relief from the
ASME Section XI requirements is supported by an APS commitment to continue to track the
time at cold shutdown conditions against the assumptions made in the corrosion analysis, to
assure that the allowable bore diameter is not exceeded over the life of the plant. This
program is a condition of Revision 1 to Relief Request 31 of APS Letter 102-05324, granted
by the NRC, and is applicable to all three units for the second, third, and fourth 10 year
inspection intervals. An extension of this authorization will be requested for the period of
extended operation, supported by a continuation of the cold shutdown time monitoring
program. The effect of corrosion in the half-nozzle hot let piping bores will thereby be
managed for the period of extended operation.

Fatigue Crack Growth and Stability Analysis

The CN-CI-02-71 fatigue crack growth and stability analysis will remain valid for the period
of extended operation if the assumed cycle count is not exceeded. The Metal Fatigue of
Reactor Coolant Pressure Boundary program will track events to ensure that appropriate
reevaluation or other corrective action is initiated if an action limit is reached. Action limits
will permit completion of corrective actions before the design basis number of events is
exceeded.

Effects of fatigue crack growth originating from postulated defects nozzle and weld remnants
in the primary coolant hot leg small-bore nozzle penetrations will thereby be managed for
the period of extended operation, in accordance with 10 CFR 54.21(c)(1)(iii).

The Metal Fatigue of Reactor Coolant Pressure Boundary program is summarized in
Appendix B, Section B3.1. See Table 4.3-4 for details of the program, and Section 4.3.1.5
for a description of its action limits and corrective actions.

4.7.5 Absence of a TLAA in Corrosion Analyses of Pressurizer Ferritic Materials
Exposed to Reactor Coolant by Half-Nozzle Repairs of Pressurizer Heater
Sleeve Alloy 600 Nozzles

Section 4.3.2.4, "Pressurizer and Pressurizer Nozzles," describes the half-nozzle repairs
that were performed on the pressurizer heater sleeves for Units 1, 2, and 3. The repairs
resulted in unclad base metal being exposed to reactor coolant, and therefore to corrosion
not considered in the original design. This departure from the original design basis was
evaluated and determined to be acceptable. Even though the results were time dependent,
they are not TLAAs because the time period is beyond the end of the extended operating
period of 60 years.
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The bounding case for general corrosion in pressurizer heater sleeves in WCAP-15973-P
gives an estimated repair life of 194 years; therefore the analysis is not a TLAA, and is valid
for the period of extended operation.

4.7.6 Absence of a TLAA for Reactor Vessel Underclad Cracking Analyses

The NUREG-1800 Standard Review Plan for License Renewal, Table 4.1-3, identifies
"Intergranular separation in the heat-affected zone (HAZ) of reactor vessel low-alloy steel
under austenitic SS cladding" as a potential TLAA. This phenomenon has been addressed
in the PVNGS vessel by the choice of material and weld cladding processes that are
designed to avoid these defects, consistent with Regulatory Guide 1.43. No cracks have
been discovered at PVNGS.

The vessel shell and head plates are constructed of SA-533, Grade B, Class 1 Steel.
SA-533 is immune to underclad cracking. The only reactor vessel components susceptible
to underclad cracking are constructed of SA-508, i.e. the reactor vessel nozzles and flange.
These components were clad with low-heat-input processes, which are not known to cause
underclad cracking.

The determination that the reactor vessel material is not susceptible to underclad cracking is
not based on time dependent analyses and is therefore not supported by a TLAA. The
determination is instead based on material properties and welding processes that eliminated
or reduced the potential for underclad cracking.

4.7.7 Absence of a TLAA for a Reactor Coolant Pump Flywheel Fatigue Crack
Growth Analysis

The NUREG-1 800 Standard Review Plan for License Renewal identifies "Fatigue analysis of
the reactor coolant pump flywheel" as a potential TLAA [Table 4.1-3].

A reactor coolant pump flywheel could conceivably burst because of centrifugal stresses,
which could produce missiles inside containment and could also damage pump seals or
other pressure boundary components. This concern is the subject of Regulatory Guide 1.14
and its predecessor Safety Guide 14.

The current PVNGS licensing basis commits to the 10-year-interval inspections of Safety
Guide 14 (Rev. 0) Position c.4.b.

PVNGS relies on flywheel design, material, fabrication, and the periodic inspections in
accordance with Safety Guide 14 Position c.4.b. No crack growth analysis or time-
dependent probabilistic failure assessment has been performed for the PVNGS flywheels,
either to extend the inspection interval for less than the design life, or to support a safety
determination for the design life, and therefore no TLAA exists.
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4.7.8 Building Absolute or Differential Heave or Settlement, including Possible

Effects of Changes in a Perched Groundwater Lens

Summary Description

The review of site soil mechanics and hydrogeology for the original PVNGS license
application identified two additional related areas: (1) possible effects of heave and
settlement on building foundation levels and stability, and (2) possible effects of changes in
level of a perched groundwater lens 4 on heave, settlement, and foundation stability.

Changes in groundwater elevation can affect heave and settlement. Wetting can affect soil
compressibility; and in some soil types, the soil hydrostatic pressure, since some soil types
swell when wet and shrink when dry. Some others may liquefy under stress when wet, a
significant concern for foundation stability.

Concerns for the effects of heave and settlement, and of effects of changes in the perched
groundwater level on heave and settlement, prompted interrelated calculations and
estimates of these effects by APS and by NRC reviewers. The licensing bases, particularly
the PSAR, UFSAR, and SER contain extensive discussions of heave and settlement, and
perched groundwater, including references to the plant life.

Because of these references to the plant life, APS has elected to classify these original
evaluations and analyses as TLAAs, although (1) the analyses show asymptotic results that
might be understood to apply to a considerable period beyond the original 40-year licensed
operating period, (2) the anticipated rise in perched near-surface groundwater has instead
been a decline, and (3) the Structures Monitoring Program has so far recorded no adverse,
or even significant, long-term heave or settlement effects.

The SER and the UFSAR document the licensing commitment to continue the post-
construction settlement surveillance program for the life of the license. This surveillance is
performed as part of the Structures Monitoring Program (B2.1.32).

Analysis

Analyses of Post-construction Heave and Settlement

The geology of the PVNGS site area was investigated in detail prior to construction. The
results of these investigations were described in the Preliminary Safety Analysis Report
(PSAR) and Final Safety Analysis Report (now the updated FSAR or UFSAR). These

4 A locally-elevated region of groundwater above an impermeable layer (i.e., perched above an
aquitard), charged by some local source, in this case by irrigation prior to construction.
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investigations were also reviewed and summarized by the NRC in the SER. APS reported

the projected groundwater levels near the power block.

Pre-Construction Heave and Settlement Analyses

Results of the heave and settlement predictions are shown in UFSAR Section 2.5.4.10.2
and Figures 2.5-87, 2.5-88, and 2.5-89. The figures show predicted amounts of heave, total
recompression settlements, and post construction settlements, respectively.

" Heave estimates range to a maximum of approximately 7 inches.

* Estimates of total recompression settlements range from approximately 0.2 inch to
about 7 inches.

* Estimates of post-construction total settlements are less than 1-½ inches for any
structure, and less than 1/2 inch for most structures. Calculated post-construction
differential settlements are less than 0.1 inch.

" Settlements are expected to occur soon after load application and to be well within

tolerable limits for the structures involved.

Post-Construction Heave and Settlement Survey Results

A post-construction survey evaluated the prompt post-construction conditions, as of 1984,
and concluded that the effects were acceptable.

* Post construction differential settlements for power block structures were within
½ inch. Movements experienced by piping is considerably less, since piping welds
between buildings were made at a later date.

" Piping between buildings is inherently flexible to accommodate seismic anchor
motion between buildings.

" The pipe supports are designed with 1/16 inch clearance which will accommodate
some pipe movement.

* Building settlement in the future is negligible as can be extrapolated from the building
settlement curves.

* Settlement calculations demonstrate that piping conditions are acceptable.

Effects of the Perched Groundwater Lens on Building Foundation Heave, Settlement,
and Stability

The licensing basis documents describe the site hydrogeology, including the perched
groundwater lens. The existence of a perched groundwater lens under the PVNGS site was
of concern for three reasons: (1) an increase in the water level of this lens above the
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foundation elevations could affect their stability, on the other hand (2) if the level of this lens
declined, settlement could conceivably exceed expectations. Also, (3) if recharge from
installed ponds increased the groundwater elevation, heave could be greater than
contemplated in the design.

Perched Groundwater Level Increase and Foundation Stability

The SER summarized concerns that seepage from the onsite storage reservoir and
evaporation pond could raise the perched groundwater levels. APS, however, provided an
analysis showing that this seepage would not increase the perched groundwater levels
higher than the hydrostatic design basis water levels during the life of the station. The SER
results shown in SER Table 2.3 agree with the results of the original groundwater level
analysis described in UFSAR Section 2.4.13.2.4.D that the predicted groundwater levels
might increase but would asymptotically level out below the design groundwater levels of the
three units.

The UFSAR Section 2.4.13.2.4.D discussion of this analysis does not directly indicate a
dependence of the safety determination on a specific period of time, but rather discusses
predictions that the water levels under each unit will stay below design groundwater levels.

The asymptotic characteristic of these predictions and the fact that that the post-construction
survey results found that the perched groundwater level has actually decreased, validate the
safety determination based on these predictions for the period of extended operation. That
is, the perched groundwater levels will not exceed the levels assumed for the building
foundation designs and will therefore not affect building stability.

Perched Groundwater Level Decrease and Settlement

Rather than rising, the level of the perched groundwater lens has continued to fall. The
UFSAR therefore also discusses a potential for subsidence due to decline in the perched
groundwater level. However, based on a realistic groundwater model, dewatering of this
perched zone can be expected to cause a slight reduction in effective stresses within and
below the aquitard resulting in a slight amount of heave, not subsidence.

Observations from the Structures Monitoring Program, confirmed that there is no potential
for settlement due to dewatering. The continuing settlement monitoring, which is conducted
as part of the Structures Monitoring Program, will ensure that these conclusions remain
valid.

Possible Sources of Recharge

The groundwater model assumed that the water storage reservoir was not lined. The
conclusion was that seepage from the reservoir would not affect the units. Observations
have confirmed that groundwater levels in monitoring wells have declined, some to the point
that the wells are dry. These data confirm that recharge to the perched groundwater lens
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has decreased significantly since irrigated agriculture ceased in 1975, and the decline in the
shallow groundwater levels beneath the units is therefore expected to continue.

Damage to the liner in the 80-acre reservoir was discovered in 2004. The date of the
damage is unknown. After discovery of the liner damage, PVNGS designed, and in 2006
constructed, a new double-lined 45-acre reservoir. The 80-acre reservoir was also drained,
expanded to 85 acres, and repaired by installation of a new double liner system. The new
liners should prevent any future recharge of the shallow aquifer from the reservoirs, which
are the only potential source of significant recharge in the vicinity of the units. The wells in
the vicinity of the reservoirs have not yet shown any effects of increased leakage to the
groundwater. Therefore there is little likelihood of groundwater levels rising high enough to
threaten foundation stability in the future.

Current Settlement Monitoring Activities

The PVNGS licensing basis includes a commitment to monitor settlement of structures for
the life of the plant. The current Structures Monitoring Program monitors foundation
responses and ground movement of the major structures. Settlement monitoring, which is
part of the Structures Monitoring Program, is performed at five year intervals and
demonstrates compliance with settlement design criteria for each major structure.

Settlement Monitoring Acceptance Criteria

The structures monitoring procedures invoke the following acceptance criteria for post-
construction settlement, differential settlement, and post-construction tilt.

* Post-construction settlement for each individual structure: Less than 1.5 inches.

* Post-construction differential settlement at a common point between any two

adjacent structures having critical connections: Less than 0.5 inch.

* Post-construction containment tilt angle: Less than 0.057 degrees.

The first action limit is 90 percent of each acceptance criterion and requires an increase in
survey frequency, and if necessary, a remedial action plan.

Settlement Monitoring Surveillance Results

Short-term post construction differential settlement (as of 1984) was acceptable. The
largest differential settlement was believed to be due to changes in the construction
schedule (changes in adjacent loading), and backfill which proved more compressible than
originally thought. The largest short-term post-construction differential settlement between
any two Category I structures was 0.3 inches.

The settlement monitoring surveillance is performed in accordance with the Structures
Monitoring Program procedures with a frequency of 5 years; review of the 2003 settlement
monitoring surveillance results concludes that the accumulated total settlement, differential
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settlement, and tilt indicate no significant trends. The to-date total settlement, differential
settlement, and tilt values are shown Table 4.7-2:

Table 4.7-2 - Settlement Monitoring Surveillance Results: Total Settlement, Differential
Settlement, and Containment Ti/t"1P

Appendix D Criiteriah; t 3
Max 90% it Unin 0.913

Post-Construction 1.5 in 1.35 in 1.3092 in 1. 1784 in 0.9132 in
Settlement
Post-Construction 0.5 in 0.45 in 0.4476 in(2) 0.8748 in(3) 0.4356 in(2)
Differential Settlement
Containment Building 0.0570 0.05130 0.0039' 0.00640 0.01210
Tilt

1 Values and results were obtained from the 2003 surveillance tests.
2 Increased monitoring frequency verified that a significant trend of settlement or differential
settlement was not occurring. The frequency has since been reduced to 5 years.
3 The differential settlement values for the 2003 surveillance test between the Auxiliary and
Radwaste buildings are larger than the maximum allowable. The reason for the large differential
settlement value is the relative large post-construction settlement at the Radwaste building marker
(SM-31). The post-construction settlement at SM-31 is within the maximum allowable (1.50 in). The
next highest differential settlement value for Unit 2 is between the Radwaste and Control buildings at
0.4332 in, which is close to the 90% action limit. Increased monitoring frequency at both of these
locations has verified that a significant trend of settlement or differential settlement was not occurring.
The frequency has since been reduced to 5 years.

The foundations therefore are and will remain stable. The settlement monitoring
surveillances are included in the Structures Monitoring Program described in
Appendix B2.1.32, and fall under the scope of the maintenance rule. The Structures
Monitoring Program will continue through the period of extended operation, and will continue
to ensure that foundations remain stable.

Disposition: Validation, 10 CFR 54.21(c)(1)(i); and Aging Management,
10 CFR 54.21 (c)(1)(iii)

Aging Management - Structures Monitoring Program

The settlement monitoring data, which are collected under the Structures Monitoring
Program described in Appendix B2.1.32, indicate that the foundations are and will remain
stable. The Structures Monitoring Program will continue through the period of extended
operation to ensure that settlement remains below the limits set in the UFSAR and the SER,
and therefore that building foundations remain stable, in accordance with
10 CFR 54.21 (c)(1 )(iii).
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Validation - Analysis of Groundwater Effects

Data from the Structures Monitoring Program confirm that there have been no adverse
effects of heave or settlement on building foundations to date from any cause. The
groundwater monitoring data indicate no potential for settlement due to changes in
groundwater level. These results confirm that the assumptions of the original projections of
increases in groundwater levels were very conservative and that the conclusions of their
safety determination - that there will be no effect on building foundation stability - apply to
the foreseeable future and at least to the end of the period of extended operation. The
conclusion of the predictions of groundwater level, and the safety determination based on
them, therefore remain valid for the period of extended operation, in accordance with
10 CFR 54.21 (c)(1)(i).
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4.8 ABSENCE OF TLAAS SUPPORTING 10 CFR 50.12
EXEMPTIONS

PVNGS UFSAR Table 1.10-1 lists two 10C FR 50.12 exemptions currently in effect, none of
which "involve time-limited assumptions defined by the current operating term"
(10 CFR 54.3(a) Criterion 3). Therefore no 10 CFR 50.12 exemptions are supported by
TLAAs. A search of licensing correspondence identified all 10 CFR 50.12 exemptions and
requests for exemptions and confirmed that no others remain in effect.

Palo Verde Nuclear Generating Station
License Renewal Application

Page 4.8-1



Section 4
TIME-LIMITED AGING ANALYSES

4.9 REFERENCES

1. US NRC NUREG-1800. Standard Review Plan for the Review of License Renewal
Applications for Nuclear Power Plants. Rev. 1. Washington: US NRC, Office of
Nuclear Reactor Regulation, September 2005.

2. US NRC NUREG-1801. Generic Aging Lessons Learned (GALL) Report. Rev. 1.
Washington: USNRC, Office of Nuclear Reactor Regulation, September 2005.

3. US NRC Regulatory Guide 1.190. Calculational and Dosimetry Methods for
Determining Pressure Vessel Neutron Fluence. Washington: USNRC, March 2001.

4. US NRC Regulatory Guide 1.35. Inspection of Ungrouted Tendons in Prestressed
Concrete Containments. Rev. 3. Washington: USNRC. Revision [blank],
February 1973. Revision 1, June 1974. Revision 2 [ADAMS ML003740001],
January 1976. Revision 3, July 1990 [ADAMS ML003740007].

5. US NRC NUREG-0857. Safety Evaluation Report Related to the Operation of
PVNGS Units 1, 2, and 3, Docket Nos. STN 50-528, STN 50-529, and STN 50-530,
Arizona Public Service Company, et al.. Washington: USNRC, Office of Nuclear
Reactor Regulation, November 1981, with Supplements 1 (February 1982)
through 12 (November 1987).

6. ASME Boiler and Pressure Vessel Code, Section III, Rules for Construction of
Nuclear Power Plant Components. 1971 Edition. New York: ASME.

7. ASTM E 693. Standard Practice for Characterizing Neutron Exposures in Iron and
Low Alloy Steels in Terms of Displacements Per Atom (DPA). Philadelphia:
American Society for Testing and Materials, Revision 1, 1 January 1994. Revision 2,
10 January 2001.

8. ASTM E 853. Standard Practice for Analysis and Interpretation of Light-Water
Reactor Surveillance Results. Philadelphia: American Society for Testing and
Materials, Revision 1, 1 January 1987. Revision 2, 10 June 2001.

9. APS Letter 161-01657-DBK/PGN. D. B. Karner, Executive Vice President, APS; to
US NRC Document Control Desk. "Palo Verde Nuclear Generating Station (PVNGS)
Units 1, 2, and 3, Generic Letter 88-11, Radiation Embrittlement of Reactor Vessel
Materials." 31 January 1989.

With attached Final Report on Pressure-Temperature Limits for the Palo Verde
Nuclear Generating Stations.

10. US NRC Reactor Vessel Integrity Database Version 2.0.1. 6 July 2000.

Palo Verde Nuclear Generating Station Page 4.9-1
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

11. Westinghouse Report WCAP-14040-NP-A, Methodology Used to Develop Cold
Overpressure Mitigating System Setpoints and RCS Heatup and Cooldown Limit
Curves. Rev. 4. May 2004.

12. ANPP Letter ANPP-34670-EEVB/PGN. E. E. Van Brunt, Jr., Executive Vice
President [and] Project Director; to Director of Nuclear Reactor Regulation, US NRC,
Attention: Mr. George W. Knighton, Deputy Director, PWR Project Directorate #7,
Division of Pressurized Water Reactor Licensing - B. "Palo Verde Nuclear
Generating Station (PVNGS) Units 1, 2, and 3, Docket Nos. STN 50-528 (License
NPF-41), STN 50-529 (License NPF-46), STN 50-530, Pressurized Thermal Shock".
17 January 1986.

13. CE InfoBulletin 88-09. "Nonconservative Calculation of Cumulative Fatigue Usage."

14. APS Letter 102-05299-DMS/CKS/DJS. David M. Smith, Plant Manager, Nuclear
Production; to Document Control Desk, US NRC. "Palo Verde Nuclear Generating
Station (PVNGS) Unit 2, Docket No. STN 50-529, License No. NPF-51, Licensee
Event Report 2005-001-00." 20 June 2005.

15. US NRC Letter. Mel B. Fields, Project Manager, Project Directorate IV-2, Division of
Reactor Projects - Ill/IV, Office of Nuclear Reactor Regulation; to James M. Levine,
Senior Vice President, Nuclear, APS. "Bounding Thermal Stratification Stresses in
the Pressurizer Auxiliary Spray Line for the Palo Verde Nuclear Generating Station
(TAC Nos. M88682, M88683 and M88684)." 2 June 1998.

With attached SER in response to the PVNGS response to IEB 88-08, Safety
Evaluation by the Office of Nuclear Reactor Regulation, Bounding Thermal
Stratification Stresses in the Pressurizer Auxiliary Spray Line, Arizona Public Service
Company, Palo Verde Nuclear Generating Station, Units 1, 2 and 3, Docket Nos.
STN 50-528, STN 50-529 and STN 50-530.

16. EPRI Report 1003056. Non-Class 1 Mechanical Implementation Guideline and
Mechanical Tools. Rev. 3, Final Report. Palo Alto, CA: Electric Power Research
Institute, November 2001.

17. Regulatory Guide 1.89. Environmental Qualification of Certain Electrical Equipment
Important to Safety for Nuclear Power Plants. Washington: USNRC, Rev. 0
November 1974, Rev. 1 June 1984.

18. NUREG-0588. Interim Staff Position on Environmental Qualification of Safety
Related Electrical Equipment. Washington: USNRC, July 1981.

Palo Verde Nuclear Generating Station Page 4.9-2
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

19. Amendment 151 to License Numbers NPF-41, NFP-51, and NPF-74. US NRC
Letter. Meena Khanna, Project Manager, Section 2, Project Directorate IV, Division
of Licensing Project Management Office of Nuclear Reactor Regulation; to Gregg R.
Overbeck, Senior Vice President, Nuclear, APS. "Palo Verde Nuclear Generating
Station, Units 1, 2, and 3 - Issuance of Amendment on Containment Tendon
Surveillance Program and Containment Leakage Rate Testing Program (TAC Nos.
MC1069, MC1070, and MC1071)." 19 March 2004 [PVNGS LBI].

With Enclosed Amendment 151 to each license, and Attached Safety Evaluation by
the Office of Nuclear Reactor Regulation, Related to Amendment No. 151 to facility
Operating License No. NPF-41, Amendment No. 151 to Facility Operating License
No. NPF-51, and Amendment No. 151 to Facility Operating License No. NPF-74,
Arizona Public Service Company, et al., Palo Verde Nuclear Generating Station,
Units 1, 2, and 3, Docket Nos. STN 50-528, STN 50-529, and STN 50-530.

20. Johnson, T. E, and B. W. Weddelsborg. Bechtel Topical Report BC-TOP-I.
Containment Building Liner Plate Design Report. Rev. 1. Bechtel Corporation,
December 1972. Supplemented by Ref. 21. Copy attached to Ref. 21.

21. Chang-Lo, P., and B. W. Weddelsborg. Supplement to BC-TOP-1 Revision 1
[Ref. 20]. Additional Information Requested by the Atomic Energy Commission on
BC-TOP-1 Revision I Containment Building Liner Plate Design Report. San
Francisco: Bechtel Power Corporation, September 1973.

22. Reuter, H. R. et al. Bechtel Topical Report BC-TOP-5-A. Prestressed Concrete
Nuclear Reactor Containment Structures. Rev. 3. San Francisco: Bechtel Power
Corporation, February 1975.

23. APS Letter 102-05398-CDM/SAB/RJR. David Mauldin, Vice President, Nuclear
Engineering and Support; to Document Control Desk, US NRC. "Palo Verde Nuclear
Generating Station (PVNGS) Units 1, 2 and 3, Docket Nos. STN 50-528/529/530,
Proposed Alternative to PVNGS' ASME Section XI Inservice Inspection Program for
ASME Code Category B-F, B-J, C-F-I, and C-F-2 Piping (Relief Request 32)."
16 January 2006 [PVNGS LBI].

24. Westinghouse Topical Report WCAP-15973-P-A. Low-Alloy Steel Component
Corrosion Analysis Supporting Small-Diameter Alloy 600/690 Nozzle
Repair/Replacement Programs. Rev. 0. Westinghouse Proprietary Class 2.
Windsor, CT: Westinghouse Electric Company LLC, February 2005.

25. Westinghouse Calculation Note CN-CI-02-71. "Summary of Fatigue Crack Growth
Evaluation Associated with Small Diameter Nozzles in CEOG Plants." Rev. 1.
Westinghouse Proprietary Class 2. Windsor, CT: Westinghouse Electric Company
LLC, 10 May 2000.

Palo Verde Nuclear Generating Station Page 4.9-3
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

26. APS Letter 102-05237-CDM/SAB/RJR. David Mauldin, APS; to US NRC Document
Control Desk. "Palo Verde Nuclear Generating Station (PVNGS), Unit 2, Docket
No. STN 50-529, 10 CFR 50.55a(a)(3)(i) Alternative Repair Request for Reactor
Coolant System Hot Leg Alloy 600 Small-Bore Nozzles (Relief Request 31)."
25 March 2005.

27. APS Letter 102-05324-CDM/SAB/RJR. David Mauldin, APS; to US NRC Document
Control Desk. "Palo Verde Nuclear Generating Station (PVNGS), Units 1, 2, 3,
Docket No. STN 50-528/529/530, 10 CFR 50.55a(a)(3)(i) Alternative Repair Request
for Reactor Coolant System Hot Leg Alloy 600 Small-Bore Nozzles (Relief
Request 31, Revision 1)." 16 August 2005.

Palo Verde Nuclear Generating Station
License Renewal Application

Page 4.9-4



This Page Intentionally Left Blank



APPENDIX A

UPDATED FINAL SAFETY ANALYSIS
REPORT SUPPLEMENT



This Page Intentionally Left Blank



Appendix A
Updated Final Safety Analysis Report Supplement

APPENDIX A - TABLE OF CONTENTS

AO APPENDIX A INTRODUCTION ............................................................................ A-1

Al SUMMARY DESCRIPTIONS OF AGING MANAGEMENT PROGRAMS ............. A-2

A1.1 ASME Section Xl Inservice Inspection, Subsections IWB, IWC, and IWD ....................... A-2
A 1.2 W ater C hem istry ............................................................................................................ A -2
A1.3 Reactor Head Closure Studs ......................................................................................... A-3
A l.4 B oric A cid C orrosion ...................................................................................................... A -3
A1.5 Nickel-Alloy Penetration Nozzles Welded To The Upper Reactor

Vessel Closure Heads of Pressurized Water Reactors ................................................... A-3
A1.6 Flow-Accelerated Corrosion ........................................................................... ............... A-4
A 1.7 B o lting Inte g rity .............................................................................................................. A -4
A1.8 Steam Generator Tube Integrity ..................................................................................... A-5
A1.9 Open-Cycle Cooling Water System ............................................................................. A-5
A1.10 Closed-Cycle Cooling Water System ............................................................................. A-6
A1.11 Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling

S y ste m s ........................................................................................................................ A -6
A 1.12 F ire P rotectio n ............................................................................................................... A -6
A 1.13 Fire W ater S ystem ......................................................................................................... A -7
A 1.14 Fuel O il C hem istry ......................................................................................................... A -8
A1.15 Reactor Vessel Surveillance .......................................................................................... A-9
A l.16 O ne-T im e Inspection ..................................................................................................... A -9
A1.17 Selective Leaching of Materials ............................................................................... A-10
A1.18 Buried Piping and Tanks Inspection ........................................................................ A-1I
A1.19 One-Time Inspection of ASME Code Class 1 Small-Bore Piping .............................. A-11
A1.20 External Surfaces Monitoring Program .......................................................................... A-12
A1.21 Reactor Coolant System Supplement ............................................................................ A-12
A1.22 Inspection of Internal Surfaces in Miscellaneous Piping and

Ducting Components. .... ........................ ......... ....... A-13
A1.23 Lubricating Oil Analysis ............................................................................................ A-13
A1.24 Electrical Cables and Connections Not Subject to 10 CFR 50.49

Environmental Qualification Requirements .................................................................... A-14
A1.25 Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental

Qualification Requirements Used in Instrumentation Circuits .................. A-15
A1.26 Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49

Environmental Qualification Requirements ................................................................ A-15
A1.27 ASME Section XI, Subsection IWE ............................................................................... A-16
A1.28 ASME Section XI, Subsection IWL ................................................................................ A-16
A1.29 ASME Section XI, Subsection IWF ................................................................................ A-17
A 1.30 10 C FR 50, A ppendix J ................................................................................................. A -17
A 1.31 M asonry W all P rogram ................................................................................................. A -17
A1.32 Structures Monitoring Program ..................................................................................... A-18
A1.33 RG 1.127, Inspection of Water-Control Structures Associated with

N uclear P ow er P lants ................................................................................................... A -18
A1.34 Nickel Alloy Aging Management Program ..................................................................... A-19
A1.35 Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification

R e q u ire m e nts ............................................................................................................... A -19

Palo Verde Nuclear Generating Station Page A-i
License Renewal Application



Appendix A
Updated Final Safety Analysis Report Supplement

A 1.36 M etal Enclosed B us ...................................................................................................... A -20

A2 SUMMARY DESCRIPTIONS OF TIME-LIMITED AGING ANALYSIS AGING
MANAGEMENT PROGRAMS .......................................................................... A-21

A2.1 Metal Fatigue of Reactor Coolant Pressure Boundary ................................................... A-21
A2.2 Environmental Qualification (EQ) of Electrical Components .......................................... A-23
A2.3 Concrete Containment Tendon Prestress ...................................................................... A-23

A3 EVALUATION SUMMARIES OF TIME-LIMITED AGING ANALYSES ............. A-25

A3.1 Reactor Vessel Neutron Embrittlement ........................... ...... A-25
A3.1.1 Neutron Fluence, Upper Shelf Energy and Adjusted Reference

Tem perature (Fluence, USE, and ART) ........................................................................ A-25
A3.1.2 Pressurized Therm al Shock (PTS) ..................................... .......................................... A-26
A3.1.3 Pressure-Tem perature (P-T) Lim its ............................................................................... A-26
A3.1.4 Low Temperature Overpressure Protection (LTOP) ...................................................... A-26
A 3.2 M etal Fatigue A nalysis .................................................................................................. A -27
A3.2.1 ASME Section III Class 1 Fatigue Analysis of Vessels, Piping, and

C om ponents ............................................................................................ A -28
A3.2.2 Fatigue and Cycle-Based TLAAs of ASME III Subsection NG Reactor

P ressure V essel Internals ............................................................................................. A -35
A3.2.3 Effects of the Reactor Coolant System Environment on Fatigue Life of

Piping and Components (Generic Safety Issue 190) ..................................................... A-35
A3.2.4 Assumed Thermal Cycle Count for Allowable Secondary Stress Range

Reduction Factor in ANSI B31.1 and ASME Section III Class 2 and 3 Piping ................. A-37
A3.3 Environmental Qualification (EQ) of Electrical Components .......................................... A-37
A3.4 Concrete Containment Tendon Prestress ...................................................................... A-38
A3.5 Containment Liner Plate, Equipment Hatches, Personnel Air Locks,

Penetrations, and Polar Crane Brackets ...................................................................... A-38
A3.5.1 Design Cycles for the Main Steam and Main Feedwater Penetrations ........................... A-39
A3.5.2 Design Cycles for the Recirculation Sump Suction Line Penetrations ............................ A-39
A3.6 Plant-Specific Time-Limited Aging Analyses .......... : ...................................................... A-40
A3.6.1 Load Cycle Limits of Cranes, Lifts, and Fuel Handling Equipment to

C M A A -7 0 ...................................................................................................................... A -4 0
A3.6.2 Fatigue Crack Growth and Fracture Mechanics Stability Analyses of

Half-Nozzle Repairs to Alloy 600 Material in Reactor Coolant Hot Legs ......................... A-40
A3.6.3 Building Absolute or Differential Heave or Settlement. Including Possible

Effects of Changes in a Perched Groundwater Lens ..................................................... A-40

A4 LICENSE RENEWAL COMMITMENTS ............................................................ A-42

Palo Verde Nuclear Generating Station Page A-ii
License Renewal Application



Appendix A
Updated Final Safety Analysis Report Supplement

AO APPENDIX A INTRODUCTION

Introduction

This appendix provides the information to be submitted in an Updated Final Safety Analysis
Report Supplement as required by 10 CFR54.21(d) for the PVNGS License Renewal
Application. Section Al of this appendix contains summary descriptions of the programs
used to manage the effects of aging during the period of extended operation. Section A2
contains summary descriptions of programs used for management of time-limited aging
analyses during the period of extended operation. Section A3 contains evaluation
summaries of TLAAs for the period of extended operation. Section A4 contains summary
descriptions of license renewal commitments. These summary descriptions of aging
management program programs, time-limited aging analyses, and license renewal
commitments will be incorporated in the Updated Final Safety Analysis Report for PVNGS
following issuance of the renewed operating license in accordance with 10 CFR 50.71(e).
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Al SUMMARY DESCRIPTIONS OF AGING MANAGEMENT
PROGRAMS

The integrated plant assessment and evaluation of time-limited aging analyses (TLAA)
identified existing and new aging management programs necessary to provide reasonable
assurance that components within the scope of License Renewal will continue to perform
their intended functions consistent with the current licensing basis (CLB) for the period of
extended operation. Sections Al and A2 describe the programs and their implementation
activities.

Three elements common to all aging management programs discussed in Sections Al and
A2 are corrective actions, confirmation process, and administrative controls. These
elements are included in the PVNGS Quality Assurance (QA) Program, which implements
the requirements of 10 CFR 50, Appendix B. The PVNGS Quality Assurance Program is
applicable to all safety-related and, after enhancement, will also be applicable to the
nonsafety-related systems, structures and components that are subject to aging
management review activities.

Procedures will be enhanced to include those nonsafety-related SSCs requiring aging
management within the scope of the PVNGS Quality Assurance Program to address the
elements of corrective actions, confirmation process, and administrative controls.

A1.1 ASME SECTION XI INSERVICE INSPECTION,
SUBSECTIONS IWB, IWC, AND IWD

ASME Section XI Inservice Inspection, Subsections IWB, IWC, and IWD program manages
cracking, loss of fracture toughness, and loss of material in Class 1, 2, and 3 piping and
components within the scope of license renewal. The program includes periodic visual,
surface, volumetric examinations and leakage tests of Class 1, 2 and 3 pressure-retaining
components, including welds, pump casings, valve bodies, integral attachments, and
pressure-retaining bolting. PVNGS inspections meet ASME Section XI requirements. The
PVNGS third interval ISI Program is in accordance with 10 CFR 50.55a and ASME Section
XI, 2001 Edition, through 2003 Addenda. PVNGS will use the ASME Code Edition
consistent with the provisions of 10 CFR 50.55a during the period of extended operation.

A1.2 WATER CHEMISTRY

The Water Chemistry program includes maintenance of the chemical environment in the
reactor coolant system and related auxiliary systems containing treated borated water and
includes maintenance of the chemical environment in the steam generator secondary side
and the secondary cycle systems to manage cracking, denting, hardening and loss of
strength, loss of material, reduction of heat transfer, and wall thinning in primary and
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secondary water systems. The Water Chemistry program is based upon the guidelines of
EPRI 1002884, "PWR Primary Water Chemistry Guidelines", Volumes 1 and 2, and EPRI
1008224, "PWR Secondary Water Chemistry Guidelines".

The effectiveness of the program is verified under the One-Time Inspection program
(A1.16).

Prior to the period of extended operation, plant procedures will be enhanced to address
sampling of effluents from new secondary system cation resins for purgeable and non-
purgeable Organic Carbon.

A1.3 REACTOR HEAD CLOSURE STUDS

The Reactor Head Closure Studs program manages reactor vessel stud, nut and washer
cracking and loss of material. The Reactor Head Closure Studs program includes periodic
visual, surface, and volumetric examinations of reactor vessel flange stud hole threads,
reactor head closure studs, nuts, and washers and performs visual inspection of the reactor
vessel flange closure during primary system leakage tests. The program implements ASME
Section XI code, Subsection IWB, 2001 Edition through the 2003 addenda.

A1.4 BORIC ACID CORROSION

The Boric Acid Corrosion program manages loss of material due to boric acid corrosion.
The program includes provisions to identify, inspect, examine and evaluate leakage, and
initiate corrective actions. The program relies in part on implementation of recommendations
of NRC Generic Letter 88-05, "Boric Acid Corrosion of Carbon Steel Reactor Pressure
Boundary Components in PWR Plants". Additionally, the program includes examinations
conducted during ISI pressure tests performed in accordance with ASME Section XI
requirements. The program addresses recent operating experience noted in NRC
Regulatory Issue Summary 2003-13, "NRC Review of Responses to Bulletin 2002-01,
Reactor Pressure Vessel Head Degradation and Reactor Coolant Pressure Boundary
Integrity' (which includes NRC Bulletin 2002-01, 2002-02, and NRC Order EA-03-009) and
NRC Bulletin 2003-02, "Leakage from Reactor Pressure Vessel Lower Head Penetrations
and Reactor Coolant Pressure Boundary Integrity".

A1.5 NICKEL-ALLOY PENETRATION NOZZLES WELDED TO
THE UPPER REACTOR VESSEL CLOSURE HEADS OF
PRESSURIZED WATER REACTORS

The Nickel-Alloy Penetration Nozzles Welded to the Upper Reactor Vessel Closure Heads
of Pressurized Water Reactors program manages cracking due to primary water stress
corrosion cracking (PWSCC) and loss of material due to boric acid wastage in nickel-alloy N
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pressure vessel head penetration nozzles and includes the reactor vessel closure head,
upper vessel head penetration nozzles and associated welds. The term "primary water
stress corrosion cracking" applies to the nozzles and J-welds and 'Wastage" applies to the
reactor closure head. The aging management for the aging effect of wastage is addressed
in Boric Acid Corrosion program (A1.4). This program is consistent with NRC Order EA-03-
009. Detection of cracking is accomplished through implementation of a combination of
bare metal visual examination (external surface of head) and volumetric examination
(underside of head) techniques. Reactor vessel head bare metal inspections and a
calculation of the susceptibility ranking of the plant are performed. Examinations are
performed by certified personnel. The calculation for all three units verifies a susceptibility
ranking of "High" per EA-03-009, as amended. Plants in the "High" category require bare
metal visual inspections every refueling outage and ultrasonic, eddy current, or dye
penetrant testing every refueling outage per NRC Order EA-03-009, as amended.

Prior to December 31, 2008, the PVNGS Alloy 600 Management Program Plan will be
revised to incorporate the applicable examination requirements of ASME Code Case N-729-
1 (Reactor Vessel Head Inspections), subject to the conditions specified in
10 CFR 50.55a(g)(6)(ii)(D)(2) through(6).

A1.6 FLOW-ACCELERATED CORROSION

The Flow-Accelerated Corrosion (FAC) program manages wall thinning due to FAC on the
internal surfaces of carbon or low alloy steel piping, elbows, reducers, expanders, and valve
bodies which contain high energy fluids (both single phase and two phases).

The objectives of the FAC program are achieved by (a) identifying system components
susceptible to FAC, (b) an analysis using a predictive code such as CHECWORKS to
determine critical locations for inspection and evaluation, (c) providing guidance of follow-up
inspections, (d) repairing or replacing components, as determined by the guidance provided
by the program, and (e) continual evaluation and incorporation of the latest technologies,
industry and plant in-house operating experience.

Procedures and methods used by the FAC program are consistent with APS commitments
to NRC Bulletin 87-01, "Thinning of Pipe Wall in Nuclear Power Plants", and NRC Generic
Letter 89-08, "Erosion/Corrosion-Induced Pipe Wall Thinning".

Prior to the period of extended operation, the program procedure will be enhanced to clarify
the guidance for susceptible small-bore piping components and to verify the trace chromium
content of the carbon steel pipe replacement.

A1.7 BOLTING INTEGRITY

The Bolting Integrity program manages cracking, loss of material, and loss of preload for
pressure retaining bolting and ASME component support bolting. The program includes
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preload control, selection of bolting material, use of lubricants/sealants consistent with EPRI
good bolting practices, and performance of periodic inspections for indication of aging
effects. The program is supplemented by Inservice Inspection requirements established in
accordance with ASME Section XI, Subsections IWB, IWC, IWD, and IWF for ASME Class
bolting.

PVNGS good bolting practices are established in accordance with plant procedures. These
procedures include requirements for proper disassembling, inspecting, and assembling of
connections with threaded fasteners. The general practices that are established in this
program are consistent with EPRI NP-5067, "Good Bolting Practices, Volume 1 and Volume
2" and the recommendations of NUREG-1339, "Resolution of Generic Safety Issue 29:
Bolting Degradation or Failure in Nuclear Power Plants".

Al .8 STEAM GENERATOR TUBE INTEGRITY

The Steam Generator Tube Integrity program includes the preventive measures, condition
monitoring inspections, degradation assessment, repair and leakage monitoring activities
necessary to manage cracking, denting, wall thinning, and loss of material. The aging
management measures employed include: non-destructive examination, visual inspection,
sludge removal, tube plugging, in-situ pressure testing, maintaining the chemistry
environment by removal of impurities, and addition of chemicals to control pH and oxygen.

NDE inspection scope and frequency, and primary to secondary leak rate monitoring are
conducted consistent with the requirements of the PVNGS Units 1, 2, and 3 Technical
Specifications. PVNGS evaluates tube integrity in accordance with the structural integrity
performance criteria specified in Technical Specifications which encompasses and exceeds
the requirements of Regulatory Guide 1.121. In addition, Technical Specifications include
accident induced leakage performance criterion and operational leakage performance
criterion. The PVNGS steam generator management practices are consistent with NEI 97-
06, "Steam Generator Program Guidelines".

A1.9 OPEN-CYCLE COOLING WATER SYSTEM

The Open-Cycle Cooling Water System program manages loss of material and reduction of
heat transfer for components exposed to the raw water of the open-cycle cooling water
system. The program includes surveillance techniques and control techniques to manage
aging effects caused by biofouling, corrosion, erosion and silting in the open-cycle cooling
water system and in structures and components cooled by the open-cycle cooling water
system for the period of extended operation. The program is consistent with commitments
as established in PVNGS responses to Generic Letter 89-13 "Service Water System
Problems Affecting Safety-Related Components".

The Open-Cycle Cooling Water System program provides the general requirements of
implementation and maintenance of programs and activities which mitigate aging of the
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open-cycle cooling water system and components. The various aspects of the PVNGS
program (control, monitoring, maintenance and inspection) are implemented in plant
procedures.

Prior to the period of extended operation, the program will be enhanced to clarify guidance
in the conduct of heat exchanger and piping inspections using NDE techniques and related
acceptance criteria.

A1.10 CLOSED-CYCLE COOLING WATER SYSTEM

The Closed-Cycle Cooling Water System program manages loss of material, cracking, and
reduction in heat transfer for components in closed cycle cooling water systems. The
program includes maintenance of system corrosion inhibitor concentrations and chemistry
parameters following the guidance of EPRI TR-107396 to minimize aging, and periodic
testing and inspections to evaluate system and component performance. Inspection
methods include visual, ultrasonic testing and eddy current testing.

Prior to the period of extended operation, procedures will be enhanced to incorporate the
guidance of EPRI TR-107396 with respect to water chemistry control for frequency of
sampling and analysis, normal operating limits, action level concentrations, and times for
implementing corrective actions upon attainment of action levels.

A1.11 INSPECTION OF OVERHEAD HEAVY LOAD AND LIGHT
LOAD (RELATED TO REFUELING) HANDLING SYSTEMS

The inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling
Systems program manages loss of material for all cranes, trolley and hoist structural
components, fuel handling equipment and applicable rails within the scope of license
renewal. Program inspection activities verify the structural integrity of the components
required to maintain their intended function. The inspection requirements are consistent
with the guidance provided by NUREG-0612, "Control of Heavy Loads at Nuclear Power
Plants" for load handling systems that handle heavy loads which can directly or indirectly
cause a release of radioactive material, applicable industry standards (such as CMAA Spec
70) for other components within the scope of license renewal in this program, and applicable
OSHA regulations (such as 29 CFR Volume XVII, Part 1910 and Section 1910.179).

Prior to the period of extended operation, procedures will be enhanced to inspect for loss of
material due to corrosion or rail wear.

A1.12 FIRE PROTECTION

The Fire Protection program manages loss of material for fire rated doors, fire dampers,
diesel-driven fire pumps, and the halon/CO 2 fire suppression systems, cracking, spalling,
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and loss of material for fire barrier walls, ceilings, and floors, and hardness and shrinkage
due to weathering of fire barrier penetration seals. Periodic visual inspections of fire barrier
penetration seals, fire dampers, fire barrier walls, ceilings and floors, and periodic visual
inspections and functional tests of fire-rated doors manage aging. Periodic testing of the
diesel-driven fire pumps ensures that there is no loss of function due to aging of diesel fuel
supply lines. Drop tests are performed on 10 percent of fire dampers on an 18 month basis
to manage aging. Visual inspections manage aging of fire-rated doors every 18 months to
verify the integrity of door surfaces and for clearances to detect aging of the fire doors. A
visual inspection and function test of the halon and 002 fire suppression systems every 18
months manages aging. Ten percent of each type of penetration seal is visually inspected
at least once every 18 months. Fire barrier walls, ceilings, and floors including coatings and
wraps are visually inspected at least once every 18 months.

Prior to the period of extended operation, the following enhancements will be implemented:

* Procedures will be enhanced to state trending requirements for the diesel-driven fire
pump and to include visual inspection of the fuel supply line to detect degradation.

" Procedures will be enhanced to inspect for mechanical damage, corrosion and loss
of material of the halon discharge pipe header and the 002 system discharge
nozzles.

* Procedures will be enhanced to state the qualification requirements for inspecting
penetration seals, fire rated doors, fire barrier walls, ceilings and floors.

A1.13 FIRE WATER SYSTEM

The Fire Water System program manages loss of material for water-based fire protection
systems. Periodic hydrant inspections, fire main flushing, sprinkler inspections, and flow
tests are performed considering applicable National Fire Protection Association (NFPA)
codes and standards. The fire water system pressure is continuously monitored such that
loss of system pressure is immediately detected and corrective actions are initiated. The
Fire Water System program conducts an air or water flow test through each open head
spray/sprinkler head to verify that each open head spray/sprinkler nozzle is unobstructed.
Visual inspections of the fire protection system exposed to water, evaluating wall thickness
to identify evidence of loss of material due to corrosion, are covered by the Inspection of
Internal Surfaces in Miscellaneous Piping and Ducting Components program (A1.22). The
Buried Piping and Tanks Inspection program (A1.18) is credited with the management of
aging effects on the external surface of buried fire water system piping.

Prior to the period of extended operation, the following enhancements will be implemented:

* Specific procedures will be enhanced to include review and approval requirements
under the Nuclear Administrative Technical Manual (NATM).
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* Procedures will be enhanced to be consistent with the current 'code of record or
NFPA 25 2002 Edition.

" Procedures will be enhanced to field service test a representative sample or replace
sprinklers prior to 50 years in service and test thereafter every 10 years to ensure
that signs of degradation are detected in a timely manner.

* Procedures will be enhanced to be consistent with NFPA 25 Section 7.3.2.1, 7.3.2.2,
7.3.2.3, and 7.3.2.4.

* Procedures will be enhanced to state trending requirements.

" Procedures will be enhanced so that the PVNGS Quality Assurance programs will
apply to Fire Protection SSCs that are within the scope of license renewal that are
also part of the boundary of the WRF (Water Reclamation Facility).

A1.14 FUEL OIL CHEMISTRY

The Fuel Oil Chemistry program manages loss of material on the internal surface of
components in the emergency diesel generator (EDG) fuel oil storage and transfer system,
diesel fire pump fuel oil system, and station blackout generator (SBOG) system. The
program includes (a) surveillance and monitoring procedures for maintaining fuel oil quality
by controlling contaminants in accordance with applicable ASTM Standards, (b) periodic
draining of water from fuel oil tanks, (c) visual inspection of internal surfaces during periodic
draining and cleaning, (d) ultrasonic wall thickness measurements from external surfaces of
fuel oil tanks if there are indications of reduced cross sectional thickness found during the
visual inspection, (e) inspection of new fuel oil before it is introduced into the storage tanks,
and (f) one-time inspections of a representative sample of components in systems that
contain fuel oil by the One-Time Inspection program.

The effectiveness of the program is verified under the One-Time Inspection program

(Al.16).

Prior to the period of extended operation:

Procedures will be enhanced to extend the scope of the program to include the SBOG fuel
oil storage tank and SBOG skid fuel tanks.

Procedures will be enhanced to include ten-year periodic draining, cleaning, and inspections
on the diesel-driven fire pump day tanks, the SBOG fuel oil storage tanks, and SBOG skid
fuel tanks.

Ultrasonic testing (UT) or pulsed eddy current (PEC) thickness examination will be
conducted to detect corrosion-related wall thinning if degradation is found during the visual
inspections and once on the tank bottoms for the EDG fuel oil storage tanks, EDG fuel oil
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day tanks, diesel-driven fire pump day tanks, and SBOG fuel oil storage tanks. The one-
time UT or PEC examination on the tank bottoms will be performed before the period of
extended operation.

A1 .15 REACTOR VESSEL SURVEILLANCE

The Reactor Vessel Surveillance program manages loss of fracture toughness and is
consistent with ASTM E 185. Actual reactor vessel plate coupons are used. Weld and
heat-affected-zone coupons are made from sections of the same plate welded together with
identical weld material heats and weld parameters. The surveillance coupons are tested by
a qualified offsite vendor, to its procedures. The testing program and reporting conform to
requirements of 10 CFR 50, Appendix H, "Reactor Vessel Material Surveillance Program
Requirements".

Prior to the period of extended operation:

The schedule will be revised to withdraw the next capsule at the equivalent clad-base metal
exposure of approximately 54 EFPY expected for the 60-year period of operation, and to
withdraw remaining standby capsules at equivalent clad-base metal exposures not
exceeding the 72 EFPY expected for a possible 80-year second period of extended
operation. This withdrawal schedule is in accordance with NUREG-1801, Section XI.M31,
item 6, and with the ASTM E 185-82 criterion which states that capsules may be removed
when the capsule neutron fluence is between one and two times the limiting fluence
calculated for the vessel at the end of expected life. This schedule change must be
approved by the NRC, as required by 10 CFR 50 Appendix H.

If left in the reactor beyond the presently-scheduled withdrawal, the next scheduled
surveillance capsule in each unit will reach a clad-base metal 54 EFPY equivalent at about
40 actual operating EFPY (40, 39, and 42 actual EFPY in Units 1, 2, and 3, respectively).

Procedures will be enhanced to identify the withdrawal of the remaining standby capsules at
72 EFPY, at about 50 to 54 actual operating EFPY, near the end of the extended licensed
operating period. The need to monitor vessel fluence following removal of the remaining
standby capsules, and ex-vessel or in-vessel methods, will be addressed prior to removing
the remaining capsules.

A1.16 ONE-TIME INSPECTION

The One-Time Inspection program conducts one-time inspections of plant system piping
and components to verify the effectiveness of the Water Chemistry program (A1.2), Fuel Oil
Chemistry program (A1.14), and Lubricating Oil Analysis program (A1.23). The aging
effects to be evaluated by the One-Time Inspection program are loss of material, cracking,
and reduction of heat transfer. The One-Time Inspection program will include the specific
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attributes for the components crediting this program for aging management in the license
renewal application.

Plant system piping and components will be subject to one-time inspection on a sampling
basis using qualified inspection personnel following established ASME, "Boiler and Pressure
Vessel Code", Section V, "Nondestructive Examination", (NDE) techniques appropriate to
each inspection. Inspection sample sizes will be determined using a methodology that is
based on 90% confidence that 90% of the population of components will not experience
aging effects in the period of extended operation. The One-Time Inspection program
specifies corrective actions and increased sampling of piping/components if aging effects
are found during material/environment combination inspections. The one-time inspections
will be performed no earlier than 10 years prior to the period of extended operation. All one-
time inspections will be completed prior to the period of extended operation. Completion of
the One-Time Inspection program in this time period will assure that potential aging effects
will be manifested based on at least 30 years of PVNGS operation. Industry and plant-
specific operating experience will be evaluated in the development and implementation of
this program.

Major elements of the PVNGS One-Time Inspection program include:

a) Identifying piping and component populations subject to one-time inspection based on
common materials and environments,

b) Determining the sample size of components to inspect using established statistical
methods based on the population size of the material-environment groups,

c) Selecting piping and components within the material-environment groups for inspection
based on criteria provided in the One-Time Inspection procedure,

d) Conducting one-time inspections of the selected components within the sample using
ASME Code Section V NDE techniques and acceptance criteria consistent with the design
codes/standards or ASME Section XI as applicable to the component.

A1.17 SELECTIVE LEACHING OF MATERIALS

The Selective Leaching of Materials program manages the loss of material due to selective
leaching for brass (copper alloy >15% zinc), aluminum-bronze (copper alloy >8%
aluminum), and gray cast iron components exposed to closed-cycle cooling water
demineralized water, secondary water, and raw water within the scope of license renewal.
The Selective Leaching of Materials program is in addition to the Open-Cycle Cooling Water
program (A1.9) and the Closed-Cycle Cooling Water program (A1.10) in these cases.

The program includes a one-time inspection (visual and/or mechanical methods) of a
selected sample of components internal surfaces to determine whether loss of material due
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to selective leaching is occurring. If indications of selective leaching are confirmed, follow
up examinations or evaluations are performed.

The Selective Leaching of Materials program is a new program that will be implemented
prior to the period of extended operation. Industry and plant-specific operating experience
will be evaluated in the development and implementation of this program.

A1.18 BURIED PIPING AND TANKS INSPECTION

The Buried Piping and Tanks Inspection program manages loss of material of buried
components in the chemical and volume control, diesel fuel storage and transfer, domestic
water, fire protection, WRF fuel system, and essential spray ponds systems. Visual
inspections monitor the condition of protective coatings and wrappings found on carbon
steel, gray cast iron or ductile iron components and assess the condition of stainless steel
components with no protective coatings or wraps. The program includes opportunistic
inspection of buried piping and tanks as they are excavated or on a planned basis if
opportunistic inspections have not occurred.

The Buried Piping and Tanks Inspection program is a new program that will be implemented
prior to the period of extended of operation. Within the ten year period prior to entering the
period of extended operation, an opportunistic or planned inspection will be performed.
Upon entering the period of extended operation a planned inspection within ten years will be
required unless an opportunistic inspection has occurred within this ten year period.
Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

A1.19 ONE-TIME INSPECTION OF ASME CODE CLASS 1
SMALL-BORE PIPING

The One-Time Inspection of ASME Code Class 1 Small-Bore Piping program manages
cracking of stainless steel ASME Code Class 1 piping less than or equal to 4 inches. This
program is a part of the Risk-Informed Inservice Inspection (RI-ISI) program.

For ASME Code Class 1 small-bore piping, the RI-ISI program requires volumetric
examinations on selected weld locations to detect cracking. Weld locations are selected
based on the guidelines provided in EPRI TR-1 12657. Volumetric examinations are
conducted in accordance with ASME Section XI with acceptance criteria from Paragraph
IWB-3000 and IWB-2430. The fourth interval of the ISI program for each unit at PVNGS will
provide the results for the one time inspection of ASME Code Class 1 small-bore piping.
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A1.20 EXTERNAL SURFACES MONITORING PROGRAM

The External Surfaces Monitoring Program manages loss of material for steel, aluminum,
and copper alloy components and hardening and loss of strength for elastomer components.
The program includes those systems and components within the scope of license renewal
that require external surface monitoring. Visual inspections conducted during engineering
walkdowns will be used to identify aging effects and leakage. Physical manipulation during
the visual inspections may also be used to verify absence of hardening or loss of strength
for elastomers.

Loss of material for external surfaces is managed by the Boric Acid Corrosion program
(A1.4) for components in a system with treated borated water or reactor coolant environment
on which boric acid corrosion may occur, Buried Piping and Tanks Inspection program
(A1.18) for buried components, and Structures Monitoring Program (A1.32) for civil
structures, and other structural items which support and contain mechanical and electrical
components.

The External Surfaces Monitoring Program is a new program that will be implemented prior
to the period of extended operation. Industry and plant-specific operating experience will be
evaluated in the development and implementation of this program.

A1.21 REACTOR COOLANT SYSTEM SUPPLEMENT

Section 3.1 of NUREG-1800, "Standard Review Plan for the Review of License Renewal
Applications for Nuclear Power Plants", supplements the aging management programs for
the reactor coolant system components with the following additional requirements.

APS will:

A. Reactor Coolant System Nickel Alloy Pressure Boundary Components

Implement applicable (1) NRC Orders, Bulletins and Generic Letters associated with nickel
alloys and (2) staff-accepted industry guidelines, (3) participate in the industry initiatives,
such as owners group programs and the EPRI Materials Reliability Program, for managing
aging effects associated with nickel alloys, (4) upon completion of these programs, but not
less than 24 months before entering the period of extended operation, APS will submit an
inspection plan for reactor coolant system nickel alloy pressure boundary components to the
NRC for review and approval, and

B. Reactor Vessel Internals

(1) Participate in the industry programs for investigating and managing aging effects on
reactor internals; (2) evaluate and implement the results of the industry programs as
applicable to the reactor internals; and (3) upon completion of these programs, but not less
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than 24 months before entering the period of extended operation, APS will submit an
inspection plan for reactor internals to the NRC for review and approval.

A1.22 INSPECTION OF INTERNAL SURFACES IN
MISCELLANEOUS PIPING AND DUCTING COMPONENTS

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program manages cracking, loss of material, and hardening and loss of strength. The
internal surfaces of piping, piping components, ducting and other components that are not
covered by other aging management programs are included in this program.

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program uses the work control process to conduct and document inspections. The program
will perform visual inspections to detect aging effects that could result in a loss of
component intended function. The visual inspections will be conducted during periodic
maintenance, predictive maintenance, surveillance testing and corrective maintenance.

Within 10 years before entering the period of extended operation, a review will be conducted
to determine the number of inspection opportunities afforded by the work control process for
all systems within the scope of this program. In the vast majority of cases, it is expected that
the number of work opportunities existing will be sufficient to detect aging and provide
reasonable assurance that intended functions are maintained. For those systems or
components where inspections of opportunity are insufficient, an inspection will be
conducted prior to the period of extended operation to provide reasonable assurance that
the intended functions are maintained. Additionally, visual inspections may be augmented
by physical manipulation to detect hardening and loss of strength of both internal and
external surfaces of elastomers. The program also includes volumetric evaluation to detect
stress corrosion cracking of the internal surfaces of stainless steel components exposed to
diesel exhaust.

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program is a new program that will be implemented prior to the period of extended
operation. Industry and plant-specific operating experience will be evaluated in the
development and implementation of this program.

A1.23 LUBRICATING OIL ANALYSIS

The Lubricating Oil Analysis program manages loss of material and reduction of heat
transfer for components within the scope of license renewal that are exposed to lubricating
and hydraulic oil. The program monitors and maintains lubricating and hydraulic oil
properties within acceptance criteria, thereby preserving an environment that is not
conducive to aging effects. Acceptance criteria are based upon vendor and industry
guidelines for oil chemical and physical properties and for foreign material such as water
contamination. Increased contamination and degradation of oil properties provide an
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indication of aging of the lubricating oil. Monitoring and trending of lubricating and hydraulic
oil properties and particles found within the oil identifies risk to components due to aging
prior to loss of intended function.

The effectiveness of the program is verified under the One-Time Inspection program
(A 1.16).

A1.24 ELECTRICAL CABLES AND CONNECTIONS NOT
SUBJECT TO 10 CFR 50.49 ENVIRONMENTAL
QUALIFICATION REQUIREMENTS

The Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements program manages the aging effects of embrittlement, melting,
cracking, swelling, surface contamination, or discoloration to ensure that electrical cables,
connections and terminal blocks not subject to the environmental qualification (EQ)
requirements of 10 CFR 50.49 and within the scope of license renewal are capable of
performing their intended functions.

Non-EQ cables, connections and terminal blocks within the scope of license renewal in
accessible areas with an adverse localized environment are inspected. The inspections of
Non-EQ cables, connectors and terminal blocks in accessible areas are representative, with
reasonable assurance, of cables, connections and terminal blocks in inaccessible areas with
an adverse localized environment. At least once every ten years, the Non-EQ cables,
connections and terminal blocks within the scope of license renewal in accessible areas are
visually inspected for embrittlement, melting, cracking, swelling, surface contamination, or
discoloration.

The acceptance criterion for visual inspection of accessible Non-EQ cable jacket,
connection and terminal blocks insulating material is the absence of anomalous indications
that are signs of degradation. Corrective actions for conditions that are adverse to quality
are performed in accordance with the corrective action program as part of the QA program.

The Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements program is a new program that will be implemented prior to the
period of extended operation. Industry and plant-specific operating experience will be
evaluated in the development and implementation of this program.
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A1.25 ELECTRICAL CABLES AND CONNECTIONS NOT
SUBJECT TO 10 CFR 50.49 ENVIRONMENTAL
QUALIFICATION REQUIREMENTS USED IN
INSTRUMENTATION CIRCUITS

The scope of this program includes the cables and connections used in sensitive
instrumentation circuits with sensitive, high voltage low-level signals within the Ex-core
Neutron Monitoring System including the source range, intermediate range, and power
range monitors. The Electrical Cables and Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements Used, in Instrumentation Circuits program
manages embrittlement, cracking, melting, discoloration, swelling, or loss of dielectric
strength leading to reduced insulation resistance.

This program provides reasonable assurance that the intended function of cables and
connections used in instrumentation circuits with sensitive, low-level signals that are not
subject to the environmental qualification requirements of 10 CFR 50.49 and are exposed to
adverse localized environments caused by heat, radiation, or moisture are maintained
consistent with the current licensing basis through the period of extended operation. In most
areas, the actual ambient environments (e.g., temperature, radiation, or moisture) are less
severe than the plant design environment for those areas.

Calibration surveillance tests are used to manage the aging of the cable insulation and
connections so that instrumentation circuits perform their intended functions. When an
instrumentation channel is found to be out of calibration during routine surveillance testing,
troubleshooting is performed on the loop, including the instrumentation cable and
connections. A review of calibration results will be completed.prior to the period of extended
operation and every 10 years thereafter.

Prior to the period of extended operation, procedures will be enhanced to identify license
renewal scope and require an engineering evaluation of the calibration results and to require
that an action request be written when the loop cannot be calibrated to meet acceptance
criteria.

A1.26 INACCESSIBLE MEDIUM VOLTAGE CABLES NOT
SUBJECT TO 10 CFR 50.49 ENVIRONMENTAL
QUALIFICATION REQUIREMENTS

The Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 EQ Requirements
program manages localized damage and breakdown of insulation leading to electrical failure
in inaccessible medium voltage cables exposed to adverse localized environments caused
by significant moisture simultaneously with significant voltage to ensure that inaccessible
medium voltage cables not subject to the environmental qualification (EQ) requirements of
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10 CFR 50.49 and within the scope of license renewal are capable of performing their
intended function.

All cable manholes that contain in-scope non-EQ inaccessible medium voltage cables will
be inspected for water collection. Collected water will be removed as required. This
inspection and water removal will be performed based on actual plant experience.

The program provides for testing of in-scope non-EQ inaccessible medium voltage cables to
provide an indication of the conductor insulation condition. At least once every ten years, a
polarization index test as described in EPRI TR-103834-P1-2 or other testing that is state-of-
the-art at the time of the testing is performed.

The Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 EQ Requirements
program is a new program that will be implemented prior to the period of extended
operation. Industry and plant-specific operating experience will be evaluated in the
development and implementation of this program.

A1.27 ASME SECTION XI, SUBSECTION IWE

The ASME Section XI, Subsection IWE containment inservice inspection program manages
loss of material and loss of sealing of the steel liner of the concrete containment building,
including the containment liner plate, piping and electrical penetrations, access hatches, and
the fuel transfer tube. Inspections are performed to identify and manage any containment
liner aging effects that could result in loss of intended function. Acceptance criteria for
components subject to Subsection IWE exam requirements are specified in Article IWE-
3000. In conformance with 10 CFR 50.55a(g)(4)(ii), the PVNGS CISI Program is updated
during each successive 120-month inspection interval to comply with the requirements of
the latest edition and addenda of the Code specified twelve months before the start of the
inspection interval.

A1.28 ASME SECTION XI, SUBSECTION IWL

The ASME Section XI, Subsection IWL program manages cracking, loss of material, and
increase in porosity and permeability of the concrete containment building and post-
tensioned system. Inspections are performed to identify and manage any aging effects of
the containment concrete, post-tensioned tendons, tendon anchorages, and concrete
surface around the anchorage that could result in loss of intended function. In conformance
with 10 CFR 50.55a(g)(4)(ii), the ASME Section XI, Subsection IWL Program is updated
during each successive 120-month inspection interval to comply with the requirements of
the latest edition and addenda of the Code specified twelve months before the start of the
inspection interval.
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A1.29 ASME SECTION XI, SUBSECTION IWF

The ASME Section XI, Subsection IWF program manages loss of material, cracking, and
loss of mechanical function that could result in loss of intended function for Class 1, 2 and 3
component supports. There are no Class MC supports at PVNGS. In conformance with
10 CFR 50.55a(g)(4)(ii), the PVNGS ISI Program is updated during each successive 120-
month inspection interval to comply with the requirements of the latest edition and addenda
of the Code specified twelve months before the start of the inspection interval.

A1.30 10 CFR 50, APPENDIX J

The 10 CFR 50, Appendix J program manages loss of material, loss of leak tightness, and
loss of sealing. The program monitors leakage rates through the containment pressure
boundary, including the penetrations and access openings, in order to detect degradation of
containment pressure boundary. Seals, gaskets, and bolted connections are also monitored
under the program.

Containment leak rate tests are performed in accordance with 10 CFR 50 Appendix J,
"Primary Reactor Containment Leakage Testing for Water-Cooled Power Reactors" Option
B; Regulatory Guide 1.163, "Performance-Based Containment Leak-Testing Program", NEI
94-01, "Industry Guideline for Implementing Performance-Based Option of 10 CFR Part 50
Appendix JX; and ANSI/ANS 56.8, "Containment System Leakage Testing Requirements".

Containment leak rate tests are performed to assure that leakage through the primary
containment, and systems and components penetrating primary containment does not
exceed allowable leakage limits specified in the Technical Specifications. Corrective actions
are taken if leakage rates exceed established administrative limits for individual penetrations
or the overall containment pressure boundary.

A1.31 MASONRY WALL PROGRAM

The Masonry Wall Program, which is part of the Structures Monitoring Program, manages
cracking of masonry walls, and structural steel restraint systems of the masonry walls, within
scope of license renewal based on guidance provided in IE Bulletin 80-11, "Masonry Wall
Design" and NRC Information Notice 87-67, "Lessons Learned from Regional Inspections of
Licensee Actions in Response to NRC IE Bulletin 80-11". The Masonry Wall Program
contains inspection guidelines and lists attributes that cause aging of masonry walls, which
are to be monitored during structural monitoring inspections, as well as establishes
examination criteria, evaluation requirements, and acceptance criteria.

Prior to the period of extended operation, procedures will be enhanced to specify ACI
349.3R-96 as the reference for qualification of personnel to inspect structures under the
Masonry Wall Program, which is part of the Structures Monitoring Program.
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A1.32 STRUCTURES MONITORING PROGRAM

The Structures Monitoring Program manages the cracking, loss of material, and change in
material properties by monitoring the condition of structures and structural supports that are
within the scope of license renewal. The Structures Monitoring Program implements the
requirements of 10 CFR 50.65 and is consistent with the guidance of NUMARC 93-01,
Revision 2 and Regulatory Guide 1.160, Revision 2.

The Structures Monitoring Program provides inspection guidelines for concrete elements,
structural steel, masonry walls, structural features (e.g., caulking, sealants, roofs, etc.),
structural supports, and miscellaneous *components such as doors. The Structures
Monitoring Program includes all masonry walls and water-control structures within the scope
of license renewal. The Structures Monitoring Program also monitors settlement for each
major structure and inspects supports for equipment, piping, conduit, cable tray, HVAC, and
instrument components.

Prior to the period of extended operation:

The Structures Monitoring Program will be enhanced to specify ACI 349.3R-96 as the
reference for qualification of personnel to inspect structures under the Structures Monitoring
Program.

A1.33 RG 1.127, INSPECTION OF WATER-CONTROL
STRUCTURES ASSOCIATED WITH NUCLEAR POWER
PLANTS

The PVNGS Structures Monitoring Program, which includes all water-control structural
components within the scope of RG 1.127, Inspection of Water Control Structures
Associated with Nuclear Power Plants, manages cracking, loss of material, loss of bond,
loss of strength, and increase in porosity and permeability due to extreme environmental
conditions. PVNGS meets the recommendations of Regulatory Guide 1.127, Revision 1.

This program includes inspection and surveillance activities for water-control structures
associated with emergency cooling water systems and includes periodic inspections and
monitoring of the in-scope water-control structures; i.e., the Ultimate Heat Sink and
associated structures.

Prior to the period of extended operation, procedures will be enhanced to specify that the
essential spray ponds inspections include concrete below the water level.
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A1.34 NICKEL ALLOY AGING MANAGEMENT PROGRAM

The Nickel Alloy Aging Management Program manages cracking due to primary water
stress corrosion cracking in all plant locations that contain Alloy 600, with the exception of
steam generator tubing (aging management of steam generator tubing is performed by the
Steam Generator Tubing Integrity program (A1.8)) and reactor vessel intemals (aging
management of reactor vessel internals is addressed in Reactor Coolant System
Supplement (A1.21)). Aging management requirements for nickel alloy penetration nozzles
welded to the upper reactor vessel closure head noted in the Nickel-Alloy Penetration
Nozzles Welded to the Upper Reactor Vessel Closure Heads of Pressurized Water Reactors
program (A1.5) are included in this program. This program includes reactor coolant system
(RCS) and ESF locations. The Alloy 600 aging management program uses inspections,
mitigation techniques, repair/replace activities and monitoring of operating experience to
manage the aging of Alloy 600 at PVNGS. Detection of indications is accomplished through
a variety of examinations consistent with NRC Order EA-03-009, ASME Section XI
Subsections IWB and IWC, EPRI Report 1010087 (MRP-139) issued under NEI 03-08
protocol, and commitments made in response to NRC Bulletin 2004-01. Mitigation
techniques are implemented when appropriate to preemptively remove conditions that
contribute to primary water stress corrosion cracking. Repair/replacement activities are
performed to proactively remove or overlay Alloy 600 material, or as a corrective measure in
response to an unacceptable flaw in the material. Mitigation and repair/replace activities are
consistent with those detailed in MRP-139. The inspection plan of Alloy 690 replacement is
also included in this program.

Prior to the period of extended operation, the PVNGS Alloy 600 Management Program Plan
will be enhanced to add Alloy 600 steam generator components, including tube sheet
cladding and portions of the primary nozzle cladding. In addition, prior to December 31,
2008, the PVNGS Alloy 600 Management Program Plan will be revised to incorporate the
applicable examination requirements of ASME Code Case N-729-1 (Reactor Vessel Head
Inspections), subject to the conditions specified in 10 CFR 50.55a(g)(6)(ii)(D)(2) through(6)
and ASME Code Case N-722 (RCPB Visual Inspections) subject to the conditions listed in
10 CFR 50.55a(g)(6)(ii)(E)(2) through(4).

A1.35 ELECTRICAL CABLE CONNECTIONS NOT SUBJECT TO
10 CFR 50.49 ENVIRONMENTAL QUALIFICATION
REQUIREMENTS

The Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements program manages the effects of loosening of bolted external connections due
to thermal cycling, ohmic heating, electrical transients, vibration, chemical contamination,
corrosion, and oxidation. As part of the PVNGS predictive maintenance program, infrared
thermography testing is being performed on non-EQ electrical cable connections,
associated with active and passive components within the scope of license renewal. A
representative sample will be tested at least once prior to the period of extended operation
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using infrared thermography to confirm that there are no aging effects requiring
management during the period of extended operation. The selected sample is based upon
application (medium and low voltage), circuit loading, and environment.

The Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements program is a new program that will be implemented prior to the period of
extended operation. Industry and plant-specific operating experience will be evaluated in
the development and implementation of this program.

A1.36 METAL ENCLOSED BUS

The Metal Enclosed Bus (MEB) program manages the effects of loose connections,
embrittlement, cracking, melting, swelling, or discoloration of insulation, loss of material of
bus enclosure assemblies, hardening of boots and gaskets, and cracking of internal bus
supports to ensure that metal-enclosed buses within the scope of license renewal. Internal
portions of MEBs are visually inspected for cracks, corrosion, foreign debris, excessive dust
buildup, and evidence of water intrusion. The bus insulation is inspected for signs of
embrittlement, cracking, melting, swelling, hardening or discoloration, which may indicate
overheating or aging degradation. The internal bus supports are inspected for structural
integrity and signs of cracks. The bus enclosure assemblies are inspected for loss of
material due to corrosion and hardening of boots and gaskets. Samples of the accessible
bolted- connections on the internal bus work are checked for loose connections by
measuring connection resistance.

The Metal Enclosed Bus program is a new program and will be completed before the period
of extended operation and once every 10 years thereafter. Industry and plant-specific
operating experience will be evaluated in the development and implementation of this
program.
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A2 SUMMARY DESCRIPTIONS OF TIME-LIMITED AGING
ANALYSIS AGING MANAGEMENT PROGRAMS

A2.1 METAL FATIGUE OF REACTOR COOLANT PRESSURE
BOUNDARY

The Metal Fatigue of Reactor Coolant Pressure Boundary program will ensure that actual
plant experience remains bounded by the assumptions used in the design calculations, or
that appropriate corrective measures maintain the design and licensing basis by other
acceptable means. Most Class 1 location cumulative usage factor (CUF) estimates support
the supposition that the number of transient cycles expected in a 60-year life will not
produce fatigue usage factors significantly in excess of those calculated by the analyses that
assumed a 40-year life; and should produce none exceeding the code limit of 1.0.
Estimates of the effects of the reactor coolant environment as described by
NUREG/CR-6260 indicate that CUF in some of these affected locations may however,
exceed 1.0. The Metal Fatigue of Reactor Coolant Pressure Boundary program will track
the number of transient cycles and cumulative fatigue. If cycle counts or CUF values
increase to the program action limits, corrective actions will be initiated to evaluate the
design limits and determine appropriate specific corrective actions. Action limits permit
completion of corrective actions before the design basis number of events is exceeded.

Prior to the period of extended operation, the following enhancements will be implemented:

The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced to
include: (1) additional Class 1 locations with high calculated CUFs, (2) Class 1 components
for which transfer functions have been developed for stress-based monitoring, and (3) Class
2 portions of the steam generators with a Class 1 analysis and high calculated CUFs.

The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced with
additional cycle count and fatigue usage action limits, and with appropriate corrective
actions to be invoked if a component approaches a cycle count action limit or a fatigue
usage action limit. Action limits permit completion of corrective actions before the design
limits are exceeded.

Cycle Count Action Limit and Corrective Actions

An action limit will require corrective action when the cycle count for any of the critical
thermal and pressure transients is projected to reach the action limit defined in the program
before the end of the next operating cycle. In order to ensure sufficient margin to
accommodate occurrence of a low-probability transient, corrective actions must be taken
before the remaining number of allowable occurrences for any specified transient becomes
less than 1.
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If a cycle count action limit is reached, acceptable corrective actions include:

1) Review of fatigue usage calculations

a. To determine whether the transient in question contributes significantly to CUF.

b. To identify the components and analyses affected by the transient in question.

c. To ensure that the analytical bases of the leak-before-break (LBB) fatigue crack
propagation analysis and of the high-energy line break (HELB) locations are maintained.

d. To ensure that the analytical bases of a fatigue crack growth and stability analysis in
support of relief from ASME Section Xl flaw removal and inspection requirements for hot leg
small-bore half nozzle repairs are maintained.

2) Evaluation of remaining margins on CUF based on cycle-based or stress-based CUF
calculations using the PVNGS fatigue management program software.

3) Redefinition of the specified number of cycles (e.g., by reducing specified numbers of
cycles for other transients and using the margin to increase the allowed number of cycles for
the transient that is approaching its specified number of cycles).

4) Redefinition of the transient to remove conservatism in predicting the range of pressure
and temperature values for the transient.

Cumulative Fatigue Usage Action Limit and Corrective Actions

An action limit will require corrective action when calculated CUF (from cycle based or stress
based monitoring) for any monitored location is projected to reach 1.0 within the next 2 or 3
operating cycles. In order to ensure sufficient margin to accommodate occurrence of a low-
probability transient, corrective actions must be taken while there is still sufficient margin to
accommodate at least one occurrence of the worst-case design basis event (i.e., with the
highest fatigue usage per event cycle).

If a CUF action limit is reached acceptable corrective actions include:

1) Determine whether the scope of the monitoring program must be enlarged to include
additional affected reactor coolant pressure boundary locations. This determination will
ensure that other locations do not approach design limits without an appropriate action.

2) Enhance fatigue monitoring to confirm continued conformance to the code limit.

3) Repair the component.

4) Replace the component.
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5) Perform a more rigorous analysis of the component to demonstrate that the design

code limit will not be exceeded.

6) Modify plant operating practices to reduce the fatigue usage accumulation rate.

7) Perform a flaw tolerance evaluation and impose component-specific inspections, under
ASME Section XI Appendices A or C (or their successors) and obtain required approvals
from the regulatory agency.

For PVNGS locations identified in NUREG/CR-6260, fatigue usage factor action limits will be
based on accrued fatigue usage calculated with the F(en) environmental fatigue factors
determined by NUREG/CR-5704 and NURGE/CR-6583 methods required for including
effects of the reactor coolant environment.

The scope of the Metal Fatigue of Reactor Coolant Pressure Boundary program will be
enhanced with a revised list of monitored plant transients that contribute to high usage
factor, and with a revised list of monitored locations in Class 1 piping and vessels and in
parts of the Class 2 steam generators that have a Class 1 analysis.

A2.2 ENVIRONMENTAL QUALIFICATION (EQ) OF
ELECTRICAL COMPONENTS

The Environmental Qualification (EQ) of Electrical Components program manages
component thermal, radiation, and cyclic aging effects, using 10 CFR 50.49(f) methods. As
required by 10 CFR 50.49, EQ components are to be refurbished or replaced, or have their
qualification extended prior to reaching the aging limits established in the evaluation.
Maintaining qualification through the extended license renewal period requires that existing
EQ evaluations (EEQDFs) be re-evaluated. The Environmental Qualification (EQ) of
Electrical Components program is consistent with the guidance of 10 CFR 50.49, NUREG-
0588, and Regulatory Guide 1.89, "Environmental Qualification of Certain Electric
Equipment Important to Safety for Nuclear Power Plants", Revision 1 for maintaining
qualifications of equipment.

A2.3 CONCRETE CONTAINMENT TENDON PRESTRESS

The Concrete Containment Tendon Prestress program, within the PVNGS ASME Section XI
Subsection IWL Program, manages the loss of tendon prestress in the post-tensioning
system.

The PVNGS post-tensioning system -consists of inverted-U-shaped tendons, extending up
through the basemat, through the full height of the cylindrical walls and over the dome; and
horizontal circumferential (hoop) tendons, at intervals from the basemat to about the 45-
degree elevation of the dome. The basemat is conventionally-reinforced concrete. The
tendons are ungrouted, in grease-filled glands.
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The beginning of the first IWL tendon examination interval was August 1, 2001 for all three
units. The beginning of the second interval will be August 1, 2011 for all three units. As
required by 10 CFR 50.55a, beginning August 1, 2011, the program will conform to a later
edition of ASME Section XI, Subsection IWL which permits a 10-year interval between
tendon prestress surveillance tests, for each unit of a multi-unit plant. The entire scope of
IWL-2500, including prestress liftoff measurements, will be required only every 10-years in
each unit; except that the visual inspections and anti-corrosion medium surveillances of
IWL-2524 and IWL-2525 must be repeated at the intervening 5-year intervals.

The program includes randomly-selected surveillance tendons for a 40-year license (through
the year 35 surveillance).

Prior to the period of extended operation, procedures will be enhanced to require an update
of the regression analysis for each tendon group of each unit, and of the joint regression of
data from all three units, after every tendon surveillance. The documents will invoke and
describe regression analysis methods used to construct the lift-off trend lines, including the
use of individual tendon data in accordance with Information Notice (IN) 99-10, "Degradation
of Prestressing Tendon Systems in Prestressed Concrete Containments".
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A3 EVALUATION SUMMARIES OF TIME-LIMITED AGING
ANALYSES

10 CFR 54.21(c) requires that an applicant for a renewed license identify time-limited aging
analyses (TLAAs) and evaluate them for the period of extended operation. The following
TLAAs have been identified and evaluated for PVNGS.

A3.1 REACTOR VESSEL NEUTRON EMBRITTLEMENT

Ferritic materials of the reactor vessel are subject to embrittlement (loss of fracture
toughness) due to high-energy neutron exposure. The following predictions of neutron
fluence and of its embrittlement effects are TLAAs:

* Neutron Fluence, Upper Shelf Energy, Adjusted Reference Temperature (Fluence,

USE, and ART)

* Pressurized Thermal Shock (PTS)

* Reactor Vessel Thermal Limit Analysis and Pressure-Temperature (P-T) Limits

* Low Temperature Overpressure Protection (LTOP)

The Reactor Vessel Surveillance program is described in Section Al. 15.

A3.1.1 Neutron Fluence, Upper Shelf Energy and Adjusted Reference
Temperature (Fluence, USE, and ART)

The critical time-dependent parameter for determining radiation embrittlement effects is
lifetime fluence of neutrons with energies greater than 1 MeV. The original design basis
fluence predictions for a 32 EFPY life were the standard Combustion Engineering estimates
for the CESSAR-80 plants. Power uprate (PUR) had no effect on these fluence projections
because this original analysis of record used a power level of 4200 MWt, which is higher
than the PUR level of 3990 MWt.

Increased plant capacity factors prompted the increase in the lifetime capacity factor
assumed for fluence estimates from 80 to 90 percent, and hence increased the assumed
EFPY for the period of extended operation to 54 EFPY. With continued use of low-leakage
cores, the current Unit 1, 2, and 3 projections of the clad-base metal interface neutron
fluence at 54 EFPY are less than the original 32 EFPY projection used to determine the
EOL ART and USE reported in the NRE Reactor Vessel Integrity Database. Therefore the
original projections remain valid for the period of extended operation.
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Fluence, USE, and ART will be managed for the extended licensed operating period by
continuing the Reactor Vessel Surveillance program (Section A1.15), with adjustments to
the coupon examination schedule to withdraw the next capsule at an equivalent clad-base
metal exposure of approximately 54 EFPY, and to withdraw remaining standby capsules at
equivalent clad-base metal exposures not exceeding 72 EFPY. The validity of these
parameters and the analyses that depend upon them will therefore be adequately managed
for the period of extended operation.

A3.1.2 Pressurized Thermal Shock (PTS)

If the reference temperature for pressurized thermal shock (RTpTs) for each heat of material
of the reactor pressure vessel does not exceed the applicable screening criterion, only the
reactor pressure vessel is "relied on to demonstrate compliance" with the 10 CFR 50.61 PTS
rule.

The original PTS evaluation of the PVNGS vessels demonstrated low values of the RTPTs

screening parameter. The originally-assumed 32 EFPY neutron fluence is not expected to
be exceeded in a 54 EFPY period of extended operation, and no changes to the material
composition information or to embrittlement assessment methods have significantly affected
the RTPTS screening values. Therefore the conclusions of the original evaluation are
unaffected. The original evaluation of the PTS screening parameters, and the conclusion of
the evaluation, is therefore valid for the period of extended operation.

A3.1.3 Pressure-Temperature (P-T) Limits

The P-T limit curves are operating limits, based on material embrittlement effects that are
valid up to the vessel fluence for which these embrittlement effects are calculated.

The current P-T limit curves permit operation up to 32 EFPY. However, the P-T limit curves
were based on an assumed 32 EFPY beltline neutron fluence that is in excess of the
maximum fluence now projected for 54 EFPY. Therefore the P-T limit curves are valid for
the period of extended operation. New P-T limits will not be required. APS will confirm the
basis for 54 EFPY prior to operation beyond 32 EFPY and will update documents in
accordance with the provisions of 10 CFR 50.59.

A3.1.4 Low Temperature Overpressure Protection (LTOP)

LTOP is required by Technical Specifications and is provided by relief valves in the two
suction lines of the shutdown cooling system (SCS), or by operating with the reactor coolant
system (RCS) depressurized and with an open RCS vent of sufficient size.

The LTOP setpoints depend on the P-T limit curves, and the ART, both of which will remain
valid for the period of extended operation. Therefore the LTOP licensing and design basis
analyses will remain valid for the period of extended operation.
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A3.2 METAL FATIGUE ANALYSIS

This section describes:

" ASME Section III Class 1 Fatigue Analysis of Vessels, Piping, and Components

* ASME Section III Subsection NG Fatigue Analysis of Reactor Pressure
Vessel Internals

" Effects of the Reactor Coolant System Environment on Fatigue Life of
Piping and Components (Generic Safety Issue 190)

" Assumed Thermal Cycle Count for Allowable Secondary Stress Range Reduction
Factor in B31.1 and ASME Section III Class 2 and 3 Piping

ASME III requires no fatigue analysis for Class 2 components. However, design of the
following PVNGS Class 2 components is supported by Class 1 fatigue analyses:

* Secondary sides of the replacement steam generators

" Regenerative and letdown heat exchangers

* HPSI and LPSI pumps

" Main steam safety valves

Basis of Fatigue Analysis

ASME Section III Class 1 design specifications define a design basis set of static and
transient load conditions. The design number of each transient specified was selected to be
larger than expected to occur during the 40-year licensed life of the plant, based on
operating experience, and on projections of future operation based on innovations in the
system designs. Although original design specifications commonly state that the transients
are for a 40-year design life, the fatigue analyses themselves are based on the specified
number of occurrences of each transient rather than on this lifetime.

Fatigue Management Program

The Metal Fatigue of Reactor Coolant Pressure Boundary program described in
Section A2.1 ensures that actual plant experience remains bounded by the assumptions
used in the design calculations, or that appropriate reevaluation or other corrective action is
initiated if an action limit is reached. Action limits permit completion of corrective actions
before the design basis number of events is exceeded and before the ASME Section III limit
of 1.0 for the fatigue cumulative usage factor is reached.
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The PVNGS fatigue management program was implemented in response to industry
experience that indicated that the design basis set of transients used for Class 1 analyses of
the reactor coolant pressure boundary did not include some significant transients, and
therefore might not be limiting for components affected by them.

A3.2.1 ASME Section III Class I Fatigue Analysis of Vessels, Piping, and
Components

Fatigue analyses exist for ASME III Division 1 Class 1 piping, vessels, heat exchangers,

pumps, and valves; and if applicable, their supports.

Class 1 fatigue analyses also support design of the following Class 2 components:

* Secondary sides of the replacement steam generators

* Regenerative and letdown heat exchangers

* HPSI and LPSI pumps

* Main steam safety valves

The Class 1 analyses have been updated to incorporate redefinitions of loads and design
basis events, operating changes, and power uprate with steam generator replacement.

The PVNGS reactor vessel internals were analyzed to ASME Section III Subsection NG.
See Subsection A3.2.2.

A3.2.1.1 Reactor Pressure Vessel, Nozzles, Head, and Studs

The PVNGS reactor pressure vessels were designed, built, and analyzed by Combustion
Engineering to ASME Section III, Subsection NB (Class 1), 1971 Edition with addenda
through Winter 1973. The reactor vessel primary coolant inlet and outlet nozzles and lower-
head-to-shell juncture are evaluated for effects of the reactor coolant environment on fatigue
behavior of these materials, consistent with NUREG/CR-6260. See Section A3.2.3.

The analyses performed to incorporate the effects of power uprate (PUR) and replacement
steam generators (RSG) into the current design bases demonstrated that the effects on
fatigue analyses were limited to the inlet and outlet nozzles. The modification increased the
CUF of the inlet nozzles and the outlet nozzles.

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatigue Usage" identified a possible increase in
the reactor vessel stud cumulative usage factor. The Owner's Group review found that the
usage factor of reactor vessel studs at PVNGS could increase to greater than 1.0, if the
more-conservative pressure curves were used. To accommodate the more-conservative
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pressure curves, the number of heatup-cooldown transients was reduced and the number of
bolt-up transients was reduced.

The segment of the Unit 2 head vent line with wall thickness reduced by the removal of
indications will be replaced, and its fatigue analysis will be revised. The repair and the
revised fatigue analysis will demonstrate an adequate fatigue life, projected to the end of the
period of extended operation.

The PVNGS fatigue management program will track events to ensure that appropriate
reevaluation or other corrective action is initiated if an action limit is reached. Action limits
permit completion of corrective actions before the design basis number of events is
exceeded, and before the ASME code cumulative fatigue usage limit of 1.0 is reached. The
reactor vessel studs will be tracked by the cycle-based fatigue method. The effects of
fatigue in the reactor pressure vessel pressure boundary and its supports will thereby be
managed for the period of extended operation.

A3.2.1.2 Control Element Drive Mechanism (CEDM) Nozzle Pressure
Housings

The PVNGS CEDM nozzle pressure housings are designed to ASME III, Subsection NB
(Class 1), 1974 Edition with addenda through Winter 1974. The reactor vessel design
reports include the structural analysis of the CEDM nozzle pressure housings. The analysis
was re-examined for the power uprate and steam generator replacement modifications.

The maximum calculated usage factor in the CEDM pressure housings indicates that the
design has significant margin to the limit of 1.0 and therefore remains valid for the period of
extended operation.

A3.2.1.3 Reactor Coolant Pump Pressure Boundary Components

The CE System 80 reactor coolant pumps are designed to ASME III, 1974 Edition (no
addenda) for Class 1 Vessels. The load definitions were updated for replacement steam
generators (RSG) with power uprate and the code analyses were evaluated to determine
the applicability of the analyses of record fatigue analyses with the new loads.

Fatigue usage factors in the reactor coolant pumps do not depend on effects that are time-
dependent at steady-state conditions, but depend only on effects of operational and upset
transient events, principally on heatup and cooldown transients. The PVNGS fatigue
management program tracks events to ensure that appropriate reevaluation or other
corrective action is initiated if an action limit is reached. Action limits permit completion of
corrective actions before the design basis number ,of events is exceeded and ensure that
fatigue will be adequately managed for the period of extended operation.
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A3.2.1.4 Pressurizer and Pressurizer Nozzles

The PVNGS pressurizers are designed to ASME III, Subsection NB (Class 1.), 1971 Edition
with addenda through Winter 1973. The analyses have been updated from time to time to
incorporate redefinitions of loads and design basis events, operating changes, power
uprate, and modifications including; effects of NRC Bulletin 88-11 thermal stratification in the
surge line, effects of Combustion Engineering Infobulletin 88-09 "Nonconservative
Calculation of Cumulative Fatigue Usage", crack growth and fracture mechanics stability of
postulated defects in heater sleeve attachment welds, thermal effects of replaced heater
sleeves and their welds, and effects of nozzle weld overlays of the surge, spray, and relief
nozzles and their safe ends and welds.

The pressurizer heater penetrations are evaluated for effects of the reactor coolant
environment on fatigue behavior of these materials, consistent with NUREG/CR-6260. See
Section A3.2.3.

The PVNGS pressurizers have operated since startup with a continuous spray flow to
prevent boron concentration stratification, and to mitigate spray line and spray nozzle
fatigue.

The Liquid Elastic Fracture Mechanics fatigue crack growth analysis of indications in a
Unit 2 pressurizer support skirt forging weld will remain valid as long as the number of cyclic
events assumed by the analysis is not exceeded. The PVNGS fatigue management
program described in Section A2.1 will track these events to ensure that appropriate
corrective actions are completed before the design basis number of events is exceeded.

All other fatigue analyses supporting the pressurizer design either exhibit an acceptable
fatigue usage factor and remain valid for the period of extended operation, or depend on an
effect found to be acceptable for a limiting number of transient events. The PVNGS fatigue
management program described in Section A2.1 will ensure that the fatigue usage factors
based on those transient events will remain within the code limit of 1.0 for the period of
extended operation, or that appropriate reevaluation or other corrective action is initiated if
an action limit is reached. Action limits permit completion of corrective actions before the
design basis number of events is exceeded and before the cumulative usage factor exceeds
the code limit of 1.0.

A3.2.1.5 Steam Generator ASME Section III Class 1, Class 2 Secondary
Side, and Feedwater Nozzle Fatigue Analyses

The replacement steam generators (RSGs) are designed to ASME III, Subsection NB
(Class 1) and NC (Class 2), 1989 Edition with no addendum. The design reports included
design for a concurrent power uprate. Although the secondary side is Class 2, all pressure
retaining parts of the steam generator satisfy the Class 1 criteria, including a Division 1,
Section III fatigue analysis.
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Although the steam generator tubes have a Class 1 fatigue analysis, the calculated usage
factor is zero, and the safety determination for integrity of steam generator tubes now
depends on managing aging effects by a periodic inspection program rather than on the
fatigue analysis. The code fatigue analysis of the tubes is therefore not a TLAA.

The fatigue analyses of the Unit 1 and 3 replacement steam generators are for a period
sufficient to cover their installed life, and remain valid for the period of extended operation.

The fatigue analyses of the Unit 2 replacement steam generators are for a period sufficient
to cover all but about two years of their expected 42-year installed life, including the period
of extended operation. The Metal Fatigue of Reactor Coolant Pressure Boundary program
described in Section A2.1 will track events to ensure that appropriate reevaluation or other
corrective action is initiated if an action limit is reached. Action limits permit completion of
corrective actions before the design basis number of events is exceeded, and before the
ASME code cumulative fatigue usage limit of 1.0 is reached.

A3.2.1.6 ASME Section III Class 1 Valves

PVNGS Class 1 valves are designed to ASME Section III, Subsection NB, 1974 Edition with
multiple addenda, the 1977 Edition with Winter 1977 addendum, and the 1989 Edition no
addendum. ASME Section III requires a fatigue analysis only for Class 1 valves with inlets
greater than four inches nominal. At PVNGS, specifications for some Class 1 valves with
inlets four inches or less also require a fatigue analysis.

For the valve models with an NB-3545.3 normal duty operating cycle evaluation, the allowed
NB-3545.3 NA normal duty operations far exceed those expected to occur.

The calculated worst-case usage factors for the Class 1 pressurizer relief valves and the 2"
isolation valves for the auxiliary spray line indicate that the designs have large margins, and
therefore that the pressure boundaries would withstand fatigue effects for at least two of the
original design lifetimes. The design of these valves for fatigue effects is therefore valid for
the period of extended operation.

The calculated worst-case usage factors for the Unit 1, Class 1 Shutdown Cooling Suction
Isolation Valve, and Charging Line Isolation Valves exceed 0.7. However, fatigue usage
factors in these valves do not depend on effects that are time-dependent at steady-state
conditions, but depend only on effects of operational, abnormal, and upset transient events.
The Metal Fatigue of Reactor Coolant Pressure Boundary program described in
Section A2.1 tracks events to ensure that appropriate reevaluation or other corrective action
is initiated if an action limit is reached. Action limits permit completion of corrective actions
before the design basis number of events is exceeded. The charging line isolation valves
are subject to similar but less-severe cyclic events than the charging nozzles, whose fatigue
usage is tracked by the stress-based method. The shutdown cooling suction isolation valve
is the limiting location on the shutdown cooling line which will be tracked by the cycle-based
fatigue method.
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During the review process APS identified a number of ASME III Class 1 valves greater than
four inches nominal inlet that might require a fatigue analysis, but for which the analysis was
not immediately retrievable. Efforts are ongoing to confirm the need for and if necessary to
obtain these analyses. APS will recover and evaluate the fatigue analysis for each of the
remaining ASME Ill Class 1 valves greater than four inches nominal inlet, for which a fatigue
analysis is also otherwise required, before the end of the current licensed operating period.
Each of these analyses will be validated or revised for the period of extended operation, or
fatigue in the valve will be managed by the Metal Fatigue of Reactor Coolant Pressure
Boundary Program described in Section A2.1.

A3.2.1.7 ASME Section III Class I Piping and Piping Nozzles

Class 1 reactor coolant main-loop piping supplied by Combustion Engineering is designed to
ASME Section III, Subsection NB, 1974 edition with addenda through Summer 1974. The
main loop piping fatigue analysis was performed to the 1974 edition with addenda through
Summer 1974. The fatigue analyses of piping outside the main loop used the 1974 edition
with addenda through Winter 1975 or the 1977 edition with addenda through Summer 1979.
These analyses have been updated from time to time to incorporate redefinitions of loads
and design basis events, operating changes, power rerate, steam generator replacement,
and minor modifications.

See Section A3.2.1.8 for fatigue in the pressurizer surge lines.

The CVCS charging nozzles, the pressurizer surge line hot leg nozzle, and the surge line
elbows are the limiting components for fatigue in the Class 1 charging lines and surge line.
These locations are subject to stress-based fatigue monitoring under the PVNGS fatigue
management program.

The charging nozzle safe ends, the safety injection nozzle forging knuckle and safe ends,
and the shutdown cooling line long-radius elbow are evaluated for effects of the reactor
coolant environment on fatigue behavior of these materials, consistent with
NUREG/CR-6260. See Section A3.2.3.

With the exception of the CVCS charging lines and nozzles and the pressurizer surge lines
and nozzles; fatigue usage factors in Class 1 piping and nozzles do not depend on effects
that are time-dependent at steady-state conditions, but depend only on effects of
operational, abnormal, and upset transient events.

The Metal Fatigue of Reactor Coolant Pressure Boundary program described in
Section A2.1 counts significant transient events and thermal cycles, and tracks usage
factors in the bounding set of sample locations to ensure that appropriate reevaluation or
other corrective action is initiated if an action limit is reached. Action limits permit
completion of corrective actions before the design basis number of events is exceeded and
before the ASME code cumulative fatigue usage limit of 1.0 is reached.
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A3.2.1.8 Bulletin 88-11 Revised Fatigue Analysis of the Pressurizer Surge
Line for Thermal Cycling and Stratification

NRC Bulletin 88-11 requested that licensees establish and implement a program to confirm
pressurizer surge line integrity in view of the occurrence of thermal stratification and required
them to inform the staff of the actions taken to resolve this issue.

The surge line hot leg elbow is evaluated for effects of the reactor coolant environment on
fatigue behavior of these materials, consistent with NUREG/CR-6260. See Section A3.2.3.

The surge lines are designed to ASME III, Subsection NB, 1977 edition with addenda
through Summer 1979. The surge line design was reevaluated in 1991 through the
Combustion Engineering Owners Group (CEOG) in response to the NRC Bulletin 88-11
thermal stratification concerns. The maximum calculated design basis (nominal 40-year)
CUF at any location in the surge lines, including thermal stratification effects, is less
than 1.0. The surge line is subject to stress-based fatigue monitoring under the Metal
Fatigue of Reactor Coolant Pressure Boundary program described in Section A2.1, which
will ensure that appropriate reevaluation-or other corrective action is initiated if an action
limit is reached. Action limits permit completion of corrective actions before the design basis
number of events is exceeded, and before the ASME code cumulative fatigue usage limit of
1.0 is reached.

A3.2.1.9 Class I Fatigue Analyses of Class 2 Regenerative and Letdown
Heat Exchangers

The regenerative heat exchangers were designed and constructed to Class 2 rules on both
shell and tube sides. The applicable code version date is 1974 with addenda through the
Winter of 1975. The letdown heat exchangers were designed and constructed to Class 2
rules on the tube side, Class 3 on the shell side. However, although these are Class 2
and 3 heat exchangers, the specifications require a Class 1, NB-3222 fatigue analyses.

The regenerative and letdown heat exchanger fatigue analyses were performed with
transients specified in the original CE general specification for System 80 plants. The
numbers of transient events required by these specifications are consistent with or are
greater than the numbers of transient events used in the PVNGS fatigue management
program.

Fatigue in the regenerative and letdown heat exchangers was originally determined to be
bounded by the fatigue of the charging nozzle. Fatigue usage in the charging nozzles is
affected by the same transients that have significant effects on fatigue in these heat
exchangers. The charging nozzles are monitored .by stress-based fatigue monitoring under
the Metal Fatigue of Reactor Coolant Pressure Boundary program described in
Section A2.1. The combination of cycle counting and stress-based fatigue monitoring of the
charging nozzles will assure that the effects of aging in the regenerative and letdown heat
exchangers are managed for the period of extended operation. The program will track
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events to ensure that appropriate reevaluation or other corrective action is initiated if an
action limit is reached. Action limits permit completion of corrective actions before the
design basis number of events is exceeded, and before the ASME code cumulative fatigue
usage limit of 1.0 is reached.

A3.2.1.10 Class I Fatigue Analyses of Class 2 HPSI and LPSI Safety
Injection Safeguard Pumps for Design Thermal Cycles

The HPSI and LPSI safety injection safeguard pumps were designed to ASME III Class 2,
for which the code requires no fatigue analysis. However UFSAR 3.9.3.5.3.3 describes
design for a stated number of thermal transient cycles, and the Structural Integrity &
Operability Analysis design reports for both the HPSI and LPSI pumps cite the Class 1
methods of ASME III Subparagraph NB-3222.4 when addressing these thermal transients.

Both the HPSI and LPSI pumps are designed for initiation of safety injection, which is
classified as an upset condition. The LPSI pumps are also designed for shutdown cooling,
which is a normal operating condition. The structural integrity and operability analyses for
these pumps analyzed these transients and demonstrate sufficient margin for any possible
increase in operating cycles above the original estimate. The design of the HPSI and LPSI
pumps is therefore valid for the period of extended operation.

A3.2. 1.11 Class 1 Analysis of Class 2 Main Steam Safety Valves

The main steam safety valves are ASME III Class 2. However UFSAR 5.2.2.4.3.2 describes
a stated number of design transients, and the design includes a Class 1 fatigue analysis to
Subarticle NB-3550, "Cyclic Loads for Valves".

The existing analysis demonstrates that the design is suitable for at least nine of the original
40-year design lifetimes and therefore remains valid for the period of extended operation.

A3.2.1.12 High Energy Line Break Postulation Based on Fatigue Cumulative
Usage Factor

A leak-before-break analysis (LBB) eliminated large breaks in the main reactor coolant
loops. Outside the main loop breaks are selected in accordance with Regulatory Guide 1.46
and Standard Review Plan Branch Technical Position MEB 3-1.

The citation of MEB 3-1 means that "intermediate breaks", between terminal ends in piping
with ASME Section III Class 1 fatigue analyses are identified at any location where
cumulative usage factor is equal to or greater than 0.1, with the stated exception of the
reactor coolant system primary loops, to which the LBB analysis applies.

Break locations that depend on usage factor will remain valid as long as the calculated
usage factors are not exceeded. The Metal Fatigue of Reactor Coolant Pressure Boundary
program described in Section A2.1 will track events to ensure that the originally-calculated
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maximum usage factors are not exceeded, or that appropriate reevaluation or other
corrective action is initiated if an action limit is reached. Action limits for the HELB design
basis permit completion of corrective actions before the calculated design basis usage
factors in Class 1 lines (outside the reactor coolant system loops) is exceeded.

A3.2.2 Fatigue and Cycle-Based TLAAs of ASME III Subsection NG
Reactor Pressure Vessel Internals

The reactor vessel internals were designed and fabricated to Subsection NG rules of
ASME III, 1974 Edition. The design reports indicate use of some later addenda for some
parts.

The ASME Subsection NG design reports and addenda include calculated usage factors for
the components. The report addenda for power uprate and steam generator replacement
concluded that all code and specification requirements were satisfied.

The Subsection NG fatigue usage factors do not depend on flow-induced vibration or other
high-cycle effects that are time-dependent at steady-state conditions, but depend more
strongly on effects of operational, upset, and emergency transient events. Therefore, the
increase in operating life to 60 years will not have a significant effect on these fatigue usage
factors so long as the number of design basis transient cycles remains within the number
assumed by the original analysis. The Metal Fatigue of Reactor Coolant Pressure Boundary
program described in Section A2.1 will track events to ensure that appropriate reevaluation
or other corrective action is initiated if an action limit is reached. Action limits permit
completion of corrective actions before the design basis number of events is exceeded.

A3.2.3 Effects of the Reactor Coolant System Environment on Fatigue
Life of Piping and Components (Generic Safety Issue 190)

Concerns with possible effects of elevated temperature, reactor coolant chemistry
environments, and different strain rates prompted NRC-sponsored research to assess these
effects, culminating in the guidance of NUREG/CR-6260, "Application of NUREG/CR-5999
Interim Fatigue Curves to Selected Nuclear Power Plant Components". Although GSI 190
has been closed for plants with 40-year initial licenses, NUREG-1800 states that "The
applicant's consideration of the effects of coolant environment on component fatigue life for
license renewal is an area of review", noting the staff recommendation "...that the samples
in NUREG/CR-6260 should be evaluated considering environmental effects for license
renewal".

NUREG/CR-6260 identifies seven sample locations for -newer Combustion Engineering
plants such as PVNGS:

* Reactor vessel shell and lower head
* Reactor vessel inlet nozzles
* Reactor vessel outlet nozzles
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* Surge line
* Charging system nozzle
* Safety injection system nozzle
* Shutdown cooling line.

The thermal sleeves were removed from both the Loop 1 and Loop 2 safety injection
nozzles, potentially increasing the CUF for the entire interior surface of the nozzle, including
the knuckle location and safe end, because they were no longer protected by the thermal
sleeves. Therefore two values were calculated for the safety injection nozzles, at the
knuckle location and at the safe end. The safe ends were found to be limiting in the
charging nozzles.

The pressurizer heater penetrations may be subject to effects of thermal stratification and
insurge-outsurge transients, have been subject to significant repair, modification, and
reanalysis. Accumulation of fatigue usage in them is therefore of concern for the period of
extended operation. APS has therefore elected to include them in locations monitored for
effects of environmentally-assisted fatigue.

APS therefore evaluated a total of nine locations for effects of the reactor coolant system
environment on fatigue life.

PVNGS performed plant-specific calculations for the NUREG/CR-6260 sample locations.
The analyses used Fen relationships as appropriate for the material at each of the locations.
Fen values for carbon and low-alloy steels are taken from NUREG/CR-6583. Fen values for
stainless steels are from NUREG/CR-5704. Fen values for the charging nozzle safe ends
and safety injection nozzle safe ends were developed using EPRI MRP-47 integrated strain
rate methods and the NUREG/CR-5704 values. Fen values for the pressurizer surge line
and shutdown cooling line were developed using plant-specific transient data. The analyses
found that usage factors in two of the NUREG/CR-6260 locations, when projected to the end
of a 60-year design life, may exceed 1.0.

NUREG/CR-6260 advises that conservative assumptions remain which could be removed to
reduce the CUF values below the 1.0 allowable. The best method to lower the CUF for the
few worst locations is fatigue monitoring, using realistic numbers of cycles, realistic severity
of transients, and more refined analyses. However, in some cases, a combination of fatigue
monitoring and revised analyses may be needed.

All of the NUREG/CR-6260 locations except the first, the vessel lower head to shell juncture,
are included in the Metal Fatigue of Reactor Coolant Pressure Boundary program described
in Section A2.1. The first location is not monitored because the low projected usage factor,
when multiplied by the applicable Fen, remains negligible. For the remaining locations the
Metal Fatigue of Reactor Coolant Pressure Boundary program will track events and usage
factors to ensure that appropriate reevaluation or other corrective action is initiated if an
action limit is reached. Action limits permit completion of corrective actions before the
design basis number of events is exceeded, and before the ASME code cumulative fatigue
usage limit of 1.0 is reached.
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A3.2.4 Assumed Thermal Cycle Count for Allowable Secondary Stress
Range Reduction Factor in ANSI B31.1 and ASME Section III
Class 2 and 3 Piping

PVNGS ASME III Class 2 and 3 piping is designed to the 1974 edition, Summer 1975
addenda; plus later editions and addenda for certain requirements. None of ANSI B31.1 or
ASME Section III Subsections NC and ND invokes fatigue analyses. However, if the
number of full-range thermal cycles is expected to exceed 7,000, these codes require the
application of a stress range reduction factor (SRRF) to the allowable stress range for
expansion stresses (secondary stresses). The allowable secondary stress range is 1.0 SA
for 7000 equivalent full-temperature thermal cycles or less and is reduced in steps to 0.5 SA
for greater than 100,000 cycles. Partial cycles are counted proportional to their temperature
range. Therefore, so long as the estimated number of cycles remains less than 7000 for a
60-year life, the stress range reduction factor remains at 1 and the stress range reduction
factor used in the piping analysis will not be affected by extending the operation period to
60 years.

The survey of all plant piping systems found that the reactor coolant hot leg sample lines
may be subject to more than 7000 significant thermal cycles in 60 years, requiring a
reduction in SRRF to 0.9; and that the steam generator downcomer and feedwater
recirculation lines may be subject to more than 15,000, requiring a reduction in SRRF to 0.8.
The applicable PVNGS design analyses were revised, and found that the secondary stress
ranges are within the limits imposed by these reduced SRRFs. The pipe break analysis
included in the revised analysis of the steam generator downcomer and feedwater
recirculation lines required no change to break locations or break types. These analyses
have therefore been extended to the end of the period of extended operation.

The number of equivalent full-range thermal cycles for all other B31.1 and ASME III Class 2
and 3 lines within the scope of license renewal is expected to be only about 1500 or less in
60 years, which is only a fraction of the 7000-cycle threshold for which a stress range
reduction factor is required in the applicable piping codes. The piping analyses for these
remaining lines therefore require no change to the SRRF of 1.0 and remain valid for the
period of extended operation.

A3.3 ENVIRONMENTAL QUALIFICATION (EQ) OF
ELECTRICAL COMPONENTS

Aging evaluations that qualify electrical and I&C components required to meet the
requirements of 10 CFR 50.49 are evaluated to demonstrate qualification for the 40 year
plant life are TLAAs. The existing PVNGS Environmental Qualification program will
adequately manage component thermal, radiation, and cyclical aging through the use of
aging evaluations based on 10CFR50.49(f) qualification methods. As required by
10 CFR 50.49, EQ components not qualified for the current license term are to be
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refurbished or replaced, or have their qualification extended prior to reaching the aging limits
established in the evaluation.

Continuing the existing 10 CFR 50.49 EQ program ensures that the aging effects will be
managed and that the EQ components will continue to perform their intended functions for
the period of extended operation. The Environmental Qualification of Electrical Components
program is described in Section A2.2.

A3.4 CONCRETE CONTAINMENT TENDON PRESTRESS

The PVNGS containment is a prestressed concrete, hemispherical-dome-on-a-cylinder
structure, with a steel membrane liner. Post-tensioned tendons compress the concrete and
permit the structure to withstand design basis accident internal pressures. The reinforced
concrete basemat is conventionally reinforced.

To ensure the integrity of the containment pressure boundary under design basis accident
loads, design predictions of loss of prestress demonstrate that prestress will remain
adequate for the design life. An inspection program confirms that the tendon prestress
remains within design limits throughout the life of the plant [UFSAR Section 3.8.1, Technical
Specification Surveillance Requirement 3.6.200.1].

Original design predictions of prestress force were projected to the end of the period of
extended operation. The extended predicted force lines remain above minimum required
values (MRVs) for the period of extended operation. Trend lines calculated by regression
analyses of tendon surveillance data to date predict that the future performance of the post-
tensioning system will remain above the minimum required values (MRV), and therefore that
the assumptions of the containment vessel design will remain valid through the end of the
period of extended operation.

Continuing the existing Concrete Containment Tendon Prestress program (A2.3) ensures
that loss of prestress aging effects will be managed and that the containment tendons will
continue to perform their intended functions for the period of extended operation.

A3.5 CONTAINMENT LINER PLATE, EQUIPMENT HATCHES,
PERSONNEL AIR LOCKS, PENETRATIONS, AND POLAR
CRANE BRACKETS

NUREG-1800 Section 4.6.1 notes that in some designs "Fatigue of the liner plates or metal
containments may be considered in the design based on an assumed number of loading
cycles for the current operating term".

The PVNGS post-tensioned concrete containment vessels are designed to Bechtel Topical
Report BC-TOP-5-A Revision 3. The containment design report has been revised to
address effects of power uprate and steam generator replacement.
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At PVNGS the only metallic components of the containment pressure boundary that are
designed for a specific number of load cycles in a design lifetime are the main steam, main
feedwater, and recirculation sump suction penetrations (See Sections A3.5.1 and A3.5.2).
The remaining penetrations were designed to stress limit criteria, independent of the number
of load cycles, and with no fatigue analyses.

A3.5.1 Design Cycles for the Main Steam and Main Feedwater
Penetrations

The BC-TOP-1, "Containment Building Liner Plate Design Report", Part II Section 1.1,
describes the main steam penetration design for cyclic loads. The design basis includes

* 100 lifetime steady state operating thermal gradient plus normal operating cyclic
loads (Loading Condition V), and

* 10 steady state operating thermal gradient plus steam pipe rupture cyclic loads
(Loading Condition IV).

The operating history to date indicates that the original design basis 100 operating cycles
assumed for main steam penetrations will be exceeded during the extended operating
period. However the number of Condition IV events assumed for design does not change
with an increase in the design life, and Condition V events do not contribute significantly to
usage factor. Examination of possible changes to the BC-TOP-1 analysis for any
reasonably-expected increase in the number of Condition V events demonstrates adequate
margin to the stress limit determined by the elastic-plastic analysis. Design of the main
feedwater penetrations is bounded by that of the main steam penetrations due to their
smaller size, similar geometry and similar operating conditions. The design of the main
steam and main feedwater penetrations is therefore valid for the period of extended
operation..

A3.5.2 Design Cycles for the Recirculation Sump Suction Line
Penetrations

Recirculation sump suction line containment penetrations were evaluated for an
NE-3222.4(d) exemption from fatigue analysis. The exemption criteria depend on the
number of cycles for which loads are applied; therefore the exemption is supported by a
TLAA.

The analysis of these penetrations was based on the alternating stress range for pressure
cycles, and demonstrated that the allowable number of cycles is far greater than the number
expected for the period of extended operation. There is sufficient margin in the design for
any possible increase in operating cycles above the original estimate. The design of the
recirculation penetrations is therefore valid for the period of extended operation.
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A3.6 PLANT-SPECIFIC TIME-LIMITED AGING ANALYSES

A3.6.1 Load Cycle Limits of Cranes, Lifts, and Fuel Handling Equipment
to CMAA-70

UFSAR Section 9.1.4 describes design of lifting machines to Crane Manufacturers
Association of America Specification No. 70 (CMAA-70, 1975). The CMAA-70 crane service
classification ("class" or "service level") for each machine depends, in part, on the
assumption that the number of stress cycles at or near the maximum allowable stress will
not exceed the number assumed for that design class. In operation, this means the number
of significant lifts (i.e. those which approach or equal the design load) will not exceed the
number of stress cycles assumed for that design class.

In all cases, the design standard full-capacity lifts exceed the number expected of the
machine for a 60-year life. The lifting machine designs therefore remain valid for the period
of extended operation.

A3.6.2 Fatigue Crack Growth and Fracture Mechanics Stability Analyses
of Half-Nozzle Repairs to Alloy 600 Material in Reactor Coolant
Hot Legs

PVNGS obtained exemptions from the flaw removal and successive inspection requirements
of ASME XI (1992), Sections IWA-3300 and IWB-2420, for the alternative half-nozzle
method used to repair Alloy 600 small bore, hot leg nozzles.

Fatigue crack growth and stability analyses of nozzle remnants and welds left in the hot legs
depend on the number of heatup-cooldown and operating basis earthquake (OBE) cycles
assumed for a 40-year life, and are therefore TLAAs.

The fatigue crack growth and stability analysis will remain valid for the period of extended
operation if the assumed cycle count is not exceeded. The Metal Fatigue of Reactor
Coolant Pressure Boundary program described in Section A2.1 will track events to ensure
that appropriate reevaluation or other corrective action is initiated if an action limit is
reached. Action limits permit completion of corrective actions before the design basis
number of either of these events is exceeded.

A3.6.3 Building Absolute or Differential Heave or Settlement. Including
Possible Effects of Changes in a Perched Groundwater Lens

The review of site soil mechanics and hydrogeology for the original PVNGS license
application identified two related areas: (1) possible effects of heave and settlement on
building foundation levels and stability, and (2) possible effects of changes in level of a
perched groundwater lens on heave, settlement, and foundation stability.
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Evaluations for the effects on heave and settlement prompted interrelated calculations and
estimates of these effects by APS and by NRC reviewers. The licensing bases, particularly
the PSAR, UFSAR, and SER contain discussions of heave and settlement, and perched
groundwater, including references to the plant life. Because of these references to the plant
life, APS has elected to classify these original evaluations and analyses as TLAAs.

The PVNGS licensing basis includes a commitment to monitor settlement of structures for
the life of the plant. This surveillance is performed as part of the Structures Monitoring
Program (A1.32).

The settlement monitoring data indicate that the post-construction settlement for individual
structures, differential settlement between adjacent structures having critical connections,
and post-construction containment tilt indicate no significant trends and will remain stable.
The settlement monitoring, which is conducted as part of the Structures Monitoring Program
(A1.32), will continue through the period of extended operation to ensure that settlement
remains below the limits.

The groundwater monitoring data indicate no potential for settlement due to changes in
groundwater level. These results confirm that the assumptions of the original projections of
increases in groundwater levels were very conservative and that the conclusions of their
safety determination - that there will be no effect on building foundation stability - apply to
the foreseeable future and at least to the end of the period of extended operation. The
conclusion of the predictions of groundwater level, and the safety determination based on
them, therefore remain valid for the period of extended operation.
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section A3 [o0 the LKAJ contains evaluation summaries ot I LAAs tor the
period of extended operation. These summary descriptions of aging
management program programs and time-limited aging analyses will be
incorporated in the Updated Final Safety Analysis Report for PVNGS
following issuance of the renewed operating license in accordance with
10 CFR 50.71(e).
(RCTSAI 3247244)

I ne next 1u ui-hlK
50.71 (e) UFSAR
update following
issuance of the
renewed operating
license. (Estimated
June 30, 2011)

2 Procedures will be enhanced to include those nonsafety-related SSCs Al Prior to the period of
requiring aging management within the scope of the PVNGS Quality B1.3 extended operation'.
Assurance Program to address the elements of corrective actions, Summary Descriptions
confirmation process, and administrative controls. Of Aging Management
(RCTSAI 3246887)

3 Existing ASME Section XI Inservice Inspection, Subsections IWB, IWC, A1.1 Ongoing
and IWD program is credited for license renewal. B2.1.1
(RCTSAI 3246890) ASME Section Xl

Inservice Inspection,
Subsections IWB,
IWC, AND IWD

4 Existing Water Chemistry program is credited for license renewal, AND A1.2 Prior to the period of
Prior to the period of extended operation, plant procedures will be B2.1.2 extended operation'.
enhanced to address sampling of effluents from new secondary system Water Chemistry
cation resins for purgeable and nonpurgeable Organic Carbon.
(RCTSAI 3246891)

5 Existing Reactor Head Closure Studs program is credited for license A1.3 Ongoing
renewal. B2.1.3
(RCTSAI 3246892) Reactor Head Closure

Studs
6 Existing Boric Acid Corrosion program is credited for license renewal. A1.4 Ongoing

(RCTSAI 3246893) 62.1.4
Boric Acid Corrosion
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Table A4-1 I irf-i~nCA PJ~n,01A1,I fnMMitM,~nf~C

Existing Nickel-Alloy Penetration Nozzles Welded to The Upper Reactor
Vessel Closure Heads of Pressurized Water Reactors program is
credited for license renewal, AND

Prior to December 31, 2008, the PVNGS Alloy 600 Management
Program Plan will be revised to incorporate the applicable examination
requirements of ASME Code Case N-729-1 (Reactor Vessel Head
Inspections), subject to the conditions specified in
10 CFR 50.55a(g)(6)(ii)(D)(2) through(6).
(RCTSAI 3246894)

A1.5
B2.1.5
Nickel-Alloy
Penetration Nozzles
Welded to The Upper
Reactor Vessel
Closure Heads of
Pressurized Water
Reactors

Prior to
2008

8 Existing Flow-Accelerated Corrosion program is credited for license A1.6 Prior to the period of
renewal, AND B2.1.6 extended operation1 .
Prior to the period of extended operation, the program procedure will be Flow-Accelerated
enhanced to clarify the guidance for susceptible small-bore piping Corrosion
components and to verify the trace chromium content of the carbon steel
pipe replacement.
(RCTSAI 3246895)

9 Existing Bolting Integrity program is credited for license renewal. A1.7 Ongoing
(RCTSAI 3246896) B2.1.7

Bolting Integrity
10 Existing Steam Generator Tube Integrity program is credited for license A1.8 Ongoing

renewal. B2.1.8
(RCTSAI 3246897) Steam Generator Tube

Integrity
11 Existing Open-Cycle Cooling Water System program is credited for A1.9 Prior to the period of

license renewal, AND B2.1.9 extended operation1 .
Prior to the period of extended operation, the program will be'enhanced Open-Cycle Cooling
to clarify guidance in the conduct of heat exchanger and piping Water System
inspections using NDE techniques and related acceptance criteria.
(RCTSAI 3246898)
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Table A4-1 License Renewal Commitments

12 Existing Closed-Cycle Cooling Water System program is credited for
license renewal, AND
Prior to the period of extended operation, procedures will be enhanced to

incorporate the guidance of EPRI TR-1 07396 with respect to water
chemistry control for frequency of sampling and analysis, normal
operating limits, action level concentrations, and times for implementing
corrective actions upon attainment of action levels.
(RCTSAI 3246899)

ctio

/A 1.-I U
B2.1.10
Closed-Cycle Cooling
Water System

Prior to the period of
extended operation'.

13 Existing Inspection Of Overhead Heavy Load And Light Load (Related To A1.11 Prior to the period of
Refueling) Handling Systems program is credited for license renewal, B2.1.11 extended operation'.
AND Inspection Of
Prior to.the period of extended operation, procedures will be enhanced to Overhead Heavy Load
inspect for loss of material due to corrosion or rail wear. And Light Load
(RCTSAI 3246900) (Related To Refueling)

Handling Systems
14 Existing Fire Protection program is credited for license renewal, AND A1.12 Prior to the period of

Prior to the period of extended operation, the following enhancements will B2.1 .12 extended operation'.
be implemented: Fire Protection
* Procedures will be enhanced to state trending requirements for the

diesel-driven fire pump and to include visual inspection of the fuel
supply line to detect degradation.

* Procedures will be enhanced to inspect for mechanical damage,
corrosion and loss of material of the halon discharge pipe header and
the C02 system discharge nozzles.

* Procedures will be enhanced to state the qualification requirements
for inspecting penetration seals, fire rated doors, fire barrier walls,
ceilings and floors.

(RCTSAI 3246901)
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Table A4-1 License Renewal Commitments

ItmCommitment< LRA Se~ction I mplementation~
No. Schedule

15 Existing Fire Water System program is credited for license renewal, AND A1.13 Prior to the period of
Prior to the period of extended operation, the following enhancements will B2.1.13 extended operation1 .
be implemented: Fire Water System
* Specific procedures will be enhanced to include review and approval

requirements under the Nuclear Administrative Technical Manual
(NATM).

* Procedures will be enhanced to be consistent with the current code of
record or NFPA 25 2002 Edition.

* Procedures will be enhanced to field service test a representative
sample or replace sprinklers prior to 50 years in service and test
thereafter every 10 years to ensure that signs of degradation are
detected in a timely manner.

* Procedures will be enhanced to be consistent with NFPA 25 Section
7.3.2.1, 7.3.2.2, 7.3.2.3, and 7.3.2.4.

* Procedures will be enhanced to state trending requirements.
* Procedures will be enhanced so that the PVNGS Quality Assurance

programs will apply to Fire Protection SSCs that are within the scope
of license renewal that are also part of the boundary of the WRF
(Water Reclamation Facility).

(RCTSAI 3246902)
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Table

Ite1
No.

16 Existing Fuel Oil Chemistry program is credited for license renewal, AND
Prior to the period of extended operation:
* Procedures will be enhanced to extend the scope of the program to

include the SBOG fuel oil storage tank and SBOG skid fuel tanks.
* Procedures will be enhanced to include ten-year periodic draining,

cleaning, and inspections on the diesel-driven fire pump day tanks,
the SBOG fuel oil storage tanks, and SBOG skid fuel tanks.

* Ultrasonic testing (UT) or pulsed eddy current (PEC) thickness
examination will be conducted to detect corrosion-related wall
thinning if degradation is found during the visual inspections and once
on the tank bottoms for the EDG fuel oil storage tanks, EDG fuel oil
day tanks, diesel-driven fire pump day tanks, and SBOG fuel oil
storage tanks. The onetime UT or PEC examination on the tank
bottoms will be performed before the period of extended operation.

(RCTSAI 3246903)

A1.14
B2.1.14
Fuel Oil Chemistry

Prior to the period of
extended operation'.
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Table A4-1 License Renewal Commitments

temCommitent LRA Section Implementation

17 Existing Reactor Vessel Surveillance program is credited for license A1.15 Prior to the period of
renewal, AND B2.1.15 extended operation'.
Prior to the period of extended operation: Reactor Vessel
* The schedule will be revised to withdraw the next capsule at the Surveillance

equivalent clad-base metal exposure of approximately 54 EFPY
expected for the 60-year period of operation, and to withdraw
remaining standby capsules at equivalent clad-base metal exposures
not exceeding the 72 EFPY expected for a possible 80-year second
period of extended operation. This withdrawal schedule is in
accordance with NUREG-1801, Section XI.M31, item 6, and with the
ASTM E 185-82 criterion which states that capsules may be removed
when the capsule neutron fluence is between one and two times the
limiting fluence calculated for the vessel at the end of expected life.
This schedule change must be approved by the NRC, as required by
10 CFR 50 Appendix H.

* If left in the reactor beyond the presently-scheduled withdrawal, the
next scheduled surveillance capsule in each unit will reach a clad-
base metal 54 EFPY equivalent at about 40 actual operating EFPY
(40, 39, and 42 actual EFPY in Units 1, 2, and 3, respectively).

* Procedures will be enhanced to identify the withdrawal of the
remaining standby capsules at 72 EFPY, at about 50 to 54 actual
operating EFPY, near the end of the extended licensed operating
period. The need to monitor vessel fluence following removal of the
remaining standby capsules, and ex-vessel or in-vessel methods, will
be addressed prior to removing the remaining capsules.

(RCTSAI 3246904)
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Table A4-1 License Renewal Commitments

The One-Time Inspection program conducts one-time inspections of plant
system piping and components to verify the effectiveness of the Water
Chemistry program (A1.2), Fuel Oil Chemistry program (A1.14), and
Lubricating Oil Analysis program (Al.23). The aging effects to be
evaluated by the One-Time Inspection program are loss of material,
cracking, and reduction of heat transfer.
(RCTSAIs 3246906 [Ull; 3247258 [U21; 3247259 [U3])

A1.16
B2.1.16
One-Time Inspection

Prior to the period of
extended operation'.

19 The Selective Leaching of Materials program is a new program that will Al.17 Prior to the period of
be implemented prior to the period of extended operation. Industry and B2.1.17 extended operation'.
plant-specific operating experience will be evaluated in the development Selective Leaching Of
and implementation of this program. Materials
(RCTSAIs 3246908 [Ul]; 3247260 [U2]; 3247261 [U3])

20 The Buried Piping and Tanks Inspection program is a new program that A1.18 Prior to the period of
will be implemented prior to the period of extended of operation. Within B2.1.18 extended operation'.
the ten year period prior to entering the period of extended operation, an Buried Piping And
opportunistic or planned inspection will be performed. Upon entering the Tanks Inspection
period of extended operation a planned inspection within ten years will be
required unless an opportunistic inspection has occurred within this ten
year period. Industry and plant-specific operating experience will be
evaluated in the development and implementation of this program.
(RCTSAIs 3246909 [Ul]; 3247263 [U2]; 3247264 [U3])
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The One-Time Inspection of ASME Code Class 1 Small-Bore Piping
program manages cracking of stainless steel ASME Code Class 1 piping
less than or equal to 4 inches. This program is a part of the Risk-Informed
Inservice Inspection (RI-ISI) program.

A1.19
B2.1.19
One-Time Inspection
of ASME Code Class 1
Small-Bore Piping

Prior to the period of
extended operation'.

For ASME Code Class 1 small-bore piping, the RI-ISI program requires
volumetric examinations on selected weld locations to detect cracking.
Weld locations are selected based on the guidelines provided in EPRI
TR-1 12657. Volumetric examinations are conducted in accordance with
ASME Section XI with acceptance criteria from Paragraph IWB-3000 and
IWB-2430. The fourth interval of the ISI program for each unit at PVNGS
will provide the results for the one time inspection of ASME Code Class 1
small-bore piping.
(RCTSAIs 3246910 [11-: 3247265 rU21: 3247266 ru3]

22 The External Surfaces Monitoring Program is a new program that will be A1.20 Prior to the period of
implemented prior to the period of extended operation. Industry and B2.1.20 extended operation1 .
plant-specific operating experience will be evaluated in the development External Surfaces
and implementation of this program. Monitoring Program
(RCTSAIs 3246911 [U1]; 3247272 [U2]; 3247273 [U3])
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Table A4-1 License Renewal Commitments

Item C \,ommitment LRA Section Implementation
No. Schedule

23 APS will: A1.21 Not less than 24
A. Reactor Coolant System Nickel Alloy Pressure Boundary Components B2.1.21 months prior to the

Implement applicable (1) NRC Orders, Bulletins and Generic Letters Reactor Coolant period of extended
associated with nickel alloys and (2) staff-accepted industry guidelines, System Supplement operation'.
(3) participate in the industry initiatives, such as owners group
programs and the EPRI Materials Reliability Program, for managing
aging effects associated with nickel alloys, (4) upon completion of
these programs, but not less than 24 months before entering the
period of extended operation, APS will submit an inspection plan for
reactor coolant system nickel alloy pressure boundary components to
the NRC for review and approval, and

B. Reactor Vessel Internals
(1) Participate in the industry programs for investigating and managing
aging effects on reactor intemals; (2) evaluate and implement the
results of the industry programs as applicable to the reactor internals;
and (3) upon completion of these programs, but not less than 24
months before entering the period of extended operation, APS will
submit an inspection plan for reactor internals to the NRC for review
and approval.
(RCTSAIs 3246912 [U1]; 3247274 [U2]; 3247276 [U3])

24 The Inspection of Intemal Surfaces in Miscellaneous Piping and Ducting A1.22 Prior to the period of
Components program is a new program that will be implemented prior to B2.1.22 extended operation'.
the period of extended operation. Industry and plant-specific operating Inspection Of Internal
experience will be evaluated in the development and implementation of Surfaces In
this program. Miscellaneous Piping
(RCTSAIs 3246914 [U11]; 3247277 [U2]; 3247278 [U3]) And Ducting

Components
25 Existing Lubricating Oil Analysis program is credited for license renewal. A1.23 Ongoing

(RCTSAI 3246915) B2.1.23
Lubricating Oil

__ Analysis
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I ne -iecincai uaDies ana u, onnections Inot ouoject to iu .,r-rm u.',+
Environmental Qualification Requirements program is a new program that
will be implemented prior to the period of extended operation. Industry
and plant-specific operating experience will be evaluated in the
development and implementation of this program.
(RCTSAI 3246917)

/AI .Z-I

B2.1.24
Electrical Cables And
Connections Not
Subject to 10 CFR
50.49 Environmental
Qualification
Requirements

riiui Lu le it:puuu ui
extended operation1 .

27 Existing Electrical Cables And Connections Not Subject To 10 CFR 50.49 A1.25 Prior to the period of
Environmental Qualification Requirements Used In Instrumentation B2.1.25 extended operation1 .
Circuits program is credited for license renewal , AND Electrical Cables And
Prior to the period of extended operation, procedures will be enhanced to Connections Not
identify license renewal scope and require an engineering evaluation of Subject To 10 CFR
the calibration results and to require that an action request be written 50.49 Environmental
when the loop cannot be calibrated to meet acceptance criteria. Qualification
(RCTSAI 3246919) Requirements Used In

Instrumentation
Circuits

28 The Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 A1.26 Prior to the period of
EQ Requirements program is a new program that will be implemented B2.1.26 extended operation1 .
prior to the period of extended operation. Industry and plant-specific Inaccessible Medium
operating experience will be evaluated in the development and Voltage Cables Not
implementation of this program. Subject To 10 CFR
(RCTSAI 3246920) 50.49 Environmental

Qualification
Requirements

29 Existing ASME Section XI, Subsection IWE program is credited for A1.27 Ongoing
license renewal. B2.1.27
(RCTSAI 3246921) ASME Section XI,

Subsection IWE
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Table A4-1 License Renewal Commitments

txisting M-\ -ecuon ,&, buDsecuion IVVL program Is creainea for
license renewal.
(RCTSAI 3246922)

A I.Lo
B2.1.28
ASME Section XI,
Subsection IWL

31 Existing ASME Section Xl, Subsection IWF program is credited for A1.29 Ongoing
license renewal. B2.1.29
(RCTSAI 3246923) ASME Section Xl,

Subsection IWF
32 Existing 10 CFR 50, Appendix J program is credited for license renewal. A1.30 Ongoing

(RCTSAI 3246924) B2.1.30
-10 CFR 50, Appendix
J

33 Existing Masonry Wall Program is credited for license renewal, AND A1.31 Prior to the period of
Prior to the period of extended operation, procedures will be enhanced to B2.1.31 extended operation'.
specify ACI 349.3R-96 as the reference for qualification of personnel to Masonry Wall Program
inspect structures under the Masonry Wall Program, which is part of the
Structures Monitoring Program.
(RCTSAI 3246926)

34 Existing Structures Monitoring Program is credited for license renewal, A1.32 Prior to the period of
AND B2.1.32 extended operation1 .
Prior to the period of extended operation: Structures Monitoring
* The Structures Monitoring Program will be enhanced to specify ACI Program

349.3R-96 as the reference for qualification of personnel to inspect
structures under the Structures Monitoring Program.

(RCTSAI 3246927)
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~No. >

351 Existing RG 1.127, Inspection Of Water-Control Structures Associated
With Nuclear Power Plants program is credited for license renewal, AND
Prior to the period of extended operation, procedures will be enhanced to
specify that the essential spray ponds inspections include concrete below
the water level.
(RCTSAI 3246928)

A1.33
B2.1.33
RG 1.127, Inspection
Of Water-Control
Structures Associated
With Nuclear Power
Plants

Prior to the period of
extended operation'.

-4-
36 Existing Nickel Alloy Aging Management Program is credited for license

renewal, AND
Prior to the period of extended operation, the PVNGS Alloy 600
Management Program Plan will be enhanced to add Alloy 600 steam
generator components, including tube sheet cladding and portions of the
primary nozzle cladding (RCTSAI 3246929), AND

In addition, prior to December 31, 2008, the PVNGS Alloy 600
Management Program Plan will be revised to incorporate the applicable
examination requirements of ASME Code Case N-729-1 (Reactor Vessel
Head Inspections), subject to the conditions specified in
10 CFR 50.55a(g)(6)(ii)(D)(2) through(6) and ASME Code Case N-722
(RCPB Visual Inspections) subject to the conditions listed in
10 CFR 50.55a(g)(6)(ii)(E)(2) through(4).
(RCTSAI 3260208)

A1.34
B2.1.34
Nickel Alloy Aging
Management Program

Prior to the period of
extended operation'.

Prior to December 31,
2008

37 The Electrical Cable Connections Not Subject to 10 CFR 50.49 A1.35 Prior to the period of
Environmental Qualification Requirements program is a new program that B2.1.35 extended operation',
will be implemented prior to the period of extended operation. Industry Electrical Cable
and plant-specific operating experience will be evaluated in the Connections Not
development and implementation of this program. Subject To 10 CFR
(RCTSAIs 3246930 [UI1]; 3247228 [U2]; 3247231 [U3]) 50.49 environmental

qualification
requirements
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LRA Section Implementation
Schedule

The Metal Enclosed Bus program is a new program and will be
completed before the period of extended operation and once every 10
years thereafter. Industry and plant-specific operating experience will be
evaluated in the development and implementation of this program.
(RCTSAIs 3246932 [Ul]; 3247220 [U2]; 3247221 [U3])

A1.36
B2.1.36
Metal Enclosed Bus

Prior to the period of
extended operation
and once every 10
years thereafter.

39 (1) The existing Metal Fatigue of Reactor Coolant Pressure Boundary
program will be enhanced to provide guidelines and requirements for
tracking both transient cycle counts and fatigue usage of fatigue-
sensitive, safety related components, using the FatiguePro® software, to
maintain the fatigue usage of components within the cumulative usage
factor limit of 1.0 established by Section III Subsection NB of the ASME
Boiler and Pressure Vessel Code. The enhanced program will include
tracking of cumulative usage, counting of transient cycles, manual
recording of selected transients, and review of FatiguePro® data.

(2) Prior to the period of extended operation, the following enhancements
will be implemented:
* The Metal Fatigue of Reactor Coolant Pressure Boundary program

will be enhanced to include (1) additional Class 1 locations with high
calculated cumulative usage factors, (2) Class 1 components for
which transfer functions have been developed for stress-based
monitoring, and (3) Class 2 portions of the steam generators with a
Class 1 analysis and high calculated cumulative usage factors.

* The Metal Fatigue of Reactor Coolant Pressure Boundary program
will be enhanced with additional cycle count and fatigue usage action
limits, and with appropriate corrective actions to be invoked if a
component approaches a cycle count action limit or a fatigue usage
action limit. Action limits permit completion of corrective actions
before the design limits are exceeded.

(RCTSAI 3246934)

A2.1
B3.1
Metal Fatigue of
Reactor Coolant
Pressure Boundary
A3.2
Metal Fatigue Analysis

Prior to the period of
extended operation'.
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4U Maintaining qualification through the extended license renewal period
requires that existing EQ evaluations (EEQDFs) be re-evaluated.
(RCTSAI 3246935)

/-AZ.Z

B3.2
Environmental
Qualification (EQ) Of
Electrical Components

Prior to the period of
extended operation1 .

41 Existing Concrete Containment Tendon Prestress program is credited for
license renewal, AND
The program will be enhanced to continue to compare regression
analysis trend lines of the individual lift-off values of tendons surveyed to
date, in each of the vertical and hoop tendon groups, with the MRV and
PLL for each tendon group, to the end of the licensed operating period,
and to take appropriate corrective actions if future values indicated by the
regression analysis trend line drop below the PLL or MRV. The
regression analyses will be updated for tendons of the affected unit and
for a combined data set of all three units following each inspection of an
individual unit.

Prior to the period of extended operation, procedures will be enhanced to
require an update of the regression analysis for each tendon group of
each unit, and of the joint regression of data from all three units, after
every tendon surveillance. The documents will invoke and describe
regression analysis methods used to construct the lift-off trend lines,
including the use of individual tendon data in accordance with Information
Notice (IN) 99-10, "Degradation of Prestressing Tendon Systems in
Prestressed Concrete Containments."

The Tendon Integrity test procedure will be revised to extend the list of
surveillance tendons to include random samples for the year 45 and 55
surveillances.
(RCTSAI 3246937)

A2.3
B3.3
Concrete Containment
Tendon Prestress

4.5
Concrete Containment
Tendon Prestress

Prior to the period of
extended operation1 .
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APS will confirm the RCS Pressure-Temperature limits basis for 54 EFI
prior to operation beyond 32 EFPY and will update documents in
accordance with the provisions of 10 CFR 50.59. (RCTSAI 3246939)

A3.1.3
Pressure-Temperature
Limits

Prior to operation
beyond 32 EFPY':

43 The segment of the Unit 2 head vent line with wall thickness reduced by 4.3.2.1 Prior to the period of
the removal of indications will be replaced when the vessel head is A3.2.1 1 extended operation1 .
replaced, and its fatigue analysis will be revised. The repair and the Reactor Pressure
revised fatigue analysis will demonstrate an adequate fatigue life, Vessel, Nozzles,
projected to the end of the period of extended operation, in accordance Head, and Studs
with 10 CFR 54.21 (c)(1)(ii). This is a commitment for license renewal.
(RCTSAI 3246941)

44 During the review process APS identified a number of ASME III Class 1 4.3.2.6 Prior to the end of the
valves greater than four inches nominal inlet that might require a fatigue A3.2.1.6 current licensed
analysis, but for which the analysis was not immediately retrievable. ASME Section III operating period'.
Efforts are ongoing to confirm the need for and if necessary to obtain Class 1 Valves
these analyses. APS will recover and evaluate the fatigue analysis for
each of the remaining ASME III Class 1 valves greater than four inches
nominal inlet, for which a fatigue analysis is also otherwise required,
before the end of the current licensed operating period. Each of these
analyses will be validated or revised for the period of extended operation,
or fatigue in the valve will be managed by the Metal Fatigue of Reactor
Coolant Pressure Boundary Program.
(RCTSAI 3253459)
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Table A4-1 License Renewal Commitments

ItmCommitment~ LRA Section I mplem~entation
No. Schedule

45 On March 25, 2005, PVNGS submitted APS letter 102-05237 to the NRC. 4.7.4 Prior to the period of
This request uses CN-CI-02-71 and WCAP-15973-P in support of a Fatigue Crack Growth extended operation'.
request for exemption from the flaw removal and successive inspection and Fracture
requirements of ASME XI (1992) sections IWA-3300 and IWB-2420, for Mechanics Stability
the alternative half-nozzle method used for the 10 PVNGS Unit 2 small Analyses of Half-
bore, hot leg nozzles to be repaired during the Spring 2005 refueling Nozzle Repairs to
outage. WCAP-15973-P calculated corrosion rates of 1.53 mils per year Alloy 600 Material in
(mpy) for Alloy 600 nozzles. In response to the conditions of the final Reactor Coolant Hot
safety evaluation for the Westinghouse topical report, APS calculated that Legs; Absence of a
a limiting corrosion rate of 1.377 mpy for Unit 3 would not exceed the TLAA for Supporting
allowable diameter until 2058, 60 years after the repair and 10 years after Corrosion Analyses
the end of the period of extended operation. This calculation is therefore
not a TLAA, and is valid for the period of extended operation. However, in
the relief request submittal, APS made an ongoing commitment to track
the time at cold shutdown conditions:

APS commits to continue to track the time at cold shutdown
conditions against the assumptions made in the corrosion
analysis to assure that the allowable bore diameter is not
exceeded over the life of the plant. If the analysis assumptions are
exceeded, APS shall provide a revised analysis to the NRC and
provide a discussion on whether volumetric inspection of the area
is required.

This commitment was made because the corrosion rate at cold shutdown
conditions is significantly higher than at operating conditions. This
request was authorized by the NRC, consistent with the APS commitment
and is valid for the second, third, and fourth 10 year inspection intervals.
Therefore, an extension of this authorization will be required for
continued relief from the ASME code sections.
(RCTSAI 3246943)
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Table A4-1 License Renewal Commitments

I ne VVUAI-I/' i-1-' anaiysis OT corrosion in ine not ieg pipe %
exposure to reactor coolant by small-bore half-nozzle repairs was
extended by APS for a period in excess of the period of extended
operation, and is therefore not a TLAA. However the relief from the
ASME Section XI requirements is supported by an APS commitment to
continue to track the time at cold shutdown conditions against the
assumptions made in the corrosion analysis, to assure that the allowable
bore diameter is not exceeded over the life of the plant. This program is a
condition of Revision 1 to Relief Request 31 of APS Letter 102-05324,
granted by the NRC, and is applicable to all three units for the second,
third, and fourth 10 year inspection intervals. An extension of this
authorization will be requested-for the period of extended operation,
supported by a continuation of the cold shutdown time monitoring
program. (RCTSAI 3246945)

I'rior to tne perioa O"
extended operation'.Fatigue Crack Growth

and Fracture
Mechanics Stability
Analyses of Half-
Nozzle Repairs to
Alloy 600 Material in
Reactor Coolant Hot
Legs; Absence of a
TLAA for Supporting
Corrosion Analyses

47 Once the ground surface is made less permeable and ambient monitoring Environmental Report 12/31/10
is sufficient to characterize subsurface water quality, a [tritiated water] 2.3
remediation plan will be implemented.
(RCTSAI 3246946)

48 New Evaporation Pond No. 3 is currently under construction and is being Environmental Report 12/31/15
built using a Best Available Demonstrated Control Technology (BADCT), 3.1.2
a geosynthetic clay liner, with two overlaying HDPE liners, including a
leachate collection and recovery system, plus soil cement side armoring,
including a leak detection system. Following that, the existing liner in
Evaporation Pond No. 2 will be replaced with the same BADCT liner
system. This liner is approaching the end of its useful life. Following that,
the existing liner in Evaporation Pond Number 1 will be replaced with the
same BADCT liner system.-
(RCTSAI: 3246947)

49 APS will consider the three SAMAs (6, 17 and 23) identified in the Environmental Report 12/31/09
analysis using the appropriate PVNGS design process. D.8
(RCTSAI 3246952)
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Table A4-1 License Renewal Commitments

(1) "Prior to period of extended operation," "prior to operation beyond 32 EFPY," and "prior to the end of the current licensed
operating period," is prior to the following PVNGS Operating License expiration dates: Unit 1: June 1, 2025; Unit 2: April 24,
2026; Unit 3: November 25, 2027.
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B1 APPENDIX B INTRODUCTION

B1.1 OVERVIEW

License renewal aging management program descriptions are provided in this appendix for
each program credited for managing aging effects based upon the aging management
review results provided in Sections 3.1 through 3.6 of this application. Each aging
management program described in this section has ten elements that are consistent with the
definitions in Section A.1, "Aging Management Review - Generic", Table A.1-1, "Elements of
an Aging Management Program for License Renewal", of the NUREG-1800, Standard
Review Plan for Review of License Renewal Applications for Nuclear Power Plants. The 10
element detail is only provided when the program is plant specific.

B13.2 METHOD OF DISCUSSION

For those aging management programs that are consistent with the assumptions made in
Sections X and XI of NUREG-1801, or are consistent with exceptions, each program
discussion is presented in the following format:

" A program description abstract of the overall program form and function is provided.

* A NUREG-1801 consistency statement is made about the program.

* Exceptions to the NUREG-1801 program are outlined and a justification is provided.

* Enhancements to ensure consistency with NUREG-1801 or additions to the NUREG-
1801 program to manage aging for additional components with aging effects not
assumed in NUREG-1801 for the NUREG-1801 program. A proposed schedule for
completion is discussed.

* Operating experience information specific to the program is provided.

* A conclusion section provides a statement of reasonable assurance that the program
is effective, or will be effective, once enhanced.

For those programs that are plant-specific, the above form is followed with the additional
discussion of all ten elements.
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B1.3 QUALITY ASSURANCE PROGRAM AND
ADMINISTRATIVE CONTROLS

The PVNGS Quality Assurance Program implements the requirements of 10 CFR 50,
Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fuel Processing
Plants," and will be consistent with the summary provided in Appendix A.2 of NUREG-1800
and the Appendix, "Quality Assurance for Aging Management Programs" of NUREG-1 801.
The PVNGS Quality Assurance Program includes the elements of corrective action,
confirmation process, and administrative controls. The PVNGS Quality Assurance Program
is applicable to all safety-related and, after enhancement, will also be applicable to all
nonsafety-related systems, structures, and components (SSCs) that are subject to aging
management activities. Each of these three elements is applicable as follows:

Corrective Action

PVNGS applies its corrective action process to safety-related and, after enhancement,
nonsafety-related systems, structures, and components that are subject to aging
management. Corrective action process procedures, review and approval processes, and
administrative controls are implemented in accordance with the requirements of 10 CFR 50,
Appendix B, Quality Assurance Criteria for Nuclear Power Plants and Fuel Processing
Plants. Conditions adverse to quality (such as failures, malfunctions, deviations, defective
material and equipment, and nonconformances) are promptly identified and corrected.
Significant conditions adverse to quality (such as failures, malfunctions, deviations, defective
material and equipment, and nonconformances) are promptly identified and corrected. In
the case of significant conditions adverse to quality, measures are implemented to ensure
that the cause is determined and that corrective action is taken to preclude repetition. In
addition, the root cause of the significant condition adverse to quality and the corrective
actions implemented are documented and reported to appropriate levels of management.

Confirmation Process

The PVNGS Quality Assurance Program requires that measures be taken to preclude
repetition of significant conditions adverse to quality. These measures include actions to
verify effective implementation of corrective actions.

Plant procedures include provisions for timely evaluation of adverse conditions and
implementation of any corrective actions required, including root cause determinations and
prevention of recurrence where appropriate (e.g., significant conditions adverse to quality).
These procedures provide for tracking, coordinating, monitoring, reviewing, verifying,
validating, and approving corrective actions, and to ensure corrective actions have been
effectively implemented.
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The corrective action process is also monitored for potentially adverse trends. Identification
of a potentially adverse trend due to recurring or repetitive unacceptable conditions will
result in the initiation of a corrective action document.

Follow-up inspections required by the confirmation process are documented in accordance
with the corrective action process. The corrective action process constitutes the
confirmation process for aging management programs and activities. The same 10 CFR 50
Appendix B corrective actions and confirmation process applies to nonconforming systems,
structures, and components subject to aging management review.

Administrative Controls

PVNGS administrative controls require formal procedures and other forms of written
instruction for the activities performed under the programs credited for managing aging.
These PVNGS procedures contain objectives, program scope, responsibilities, methods for
implementation, and acceptance criteria.

Enhancements

Procedures will be enhanced to include those nonsafety-related SSCs requiring aging
management within the scope of the PVNGS Quality Assurance Program to address the
elements of corrective actions, confirmation process, and administrative controls.

B1.4 OPERATING EXPERIENCE

Plant-specific and industry-wide operating experience data was reviewed during the aging
management review process in order to assure that plant-specific aging effects were
consistent with documented industry operating experience and to demonstrate that the
identified aging effects are being adequately managed by existing programs.

Review of plant-specific operating experience was performed to identify aging effects
experienced. PVNGS Condition Reporting/Disposition Requests (CDRDs) generated since
1996 and Corrective Maintenance Work Orders (SWMS database) generated since 1996
were identified based on key words associated with aging effects and reviewed during the
aging management review process.

Industry operating experience reflected in NRC Bulletins, Generic Letters, and Information
Notices was screened for aging effect and aging management program applicability and has
been included in the operating experience portion of the aging management review process.

The operating experience applicable to each aging management program is discussed in
this section as a part of each aging management program discussion.
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B1.5 AGING MANAGEMENT PROGRAMS

The following aging management programs are described in the sections listed in this
appendix. The programs are either discussed in NUREG -1801 or are plant-specific. Plant-
specific programs are listed at the end of the table in Section B2.0.

* ASME Section Xl In-service Inspection, Subsections IWB, IWC, and IWD (Section
B2.1.1)

* Water Chemistry (Section B2.1.2)

" Reactor Head Closure Studs (Section B2.1.3)

" Boric Acid Corrosion (Section B2.1.4)

* Nickel-Alloy Penetration Nozzles Welded To The Upper Reactor Vessel Closure
Heads of Pressurized Water Reactors (Section B2.1.5)

" Flow-Accelerated Corrosion (Section B2.1.6)

* Bolting Integrity (Section B2.1.7)

" Steam Generator Tube Integrity (Section B2.1.8)

* Open-Cycle Cooling Water System (Section B2.1.9)

* Closed-Cycle Cooling Water System (Section B2.1.10)

* Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling
Systems (Section B2.1.11)

* Fire Protection (Section B2.1.12)

" Fire Water System (Section B2.1.13)

* Fuel Oil Chemistry (Section B2.1.14)

* Reactor Vessel Surveillance (Section B2.1.15)

* One-Time Inspection (Section B2.1.16)

" Selective Leaching of Materials (Section B2.1.17)

* Buried Piping and Tanks Inspection (Section B2.1.18)

* One-Time Inspection of ASME Code Class 1 Small-Bore Piping (Section B2.1.19)
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* External Surfaces Monitoring Program (Section B2.1.20)

0 Reactor Coolant System Supplement (Section B2.1.21)

* Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
(Section B2.1.22)

0 Lubricating Oil Analysis (Section B2.1.23)

9 Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements (Section B2.1.24)

9 Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements Used in Instrumentation Circuits (Section B2.1.25)

• Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements (Section B2.1.26)

* ASME Section XI, Subsection IWE (Section B2.1.27)

• ASME Section XI, Subsection IWL (Section B2.1.28)

* ASME Section Xl, Subsection IWF (Section B2.1.29)

0 10 CFR 50, Appendix J (Section B2.1.30)

* Masonry Wall Program (Section B2.1.31)

* Structures Monitoring Program (Section B2.1.32)

* RG 1.127, Inspection of Water-Control Structures Associated with Nuclear Power
Plants (Section B2.1.33)

* Nickel Alloy Aging Management Program (Section B2.1.34)

* Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements (Section B2.1.35)

0 Metal Enclosed Bus (Section B2.1.36)

B13.6 TIME-LIMITED AGING ANALYSIS PROGRAMS

The following time-limited aging analysis aging management programs are described in this
section. These programs are discussed in NUREG -1801. All programs discussed in this
section are existing plant programs.

Palo Verde Nuclear Generating Station Page B-5
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

" Metal Fatigue of Reactor Coolant Pressure Boundary (Section B3.1)

" Environmental Qualification (EQ) of Electrical Components (Section B3.2)

" Concrete Containment Tendon Prestress (Section B3.3)
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B2 AGING MANAGEMENT PROGRAMS

The correlation between NUREG-1 801, Generic Aging Lessons Learned (GALL) programs
and PVNGS programs is shown below. For PVNGS programs, links to appropriate sections
of this appendix are provided.

XI.M1

ASME Section Xl
Inservice Inspection,
Subsections IWB, IWC,
and IWD

ASME Section XI
Inservice Inspection,
Subsections IWB, IWC,
and IWD

Existing B2.1.1

XI.M2 Water Chemistry Water Chemistry Existing B2.1.2

XI.M3 Reactor Head Closure Reactor Head Closure Existing B2.1.3
Studs Studs

XI.M4 BWR Vessel ID Not Applicable to a N/A N/A
Attachment Welds PWR

XI.M5 BWR Feedwater Not Applicable to a N/A N/A
Nozzle PWR

BWR Control Rod
XI.M6 Drive Return Line Not Applicable to a N/A N/A

Nozzle

XI.M7 BWR Stress Corrosion Not Applicable to a N/A N/A
Cracking. PWR

XI.M8 BWR Penetrations Not Applicable to a N/A N/A
PWR

XI.M9 BWR Vessel Internals Not Applicable to a N/A N/A
PWR

XI.M10 Boric Acid Corrosion Boric Acid Corrosion Existing B2.1.4

Nickel-Alloy Nickel-Alloy
Penetration Nozzles Penetration Nozzles
Welded To The Upper Welded To The Upper

XI.M11A Reactor Vessel Reactor Vessel Existing B2.1.5
Closure Heads of Closure Heads of
Pressurized Water Pressurized Water
Reactors Reactors
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XI.M12

Thermal Aging
Embrittlement of Cast
Austenitic Stainless
Steel (CASS)

Not Credited N/A N/A

Thermal Aging and
Neutron Irradiation

XI.M13 Embrittlement of Cast Not Credited N/A N/A
Austenitic Stainless
Steel (CASS)

XI.M14 Loose Parts Monitoring Not Credited N/A N/A

XI.M15 Neutron Noise Not Credited N/A N/A
Monitoring

XI.M16 PWR Vessel Internals Not Credited N/A N/A

XI. .M17 Flow-Accelerated Flow-Accelerated Existing B2.1.6
IM17_ Corrosion Corrosion

XI.M18 Bolting Integrity Bolting Integrity Existing B2.1.7

Steam Generator Tube Steam Generator Tube
XIM19 Integrity Integrity Existing B2,1.8

XI.M20 Open-Cycle Cooling Open-Cycle Cooling Existing B2.1.9
XI_20 Water System Water System

XI.M21, Closed-Cycle Cooling Closed-Cycle Cooling Existing B2.1.10
Water System Water System

XI.M22 Boraflex Monitoring Not.Applicable to N/A N/A
PVNGS

Inspection of Overhead Inspection of Overhead
Heavy Load and Light Heavy Load and Light

XI.M23 Load (Related to Load (Related to Existing B2.1.11
Refueling) Handling Refueling) Handling
Systems Systems

XI.M24 Compressed Air Not Credited N/A N/A
Monitoring

XI.M25 BWR Reactor Water Not Applicable for a N/A N/A

Cleanup System PWR

XI.M26 Fire Protection Fire Protection Existing B2.1.12

Palo Verde Nuclear Generating Station
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Fire Water System Fire Water SystemXI.M27 Existing B2.1.13

XI.M28 Buried Piping and Not Credited N/A N/A
Tanks Surveillance

XI.M29 Aboveground Steel Not Credited N/A N/A
Tanks

XI.M30 Fuel Oil Chemistry Fuel Oil Chemistry Existing B2.1.14

XI.M31 Reactor Vessel Reactor Vessel Existing B2.1.15
XI.M31__ Surveillance Surveillance ExstnB.11

XI.M32 One-Time Inspection One-Time Inspection New B2.1.16.

XI.M33 Selective Leaching of Selective Leaching of New B2.1.17
Materials Materials

XI.M34 Buried Piping and Buried Piping and New B2.1.18
Tanks Inspection Tanks Inspection

One-Time Inspection of One-Time Inspection of
XI.M35 ASME Code Class 1 ASME Code Class 1 Existing B2.1.19

Small-Bore Piping Small-Bore Piping

XI.M36 External Surfaces External Surfaces
Monitoring Program Monitoring Program New B2.1.20

XI.M37 Flux Thimble Tube Not Credited N/A N/A
Inspection

Inspection of Internal Inspection of Internal
Surfaces in Surfaces in

XI.M38 Miscellaneous Piping Miscellaneous Piping New B2.1.22
and Ducting and Ducting
Components Components

XI.M39 Lubricating Oil Analysis Lubricating Oil Analysis Existing B2.1.23

Electrical Cables and Electrical Cables and
Connections Not Connections Not

XI.E1 Subject to 10 CFR Subject to 10 CFR New B2.1.24
50.49 Environmental 50.49 Environmental
Qualification Qualification
Requirements Requirements
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XI.E2

Electrical Cables and
Connections Not
Subject to 10 CFR
50.49 Environmental
Qualification
Requirements Used in
Instrumentation
Circuits

Electrical Cables and
Connections Not
Subject to 10 CFR
50.49 Environmental
Qualification
Requirements Used in
Instrumentation
Circuits

Existing B2.1.25

Inaccessible Medium Inaccessible Medium
Voltage Cables Not Voltage Cables Not

XI.E3 Subject to 10 CFR Subject to 10 CFR New B2.1.26
50.49 Environmental 50.49 Environmental
Qualification Qualification
Requirements Requirements

XI.E4 Metal Enclosed Bus Metal Enclosed Bus New B2.1.36

XI.E5 Fuse Holders Not Credited N/A N/A

Electrical Connections Electrical Connections
Not Subject to 10 CFR Not Subject to 10 CFR

XI.E6 50.49 Environmental 50.49 Environmental New B2A1.35
Qualification Qualification
Requirements Requirements

XI.S1 ASME Section Xl, ASME Section Xl, Existing B2.1.27XI.S1___ Subsection IWE Subsection IWE ExistngB.1.2

XI.S2 ASME Section XI, ASME Section XI, Existing B2.1.28Subsection IWL Subsection IWL

XI.S3 ASME Section XI, ASME Section XI, Existing B2.1.29

Subsection IWF Subsection IWF

XI.S4 10 CFR 50, Appendix J 10 CFR 50, Appendix J Existing B2.1.30

XI.S5 Masonry Wall Program Masonry Wall Program Existing B2.1.31
Structures Monitoring Structures Monitoring

XI.S6 Program Program Existing B2.1.32

RG 1.127, Inspection RG 1.127, Inspection
of Water-Control of Water-Control

XI.S7 Structures Associated Structures Associated Existing B2.1.33
with Nuclear Power with Nuclear Power
Plants Plants
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XI.S.8
Protective Coating
Monitoring and
Maintenance Program

Not Credited N/A N/A

Metal Fatigue of Metal Fatigue of
X.M1 Reactor Coolant Reactor Coolant Existing B3.1

Pressure Boundary Pressure Boundary

Environmental Environmental
X.E1 Qualification (EQ) of Qualification (EQ) of Existing B3.2

Electrical Components Electrical Components

Concrete Containment Concrete Containment Existing B3.3
X.S1_____ Tendon Prestress Tendon Prestress

N/A Plant-Specific Nickel Alloy Aging Existing B2.1.34
Management Program

N/A N/A Reactor Coolant N/A B2.1.21
System Supplement
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B2.1 AGING MANAGEMENT PROGRAM DETAILS

B2.1.1 ASME Section XI Inservice Inspection, Subsections IWB, IWC, and

IWD

Program Description

ASME Section Xl Inservice Inspection, Subsections IWB, IWC, and IWD program manages
cracking, loss of fracture toughness, and loss of material in Class 1, 2, and 3 piping and
components within the scope of license renewal. The program includes periodic visual,
surface, volumetric examinations and leakage tests of Class 1, 2 and 3 pressure-retaining
components, including welds, pump casings, valve bodies, integral attachments, and
pressure-retaining bolting. These components are identified in ASME Section XI Tables
IWB-2500-1, IWC-2500-1, and IWD-2500-1 for Class 1, 2, and 3 components, respectively.
The ASME Section XI ISI Program has proven within the industry to maintain component
structural integrity and ensure that aging effects are discovered and repaired before the loss
of component intended function. The PVNGS ISI Program is consistent with ASME Section
XI 2001 edition with addenda 2002 and 2003. PVNGS will use the ASME Code Edition
consistent with the provisions of 10 CFR 50.55a during the period of extended operation.

In conformance with 10 CFR 50.55a(g)(4)(ii), the PVNGS ISI Program is updated during
each successive 120-month inspection interval to comply with the requirements of the latest
edition of the Code specified twelve months before the start of the inspection interval.

PVNGS Units 1, 2, and 3 are in the third ISI interval which began July 18, 2008, March 18,
2007, and January 11, 2008, respectively. The program is being conducted in accordance
with ASME Section XI, 2001 edition with addenda 2002 and 2003 which is consistent with
provisions in 10 CFR 50.55a to use the ASME Code in effect 12 months prior to the start of
the inspection interval. PVNGS is following Inspection Program B as allowed by the ASME
Code. Requirements are included for scheduling of examinations and tests for Class 1, 2,
and 3 components. The program requires periodic visual, surface, volumetric examinations
and leakage tests of Class 1, 2 and 3 pressure-retaining components. The PVNGS ASME
Section Xl ISI program provides measures for monitoring to detect aging effects prior to loss
of intended function and provides measures for repair and replacement of components with
aging effects.

Inservice inspection of reactor vessel flange stud holes, closure studs, nuts, and washers is
evaluated in the Reactor Head Closure Studs program (B2.1.3).

Inservice inspection of Class 1, 2, and 3 component supports is evaluated in the ASME
Section XI, Subsection IWF program (B2.1.29).
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NUREG-1801 Consistency

The ASME Section XI Inservice Inspection, Subsections IWB, IWO, and IWD program is an
existing program that is consistent with NUREG-1801, Section XI.M1, "ASME Section XI
Inservice Inspection, Subsections IWB, IWC, and IWD".

Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

Review of PVNGS plant-specific operating experience for the PVNGS ISI Program has not
revealed any program adequacy issues or implementation issues with the PVNGS ASME
Section XI ISI Program. Industry operating experience is evaluated by PVNGS for
relevancy to PVNGS and appropriate actions are taken and documented. Based on these
results the PVNGS ISI Program is effective in monitoring ASME Class 1, 2 and 3
components and detecting aging effects prior to loss of intended function.

Review of the Second 10-year ISI Interval Summary Reports for Units 1, 2 and 3 indicate
there were no code repairs or code replacements required for continued service of ASME
IWB, IWC, and IWD Code components during the 10 year period. The Second 10-year ISI
Interval Summary Reports did not indicate any implementation issues with the PVNGS
ASME Section XI Program for ASME IWB, IWC, and IWD Code components.

The ISI Program at PVNGS is updated to account for industry operating experience. ASME
Section XI is revised every three years and addenda issued in the interim, which allows the
code to be updated to reflect operating experience. The requirement to update the ISI
Program to reference more recent editions of ASME Section XI at the end of each
inspection interval ensures the ISI Program reflects enhancements due to operating
experience that have been incorporated into ASME Section XI.

Conclusion

The continued implementation of the ASME Section XI Inservice Inspection, Subsections
IWB, IWO, and IWD aging management program provides reasonable assurance that aging
effects will be managed such that the systems and components within the scope of this
program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.

Palo Verde Nuclear Generating Station Page B-13
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

B2.1.2 Water Chemistry

Program Description

The Water Chemistry program manages cracking, denting, hardening and loss of strength,
loss of material, reduction of heat transfer, and wall thinning in primary and secondary water
systems. The scope of the Primary Water Chemistry Control Program includes
maintenance of the chemical environment in the reactor coolant system and related auxiliary
systems containing treated borated water. The scope of the Secondary Water Chemistry
Control Program includes maintenance of the chemical environment in the Steam Generator
secondary side and the secondary cycle systems to limit aging effects associated with
corrosion mechanisms and stress corrosion cracking. The Primary Water Chemistry Control
Program is consistent with the guidelines of EPRI 1002884 "PWR Primary Water Chemistry
Guidelines", Volumes 1 and 2, Revision 5, and specific actions for exceeding the Technical
Requirements Manual limits of fluorides, chlorides and dissolved oxygen. The Secondary
Water Chemistry Control Program is consistent with EPRI 1008224, "PWR Secondary
Water Chemistry Guidelines", Revision 6.

The water chemistry control strategies are set forth in station strategic plans and these
strategies are implemented in station procedures. The programmatic control of the chemical
environment ensures that the aging effects due to contaminants are limited. The methods
used to manage both the primary and secondary chemical environments rely on the
principles of; (1) limiting the concentration of chemical species known to cause corrosion,
and (2) addition of chemical species known to inhibit degradation by their influence on pH
and dissolved oxygen levels. Water chemistry control is effective in areas of intermediate
and high flow where thorough mixing takes place and the monitoring samples are
representative of actual conditions. For low flow areas and stagnant portions of the systems
sampling may not be as effective in determining local environmental conditions, and a one-
time inspection (B2.1.16) of a representative group of components will provide verification of
the effectiveness of the Water Chemistry program in these low flow areas.

NUREG-1801 states that the Water Chemistry program is based on guidelines in EPRI
report TR-105714, Revision 3, for primary water chemistry, and TR-1 02134, Revision 3, for
secondary water chemistry. PVNGS has adopted EPRI 1002884, Volumes 1 and 2,
Revision 5, for primary water chemistry and EPRI 1008224, Revision 6, for secondary water
chemistry. The Revision 5 changes to EPRI 1002884 consider the most recent operating
experience and laboratory data. These guideline revisions reflect increased emphasis on
plant-specific optimization of primary water chemistry to address individual plant
circumstances and the impact of the NEI steam generator initiative, NEI 97-06, which
requires utilities to be consistent with the EPRI Guidelines. EPRI 1002884, Volumes 1 and
2, Revision 5, distinguishes between prescriptive requirements and non-prescriptive
guidance. Revision 4 of TR-102134 provided an increased depth of detail regarding the
corrosion mechanisms affecting steam generators and the balance of plant, and it provided
additional guidance on how to integrate these and other concems into the plant-specific
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optimization process. Revision 5 of TR-102134 provided additional details regarding plant-
specific optimization and clarified which portions of the EPRI Guidelines are mandatory
under NEI 97-06. EPRI 1008224, Revision 6, made minor changes including revised action
level 3 requirements, establishing hydrazine action levels and making several control
parameter limits more restrictive. Future revisions of the EPRI Primary and Secondary
Water Chemistry Guidelines will be adopted as required, commensurate with industry
standards.

The One-Time Inspection program (Section B2.1.16) will be used to verify the effectiveness

of the Water Chemistry program.

NUREG-1801 Consistency

The Water Chemistry program is an existing program that, following enhancement, will be
consistent with NUREG-1801, Section XI.M2, 'Water Chemistry".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Scope of Program - Element I and Preventative Actions - Element 2

Plant procedures will be enhanced to address sampling of effluents from new secondary
system cation resins for purgeable and non-purgeable Organic Carbon.

Operating Experience

The Water Chemistry program is consistent with the. EPRI Primary and Secondary Water
Chemistry Control Guidelines, Revisions 5 and 6, respectively and therefore benefit from the
industry operating experience available when the EPRI guidelines were issued. The Water
Chemistry program will continue to evolve in response to ongoing plant operating
experience and industry operating experience as conveyed in future revisions to EPRI
Guidelines.

PVNGS Primary Chemistry Control:

The station optimization report for primary chemistry control incorporates PVNGS primary
chemistry operating history regarding such topics as; RCS pH control program, minimization
of Axial Offset Anomaly (AOA), high RCS fluoride, RCS zinc injection, RCS peroxidation,
and corrosion product transport control.
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High RCS fluoride has been experienced by all three PVNGS units following six refueling
outages (U3R6; U2R7; U1R7; U3R7; U2R8 and U1R8). The maximum concentration
observed during these outages was 260 ppb during the U3R6 startup. The cause of the
fluoride ingress was the degradation of eddy current probe conduit. The conduit liner is
composed of Teflon, which deposits small scrapings in the steam generator tubes as a
result of eddy current testing. During plant startup, the Teflon is transported throughout the
RCS and decomposes as a function of reactor power. A new improved eddy current conduit
has been used since U3R8 and has corrected the condition. The highest startup fluoride
since using the improved conduit has been 22 ppb through U3R10. There have been no
discernable releases of fluoride to the RCS since December 2003.

PVNGS Secondary Chemistry Control:

The station optimization report for secondary chemistry control incorporates PVNGS
secondary chemistry operating history regarding iron transport reduction, condenser
integrity and dissolved oxygen control. There have been no major primary chemistry
excursions during PVNGS' operating history and no major secondary chemistry excursions
since the replacement of the steam generators.

In November 2004 Unit 3 was completing 3R1 1 in which condenser tube plugs were
replaced. During the plug replacement there were two tube plugs, one each in the 2A and
2C hotwells that were not installed in the correct locations. Because of a modification that
had occurred several years ago, a 1/8-inch hole was drilled in all plugged tubes and a leak
path therefore existed in the two tubes with the plugs missing, which allowed circ water to
enter the hotwells. Maximum condensate impurities were 567 ppm chloride, 335 ppm
sodium and 385 ppm sulfate. This condition lasted for several days before the tubes were
located and plugged.

Prior to startup a decision was made to drain and refill the system at least once to help
expedite the cleanup. The impurities following the first drain and refill went from 509 ppm
chloride to 86 ppm chloride, or 83% cleanup. The above was repeated and the second
drain and refill lowered chloride to approximately 6 ppm, or a 93% cleanup. Condensate
polishing and steam generator blowdown were used after startup to further reduce
impurities. Corrective actions included the development of official tubesheet maps to be
used and updated as appropriate, following the addition of new plugs and additional
administrative controls for personnel installing and verifying tube plugs.

Conclusion

The continued implementation of the Water Chemistry program, supplemented by the One-
Time Inspection program (B2.1.16), provides reasonable assurance that aging effects will be
managed such that the systems and components within the scope of this program will
continue to perform their intended functions consistent with the current licensing basis for
the period of extended operation.
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B2.1.3 Reactor Head Closure Studs

Program Description

The Reactor Head Closure Studs program conducts ASME Section XI inspections of reactor
vessel flange stud hole threads, reactor head closure studs, nuts, and washers to manage
cracking and loss of material. The program includes periodic visual and volumetric
examinations of reactor vessel flange stud hole threads, reactor head closure Studs, nuts,
and washers and performs visual inspection of the reactor vessel flange closure during
primary system leakage tests. The PVNGS program implements ASME Section XI code,
Subsection IWB, 2001 Edition through the 2003 addenda. Reactor vessel flange stud hole
threads, reactor head closure studs, nuts, and washers are identified in ASME Section XI
Tables IWB-2500-1 and are within the scope of license renewal. PVNGS follows the
preventive measures in RG 1.65. PVNGS uses a lubricant on reactor vessel flange stud
hole threads, reactor head closure stud and nut threads, and washer faces after reactor
head closure stud, nut, and washer cleaning, and examinations are complete.

In conformance with 10 CFR 50.55a(g)(4)(ii), the PVNGS ISI Program is updated during
each successive 120-month inspection interval to comply with the requirements of the latest
edition of the Code specified twelve months before the start of the inspection interval.
PVNGS will use the ASME Code Edition consistent with the provisions of 10 CFR 50.55a
during the period of extended operation.

Potential cracking and loss of material conditions in reactor vessel flange stud hole threads,
reactor head closure studs, nuts, and washers are detected through visual or volumetric
examinations in accordance with ASME Section XI requirements in PVNGS procedures
every ten years. These inspections are conducted during refueling outages. Reactor vessel
studs are removed from the reactor vessel flange each refueling outage. Studs, nuts, and
washers are stored in protective racks after removal. Reactor vessel flange holes are
plugged with water tight plugs during cavity flooding. These methods assure the holes,
studs, nuts, and washers are protected from borated water during cavity flooding. Reactor
vessel flange leakage is detected prior to reactor startup during reactor coolant system
pressure testing each refueling outage.

NUREG-1801 Consistency

The Reactor Head Closure Studs program is an existing program that is consistent with
NUREG-1801, Section XI.M3, "Reactor Head Closure Studs".

Exceptions to NUREG-1801

None
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Enhancements

None

Operating Experience

Review of plant-specific operating experience has not revealed any implementation issues
with the Reactor Head Closure Studs program for reactor vessel closure studs, nuts,
washer, and flange thread holes. No cases of cracking due to SCC or IGSCC have been
identified with PVNGS reactor vessel studs, nuts, flange stud.holes, or washers.

Review of the Refueling Outage Inservice Inspection Summary Reports for Interval 2
indicates there were no repair/replacement items identified with reactor vessel closure studs,
nuts washers or flange thread holes. None of the repair/replacement items indicate any
implementation issues with the PVNGS ASME Section Xl Program for reactor closure studs,
nuts washers or flange thread holes.

The ISI Program at PVNGS is updated to account for industry operating experience. ASME
Section Xl is also revised every three years and addenda issued in the interim, which allows
the code to be updated to reflect. operating experience. The requirement to update the ISI
Program to reference more recent editions of ASME Section XI at the end of each
inspection interval ensures the ISI Program reflects enhancements due to operating
experience that have been incorporated into ASME Section XI.

Conclusion

The continued implementation of the Reactor Head Closure Studs program provides
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.4 Boric Acid Corrosion

Program Description

The Boric Acid Corrosion Control program manages loss of material due to borated water
leakage. The program monitors mechanical, electrical and structural components within the
scope of license renewal that are susceptible to boric acid corrosion from systems that
contain reactor coolant or borated water. The principal industry guidance document used is
WCAP-15988-NP, "Generic -Guidance for an effective Boric Acid Inspection Program for
Pressurized Water Reactors". The program relies in part on implementation of
recommendations contained in NRC Generic Letter 88-05, "Boric Acid Corrosion of Carbon
Steel Reactor Pressure Boundary Components in PWR Plants". Additionally, the program
includes examinations conducted during ISI pressure tests performed in accordance with
ASME Section XI requirements. The program addresses recent operating experience noted
in NRC Regulatory Issue Summary 2003-13, "NRC Review of Responses to Bulletin 2002-
01, Reactor Pressure Vessel Head Degradation and Reactor Coolant Pressure Boundary
Integrity', (which includes NRC Bulletin 2002-01, 2002-02, and NRC Order EA-03-009) and
NRC Bulletin 2003-02, "Leakage from Reactor Pressure Vessel Lower Head Penetrations
and Reactor Coolant Pressure Boundary Integrity'.

The Boric Acid Corrosion program includes provisions to identify leakage, inspect and
examine for evidence of leakage, evaluate leakage, and initiate corrective actions. The
program maintains a tracking and trending program for boric acid leakage from plant
components and establishment of a component-based visual history of boric acid
leakage/seepage.

NUREG-1801 Consistency

The Boric Acid Corrosion program is an existing program that is consistent with NUREG-
1801, Section XI.M1 0, "Boric Acid Corrosion".

Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

Industry operating experience indicates that boric acid leakage can cause significant
corrosion damage-to susceptible plant components. In response to recent NRC generic
communications, the reactor coolant system pressure boundary integrity walkdowns have
been revised to perform periodic visual inspection of the reactor coolant system
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components, the reactor pressure vessel upper head and bottom head, and document any
indication of leakage.

A review of the corrective action program and the work order process both show that boric
acid leakage is being identified, evaluated and the resulting component damage is being
repaired for the three Units. A review of plant operating experience indicates instances of
boric acid concerns identified either on the components from which it leaked and/or on the
surrounding equipment. Several occurrences were documented where increased reactor
coolant system leakage prompted a containment entry where boric acid leakage was
identified from various components within the containment. Both active leakage and crystal
buildup have been identified and the effects mitigated without resulting in a loss of intended
functions.

Conclusion

The continued implementation of the Boric Acid Corrosion program provides reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.5 Nickel-Alloy Penetration Nozzles Welded to the Upper Reactor

Vessel Closure Heads of Pressurized Water Reactors

Program Description

The Nickel-Alloy Penetration Nozzles Welded to the Upper Reactor Vessel Closure Heads
of Pressurized Water Reactors program manages cracking due to primary water stress
corrosion cracking (PWSCC) and loss of material due to boric acid wastage in nickel-alloy
pressure vessel head penetration nozzles and includes the reactor vessel closure head,
upper vessel head penetration nozzles and associated welds. The Nickel-Alloy Penetration
Nozzles Welded to the Upper Reactor Vessel Closure Heads of Pressurized Water Reactors
program is consistent with NRC Order EA-03-009. The term "PWSCC" applies to the
nozzles and J-welds and 'Wastage" applies to the Reactor Closure Head. The aging
management for the aging effect of loss of material of the upper vessel head due to wastage
is addressed in the Boric Acid Corrosion program (B2.1.4).

Detection of cracking (including cracking induced by PWSCC) is accomplished through
implementation of a combination of bare metal visual examination on the external surface of
the RPV closure head and volumetric examinations on the control element drive mechanism
penetration tube walls, eddy current testing of the inner diameter of the penetrations, and
supplemental ultrasonic and eddy current testing of the control element drive mechanism
penetration ID/OD surfaces and J-groove weld surfaces as required. Eddy current testing of
the ID and j-weld is performed on the vent line penetration. Visual examinations are
performed by VT-2 certified personnel.

The Alloy 600 Management Program Plan maintains the integrity and operability for all
nickel alloy components at PVNGS and the susceptibility ranking of the plant is calculated.
The accumulative EDY (Effective Degradation Years) values for the PVNGS units
correspond to a susceptibility ranking of "High" per NRC Order EA-03-009, as amended, for
all three units. Plants in the "High" category require bare metal visual inspections every
refueling outage and ultrasonic, eddy current, or dye penetrant testing every refueling
outage per the Order,- as amended. Reactor Vessel Head replacements for all three
PVNGS Units are scheduled from year 2009 to year 2010.

NUREG-1801 Consistency

The Nickel-Alloy Penetration Nozzles Welded to the Upper Reactor Vessel Closure Heads
of Pressurized Water Reactors program is an existing program that, following enhancement,
will be consistent with NUREG-1801, Section XI.M1lA, "Nickel-Alloy Penetration Nozzles
Welded to the Upper Reactor Vessel Closure Heads of Pressurized Water Reactors".

Exceptions to NUREG-1801

None
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Enhancements

The following enhancement will be implemented in the following program elements:

Detection of Aging Effects - Element 4, Monitoring and Trending - Element 5, Acceptance
Criteria - Element 6, and Corrective Actions - Element 7

Prior to December 31, 2008, the PVNGS Alloy 600 Management Program Plan will be
revised to incorporate the applicable examination requirements of ASME Code Case N-729-
1 (Reactor Vessel Head Inspections), subject to the conditions specified in
10 CFR 50.55a(g)(6)(ii)(D)(2) through(6).

Operating Experience

Inspections completed to date have indicated no evidence of PWSCC in the vessel head
penetration nozzles with the exception of vent line indications on Unit 2 which were repaired
by machining and subsequently weld overlayed during refueling outage U2R13. Reactor
vessel head replacements for all three PVNGS Units are scheduled from year 2009 to year
20101

The following is a summary of information that has been provided to the NRC concerning

inspections per the requirements of NRC Order EA-03-009:

PVNGS UNIT 1 - REFUELING 12 (U1R12) ending in December, 2005

A visual examination of the bare-metal surface of the reactor head found no evidence of
boron or corrosion. No cleaning of the RPV head was necessary during U1R12.
Additionally, a boric acid walkdown .was performed for the U1R12 refueling outage.
Potential boric acid leak sites from pressure retaining components above the RPV head
were examined. No leaks or evidence of leakage was found.

Ninety seven control element drive mechanism penetrations had nondestructive exams
performed. Eighty four were acceptable with no detectable defects and thirteen had
additional examinations performed as a result of the initial examinations. The additional
examinations performed on the thirteen penetrations were acceptable with no detectable
defects found.

In preparation for modifying the head vent nozzle in Unit 1 to remove the flow-restricting
orifice, the vent penetration J-weld and orifice J-weld were examined with manual eddy
current testing techniques. Upon removal of the orifice, a surface examination (eddy
current) of the J-groove weld and inside nozzle surface was performed as required. The
head vent nozzles at PVNGS do not protrude below the surface of the RPV head and, as a
result, there is no material below the J-groove weld to be examined. Although two areas of
reduced wall dimension were noted, the results of the examinations were acceptable with no
detectable defects. The head vent orifice was relocated to a downstream flange.

PVNGS UNIT 2 - REFUELING 13 (U2R13) ending in November, 2006
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The visual examination of the bare-metal surface of the reactor head found no evidence of
boron or corrosion. Additionally, a Boric Acid Walkdown was performed for the U2R13
refueling outage. Potential boric acid leak sites from pressure retaining components above
the RPV head were examined. No indications of previously unreported leakage were
identified. The two sites with boric acid deposit at CEDM vents were cleaned and reworked
during U2R13. No cleaning of the RPV head was necessary during U2R13.

Non-visual NDE was performed for the reactor head vent nozzle. The two locations of axial
indications, which were previously confirmed on the reactor head vent nozzle ID surface and
repaired by grinding the indications to an acceptable condition during U2R12 refueling
outage, were re-examined during U2R13. Unacceptable indications at or near the same
area as those repaired in U2R12 were found. The vent line was repaired with weld overlay
using Inconel 52 weld material. These indications were characterized as axial, were not
through-wall and there was no evidence of RCS pressure boundary leakage.

The minimum required inspection coverage was obtained for all control element drive

mechanism nozzles using ultrasonic and eddy current examination. No flaws were identified.

PVNGS UNIT 3 - REFUELING 10 (U3R10) ending in April, 2003

The examinations performed in Unit 3 yielded no detectable defects, no visual indications of
leakage on the reactor vessel vent line and no detection of leakage into the interference fit
zone of the ninety seven control element drive mechanism nozzles. As a result, no repairs
were required.

PVNGS UNIT 3 - REFUELING 11 (U3R1 1) ending in December, 2004

The visual examination of the bare-metal surface of the reactor head found no evidence of
boron or corrosion. No cleaning of the RPV head was necessary during U3R1 1. Potential
boric acid leak sites from pressure retaining components above the RPV head were
examined. Two leak sites at CEDM vents were identified. No active leak was identified.
The dry boric acid deposit stayed in the area of the vents and no carbon steel was affected.

The non-visual NDE was performed for the head vent nozzle inspection following the
modification of the head vent nozzle to permanently relocate the internal orifice. Upon
removal of the orifice a surface examination (eddy current) of the J-groove weld and inside
nozzle surface was performed as required. No flaws were found during this examination.

Conclusion

The continued implementation of the Nickel-Alloy Penetration Nozzles Welded to the Upper
Reactor Vessel Closure Heads of Pressurized Water Reactors program provides reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.6 Flow-Accelerated Corrosion

Program Description

The Flow-Accelerated Corrosion (FAC) program manages wall thinning due to flow-
accelerated corrosion on the internal surfaces of carbon or low alloy steel piping, elbows,
reducers, expanders, and valve bodies which contain high energy fluids (both single phase
and two phases). The program implements the EPRI guidelines in NSAC-202L-R3 to
detect, measure, monitor, predict and mitigate component wall thinning. To aid in the
planning of inspections and choosing inspection locations, PVNGS utilizes the EPRI
predictive computer program CHECWORKS that uses the implementation guidance of
NSAC-202L-R3.

The objectives of the FAC program are achieved by (a) identifying system components
susceptible to FAC, (b) performing analysis using the predictive code CHECWORKS to
determine critical locations for inspection and evaluation, (c) providing guidance for follow-
up inspection , (d) repairing, replacing, or performing evaluation for components not
acceptable for continued service, based on the wear rates and minimum acceptable
thickness, and (e) evaluating and incorporating the latest technologies, industry and plant in-
house operating experience.

Procedures and methods used by PVNGS FAC program are consistent with APS
commitments to NRC Bulletin 87-01, "Thinning of Pipe Wall in Nuclear Power Plants", and
NRC Generic Letter 89-08, "Erosion/Corrosion-Induced Pipe Wall Thinning".

NUREG-1801 Consistency

The Flow-Accelerated Corrosion program is an existing program that, following
enhancement, will be consistent with exception to NUREG-1801, Section XI.M17, "Flow-
Accelerated Corrosion".

Exceptions to NUREG-1801

Program Elements Affected

Scope of Program - Element I and Detection of Aging Effects - Element 4

NUREG-1801, Section XI.M17 indicates the FAC Program relies on implementation of EPRI
guidelines in NSAC-202L-R2. However, the guidelines provided in the governing procedure
81DP-ORA02 were developed based on the recommendations provided in the EPRI
Guideline NSAC-202L-R3.

The new revision of EPRI guidelines incorporates lessons learned and improvements to
detection, modeling, and mitigation technologies that became available since Revision 2
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was published. The updated recommendations are intended to refine and enhance those of

previous revisions without contradictions to ensure continuity of existing plant FAC programs

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Scope of Program - Element 1, Detection of Aging Effects - Element 4, Monitoring and
Trending - Element 5, and Acceptance Criteria - Element 6

The program procedure will be enhanced to clarify the guidance for susceptible small-bore

piping components.

Acceptance Criteria - Element 6 and Corrective Actions- Element 7

The program procedure will be enhanced to verify the trace chromium content of the carbon
steel pipe replacement.

Operating Experience

Review of the work orders (from May 1996 through present) showed that there has been no
reported FAC-related leak or rupture at PVNGS for the components within the scope of
license renewal. Most of the work orders identified the effect of wall thinning during the FAC
program inspections. There were cases where the allowable thickness determined in
accordance with the program guidelines were reached and more rigorous stress analyses
were performed to justify continued service and to postpone the replacement. Problems
identified during implementation of the program activities were not significant to the safe
operation of the plant, and adequate corrective actions were taken to prevent recurrence.
Industry and plant operating experience were reviewed for applicability and adjustment of
the outage inspection list was determined in accordance with program guidelines.

For previous refueling outages from R9 through R12 of all three units, 80 to 160 locations of
large-bore systems were originally selected for inspection before the outage. The scope
was expanded if necessary based on UT findings. An inspection location included the
subject component (such as an elbow) and its adjacent area (such as upstream and
downstream piping). For small-bore systems, 16 to 65 inspections were selected before the
outage. The scope was also expanded if necessary based on UT findings. The
replacements for each outage are scheduled on proactive basis, determined by the
projected remaining service life based on FAC analyses and by programmatic strategy
based on industry experience and cost comparison to further inspections. The selections of
FAC-resistance materials are stainless steel, chrome-moly alloy, or carbon steel with trace
chromium content > 0.1%. Baseline inspections were performed for selected replacement
locations of chrome-moly alloy and carbon steel with trace chromium content > 0.1%.
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Conclusion

The continued implementation of Flow-Accelerated Corrosion program provides reasonable
assurance that the aging effect of wall thinning due to FAC wear will be managed such that
the systems and components within the scope of this program will continue to perform their
intended functions consistent with the current licensing basis for the period of extended
operation.
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B2.1.7 Bolting Integrity

Program Description

The Bolting Integrity program manages cracking, loss of material, and loss of preload for
pressure retaining bolting and ASME component support bolting. The program includes
preload control, selection of bolting material, use of lubricants/sealants consistent with EPRI
good bolting practices, and performance of periodic inspections for indication of aging
effects. The program is supplemented by Inservice Inspection requirements established in
accordance with ASME Section XI, Subsections IWB, IWC, IWD, and IWF for ASME Class
bolting.

PVNGS good bolting practices are established in accordance with plant procedures. These
procedures include requirements for proper disassembling, inspecting, and assembling of
connections with threaded fasteners. The general practices that are established in this
program are consistent with EPRI NP-5067, "Good Bolting Practices, Volume 1 and Volume
2", and the recommendations delineated in NUREG-1339.

Following the review of the recommendations provided in NRC Generic Letter 91-17,
NUREG-1339 and the EPRI reports, NP-5769 and NP5067, PVNGS had identified and
implemented the action items related to bolting degradation or failure. The guidance
provided in EPRI NP-5067 and NUREG-1339, together with other industrial experience
regarding bolting issues was later consolidated in EPRI TR-104213, "Bolted Joint
Maintenance and Applications Guide". Although the procedures for ensuring bolting
integrity do not directly reference EPRI reports NP-5769 and TR-1 04213 or NUREG-1 339 as
applicable source documents for these recommendations, these procedures do incorporate
the action items to ensure the integrity of the subject bolting connections.

The following PVNGS aging management programs supplement the Bolting Integrity
program for management of loss of preload, cracking, and loss of material:

(a) ASME Section XI Inservice Inspection, Subsections IWB, IWC and IWD program
(B2.1.1), provides the requirements for inservice inspection of ASME Class 1, 2, and 3
safety-related pressure retaining bolting.

(b) ASME Section XI, Subsection IWF program (B2.1.29), provides the requirements for
inservice inspection of safety-related component support bolting.

(c) External Surfaces Monitoring Program (B2.1.20) provides the requirements for inspection

of pressure retaining closure bolting within the scope of license renewal.

NUREG-1801 Consistency

The Bolting Integrity program is an existing program that is consistent, with exception to
NUREG-1801, Section XI.M18, "Bolting Integrity".
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Exceptions to NUREG-1801

Program Elements Affected

Scope of Program - Element I

NUREG 1801, Section XI.M18 specifies the use of ASME Section XA 1995 edition with
addenda 1996. PVNGS third interval ISI Program is using ASME Section XI 2001 edition
with addenda 2002 and 2003 which is consistent with provisions in 10 CFR 50.55a to use
the ASME Code in effect 12 months prior to the start of the inspection interval. PVNGS will
use the ASME Code Edition consistent with the provisions of 10 CFR 50.55a during the
period of extended operation.

Parameters Monitored or Inspected - Element 3

The discussion of bolt preload in EPRI NP-5769, Vol. 2, Section 10, indicates that job
inspection torque is non-conservative since for a given fastener tension more torque is
required to restart the installed bolts. The techniques for measuring the amount of bolt
tension in an assembled joint are both difficult and unreliable. EPRI NP-5769, Vol. 2,
Section 10 suggests that inspection of preload is usually unnecessary if the installation
method has been carefully followed. Torque values are provided in procedures, if not
provided by the vendor instructions, design documents or specifications. The torque values
provided in procedures are based. on the industrial experience that includes the
consideration of the expected relaxation of the fasteners over the life of the joint and gasket
stress in the application of pressure closure bolting.,

Monitoring and Trending -Element 5

NUREG 1801, Section XI.M18 specifies that if bolting connections for pressure retaining
components (not covered by ASME Section XI) are reported to be leaking, then they may be
inspected daily. If the leak rate does not increase, the inspection frequency may be
decreased to biweekly or weekly. For pressure retaining components reported to be leaking,
the corrective action program will be initiated. The corrective actions, including adjustment of
the inspection frequency for closer monitoring of the condition if necessary, will be identified
based on the analysis of the trending data to ensure there is not a loss of intended function
of the subject components. For the components that are deemed necessary, preventive
maintenance activities, such as gasket replacement or bolting tightness check, can be
created.

Enhancements

None

Operating Experience

Both the industry and NRC have revealed a number of instances of bolting concerns from
material control and certification (e.g. NRC IE Bulletin 87-02) to bolting practices, use of
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lubrication and injection sealants and its effect on stress corrosion cracking (SCC) (e.g.,
NRC IE Bulletin 82-02, and INPO SOER 84-05). The Bolting Integrity program incorporates
the applicable industry experience on bolting issues into the program. Actions taken include
confirmatory testing/analysis or inspections. Also included are the addition of procedures of
inspection, material procurement and verification processes. NRC Information Notices,
Bulletins, Circulars, and Generic Letters listed in Section 3 of NUREG-1339 were evaluated
for applicability to PVNGS Bolting Integrity program to ensure conformance with the
recommendations of NUREG-1339.

A review of plant operating experience identified issues with corrosion, missing or loose
bolts, inadequate thread engagement, and improper bolt applications. There is no reported
case of cracking of the bolts due to stress corrosion cracking. In all cases, the identified
concern was corrected or evaluated to be accepted as-is. No significant safety events were
identified. Additional actions, such as procedural enhancements, were implemented as
needed to prevent recurrence.

Conclusion

The continued implementation of Bolting Integrity program provides reasonable assurance
that aging effects will be managed such that the systems and components within the scope
of this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B2.1.8 Steam Generator Tube Integrity

Program Description

The scope of the Steam Generator Tube Integrity program includes the preventive
measures, degradation assessment, steam generator inspection, integrity assessment,
primary and secondary chemistry controls, leakage monitoring, and required maintenance
and repair activities necessary to manage, cracking, denting, wall thinning, and loss of
material. The aging management measures employed include, non-destructive
examination, visual inspection, sludge removal, tube plugging, in-situ pressure testing and
maintaining the chemistry environment by removal of impurities and addition of chemicals to
control pH and oxygen. Non-destructive Examination (NDE) inspection scope and
frequency, and primary to secondary leak rate monitoring are conducted consistent with the
requirements of PVNGS Technical Specifications. PVNGS evaluates tube integrity in
accordance with the structural integrity performance criteria specified in Technical
Specifications which encompasses and exceeds the requirements of Regulatory Guide
1.121. In addition, Technical Specifications include accident induced leakage performance
criterion and operational leakage performance criterion. The steam generator management
practices are consistent with NEI 97-06, "Steam Generator Program Guidelines".

Guidance for steam generator management is specified in station procedures. This
guidance is consistent with the PVNGS Technical Specification requirements for steam
generator tube integrity and primary to secondary leakage limits. The PVNGS steam
generator inspection frequency is evaluated as part of the Degradation Assessment
performed prior to each inservice inspection consistent with the Technical Specification
requirements for the observed degradation mechanism. Plugging criteria for removing tubes
from service are consistent with Technical Specifications.

Tube support degradation is monitored by the presence of normal support signals at
expected tube locations and by visual inspection of the secondary side. The PVNGS steam
generator management procedure specifies that steam generators will be visually inspected,
as required, on the secondary side at the accessible portions of the following locations: tube
sheet region, both hot and cold leg, tube supports, flow distribution plate, and upper steam
drum internals.

Aging management activities for steam generator tubing integrity are controlled by station
procedures. The steam generators are also monitored under the Maintenance Rule
(10 CFR 50.65) as implemented by station procedures. The Steam Generator Tube
Integrity program was developed from and is consistent with NEI 97-06, "Steam Generator
Program Guidelines". PVNGS procedural guidance includes performance criteria for tube
structural integrity, operational leakage and accident induced leakage that are consistent
with NEI 97-06 and the PVNGS Technical Specifications. Procedural guidelines are also
provided for monitoring and maintenance including plugging criteria, plug inspection
requirements and inspection requirements for tube supports. The training and qualification
standards for personnel engaged in the acquisition and/or evaluation of steam generator
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NDE activities are specified in a station administrative procedure, and inspection practices
are consistent with EPRI 1003138, "PWR Steam Generator Examination Guidelines".
PVNGS programmatic guidance also requires that each inspection be based on a
degradation assessment that considers active, relevant and potential damage mechanisms.

NUREG-1801 Consistency

The Steam Generator Tube Integrity program is an existing program that is consistent with
NUREG-1801, Section XI. M19, "Steam Generator Tube Integrity".

Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

The Steam Generator Tube Integrity program has been developed to be consistent with NEI
97-06, and it benefits from the industry operating experience available when the initiative
was issued as well as the EPRI guidelines it endorses. Station procedural guidance
requires that the Steam Generator Degradation Assessment for PVNGS be updated every
operating cycle to incorporate the latest industry and plant-specific experience regarding
steam generator degradation mechanisms.

NRC Information Notice 97-88 addressed the importance of recognizing the potential for
degradation in areas that have not previously experienced tube degradation and the
importance of licensees to assess the significance of indications with respect to the
qualification of the inspection techniques and the manner in which the indications were
detected. The PVNGS Steam Generator Degradation Assessment evaluates industry
experience as well as PVNGS experience to identify active, relevant and potential tube
damage mechanisms. The inspection sample size, location and method are developed to
fully address active mechanisms and provide assurance that relevant and potential
mechanisms will be identified if they become active at PVNGS. The inspection expansion
criteria take into account both increasing the area inspected when degradation is found and
changing the technology used to accurately examine ambiguous or unexpected
degradation.

PVNGS Units 1, 2 and 3 are two loop Combustion Engineering (CE) plants with two identical
replacement steam generators designed by ABB/CE which are considered a modified CE
System 80 design. The original steam generators were replaced in Units 1, 2, and 3 during
the fall of 2005, 2003, and 2007, respectively. Each steam generator has a total of 12,580
Alloy 690 thermally treated tubes. The tubes are hydraulically expanded into the tubesheet
for the entire tubesheet thickness. The tube support system is similar to the original design,
and like the original design is fabricated from 409 ferritic stainless steel. To minimize the
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potential for stress corrosion cracking, in addition to the tubing material change, the U-bend
region in the first 17 rows were stress relieved after bending.

Industry experience has shown that tube damage in replacement steam generators typically
occurs from loose parts and support wear.

Wear is the only active damage mechanism in the PVNGS Replacement Steam Generators
(RSGs) as of U1R13 and U2R13, and specifically wear as the result of interaction of tubing
with the tube supports. Most of the wear indications were observed in a region around the
stay cylinder and at either of the Batwings or Vertical Strap (VS3).

As of the end of the U1R13 and U2R13 outages no corrosion degradation has been
detected in any of the PVNGS replacement steam generator tubes.

Due to certain historically observed wear phenomenon, PVNGS has employed conservative
administrative plugging criteria related to support wear mechanisms. For example, support
wear indications are removed for wear rate greater than or equal to 35% for a normal
operating cycle if no previous wear is identified. This plugging criterion is designed to
ensure that the structural and accident leakage performance criteria specified in the PVNGS
Technical Specifications are not exceeded in the subsequent operating cycle. It was
expected, based on RSG redesign, that the conditions necessary to generate high wear
rates in the Batwing Stay Cylinder (BWSC) and Cold Leg Corner (CLC) regions were
eliminated. While this was clearly the case for CLC wear, the RSG inspection results in Unit
2 during U2R12 and U2R13 indicated that, for at least Unit 2, the RSGs continued to exhibit
similar wear conditions within the BWSC region., However a similar result was not observed
in Unit 1. There are several possible explanations for these results. These include:

A decision was made prior to Unit 1 RSG installation to plug and stake all the "frontline"
BWSC tubes. These are the tubes most likely to be affected by BWSC wear. As these
tubes were plugged, no NDE data could be collected to confirm the presence of BWSC
wear. However, it should be noted that in Unit 2, BWSC wear was observed randomly
throughout the affected region (with the largest wear observed in the frontline tubes). No
BWSC wear was observed, at all, in the Unit 1 RSGs.

During discussions with Westinghouse, following U2R12, it was suggested that fabrication
issues resulting in less than expected tube to tube support interaction may be a reason for
the unexpected observed wear. It is possible that in Unit 1, improved alignment may be
resulting in less wear.

On February 19, 2004 Unit 2 was operating at full power when radiation monitors displayed
indications of a low level primary to secondary leak. Shortly thereafter the leak rate was
calculated to be 11.8 gallons per day, even though grab samples indicated 3 gallons per
day, and the decision was made to shut the unit down to find and repair the leak.

After cooling the plant down and performing tests, one SG tube was found to be leaking and
was plugged. Further analysis showed that the cause of the leak was from a puncture
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received from a wood screw that was used in the construction of the shipping crates for the
tubes when the steam generators were being manufactured. The tubes were placed in the
crate and the crate assembled around them. One screw that was used near the outer
diameter of the top of the tube bend protruded through the wood and began to puncture the
tube material. The screw did not completely penetrate the tube and the unit was operated
from its post-outage startup to this date when the tube finally began leaking. Contamination
to the secondary plant was minimal and the unit entered Mode 1 on March 9, 2004.
Corrective actions put in place after the event prevented recurrence in the Unit 1 and 3
replacement steam generators.

Conclusion

The continued implementation of the Steam Generator Tube Integrity program provides
reasonable assurance that aging effects will be managed -such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.9 Open-Cycle Cooling Water System

Program Description

The Open-Cycle Cooling Water System program manages loss of material and reduction of
heat transfer for components exposed to the raw water of .the open-cycle cooling water
system. The program includes surveillance techniques and control techniques to manage
aging effects caused by biofouling, corrosion, erosion and silting in the open-cycle cooling
water system and in structures and components cooled by the open-cycle cooling water
system. The only safety-related open-cycle service water system is the essential spray
pond system. Essential spray ponds serve as the ultimate heat sink. In addition to the
essential spray pond system, the open-cycle cooling water program also addresses the
essential cooling water system heat exchangers that are administratively located within the
essential cooling water system license renewal boundary and the emergency diesel
generator jacket water, emergency diesel generator fuel oil, emergency diesel generator
lube oil and emergency diesel generator turbo air intercooler heat exchangers that are
administratively located with the emergency diesel generator system license renewal
boundary together with their associated components that are exposed to raw water supplied
by the essential spray ponds system. The program is consistent with PVNGS commitments
as established in responses to Generic Letter 89-13.

The surveillance techniques utilized in the Open-Cycle Cooling Water program include
visual inspection and Non-Destructive Examination (NDE) of selected components together
with thermal and hydraulic performance monitoring of heat exchangers and of the essential
spray pond system as an integrated whole. The control techniques utilized in the Open-
Cycle Cooling Water program include,(1) water chemistry controls to mitigate the potential
for the development of aggressive cooling water conditions, (2) flushes and (3) physical
and/or chemical cleaning of heat exchangers and of the Essential Spray Ponds to remove
fouling and to reduce the potential sources of fouling.

NUREG-1801 Consistency

The Open-Cycle Cooling Water System program is an existing program that, following
enhancement, will be consistent with NUREG-1801, Section XI, M20, "Open-Cycle Cooling
Water System".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:
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Detection of Aging Effects - Element 4 and Acceptance Criteria - Element 6

Clarify guidance in the conduct of heat *exchanger and piping inspections using NDE
techniques and related acceptance criteria.

Operating Experience

PVNGS has experienced fouling of safety related coolers and heat exchangers due to
inadequate chemistry control. In 1994, PVNGS implemented a new chemistry control
program for the emergency spray pond system to control corrosion and prevent fouling of
the safety-related components. Throughout the period of 1994 through May 2006, PVNGS
made a series of changes to this program which created a chemical environment that was
progressively more conducive to fouling of the heat exchangers which were relied upon to
transfer heat from the reactor, containment, diesel generators, and safety-related equipment
rooms to the ultimate heat sink. The foulant was determined to be a buildup of excess
chemicals which were added as part of the chemistry control program. Years of test results
showed degraded heat exchanger performance, numerous heat exchanger inspections
which documented chemical buildup, and an increasing need to clean the heat exchangers
more frequently. In May 2006 degraded performance was observed in all trains in all three
units. Because of design margins, only Unit 2 Train B essential cooling water system heat
exchanger was identified where fouling may have been sufficient to cause a loss of safety
function.

As a result of an NRC inspection related to this operating history, the NRC concluded that
there were five violations of NRC requirements, characterized as performance deficiencies.
Upon final evaluation, the NRC determined that because these violations were of very low
safety significance, had been entered into the corrective action program, the root-cause had
been identified, and appropriate corrective actions had been taken, they were considered
non-cited violations.

The following immediate corrective actions were taken to return the effected systems to full
operability:

* The essential spray ponds system chemistry was corrected.

* Essential cooling water system heat exchangers were cleaned in all three units.

* Diesel generator intercoolers were cleaned in all three units and diesel generator test
frequency was increased until it was determined that the immediate corrective
actions were effective.

* Procedures were revised to require a work order to be generated to clean any
emergency diesel generator intercooler if temperature exceeds 1200 F.

" The spray ponds were cleaned in all three units.
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* Additional cleaning and inspections of the diesel generator and essential cooling

water heat exchangers were scheduled.

The following corrective actions were taken to ensure root-cause issues were corrected:

* Chemistry control program was revised to establish appropriate limits and to
increase sampling frequencies.

* Revised essential cooling water heat exchanger procedures to ensure thermal
performance was adequately evaluated

* Established controls that required changes to the chemistry control program to
undergo 10 CFR 59 reviews

* Actions were taken to reinforce the need to maintain a "low threshold" with respect to
corrective action initiation.

* Corrected the use of computer models that predicted calcium phosphate scale

Conclusion

The continued implementation of the Open-Cycle Cooling Water System program provides
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.10 Closed-Cycle Cooling Water System

Program Description

The Closed-Cycle Cooling Water (CCCW) System program manages loss of material,
cracking, and reduction in heat transfer for components in the following closed-cycle cooling
water systems:

* Diesel Generator Jacket Water System

" Essential Chilled Water System

* Essential Cooling Water System

" Normal Chilled Water System

* Nuclear Cooling Water System

The CCCW systems serve heat exchangers and related components that are within the
scope of license renewal in the following interfacing systems:

" Auxiliary Steam System

• Chemical and Volume Control System

* Spent Fuel Pool Cooling and Clean Up System

* Reactor Coolant System

* Secondary Chemical Control System

" Safety Injection and Shutdown Cooling System

* Nuclear Sampling System

* Auxiliary Building HVAC

" Containment Building HVAC

" Control Building HVAC

The program includes (a) maintenance of system corrosion inhibitor concentrations to
minimize aging effects and (b) periodic testing and inspections to evaluate system and
component performance. The water chemistry aspect of the program maintains an
environment within CCCW systems that is consistent with the parameters specified in EPRI
TR-107396 for CCCW system. Water chemistry is maintained through the addition of an
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iron corrosion inhibitor (nitrite), a copper corrosion inhibitor (tolyltriazole - TTA), pH control
and biocide (glutaraldehyde). System corrosion inhibitor concentrations are maintained at
levels described in EPRI TR-107396 to minimize aging effects. Testing and inspections are
performed in accordance with guidance in EPRI TR 107396 for closed-cycle cooling water
(CCCW) systems as appropriate for their license renewal intended functions; for example,
components in scope of license renewal for criterion a(2) considerations only are not subject
to internal inspection or performance testing. Inspection processes include visual, eddy-
current and ultrasonic methods. Testing methods include functional demonstrations and
monitoring, thermal and hydraulic performance testing.

NUREG-1801 Consistency

The Closed-Cycle Cooling Water System program is an existing program that, following
enhancement, will be consistent with exception to NUREG-1801, Section XI.M21, "Closed-
Cycle Cooling Water'.

Exceptions to NUREG-1801

Program Elements Affected

Preventive Actions - Element 2

NUREG-1801, Section XI.M21, Element 2, requires materials used in CCCW systems to be
appropriate to the type of service. The essential cooling water system for each unit is
provided with two radiation monitors (one per train) that employ an aluminum "window" as a
pressure boundary between the CCCW and the ionization detector within the flow-through
sample chambers. The chemical treatment program at PVNGS does not include controls
described in EPRI TR-107396 as appropriate for aluminum. Exception is taken to employ
the NUREG 1801 AMP XI.M38 Internal Surfaces Monitoring Program to manage the aging
of the aluminum "windows" of the radiation monitors. A review of plant operating
experience reveals no instances where aging effects have led to the loss of the intended
function of the subject components.

Parameters Monitored or Inspected - Element 3 and Monitoring and Trending - Element 5

NUREG-1801, Section XI.M21, Element 3 requires testing and inspection as described in
EPRI TR-107396 and further states "For pumps, the parameters monitored include flow,
discharge pressures, and suction pressures and for heat exchangers, the parameters
monitored include flow, inlet and outlet temperatures, and differential pressure" and Element
5 states "visual inspections and performance/functional tests are to be performed to confirm
the effectiveness of the program". PVNGS monitors system parameters and performs a
combination of visual inspections, non-destructive examinations, performance and functional
tests as well as thermal performance tests as described in EPRI TR-107396 Section 8.4 to
confirm the effectiveness of the CCCW program in managing the aging of components and
systems exposed to CCCW. Plant configuration constraints and consideration of
components in-scope of license renewal for 10 CFR 54.4 criterion a(2) considerations only
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have led to several exceptions with respect to some measures set forth in NUREG-1801
with respect to testing and inspection specifics that together do not compromise the ability to
monitor program effectiveness to ensure the component intended functions are maintained.
Specific exceptions taken include:

a.) The essential cooling water, spent fuel cooling and cleanup, and shutdown cooling heat
exchangers are not monitored for differential pressure. The program of periodic sampling
and maintenance of system chemistry together with thermal performance testing in
conformance with EPRI NR-7552, and, in the case of the essential cooling water heat
exchanger, periodic ECT of the heat exchanger tubes and, in the case of the spent fuel
cooling and cleanup heat exchanger, periodic NDE of the heat exchanger shell are
adequate to ensure that component intended functions of pressure boundary and heat
transfer are maintained.

b.) The essential chilled water and essential cooling water system circulating water pumps
are not subject to periodic internal visual inspection or casing NDE. These pumps are
monitored for flow, suction pressure and discharge pressure in accordance with the
approved ASME Pump and Valve In-Service Testing Program. The performance monitoring
of these pumps together with periodic sampling and control of water chemistry is adequate
to ensure component intended function is maintained.

c.) The essential chilled water system chiller condenser, water cooler and lube oil cooler are
not individually monitored for flow, inlet and outlet temperatures, and differential pressure.
During periodic surveillance testing, the heat load on the essential chilled water system is
not reproducible from test-to-test. Plant procedures require that these components are
subject to visual inspection when their respective chiller is rebuilt. Visual inspection together
with the periodic sampling and control of system water chemistry is adequate to ensure the
component intended functions are maintained.

d,) The individual ventilation cooling coils served by the essential chilled water system are
not monitored for differential pressure and, additionally are not subject to visual inspection of
their internal surfaces or NDE because the internal diameter and geometry of the coils
preclude effective internal inspection. The combination of chemistry control, preventive
maintenance, air side inspection, and testing of a control room air filtration unit in each train
provides reasonable assurance that essential auxiliary building HVAC and control building
HVAC system cooling coil performance has not degraded. A review of plant operating
experience reveals no instances where aging effects have led to the loss of the intended
function of the subject components.

e.) The diesel generator jacket water engine-driven circulating water pump, the motor-driven
circulating water pump, the jacket water heat exchanger, turbo air intercooler, turbocharger
and governor lube oil cooler are not individually monitored for flow, inlet and outlet
temperatures, and differential pressure and internal visual inspections are not performed on
each component. At PVNGS, diesel generator performance parameters are monitored
through periodic Technical Specification surveillance tests. Plant procedures require
temperature and pressure parameters be compared to pre-established limiting values. From
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the comparison, overall heat exchanger and pump performance can be inferred collectively
for the diesel generator under test. With respect to the motor-driven circulating water pump,
the pump operates cyclically together with a heater to maintain jacket water temperature
when the diesel generator is in standby; its functional performance is continuously
monitored by measuring jacket water temperature. The diesel generator governor oil cooler,
the engine-driven and motor-driven circulating water pumps and the turbocharger are not
individually subject to periodic visual inspection. The jacket water heat exchanger and the
turbo air intercooler are periodically inspected visually as an indication of interior surface
conditions throughout the diesel generator jacket water system. The surveillance tests
together with periodic visual inspections and the periodic sampling and control of system
water chemistry are adequate to ensure the component intended functions are maintained
within the diesel generator jacket water system.

f.) The RC hot leg sample cooler is within scope of license renewal for 10 CFR 54.4 criteria
a(3) fire protection considerations that identify the capability to obtain a RC hot leg sample
for boron concentration as a means of reactivity control. Exception is taken for regular,
periodic inspection and testing of this heat exchanger based on its variable heat load and on
its frequent use in normal operations that would permit identification of any abnormality in
obtaining a sample. The periodic sampling and maintenance of system chemistry together
with operator observation of component performance in service is adequate to ensure the
component intended function of pressure boundary and heat transfer are maintained for the
RC hot leg sample cooler.

g.) Several heat exchangers are provided which do not have a license renewal heat transfer
intended function and are not monitored for parameters pertaining to heat transfer nor
subject to periodic performance monitoring and inspection to manage the aging effect of
reduction in heat transfer. These heat exchangers include the letdown heat exchanger,
which has the intended function of pressure boundary, and the following heat exchangers,
which have the intended function of leakage barrier - spatial:

" auxiliary steam vent condenser

* cooler for auxiliary steam radiation monitor

* cooling coils for normal HVAC Units (containment, auxiliary, and control building
HVAC)

* steam generator hot leg, cold leg and downcomer blowdown sample coolers

" pressurizer steam space and surge line sample coolers

" safety injection sample coolers

For these heat exchangers, the periodic sampling and maintenance of system chemistry is
adequate to ensure the component intended function is maintained.
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Preventative Actions - Element 2, Parameters Monitored or Inspected - Element 3,
Detection of Aging Effects - Element 4, Monitoring and Trending - Element 5 and
Acceptance Criteria - Element 6.

The program described in NUREG-1801, Section XI.M21, is based on the 1997 version of
the EPRI Closed Cooling Water Chemistry Guidelines, TR-107396 Rev. 0. The PVNGS
program currently uses the 2004 version of the EPRI Closed Cooling Water Chemistry
Guidelines Rev. 1. This difference is considered to be an exception. This exception is
acceptable because the EPRI Closed Cooling Water Chemistry guidelines are a consensus
document that is updated based on new operating experience, research data, and expert
opinion. Incorporation of later versions of the guidance document ensures that the program
addresses new information.

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Preventive Actions - Element 2, Acceptance Criteria - Element 6, and Acceptance Criteria -
Element 7

Procedures will be enhanced to incorporate the guidance of EPRI TR-107396 with respect
to water chemistry control for frequency of sampling and analysis, normal operating limits,
action level concentrations, and times for implementing corrective actions upon attainment
of action levels.

Operating Experience

A review of the PVNGS plant-specific operating experience indicates that there has been no
evidence of significant fouling or loss of material that has resulted in a loss of intended
function observed in the following closed cycle cooling systems:

" Diesel Generator Jacket Water System

* Essential Chilled Water System

* Essential Cooling Water System

* Normal Chilled Water System

* Nuclear Cooling Water System

During the second half of 2001, water chemistry monitoring identified an elevated levels of
chlorides and sulfates characteristic of leakage from the essential spray pond system into
the essential cooling water system of Unit 3. Diagnostic water chemistry testing further
localized the source of the leak to the B-train essential cooling water heat exchanger. Visual
inspection and NDE (eddy current testing) were performed and localized the leak to a heat
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exchanger tube which was subsequently plugged. The cause was evaluated as a pit
resulting from corrosion from the open-cycle cooling side of the heat exchanger into the
closed-cycle side of the heat exchanger. An expanded testing program encompassing
100% of the essential cooling water heat exchanger tubes in all three units revealed no
further degradation. This event demonstrates the effectiveness of managing the aging of
the closed-cycle cooling water systems.

Conclusion

The continued implementation of the Closed-Cycle Cooling Water program provides
reasonable assurance that aging effects Will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.11 Inspection of Overhead Heavy Load and Light Load (Related to

Refueling) Handling Systems

Program Description

The Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling
Systems program manages loss of material for all cranes, trolley and hoist structural
components, fuel handling equipment and applicable rails within the scope of license
renewal. Visual inspections will assess conditions such as loss of material due to corrosion
of structural members and visible signs of rail wear.

The inspections for the Inspection of Overhead Heavy Load and Light Load (Related to
Refueling) Handling Systems program are performed using various preventive maintenance
work orders. The inspection requirements are consistent with:

(1) The guidance provided by NUREG-0612, "Control of Heavy Loads at Nuclear Power
Plants" for load handling systems that handle heavy loads which can directly or indirectly
cause a release of radioactive material.

(2) Applicable industry standards (such as CMAA Spec 70) for other cranes within the scope

of license renewal.

(3) Applicable OSHA regulations (29 CFR Volume XVII, Part 1910 and Section 1910.179).

NUREG-1801 Consistency

The Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling
Systems program is an existing program that, following enhancement, will be consistent with
NUREG-1801, Section XI.M23, "Inspection of Overhead Heavy Load and Light Load
(Related to Refueling) Handling Systems".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancement will be implemented in
the following program element:

Detection of Aging Effects - Element 4

Procedures will be enhanced to inspect for loss of material due to corrosion or rail wear.
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Operating Experience

No occurrences of unacceptable corrosion for components within the scope of the
Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling
Systems program have been identified. Additionally, since PVNGS cranes, hoists, trolleys
and fuel handling equipment have not been operated outside their design limits nor beyond
their design lifetime, no fatigue related structural failures have occurred.

Conclusion

The continued implementation of the Inspection of Overhead Heavy Load and Light Load
(Related to Refueling) Handling Systems program provides reasonable assurance that
aging effects will be managed such that the systems and components within the scope of
this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B2.1.12 Fire Protection

Program Description

The Fire Protection program manages loss of material for fire rated doors, fire dampers,
diesel-driven fire pumps, and the C02 and halon fire suppression systems, cracking,
spalling, and loss of material for fire barrier walls, ceilings, and floors, and hardness and
shrinkage due to weathering of fire barrier penetration seals. Periodic visual inspections of
fire barrier penetration seals, fire dampers, fire barrier walls, ceilings and floors, and periodic
visual inspections and functional tests of fire-rated floors are performed to ensure that they
can perform their intended function.

The Fire Protection program manages aging by a visual inspection on ten percent of each
type of penetration seal at least once every 18 months. This sample~set method ensures
that each penetration seal is inspected at least once every 15 years.

The Fire Protection program manages aging by a visual inspection every 18 months of the
fire barrier walls, ceilings, and floors, including coating and wraps of Thermo-lag enclosures,
examining for any signs of aging such as cracking, spalling, and loss of material.

The Fire Protection program manages aging by drop testing on ten percent of all accessible
fire dampers on an 18 month basis.

The Fire Protection program manages aging by performing visual inspections every 18
months on fire-rated doors to verify the integrity of door surfaces and for clearances to
detect aging of the fire doors prior to the loss of intended function.

The diesel-driven fire pumps are under observation during performance tests such as flow
tests, start/run tests for detecting any aging of the fuel supply line. The fuel oil supply line is
also managed by the Fuel Oil Chemistry program (B2.1.14) and External Surface Monitoring
Program (B2.1.20).

A visual inspection and function test of the halon and C02 fire suppression systems is

performed every 18 months.

NUREG-1801 Consistency

The Fire Protection program is an existing program that, following enhancement, will be
consistent with exception to NUREG-1801, Section XI.M26, "Fire Protection".
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Exceptions to NUREG-1801

Program Elements Affected

Parameters Monitored or Inspected - Element 3 and Detection of Aging Effects - Element 4

NUREG-1801 recommends a visual inspection and function test of the halon and C02
systems every six months. The PVNGS procedures for visual inspections and function
testing of the halon and C02 fire suppression systems are performed every 18 months per
Technical Requirements Manual Surveillance Requirement (TSR) 3.11.106.4 and
3.11.103.4, respectively. This procedural function test would identify any mechanical
damage of the halon and C02 fire suppression system that prevents the system from
performing its intended function. The 18 month frequency is considered sufficient to ensure
system availability and operability based on station operating history that indicates no loss of
intended function due to aging. A review of the past ten years of operating experience and
corrective action documentation has shown no degradation or loss of intended function
between test intervals.

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Parameters Monitored or Inspected - Element 3, Detection of Aging Effects - Element 4,
Monitoring and Trending -Element 5, and Acceptance Criteria - Element 6

Procedures will be enhanced to state trending requirements for the diesel-driven fire pump
and to include visual inspection of the fuel supply line to detect degradation.

Procedures will be enhanced to inspect for mechanical damage, corrosion and loss of
material of the halon discharge pipe header and the C02 system discharge nozzles.

Procedures will be enhanced to state the qualification requirements for inspecting

penetration seals, fire rated doors, fire barrier walls, ceilings and floors.

Operating Experience

Plant operating experience indicates that there have been instances of Thermo-Lag
degradation and cracking. These portions of affected Thermo-Lag envelopes have been
reworked according to PVNGS specification. PVNGS has also experienced door skin
cracks. These have been weld repaired according to specification.

During May of 2005, a fire protection audit was performed by members of APS and other
industry representatives. The audit team observed current conditions and installations of
the C02 and halon suppression systems during walk-downs of selected fire zones. All
systems were found in good condition. Multiple walkdowns per unit were conducted to
examine the current condition of existing fire barriers in the Unit 1 control building, the Unit 2
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turbine building, and the Unit 3 auxiliary building. There was one adverse condition
identified in the Unit 3 auxiliary building where copper piping was penetrating the floor
barriers. The audit team found no degraded conditions (e.g., cracks, gouges, holes in
material, joint/seal gaps) of installed electrical raceway fire barriers.

In September of 2006, it was discovered that a carbon steel pipe nipple was in need of
replacement due to galvanic corrosion and was subsequently replaced. The nipple was
located between a galvanized tee and a brass valve. This event is representative of the
PVNGS experience of detecting degradations and leakage in time to take corrective action
prior to the loss of intended function.

During the 2007 fire protection audit, a concern was raised for the need of a plan to identify
fire protection equipment obsolescence issues. Design modifications have been identified
to address these issues.

Conclusion

The continued implementation of the Fire Protection program provides reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.13 Fire Water System

Program Description

The Fire Water System program manages loss of material for water-based fire protection
systems. Periodic hydrant inspections, fire main flushing, sprinkler inspections, and flow
tests in accordance with National Fire Protection Association (NFPA) codes and standards
ensure that the water-based fire protection systems are capable of performing their intended
function. The fire water system pressure is continuously monitored such that loss of system
pressure is immediately detected and corrective actions initiated.

The Fire Water System program conducts an air or water flow test through each open head
spray/sprinkler nozzle to verify that each open head spray/sprinkler nozzle is unobstructed.
The Fire Water System program tests a representative sample of fire protection sprinkler
heads or replaces those that have been in service for over 50 years, using the guidance of
the current code of record or NFPA 25, 2002 Edition, and will test at 10-year intervals
thereafter during the period of extended operation to ensure that signs of degradation, such
as corrosion, are detected in a timely manner.

Visual inspections evaluating wall thickness to identify evidence of loss of material due to
corrosion will be done through the Inspection of Internal Surfaces in Miscellaneous Piping
and Ducting Components program (B2.1.22). Buried Piping and Tanks Inspection program
(B2.1.18) is credited with the management of aging effects on the external surface of buried
fire water system piping.

NUREG-1801 Consistency

The Fire Water System program is an existing program that, following enhancement, will be
consistent with exception to NUREG-1 801, Section X1.27, "Fire Water System".

Exceptions to NUREG-1801

Proqram Elements Affected

Detection of Aging Effects - Element 4

PVNGS performs power block hose station gasket 'inspections once per 18 months as
opposed to once per 12 months. Technical Requirements Manual Surveillance
Requirement (TSR) 3.11.104.4 states the inspection frequency to be 18 months.

PVNGS performs hydrostatic testing on fire hoses once per three years. Replacement fire
hoses that have been hydrostatically tested are available if needed in lieu of performing a
hydrostatic test. TSR 3.11.104.6 states the inspection frequency to be 3 years.
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Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Preventive Actions - Element 2 and Acceptance Criteria - Element 6

Specific procedures will be enhanced to include review and approval requirements under
the Nuclear Administrative Technical Manual (NATM).

Parameters Monitored or Inspected - Element 3

Procedures will be enhanced to be consistent with the current code of record or NFPA 25,
2002 Edition.

Detection of Aging Effects - Element 4

Procedures will be enhanced to field service test a representative sample or replace
sprinklers prior to 50 years in service and test thereafter every 10 years to ensure that signs
of degradation are detected in a timely manner.

Procedures will be enhanced to be consistent with NFPA 25 Section 7.3.2.1, 7.3.2.2,
7.3.2.3, and 7.3.2.4.

Monitoring and Trending -Element 5

Procedures will be enhanced to state trending requirements.

Corrective Actions - Element 7

Procedures will be enhanced so that the PVNGS Quality Assurance programs will apply to
Fire Protection SSCs that are within the scope of license renewal that are also part of the
boundary of the WRF (Water Reclamation Facility).

Operating Experience

NaOH and NaSO3 are added to the fire water system and sampled periodically. Based on
analyses of corrosion coupons, the corrosion rate has been 0.3 mils/yr thus indicating
successful corrosion control measures.

There has been some at-grade evidence of buried piping leakage observed. Remote field
eddy current testing was performed on about 7,721 feet of 12-inch pipe covering the fire
water main loop. Test results indicated that there were several sections of pipe that had
localized degradation in excess of the minimum wall thickness of 40% of nominal wall
thickness. Validation was then performed by excavating and removing two spools, and
corrosion related pitting was confirmed. PVNGS replaced portions of the North and South
Loop piping with epoxy lined reinforced fiberglass. Replacement of approximately 6,000
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feet of pipe on the North Loop was completed during September of 2001. Approximately
4,500 feet of pipe on the South Loop was completed during July of 2006. Some of this
degradation was attributed to coating holidays caused by improper backfilling and lack of
cathodic protection attention during early plant operation.

The flushes of the deluge system, fire hydrants, and underground fire water loops have
identified little or no debris in the lines, and there have been no indications that the SSCs
would not be able to perform their intended function.

A review of the past ten years of corrective action documents showed no signs of gasket
degradation or fire hose degradation due to inspection intervals of 18 months and three
years, respectively.

Conclusion

The continued implementation of the Fire Water System program provides reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.

Palo Verde Nuclear Generating Station
License Renewal Application

Page B-50



Appendix B
AGING MANAGEMENT PROGRAMS

B2.1.14 Fuel Oil Chemistry

Program Description

The Fuel Oil Chemistry program manages loss of material on the internal surface of
components in the emergency diesel generator (EDG) fuel oil storage and transfer system,
diesel fire pump fuel oil system, and station blackout generator (SBOG) system. The
program includes (a) surveillance and monitoring procedures for maintaining fuel oil quality
by controlling contaminants in accordance with applicable ASTM Standards, (b) periodic
draining of water from fuel oil tanks, (c) visual inspection of internal surfaces during periodic
draining and cleaning, (d) ultrasonic wall thickness measurements of fuel oil tanks if there
are indications of reduced cross sectional thickness found during the visual inspection, (e)
inspection of new fuel oil before it is introduced in the fuel oil tanks, and (f) one-time
inspections of a representative sample of components in systems that contain fuel oil by the
One-Time Inspection Program.

Fuel oil quality is maintained by monitoring and controlling fuel oil contaminants in
accordance with applicable ASTM Standards. This is accomplished by periodic sampling
and chemical analysis of the fuel oil inventory at the plant and sampling, testing, and
analysis of new fuel oil prior to introduction into the fuel oil storage tanks. Initial samples of
new fuel oil are inspected for entrained foreign material and water as precautions during the
delivery process to avoid introducing contaminants. If a sample appears to be
unsatisfactory, delivery is discontinued or not allowed.

The One-Time Inspection program (Section B2.1.16) will be used to verify the effectiveness

of the Fuel Oil Chemistry program.

NUREG-1801 Consistency

The Fuel Oil Chemistry program is an existing program that, following enhancement, will be
consistent with exception to NUREG-1 801, Section XI.M30, "Fuel Oil Chemistry".

Exceptions to NUREG-1801

Program Elements Affected

Preventive Actions - Element 2

Stabilizers and corrosion inhibitors are not added to the diesel fuel based on the plant
operation experience with negligible underground temperature swings, an arid outdoor
environment, and operating experience showing the historical absence of water in the EDG
fuel oil. Fuel oil quality is maintained through periodic sampling.
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Parameters Monitored or Inspected - Element 3 and Acceptance Criteria -Element 6

NUREG-1801 states within Element 3, in part, the ASTM Standards D1796 and D2709 are
used for determination of water and sediment contamination in diesel fuel. PVNGS
Technical Specification 5.5.13 requires use of ASTM Standard D1796-83 only.

Monitoring and Trending -Element 5

Water has never been discovered within the EDG fuel oil system, and therefore biological
activity is not monitored. PVNGS Technical Specification Bases for Surveillance
Requirement 3.8.1.5 state that removal of water is the most effective means of controlling
microbiological fouling.

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Scope of Program - Element 1, Parameters Monitored or Inspected - Element 3, and
Monitoring and Trending -Element 5

Procedures will be enhanced to extend the scope of the program to include SBOG fuel oil
storage tank and SBOG skid fuel tanks.

Preventive Actions - Element 2 and Detection of Aging Effects - Element 4

Procedures will be enhanced to include ten-year periodic draining, cleaning, and inspections
on the diesel-driven fire pump day tanks, SBOG fuel oil storage tanks, and SBOG skid fuel
tanks.

Detection of Aging Effects - Element 4

Ultrasonic testing (UT) or pulsed eddy current (PEC) thickness examination will be
conducted to detect corrosion-related wall thinning if degradation is found during the visual
inspections and once on the tank bottoms for the EDG fuel oil storage tanks, EDG fuel oil
day tanks, diesel-driven fire pump day tanks, and SBOG fuel oil storage tanks. The one-
time UT or PEC examination on the tank bottoms will be performed before the period of
extended operation.

Operating Experience

PVNGS has no operating experience resulting in MIC in EDG fuel oil. Also, operating
experience has shown negligible underground temperature swings and absence of water in
the EDG fuel oil.

In 2005, during the U2R12 refueling outage, strainers downstream of the EDG fuel oil day
tank were found to be clogged. The cause was determined to be a buildup of sediment in
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the fuel oil day tank. The day tank was re-filled from empty following inspection, and the
sediment on the tank bottom was stirred and flowed in down into the strainers. The day tank
had never been filled from empty since startup. Resulting from the observed sediment
buildup, one-time corrective maintenance work orders were written to clean, inspect, and
flush the remaining fuel oil day tanks. In one of the five tanks inspected, a film of fuel
sediment was removed. Other corrective actions include establishing a ten-year periodic
preventive maintenance task to inspect, clean and flush the diesel fuel oil storage and day
tanks.

Conclusion

The continued implementation of the Fuel Oil Chemistry program, supplemented by the
One-Time Inspection program (B2.1.16), provides reasonable assurance that aging effects
will be managed such that the systems and components within the scope of this program
will continue to perform their intended functions consistent with the current licensing basis
for the period of extended operation.
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B2.1.15 Reactor Vessel Surveillance

Program Description

The Reactor Vessel Surveillance program manages loss of fracture toughness and consists
of scheduled withdrawal and testing of vessel material surveillance coupons, consistent with
10 CFR 50 Appendix H and with ASTM E185-82.

Since peak neutron fluence at the end of the design life may exceed 1017 n/cm 2 (E > 1 MeV)
and since vessel material coupons were installed, PVNGS determined neutron
embrittlement effects, consistent with Regulatory Guide 1.99, Rev. 2, by option 1[b],
"Neutron Embrittlement Using Surveillance Data". Actual reactor vessel coupons are used.
Limiting heat-affected-zone (HAZ) materials were selected from limiting plate materials.

The original surveillance program documents prescribed coupon material sources, types,
and numbers; neutron dosimetry; temperature monitors; capsule number, design and
location; and the original examination schedule and methods, including unirradiated
baseline and irradiated coupon examinations. Current examination methods and report
requirements are also controlled by commitment to 10 CFR 50 Appendix H and to ASTM
E 185-82.

Fragments of surveillance specimens are retained for possible future use.

The last-tested 230-degree azimuth capsule specimens from each of the three reactor
vessels were withdrawn at about 14 effective full-power years and exposed to fluences
equivalent to about 18 to 20 effective full-power years.

NUREG-1801 Consistency

The Reactor Vessel Surveillance program is an existing program that, following
enhancement, will be consistent with NUREG-1801, Section X1.M31 "Reactor Vessel
Surveillance".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented:

The schedule will be revised to withdraw the next capsule at the equivalent clad-base metal
exposure of approximately 54 EFPY expected for the 60-year period of extended operation,
and to withdraw remaining standby capsules at equivalent clad-base metal exposures not
exceeding the 72 EFPY expected for a possible 80-year second period of extended
operation. This withdrawal schedule is in accordance with NUREG-1801, Section XI.M31,
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item 6, and with the ASTM E 185-82 criterion which states that capsules may be removed
when the capsule neutron fluence is between one and two times the limiting fluence
calculated for the vessel at the end of expected life. This schedule change must be
approved by the NRC, as required by 10 CFR 50 Appendix H.

If left in the reactor beyond the presently-scheduled withdrawal, the next scheduled
surveillance capsule in each unit will reach a clad-base metal 54 EFPY equivalent at about
40 actual operating EFPY (40, 39, and 42 actual EFPY in Units 1, 2, and 3, respectively).

Procedures will be enhanced to identify the withdrawal of the remaining standby capsules at
72 EFPY, at about 50 to 54 actual operating EFPY, near the end of the extended licensed
operating period. The need to monitor vessel fluence following removal of the remaining
standby capsules, and ex-vessel or in-vessel methods, will be addressed prior to removing
the remaining capsules.

Operating Experience

The recent examination results indicate that the reactor vessel has been accumulating
fluence at a rate less than that originally assumed. The recent examination results also
show that decreases in USE and increases in RTNDT are less than projected, thereby
demonstrating generous operating margins to pressure-temperature limits; in the limiting
materials. The minor exception was the Unit 3 weld coupons, which experienced a larger
than expected ARTNDT, however this is not the limiting material. The continuation of the
reactor vessel surveillance program for the period of extended operation will be revised to
extend the coupon withdrawal and examination schedule in order to provide surveillance
coupons exposed to fluences sufficient to monitor the effects of neutron irradiation on the
reactor vessel throughout its operating lifetime, in accordance with 10 CFR 50 Appendix H
and ASTM E 185-82.

Conclusion

The continued implementation of the Reactor Vessel Surveillance program provides
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.16 One-Time Inspection

Program Description

The One-Time Inspection program conducts one-time inspections of plant system piping
and components to verify the effectiveness of the Water Chemistry program (B2.1.2), Fuel
Oil Chemistry program (B2.1.14), and Lubricating Oil Analysis program (B2.1.23). The
aging effects to be evaluated by the One-Time Inspection program are loss of material,
cracking, and reduction of heat transfer. The One-Time Inspection program will include the
specific attributes for the components crediting this program for aging management in the
license renewal application.

Plant system piping and components will be subject to one-time inspection on a sampling
basis using qualified inspection personnel following established ASME, "Boiler and Pressure
Vessel Code", Section V, "Nondestructive Examination", (NDE) techniques appropriate to
each inspection. Inspection sample sizes will be determined using a methodology that is
based on 90%. confidence that 90% of the population of components will not experience
aging effects in the period of extended operation. The One-Time Inspection program
specifies corrective actions and increased sampling of piping/components if aging effects
are found during material/environment combination inspections. The one-time inspections
will be performed no earlier than 10 years prior to the period of extended operation. All one-
time inspections will be completed prior to the period of extended operation. Completion of
the One-Time Inspection program in this time period will assure that potential aging effects
will be manifested based on at least 30 years of PVNGS operation.

Major elements of the PVNGS One-Time Inspection program include:

a) Identifying piping and component populations subject to one-time inspection based on
common materials and environments,

b) Determining the sample size of components to inspect using established statistical
methods based on the population size of the material-environment groups,

c) Selecting piping and components within the material/environment groups for inspection
based on criteria provided in the One-Time Inspection procedure,

d) Conducting one-time inspections of the selected components within the sample using
ASME Code Section V NDE techniques and acceptance criteria consistent with the design
codes/standards or ASME Section XI as applicable to the component.

NUREG-1801 Consistency

The One-Time Inspection program is a new program that, when implemented, will be
consistent with NUREG-1801, Section XI.M32, "One Time Inspection".
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Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

During the 10 year period prior to the period of extended operation, one-time inspections will
be accomplished at PVNGS using ASME NDE techniques to identify possible aging effects.
ASME code techniques in the ASME Section XI IS[ Program have proven to be effective in
detecting aging effects prior to loss of intended function. Review of PVNGS plant-specific
operating experience associated with the ISI Program has not revealed any ISI program
adequacy issues or implementation issues with the PVNGS ASME Section XI ISI Program.
The same NDE techniques used in the ASME Section XI ISI Program will be used in the
PVNGS One-Time Inspection program. Using ASME code NDE techniques will be effective
in identifying aging effects if present.

Based on reviews of available operating experience and the strength of ASME code NDE
techniques, the PVNGS One-Time Inspection program provides reasonable assurance that
aging effects will be effective in identifying loss of material, cracking, or reduction of heat
transfer aging effects in the systems and components included in the One-Time Inspection
Program in the 10 year period prior to the period of extended operation. Industry and plant-
specific operating experience will be evaluated in the development and implementation of
this program.

Conclusion

The implementation of the One-Time Inspection program will provide reasonable assurance
that aging effects will be managed such that the systems and components within the scope
of this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B2.1.17 Selective Leaching of Materials

Program Description

The Selective Leaching of Materials program manages the loss of material due to selective
leaching for copper alloy >15% zinc (brass), copper alloy >8% aluminum (aluminum-
bronze), and gray cast iron components exposed to closed-cycle cooling water,
demineralized water, secondary water, and raw water within the scope of license renewal.
Components susceptible to selective leaching are in the auxiliary steam, essential chilled
water, essential cooling water, essential spray ponds, and fire protection systems.

A one-time inspection of a selected sample of components internal surfaces will be
performed. Visual and/or mechanical methods will determine whether loss of material due
to selective leaching is occurring. If these inspections detect dezincification, de-alloying, or
graphitization, which are indications of selective leaching, then a follow-up
examination/evaluation will be performed. The examination/evaluation may require
confirmation of selective leaching with a metallurgical evaluation which may include
microstructure examination. The sample size of the system/material/environment
combination may be expanded based on the results of the evaluation and testing. If
indications of selective leaching are confirmed, follow up examinations/evaluations will be
performed.

A station procedure will implement the Selective Leaching of Materials program. The initial
visual inspections and evaluations will be completed prior to the period of extended
operation.

NUREG-1801 Consistency

The Selective Leaching of Materials program is a new program that, when implemented, will
be consistent with exception to NUREG-1801, Section XI.M33, "Selective Leaching of
Materials".

Exceptions to NUREG-1801

Pro.qram Elements Affected

Scope of Program - Element 1, Preventive Actions - Element 2, Parameters Monitored or
Inspected - Element 3, and Detection of Aging Effects - Element 4

NUREG-1801, Section XI.M33 recommends hardness testing of sample components in
addition to visual inspections. However, a qualitative determination of selective leaching will
be used in lieu of Brinell hardness testing for components within the scope of the PVNGS
Selective Leaching of Materials program. The exception involves the use of examinations,
other than Brinell hardness testing identified in NUREG-1801 to identify the presence of
selective leaching of materials. The exception is justified, because (1) hardness testing may
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not be feasible for most components due to form and configuration (e.g., heat exchanger
tubes) and (2) other mechanical means, e.g., scraping, or chipping, provide an equally valid
means of identification.

Additionally, hardness testing will only provide definitive results if baseline values are
available for comparison purposes. Specific material contents for copper alloys may not be
known and gray cast irons may not have published hardness numbers. Without specific
numbers for comparison, hardness testing would yield unusable results. In lieu of hardness
testing, visual and mechanical inspections will be performed on a sampling of components
constructed of copper alloys (>15% zinc and >8% aluminum) and gray cast iron from various
station system environments. Follow-up examinations or evaluations will be performed on
component material samples where indications of dezincification, de-alloying, or
graphitization are visually detected and additional analysis as part of the engineering
evaluation is required. The engineering evaluation may require confirmation with a
metallurgical evaluation (which may include a microstructure examination).

Enhancements

None

Operating Experience

The Selective Leaching of Materials program is a new program that is a one-time inspection
with no plant-specific program operating experience history.

The accelerated de-alloying of aluminum-bronze (copper alloy >8% aluminum), caused by
Microbiologically Induced Corrosion (MIC), which was the subject of Information Notice 94-
59 regarding selective leaching, is documented. The PVNGS open-cycle cooling water
systems are chemically treated with biocides to prevent the growth of MIC causing bacteria
and systems, not in continuous use, are recirculated periodically to ensure adequate
chemical mixing is maintained. Industry and plant-specific operating experience will be
evaluated in the development and implementation of this program.

Conclusion

The implementation of the Selective Leaching of Materials program will provide reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.18 Buried Piping and Tanks Inspection

Program Description

The Buried Piping and Tanks Inspection program manages loss of material on external
surfaces of buried components in the following systems: chemical and volume control,
diesel fuel storage and transfer, domestic water, fire protection, WRF fuel system, and
essential spray ponds. Opportunistic visual inspections will monitor the condition of
protective coatings and wrappings found on carbon steel, gray cast iron or ductile iron
components and assess the condition of stainless steel components with no protective
coatings or wraps. Any evidence of damaged wrapping or coating defects is an indicator of
possible corrosion damage to the external surface of the components.

The Buried Piping and Tanks Inspection program is a new program that will be implemented
prior to the period of extended operation. Within the ten year period prior to entering the
period of extended operation an opportunistic or planned inspection will be performed. The
Buried Piping and Tanks Inspection program requires a planned inspection within the first
ten years of the period of extended operation if an opportunistic inspection has not been
performed within this ten year period.

NUREG-1801 Consistency

The Buried Piping and Tanks Inspection program is a new program that, when implemented,
will be consistent with exception to NUREG-1801, Section XI.M34, "Buried Piping and Tanks
Inspection".

Exceptions to NUREG-1801

Proqram Elements Affected

Scope of Program - Element I and Acceptance Criteria- Element 6

NUREG-1801, Section XI.M34 scope only includes buried steel piping and components.
However, PVNGS also includes stainless steel in their buried piping program that will be
managed as part of this aging management program.

Scope of Program - Element 1, Preventive Actions - Element 2, and Acceptance Criteria-
Element 6

NUREG-1801, Section XI.M34 relies on preventive measures such as coatings and
wrappings. However, portions of buried stainless steel piping may not be coated or
wrapped. Inspections of buried piping that is not wrapped will inspect for loss of material
due to general, pitting, crevice, and microbiologically influenced corrosion.
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Enhancements

None

Operating Experience

The Buried Piping and Tanks Inspection program is a new program. Degradation of buried
components was addressed at PVNGS during an inspection program in September 2002.
Observations of this inspection program include:

During the past several years, leaks developed in various buried piping segments, which
potentially threaten the continuous operation of PVNGS. These leaks collectively indicated
a negative trend in the overall integrity of the buried pipe.

Inspection and maintenance activities were implemented in order to address overall integrity
of the buried pipe. Determination of system priorities and development of a draft inspection
plan for each of the evaluated systems was developed.

The applicable systems with piping installed below grade were evaluated and assigned
ranking based on priority. The majority of these evaluated buried piping systems have very
little or no identified potential for degradation.

The majority of the systems evaluated in the inspection program are not within the scope of
license renewal. The PVNGS corrective action documentation to date has shown that, for
the systems within the scope of license renewal, degradation has been found primarily in the
fire protection system. Fire protection system has had localized degradation in excess of
the minimum wall requirement of 40% nominal wall thickness. The designated segments of
the degraded ductile iron piping have been replaced by fiberglass reinforced plastic piping.
The fire protection system has not experienced a failure that affected the ability of the plant
to achieve and maintain safe shutdown in the event of a fire. To date, the actual pipe
failures of the underground fire protection system have been isolated and repaired without
adversely affecting any fire protection water suppression system.

Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

Conclusion

The implementation of the Buried Piping and Tanks Inspection program will provide
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.19 One-Time Inspection of ASME Code Class 1 Small-Bore Piping

Program Description

The One-Time Inspection of ASME Code Class 1 Small-Bore Piping program manages
cracking of stainless steel ASME Code Class 1 piping less than or equal to 4 inches. This
program is a part of the Risk-Informed Inservice Inspection (RI-ISI) program.

For ASME Code Class 1 small-bore piping, the RI-ISI program requires volumetric
examinations (by ultrasonic testing) on selected weld locations to detect cracking. Weld
locations are selected based on the guidelines provided in EPRI TR-1 12657. Volumetric
examinations are conducted in accordance with ASME Section XI with acceptance criteria
from Paragraph IWB-3131 and IWB-2430. The fourth interval of the ISI program will provide
the results for the one time inspection of ASME Code Class 1 small-bore piping.

In conformance with 10 CFR 50.55a(g)(4)(ii), the ISI Program is updated each successive
120 month-inspection interval to comply with the requirements of the latest edition of the
ASME Code specified twelve months before the start of the inspection interval.

NUREG-1801 Consistency

The One-Time Inspection of ASME Code Class 1 Small-Bore Piping program is an existing
program that is consistent, with exception to NUREG-1801, Section XI.M35, "One-Time
Inspection of ASME Code Class 1 Small-Bore Piping".

Exceptions to NUREG-1801

Progqram Elements Affected

Scope of Program - Element I

The PVNGS risk-informed process, examination requirements are performed consistent with
EPRI TR-1 12657, "Revised Risk-Informed Inservice Inspection Evaluation Procedure ", Rev.
B-A, instead of EPRI Report 1000701, "Interim Thermal Fatigue Management Guideline"
(MRP-24). Guidelines for identifying piping susceptible to potential effects of thermal
stratification or turbulent penetration that are provided in EPRI Report 1000701 are also
provided in EPRI TR-112657. The recommended inspection volume for welds in EPRI
Report 1000701 are identical to those for inspection of thermal fatigue in RI-ISI programs;
thus, the PVNGS risk-informed process examination requirements meet the requirements of
NUREG-1 801 and no enhancements are required.

Enhancements

None
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Operating Experience

PVNGS has experienced cracking of stainless steel ASME Code Class 1 piping less than or
equal to NPS 4. A hair-line weld failure was caused by cyclic fatigue due to vibration
combined with being improperly supported on a shutdown cooling suction line. Piping
modifications have reduced the excessive vibration. A review of the second 10-year ISI
Interval Summary Reports for Units 1, 2 and 3 indicate there were no code repairs or code
replacements required for continued service of ASME IWB Code components during the
second 10-year ISI Interval.

Conclusion

The implementation of the One-Time Inspection of ASME Code Class 1 Small-Bore Piping
program during the 4 th Inservice Inspection Interval will provide reasonable assurance that
aging effects will be managed such that the systems and components within the scope of
this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B2.1.20 External Surfaces Monitoring Program

Program Description

The External Surfaces Monitoring Program manages loss of material for steel, aluminum,
and copper alloy components, and hardening and loss of strength for elastomer
components. The program includes those systems and components within the scope of
license renewal that require, external surface monitoring. Visual inspections of external
surfaces conducted during engineering walkdowns will be used to identify aging effects and
leakage. Physical manipulation during the visual inspections may also be used to verify
absence of hardening or loss of strength for elastomers.

The following aging management programs are used to manage aging for external surfaces
that are not in the scope of the external surfaces monitoring program.

1. Boric Acid Corrosion (B2.1.4) for components in a system with treated borated water or
reactor coolant environment in which boric acid corrosion may occur.

2. Buried Piping and Tanks Inspection (B2.1.18) for buried components.

3. Structures Monitoring Program (B2.1.32) for civil structures, and other structural items
which support and contain mechanical and electrical components.

NUREG-1801 Consistency

The External Surfaces Monitoring Program is a new program that, when implemented, will
be consistent with exception to NUREG-1801, Section XI.M36, "External Surfaces
Monitoring Program".

Exceptions to NUREG-1801

Proqram Elements Affected

Scope of Program - Element 1, Preventive Actions - Element 2, Detection of Aging Effects
- Element ,4 Monitoring and Trending - Element 5, and Acceptance Criteria- Element 6

The exceptions to NUREG-1801, XI.M36 are an increase to the scope of the materials
inspected to include aluminum, copper alloy and elastomers and an increase to the scope of
aging effects to include hardening and loss of strength for elastomers. Additionally, visual
inspections may be augmented by physical manipulation to detect hardening and loss of
strength of elastomers.

Enhancements

None

Palo Verde Nuclear Generating Station Page B-64
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

Operating Experience

The External Surfaces Monitoring Program is a new program, however, external surfaces
inspections via system inspections and walkdowns have been in effect at PVNGS and have
proven effective in maintaining the material condition of plant systems. The elements that
comprise these inspections (e.g., the scope of the inspections and inspection techniques)
are consistent with industry practice.

System engineering walkdowns require that aging effects are documented and that a
corrective action be initiated for any deficiencies or adverse trends. A review of plant-
specific operating experiences indicates that any documented aging has not caused the
failure of component's intended functions.

Industry and plant-specific operating experience will be evaluated in the development and

implementation of this program.

Conclusion

The implementation of the External Surfaces Monitoring Program will provide reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.21 Reactor Coolant System Supplement

Section 3.1 of NUREG-1800, "Standard Review Plan for the Review of License Renewal
Applications for Nuclear Power Plants" supplements the aging management programs for
the reactor coolant system components with the following additional requirements.

APS will:

A. Reactor Coolant System Nickel Alloy Pressure Boundary Components

Implement applicable (1) NRC Orders, Bulletins and Generic Letters associated with nickel
alloys and (2) staff-accepted industry guidelines, (3) participate in the industry initiatives,
such as owners group programs and the EPRI Materials Reliability Program, for managing
aging effects associated with nickel alloys, (4) upon completion of these programs, but not
less than 24 months before entering the period of extended operation, APS will submit an
inspection plan for reactor coolant system nickel alloy pressure boundary components to the
NRC for review and approval, and

B. Reactor Vessel Internals

(1) Participate in the industry programs for investigating and managing aging effects on
reactor internals; (2) evaluate and implement the results of the industry programs as
applicable to the reactor internals; and (3) upon completion of these programs, but not less
than 24 months before entering the period of extended operation, APS will submit an
inspection plan for reactor internals to the NRC for review and approval.
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B2.1.22 Inspection of Internal Surfaces in Miscellaneous Piping and

Ducting Components

Program Description

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program manages cracking, loss of material, and hardening and loss of strength. The
internal surfaces of piping, piping components, ducting and other components that are not
covered by other aging management programs are included in this program.

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program uses the work control process to conduct and document inspections. The program
will perform visual inspections to detect aging effects that could result in a loss of
component intended function. The visual inspections will be conducted during periodic
maintenance, predictive maintenance, surveillance testing and corrective maintenance.
Additionally, visual inspections may be augmented by physical manipulation to detect
hardening and loss of strength of both internal and external surfaces of elastomers. The
program also includes volumetric evaluation to detect stress corrosion cracking of the
internal surfaces of stainless steel components exposed to diesel exhaust.

Within 10 years before entering the period of extended operation, a review will be conducted
to determine the number of inspection opportunities afforded by the work control process for
all systems within the scope of this program. In the vast majority of cases, it is expected that
the number of work opportunities existing will be sufficient to detect aging and provide
reasonable assurance that intended functions are maintained. For those systems or
components where inspections of opportunity are insufficient, an inspection will be
conducted prior to the period of extended operation to provide reasonable assurance that
the intended functions are maintained.

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program is a new program that will be implemented prior to the period of extended
operation.

NUREG-1801 Consistency

The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components
program is a new program that, when implemented, will be consistent with exception to
NUREG-1801, Section XI.M38, "Inspection of Internal Surfaces in Miscellaneous Piping and
Ducting Components".
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Exceptions to NUREG-1801

Progqram Elements Affected:

Scope of Program - Element 1; Parameters Monitored or Inspected - Element 3; Detection
of Aging Effects - Element 4; and Monitoring and Trending - Element 5.

NUREG-1801 XI.M38 provides for a program of visual inspections of the internal surfaces of
miscellaneous steel piping and ducting components to ensure that existing environmental
conditions are not causing material degradation that could result in a loss of component
intended functions. The exceptions to NUREG-1801, XI.M38 are an increase to the scope
of the materials inspected to include stainless steel, aluminum, copper alloy and elastomers
in addition to steel and an increase to the scope of aging effects to include hardening and
loss of strength for elastomers. Additionally, visual inspections may be augmented (1) by
physical manipulation to detect hardening and loss of strength of elastomers and (2) by
volumetric evaluation to detect stress corrosion cracking of the internal surfaces of stainless
steel components exposed to diesel exhaust.

Enhancements

None

Operating Experience

Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components program is
a new program. Therefore no programmatic operating experience has been gained.
Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

Conclusion

The implementation of the Inspection of Internal Surfaces in Miscellaneous Piping and
Ducting Components program will provide reasonable assurance that aging effects will be
managed such that the systems and components within the scope of this program will
continue to perform their intended functions consistent with the current licensing basis for
the period of extended operation.

Palo Verde Nuclear Generating Station Page B-68
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

B2.1.23 Lubricating Oil Analysis

Program Description

The Lubricating Oil Analysis program manages loss of material and reduction of heat
transfer for components within the scope of license renewal that have surfaces exposed to
lubricating and hydraulic oils. The program will ensure the lubricating and hydraulic oil
environment in mechanical systems is maintained to the required quality. The program
monitors and controls oil contaminants, primarily water and particulates, within acceptable
limits, thereby preserving an environment that is not conducive to aging effects. Monitoring
and trending of oil analysis results identifies the potential for component aging before loss of
component intended function occurs. The program includes acceptance criteria based on
vendor and industry guidelines.

Plant procedures implement sampling methods, lubricant test methods and lubricant test
data evaluation requirements. Sample schedules are established and managed within the
plant Reliability Centered Maintenance and Preventative Maintenance Program.

The One-Time Inspection program (Section B2.1.16) will be used to verify the effectiveness
of the Lubricating Oil Analysis program.

NUREG-1801 Consistency

The Lubricating Oil Analysis program is an existing program that is consistent with exception
to NUREG-1801, Section XI.M39, "Lubricating Oil Analysis".

Exceptions to NUREG-1801

Proqram Elements Affected

Parameters Monitored or Inspected - Element 3; Acceptance Criteria- Element 6

NUREG-1801 recommends.that lubricating oil in components subject to periodic oil changes
be tested using particle-counting test methods to detect evidence of abnormal wear rates or
excessive corrosion. At PVNGS, the Lubricating Oil Analysis program conducts particle-
counting on turbine oils but not on diesel engine oils due to the potential for interference by
soot. The Lubricating Oil Analysis program relies upon elemental analysis techniques as
described in ASTM D6595 "Determination of Wear Metals and Contaminants in Used
Lubricating Oils or Used Hydraulic Fluids by Rotating Disc Electrode Atomic Emission
Spectroscopy'. Elemental analysis techniques are considered to be a form of particle-
counting that also provides information about the metallurgy of the particles. The use of
elemental analysis in lieu of particle counting techniques is deemed to provide a greater
degree of insight into lubricant condition for the purpose of managing aging.
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NUREG-1801 recommends that lubricating oil in components that are not subject to periodic
oil changes be tested additionally for flash point in order to verify suitability for continued
use. At PVNGS, the Lubricating Oil Analysis program considers flash point testing to
provide indication of lubricating oil contamination by fuel oils. The Lubricating Oil Analysis
program therefore requires flash point testing only for lubricating oils in components where
the potential exists for contamination of the lubricating oil by fuel oil.

NUREG-1 801 recommends that lubricating oil in components that are not subject to periodic
oil changes be tested additionally for neutralization number. At PVNGS, the Lubricating Oil
Analysis program tests diesel engine lubrication oils using the Total Base Number (BN)
parameter for lubricant evaluations performed to assess the suitability of oil for continued
use; Total Acid Number (AN) has been found to be of limited utility in evaluating engine oils
for continued use, however, this test is used for evaluating the oils in other components for
continued use.

Enhancements

None

Operating Experience

PVNGS site specific operating experience revealed no pattern of events involving loss of
intended function as a result of aging effects related to lubricating oil contamination or
degradation.

Reactor coolant pump bearing systems which includes the pump thrust bearing and the oil
overflow storage tank - During the 1994-1997 time frame, abnormal water levels were
measured in oil samples of 4 of the 12 pump bearings. Three of these were from Unit 2.
When the water was discovered, corrective action was taken to remove the water and oil.
Testing was performed until acceptable oil dryness could be established. The cause was
determined to be an outage related cleaning practice that resulted in placing water in the oil.
All 12 reactor coolant pump bearing systems have been dry since the cleaning practice was
changed.

Emergency diesel generator particulate (wear metal) condition - In July of 1999, abnormal
wear metal levels were measured in the 2MDGAH01 engine oil. The test measurement
indicated a step change in chrome. The cylinder liners were believed to be the most likely
source of the wear metal. Boroscope inspection isolated the liner which was removed and
replaced. Visual inspection post maintenance indicated axial wear in the form of scratches
which caused narrow cuts through the chrome. The cause was determined to be a random
event that occurred where the gaps in the rings were aligned.

Conclusion

The continued implementation of the Lubricating Oil Analysis program, supplemented by the
One-Time Inspection program (B2.1.16), provides reasonable assurance that aging effects
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will be managed such that the systems and components within the scope of this program
will continue to perform their intended functions consistent with the current licensing basis
for the period of extended operation.
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B2.1.24 Electrical Cables and Connections Not Subject to 10 CFR 50.49

Environmental Qualification Requirements

Program Description

The Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements program manages embrittlement, melting, cracking, swelling,
surface contamination, or discoloration to ensure that electrical cables, connections and
terminal blocks not subject to the environmental qualification (EQ) requirements of
10 CFR 50.49 and within the scope of license renewal are capable of performing their
intended functions.

Technical information contained within SAND96-0344 and EPRI TR-1003057 was used to
determine the service limitations of the cable, connection and terminal block insulating
materials. SAND96-0344 and EPRI TR-109619 provided guidance on techniques for
visually inspecting cables, connections and terminal blocks for aging.

Non-EQ cables, connections and terminal bocks within the scope of license renewal in
accessible areas with an adverse localized environment are inspected. The inspections of
Non-EQ cables, connectors and terminal blocks in accessible areas are representative, with
reasonable assurance, of cables, connections and terminal blocks in inaccessible areas with
an adverse localized environment. At least once every ten years, the Non-EQ cables,
connections and terminal blocks within the scope of license renewal in accessible areas are
visually inspected for embrittlement, melting, cracking, swelling, surface contamination, or
discoloration.

The acceptance criterion for visual inspection of accessible Non-EQ cable jacket,
connection terminal block insulating material is the absence of anomalous indications that
are signs of degradation. Corrective actions for conditions that are adverse to quality are
performed in accordance with the corrective action program as part of the QA program. The
corrective action program provides reasonable assurance that deficiencies adverse to
quality are either promptly corrected or are evaluated to be acceptable.

A new procedure will implement the aging management program and provide for the

identification of adverse localized environments.

NUREG-1801 Consistency

The Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements program is a new program that, when implemented, will be
consistent with NUREG-1801, Section XI.E1, "Electrical Cables and Connections Not
Subject to 10 CFR 50.49 Environmental Qualification Requirements".
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Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

The Electrical Cables and Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements program is a new program.

Industry operating experience has shown that adverse localized environments caused by
heat or radiation for electrical cables and connections may exist next to or above steam
generators, pressurizers or hot process pipes, such as feedwater lines. These adverse
localized environments have been found to cause degradation of the insulating materials on
electrical cables and connections that is visually observable, such .as color changes or
surface cracking. These visual indications can be used as indications of degradation.

A review of the plant operating history found three minor cases of cable aging due to
adverse environments.

A lighting power cable with degraded insulation was found. The cause was indeterminate
and cable was replaced. In the second case, conduits were run too close to a steam line.
The conduits were relocated and the cables meggered. No cable degradation was found.
In the third case, water was found leaking from a pull box. The cable was abandoned and
conduit was sealed.

Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

Conclusion

The implementation of the Electrical Cables and Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements program will provide reasonable assurance that
adverse localized environments are identified and aging effects will be managed such that
the systems and components within the scope of this program will continue to perform their
intended functions consistent with the current licensing basis for the period of extended
operation.
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B2.1.25 Electrical Cables and Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements Used in
Instrumentation Circuits

Program Description

The scope of the Electrical Cables and Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements Used in Instrumentation Circuits program
includes the cables and connections used in sensitive instrumentation circuits with sensitive,
high voltage low-level signals within the ex-core neutron monitoring system. The Electrical
Cables and Connections Not Subject to 10CFR50.49 Environmental Qualification
Requirements Used in Instrumentation Circuits program manages embrittlement, cracking,
melting, discoloration, swelling, or loss of dielectric strength leading to reduced insulation
resistance.

The purpose of this program is to provide reasonable assurance that the intended function
of cables and connections used in instrumentation circuits with sensitive, low-level signals
that are not subject to the environmental qualification requirements of 10 CFR 50.49 and are
exposed to adverse localized environments caused by heat, radiation, or moisture are
maintained consistent with the current licensing basis through the period of extended
operation. In most areas, the actual ambient environments (e.g., temperature, radiation, or
moisture) are less severe than the plant design environment for those areas.

Calibration surveillance tests will be used to manage the aging of the cable insulation and
connections so that instrumentation circuits perform their intended functions. When an
instrumentation channel is found to be out of calibration during routine surveillance testing,
troubleshooting is performed on the loop, including the instrumentation cable and
connections. A review of the calibration results will be completed before the period of
extended operation and every 10 years thereafter.

NUREG-18801 Consistency

The Electrical Cables and Connections Not Subject to 10CFR50.49 Environmental
Qualification Requirements Used in Instrumentation Circuits program is an existing program,
that following enhancement, will be consistent with NUREG-1801, Section XI.E2, "Electrical
Cables and Connections Not Subject to 10CFR50.49 Environmental Qualification
Requirements Used in Instrumentation Circuits".

Exceptions to NUREG-1801

None
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Enhancements

Prior to the period of extended operation, the following enhancement will be implemented in
the following program elements:

Scope of Program - Element 1, Detection of Aging Effects - Element 4, and Corrective
Actions - Element 7

Procedures will be enhanced to identify license renewal scope and require an engineering
evaluation of the calibration results and to require that an action request be written when the
loop cannot be calibrated to meet acceptance criteria.

Operating Experience

Industry operating experience has identified occurrences of cable and connection insulation
degradation in high voltage, low level instrumentation circuits performing radiation
monitoring and nuclear instrumentation functions. The majority of occurrences are related
to cable and connection insulation degradation inside of containment near the reactor vessel
or to a change in an instrument readout associated with a proximate change in temperature
inside the containment.

A review of plant operating experience identified issues with ex-core noise and spiking. A
root cause analysis was performed and corrective actions included system walkdowns and
testing which identified cable and connection characterization. Continued coaxial connector
replacements, utilization of ferrite beads, and improved grounding have been effective in
improving overall performance.

Conclusion

The continued implementation of the Electrical Cables and Connections Not Subject to
10 CFR 50.49 Environmental Qualification Requirements Used in Instrumentation Circuits
program provides reasonable assurance that aging effects will be managed such that the
systems and components within the scope of this program will continue to perform their
intended functions consistent with the current licensing basis for the period of extended
operation.
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B2.1.26 Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49

Environmental Qualification Requirements

Program Description

The Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 EQ Requirements
program manages localized damage and breakdown of insulation leading to electrical failure
in inaccessible medium voltage cables exposed to adverse localized environments caused
by significant moisture simultaneously with significant voltage to ensure that inaccessible
medium voltage cables not subject to the environmental qualification (EQ) requirements of
10 CFR 50.49 and within the scope of license renewal are capable of performing their
intended function.

All cable manholes that contain in-scope non-EQ inaccessible medium voltage cables will
be inspected for water collection. The collected water will be removed as required. This
inspection and water removal will be performed based on actual plant experience but at
least every two years.

All in-scope non-EQ inaccessible medium voltage cables routed through manholes will be
tested to provide an indication of the conductor insulation condition. A polarization index
test as described in EPRI TR-1 03834-Pl -2 or other testing that is state-of-the-art at the time
the testing will be performed at least once every ten years. The first test will be completed
before the period of extended operation.

The acceptance criteria for each test will be defined for the specific type of test performed
and the specific cable tested. Periodic inspections of cable manholes, for the accumulation
of water will minimize cable exposure to water. Corrective actions for conditions that are
adverse to quality are performed in accordance with the corrective action program as part of
the QA program. The corrective action program provides reasonable assurance that
deficiencies adverse to quality are either promptly corrected or are evaluated to be
acceptable.

Procedures will implement the aging management program for testing of the medium
voltage cables not subject to 10 CFR 50.49 EQ requirements and the periodic inspections
and removal of water from the cable manholes containing in-scope medium voltage cables
not subject to 10 CFR 50.49 EQ requirements.

NUREG-1801 Consistency

The Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 EQ Requirements
program is a new program that, when implemented, will be consistent with NUREG-1801,
Section XI.E3, "Inaccessible Medium Voltage Cables Not Subject to 10CFR50.49
Environmental Qualification Requirements".
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Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

Industry operating experience has shown that cross linked polyethylene or high molecular
weight polyethylene insulation materials, exposed to significant moisture and voltage, are
most susceptible to water tree formation. Formation and growth of water trees varies directly
with operating voltage.

PVNGS has not experienced a failure of any inaccessible medium voltage cables. PVNGS
has experienced cases where medium voltage cable splices have been subjected to water
intrusion resulting in low megger readings. PVNGS is in the process of implementing
corrective actions to minimize the intrusion of water into manholes by identifying sources of
water, elevating the top of a manhole, and increasing the inspection frequency of manholes
found to have water to once every year.

Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

Conclusion

The implementation of Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49
EQ Requirements program will provide reasonable assurance that aging effects will be
managed so that the intended functions of the inaccessible medium voltage cables within
the scope of license renewal are maintained during the period of extended operation.
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B2.1.27 ASME Section Xl, Subsection IWE

Program Description

The ASME Section Xl, Subsection IWE program manages loss of material and loss of
sealing of the steel liner of the concrete containment building. For the inspection interval
from 07/18/2008 to 07/17/2018, for Unit 1, from 03/18/2007 to 03/17/2017, for Unit 2, from
01/11/2008 to 01/10/2018, for Unit 3, PVNGS performs Containment Inservice Inspections
(CISIs) in accordance with the 2001 Edition of ASME Section XI, Subsection IWE (with the
2002 and 2003 addenda), supplemented with the applicable requirements of
10 CFR 50.55a(b)(2)(ix). Inspections are performed to identify and manage any
containment liner degradation due to loss of material that could result in loss of intended
function. Included in this inspection program are the containment liner plate and its integral
attachments, such as piping and electrical penetrations, access hatches, the fuel transfer
tube, and pressure-retaining bolting. Acceptance criteria for components subject to IWE
exam requirements are specified in Article IWE-3000.

The ASME Section Xl, Subsection IWE program is implemented in accordance with 21NT-
IWE-1, 2, and 3, Inservice Inspection (ISI) Examination Program Plan for ASME Section XI,
Subsection IWE. A general visual examination is used to identify indications of degradation.
All areas requiring augmented examination per criteria IWE-1240 and IWE-2420 receive a
detailed visual inspection. ASME Table 2500-1, Note (1)(d), states that pressure retaining
bolted connections shall be considered for examination, and bolted connections need not be
disassembled for performance of examinations.

NUREG-1801 Consistency

The ASME Section X1, Subsection IWE program is an existing program that is consistent
with exception to NUREG-1801, Section XI.S1, ASME Section XI, Subsection IWE.

Exceptions to NUREG-1801

Program Elements Affected

Scope of Program - Element 1

Pressure retaining containment seals and gaskets are not addressed by the 2001 edition of
ASME Section XI, Subsection IWE (with the 2002 and 2003 addenda). These components
are evaluated per 10 CFR 50, Appendix J program (B2.1.30).

Parameters Monitored or Inspected - Element 3

The ASME Section XI, Subsection IWE program is in accordance with the 2001 Edition of
the ASME Section X1, Subsection IWE (with the 2002 and 2003 addenda). This edition of
the code does not specify seven categories of examination in Table IWE 2500-1.
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Monitoring and Trending - Element 5

According to ASME Section XI, Paragraphs IWE-2420(b) and (c), flaws or areas of
degradation that have been accepted by engineering evaluation shall be reexamined during
the next inspection period, and if they are found to remain essentially unchanged for this
inspection period, these areas no longer require augmented examination. This is not
consistent with Element 5, which requires that they remain essentially unchanged for three
consecutive inspection periods.

IWE 2430 was deleted prior to the issuance of the 2001 Edition of ASME Section XI, (with
the 2002 and 2003 addenda). The changes to Table IWE 2500-1 eliminate several
examination categories. The categories that remain all require 100% examination. Therefore
no items are available for additional examinations.

Acceptance Criteria - Element 6, Corrective Actions - Element 7, and Confirmation Process
- Element 8

Table IWE-3410-1 was deleted prior to the issuance of the 2001 Edition of ASME Section
XI, (with the 2002 and 2003 addenda). The acceptance standards previously specified in
Table IWE-3410-1 are now given in Section IWE 3500.

Enhancements

None

Operating Experience

The latest IWE Inservice Inspection results (ISI) are documented as follows:

Unit 1 ISI Report

The Unit 1 IWE Inservice Inspection examinations were performed during the twelfth
refueling outage (U1R12) at the Unit 1. This was the first refueling for Interval 1, Period 3
and it was conducted October 8, 2005 through December 24, 2005. The results of these
examinations are documented in accordance with 1 INT-IWE-1, Inservice Inspection (ISI)
Examination Program Plan for ASME Section XI, Subsection IWE.

An evaluation of the results from the ISI examination indicated the integrity of the systems
has been maintained. All discrepancies were corrected or determined "use-as-is" in
accordance with PVNGS work control practices and ASME Section XI.

Unit 2 ISI Report

The Unit 2 IWE Inservice Inspection examinations were performed during the twelfth
refueling outage (U2R12) at Unit 2. This was the first refueling for Interval 1, Period 3 and it
was conducted April 2, 2005 through May 20, 2005. The results of these examinations are
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documented in accordance with 1INT-IWE-2, Inservice Inspection (ISI) Examination
Program Plan for ASME Section Xl, Subsection IWE.

An evaluation of the results from the ISI examinations indicated the integrity of the systems
has been maintained. All discrepancies were corrected or determined "use-as-is" in
accordance with PVNGS work control practices and ASME Section XI.

Unit 3 ISI Report

The Unit 3 IWE examinations were performed during the twelfth refueling outage (U3RI2) at
the Unit 3. This was the first refueling for Interval 1, Period 3 and it was conducted from
April 1, 2006 through May 12, 2006. The results of these examinations are documented in
accordance with 1INT-IWE-3, Inservice Inspection (ISI) Examination Program Plan for
ASME Section XI, Subsection IWE.

An evaluation of the results from the ISI examinations indicated the integrity of the systems
has been maintained. There were no rejectable or abnormal indications found during this
ISI inspection activity.

General Visual Examinations for Period 2 of the 1st Interval of the IWE Inservice Inspection
Program were performed for Unit 3. Special attention was given to the areas at the floor
level mentioned in NRC Information Notice IN 04-09, "Corrosion of Steel Containment and
Containment Line&'. No abnormal conditions or signs of degradation were observed. There
were no areas that had evidence of water/moisture contacting the liner plate or penetrating
the joint between the liner plate and the floor. Several areas at different elevations were
also examined after the coating had been removed. These areas had scratches or blisters
in the coating that needed the coating replaced. No signs of degradation were detected in
the base metal of the liner prior to re-coating. Before the outage, EPRI performed a Self
Assessment of the IWE/IWL Programs for all three Units and had no concerns. The
Programs are addressing all issues that are listed in NRC Information Notice IN 04-09,
"Corrosion of Steel Containment and Containment Line&'.

Visual examination of Containment liner plate found no degradation and minor coating
touchups were performed. ISI updated ASME Section XI code year to implement IWE and
IWL with a five year grace period.

PVNGS does not use steel expansion bellows in the design of mechanical penetrations and
is not subject to the failure modes described in NRC Information Notice IN 92-20,
"Inadequate Local Leak Rate Testing". These concerns are addressed through PVNGS
Technical Specifications and the associated leak rate testing requirements of 10 CFR 50
Appendix J.

Conclusion

The continued implementation of the ASME Section XI, Subsection IWE program provides
reasonable assurance that aging effects will be managed such that the systems and

Palo Verde Nuclear Generating Station Page B-80
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.28 ASME Section Xl, Subsection IWL

Program Description

The ASME Section XI, Subsection IWL program manages cracking, loss of material, and
increase in porosity and permeability of the concrete containment building and post-
tensioned system. Included in this inspection program are the concrete containment
structure (includes all accessible areas of the concrete dome, cylinder walls, and
buttresses), and the post-tensioning system (includes tendons, end anchorages, and
concrete surfaces around the end anchorages). Concrete surface areas are visually
examined for indications of distress or deterioration such as those defined in ACI201.1 R-92.
Tendon prestress forces are measured by lift-off, and tendon wires are examined for
corrosion or mechanical damage. The yield strength, ultimate tensile strength, and
elongation are recorded. Grease caps are examined for grease leakage or grease cap
deformation. Grease samples are analyzed in accordance with Table IWL-2525-1. For the
inspection interval from August 1, 2001 to July 31, 2011, PVNGS performs IWL Inservice
Inspections in accordance with the 1992 Edition of ASME Section Xl (with 1992 Addendum),
Subsection IWL, supplemented with the applicable requirements of 10 CFR 50.55a(b)(2)
and additional commitments. The PVNGS IWL ISI program is consistent with the 2001
edition of ASME Section Xl, Subsection IWL, including the 2002 and 2003 Addenda.

In conformance with 10 CFR 50.55a(g)(4)(ii), the PVNGS IWL ISI program is updated during
each successive 120-month inspection interval to comply with the requirements of the latest
edition of the Code specified twelve months before the start of the inspection interval.

The ASME Section XI, Subsection IWL program addresses the requirements for the
containment inservice inspection intervals for the concrete and the post-tensioning system
for each of the containment structures. Plant surveillance tests verify the structural integrity
of the containment tendon system and specify the work necessary for the verification of
containment tendon integrity.

NUREG-1801 Consistency

The ASME Section Xl, Subsection IWL program is an existing program that is consistent
with NUREG-1801, Section XI.S2, ASME Section Xl, Subsection IWL.

Exceptions to NUREG-1801

None

Enhancements

None
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Operating Experience

The ASME Section Xl, Subsection IWL program inspects the post-tensioned concrete
containment in accordance with 10 CFR 50.55a(b)(2)(viii)(A through E). When observed
degradation could indicate the presence of degradation in inaccessible areas, or the
conditions described in 10 CFR 50.55a(b)(2)(viii)(C or D) are detected, the ISI Program
Engineer shall be notified, and the conditions shall be included in the ISI Summary report. A
copy of the ISI Summary Report shall be transmitted to the NRC within 90 days after the
completion of the refueling outage. In addition to ISI Summary report requirements, a
special report shall be prepared and submitted to the NRC within 30 days after the detection
of any abnormal degradation of the containment concrete and/or post-tensioning system, in
accordance with Technical Specifications.

A review of PVNGS operating experience has identified only two instances where observed
degradation was significant enough to warrant inclusion in a Summary Report. The grease
spots identified in these cases are located on the containment exterior concrete surface. An
engineering evaluation determined that these are cosmetic conditions, and there are no
detrimental affects to the structure.

NRC Information Notice IN 99-10, "Degradation of Prestressing Tendon Systems in
Prestressed Concrete Containments" was issued to notify licensees of the types of
degradation observed on the prestressed tendon systems. APS reviewed the information
documented in the Information Notice for applicability. The existing PVNGS Tendon
Integrity Surveillance procedures are based on the guidance of Regulatory Guide 1.35. The
degradation and conditions discussed in the Information Notice are monitored and evaluated
per Tendon Integrity surveillance procedures. A trend of degradation described in IN 99-10
has not occurred at PVNGS.

Conclusion

The continued implementation of the ASME Section XI, Subsection IWL program provides
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.29 ASME Section Xl, Subsection IWF

Program Description

The ASME Section XI, Subsection IWF program provides a systematic method for periodic
nondestructive examination (NDE), visual examination and testing of systems, structures
and components to ensure the integrity of component pressure boundaries and supports.
The ASME Section XI, Subsection IWF program manages loss of material, cracking, and
loss of mechanical function that could result in loss of intended function for Class 1, 2 and 3
component supports. There are no Class MC supports at PVNGS.

In conformance with 10 CFR 50.55a(g)(4)(ii), the PVNGS ISI Program is updated during
each successive 120-month inspection interval to comply with the requirements of the latest
edition of the Code specified twelve months before the start of the inspection interval.

PVNGS Units 1, 2, and 3 are in the third ISI interval which began July 18, 2008, March 18,
2007, and January 11, 2008, respectively. The program is being conducted in accordance
with ASME Section XI 2001 Edition with 2002 and 2003 Addenda. PVNGS Inservice
Inspection Program performs inspections as defined by Program B of ASME Section XI.

NUREG-1801 Consistency

The ASME Section XI, Subsection IWF program is an existing program that is consistent
with NUREG-1801, Section XI.S3 ASME Section XI, Subsection IWF.

Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

Review of plant-specific operating experience for the PVNGS ISI Program has not revealed
any implementation issues with the PVNGS ASME Section XI, Subsection IWF program.

The ASME Section XI, Subsection IWF program at PVNGS is updated to account for
industry operating experience. ASME Section XI is also periodically revised to reflect
operating experience. The requirement to update the ASME Section X1, Subsection IWF
program to reference more recent editions of ASME Section XI at the end of each inspection
interval ensures the program reflects enhancements due to operating experience that have
been incorporated into ASME Section XI.

The latest IWF Inservice inspections (ISI) are documented as follows:
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Unit 1 ISI Report

The Unit 1 Inservice Inspection Report Thirteenth Refueling Outage (October 2007) is a
summary of the examinations performed during the thirteenth refueling outage (U1R13) at
the PVNGS Unit 1. This report also includes all applicable examinations conducted since
the last refueling outage. This was the second refueling for Interval 2, Period 3, which was
conducted from May 19, 2007 through July 19, 2007.

An evaluation of the results from the ISI examination indicated the integrity of the systems
has been maintained. All discrepancies were corrected or determined "use-as-is" in
accordance with PVNGS work control practices and ASME Section Xl.

Unit 2 ISI Report

The Unit 2 Inservice Inspection Report Thirteenth Refueling Outage (February 2007) is a
summary of the examinations performed during the thirteenth refueling outage (U2R13) at
the Palo Verde Nuclear Generating (PVNGS) Unit 2. This report also includes all applicable
examinations conducted since the last refueling outage. This was the second refueling for
Interval 2, Period 3 and it was conducted September 30, 2006 through November 14, 2006.

An evaluation of the results from the ISI examinations indicated the integrity of the systems
has been maintained. All discrepancies were corrected or determined "use-as-is" in
accordance with PVNGS work control practices and ASME Section XI.

Unit 3 ISI Report

The Unit 3 Inservice Inspection Report Twelfth Refueling Outage (August 2006) is a
summary of the examinations performed during the twelfth refueling outage (U3RI2) at the
PVNGS Unit 3. This report also includes all applicable examinations conducted since the
last refueling outage. This was the first refueling for Interval 2, Period 3 and it was
conducted from April 1, 2006 through May 12, 2006.

An evaluation of the results from the ISI examinations indicated the integrity of the systems
has been maintained. There were no rejectable or abnormal indications found during this
ISI inspection activity.

Conclusion

The continued implementation of the ASME Section XI, Subsection IWF program provides
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.30 10 CFR 50, Appendix J

Program Description

The 10 CFR 50, Appendix J program manages loss of material, loss of leak tightness, and
loss of sealing. The program assures leakage through the primary containment and
systems and components penetrating the primary containment do not exceed allowable
leakage rate limits specified in the Technical Specifications. The 10 CFR 50 Appendix J
program does not prevent degradation due to aging effects but provides measures for
monitoring to detect the degradation prior to the loss of intended function. Periodic
monitoring of leakage from the containment, containment isolation valves, and containment
penetrations assures proper maintenance and repairs can be performed prior to the loss of
intended function. The 10 CFR 50 Appendix J program establishes compliance with the
regulations and guidance provided in 10 CFR 50 Appendix J, "Primary Reactor Containment
Leakage Testing for Water-Cooled Power Reactors" (Option B);. Regulatory Guide 1.163,
"Performance-Based Containment Leak-Testing Program"; NEI 94-01, Industry Guideline for
Implementing Performance-Based Option of 10 CFR Part 50 Appendix J; and ANSI/ANS
56.8, "Containment System Leakage Testing Requirements".

The 10 CFR 50Appendix J program is implemented in accordance with station procedures
which establish the bases for leakage rate testing, establishment of performance-based
intervals for Type A, B, and C leakage rate testing, record keeping requirements,
assignment of administrative leakage rate limits, retest requirements and corrective actions.

NUREG-1801 Consistency

The 10 CFR 50, Appendix J program is an existing program that is consistent with NUREG-
1801, Section XI.S.4, "10 CFR 50, Appendix J".

Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

An industry review of leak rate testing experience indicates that only a small percentage of
Type A tests have experienced excessive leakage. Furthermore, the observed leakage in
these cases was only marginally above the allowable limits. These observations led to the
conclusion that Type A test frequency could be established based upon ILRT performance.
The Integrated Leakage Rate Test acceptance criteria are 1.0 La (as-found), and 0.75 La
(as-left). The most recent Type A tests for each unit are as follows:
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Unit 1
Date of last Type A test: November 1999 (Ul R8)
As-Found Leakage: 0.58 La
As-Left Leakage: 0.55 La

Unit 2
Date of last Type A test: November 2000 (U2 R9)
As-Found Leakage: 0.42 La
As-Left Leakage: 0.42 La

Unit 3
Date of last Type A test: April 2000 (U3 R8)
As-Found Leakage: 0.51 La
As-Left Leakage: 0.51 La

Type B and C tests are conducted at various intervals for the many different penetrations
tested. The results of the individual Type B and Type C tests are combined and the total
combined leakage is updated after each test. The Type B and C combined leakage rate
acceptance criteria is 0.6 La. Data from the most recent Type B and C tests are as follows:

Unit 1

Date of testing: Cycle 13 (June 2007)
Minimum Path: 0.0208 La
Maximum Path: 0.0675 La

Unit 2

Date of testing: Cycle 14 (May 2008)
Minimum Path: 0.0218 La
Maximum Path: 0.0480 La

Unit 3

Date of testing: Cycle 13 (December 2007)
Minimum Path: 0.0240 La
Maximum Path: 0.0429 La

Type B and C test failures have been noted in the past due to debris, corrosion products,
and general degradation of valve seating surfaces. The issues were corrected by cleaning
the seating surface or adjusting the connecting components.

Condition reports address the failure of a Type A test due to excessive leakage through a
containment isolation valve that passed a Type C test both before and after the Type A test
failure. Among the causes identified for this condition was the procedure that tested this
valve in the opposite direction from accident conditions. The extensive evaluations
associated with these condition reports resulted in both hardware modifications and
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procedural changes. Blind flanges were installed to eliminate several valves as part of the
containment pressure boundary, and preventative maintenance tasks were developed to
ensure proper soft seat adjustments. New leak rate tests were added that require personnel
to use a special test apparatus inside the containment during power. Since these corrective
actions have been implemented, no further problems have been identified for this or similar
valves at PVNGS.

Conclusion

The continued implementation of the 10 CFR 50 Appendix J program provides reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.31 Masonry Wall Program

Program Description

The Masonry Wall Program is part of the Structures Monitoring Program that implements
structures monitoring requirements as specified by 10 CFR 50.65. In seismic Category I
structures, the Masonry Wall Program manages cracking of masonry walls and structural
steel restraint systems of the masonry walls, within scope of license renewal based on
guidance provided in IE Bulletin 80-11, "Masonry Wall Design" and NRC Information Notice
87-67, "Lessons Learned from Regional Inspections of Licensee Actions in Response to
NRC /E Bulletin 80-11". Some masonry walls in non-Category I structures are in-scope for
license renewal based on UFSAR commitments to satisfy fire protection requirements. The
guidance of IE Bulletin 80-11 does not apply to these walls. Aging management of masonry
walls with fire barrier intended functions is evaluated in Section B2.1.12, "Fire Protection".

The Masonry Wall Program contains inspection guidelines and lists attributes that cause
aging of masonry walls, which are to be monitored during structural monitoring inspections.
It establishes examination criteria, evaluation requirements, and acceptance criteria. The
provisions of the program are consistent with the guidance provided in NRC Information
Notice 87-67, "Lessons Learned from Regional Inspections of Licensee Actions in Response
to IE Bulletin 80-11" for inspections and evaluation of masonry wall cracking in Category I
structures not addressed in the evaluation basis in response to NRC IE Bulletin 80-11.

There are concrete masonry walls in only two seismic Category I structures; the control
building and the auxiliary building. Project procedural requirements prohibit the attachment
of seismic Category I piping to. masonry walls. The masonry walls in seismic Category I
structures were designed in accordance with NUREG 75/087 and the 1974 masonry codes
and specifications by the Masonry Industry Advancement Committee. These masonry walls
are classified as non-Category I, however they are designed to retain their structural
integrity in the event of an operating basis earthquake (OBE) or a safe shutdown earthquake
(SSE).

Two non-seismic Category I structures; the turbine building and the, fire pump house contain
masonry walls that are within the scope of license renewal. These walls are identified as fire
barriers. IE Bulletin 80-11 does not apply to these walls in Non-seismic Category I
structures.

NUREG-1801 Consistency

The Masonry Wall Program is an existing program that, following enhancement, will be
consistent with NUREG-1801, Section XI.S.5, "Masonry Wall Program".

Exceptions to NUREG-1801

None

Palo Verde Nuclear Generating Station Page B789
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

Enhancements

Prior to the period of extended operation, the following enhancement will be implemented in
the following program element:

Detection of Aging Effects - Element 4

Procedures will be enhanced to specify ACI 349.3R-96 as the reference for qualification of
personnel to inspect structures under the Masonry Wall Program, which is part of the
Structures Monitoring Program.

Operating Experience

The Structures Monitoring Program, which includes the Masonry Wall Program, has been
effective in controlling cracking and various types of aging effects that could invalidate the
evaluation basis. The walkdowns conducted as part of the Structures Monitoring Program
inspect and monitor a number of attributes to masonry walls that are consistent with
recommendations delineated in NRC Information Notice IN 87-67, "Lessons Learned from
Regional Inspections of Licensee Actions in Response to IE Bulletin 80-11" that ensure the
intended functions of all masonry walls within scope of license renewal are maintained for
the period of extended operation.

The masonry walls have been inspected as part of the Structures Monitoring Program
beginning with a walkdown as each unit was turned over to operations from the construction
organization. A baseline condition was established based on the as-built condition of the
structures, the results of the first two years of the Structural Monitoring Program (June 1994
through June 1996), and information obtained from other preexisting structural monitoring
programs. All masonry walls were found to be in good condition with their structural integrity
and functional intent in compliance with their design criteria. One area was found to be
acceptable but requiring additional monitoring. At Unit 1 on the 100 ft elevation of the
control building, cracks were discovered on the masonry block walls in the switch gear,
equipment, and battery rooms. It was determined by engineering evaluation that the
structural integrity of the masonry block walls has not been compromised. To determine
whether the cracks were original shrinkage cracks or current progressive cracks, and to
facilitate additional monitoring, inscribed referenced marks were placed on the cracks.
These cracks will be monitored during the next structures monitoring inspection to determine
if further corrective action is required. The corresponding walls in Units 2 and 3 were
inspected and no cracks were found.

All areas of degradation identified during the Structures Monitoring inspections are
documented on Component Observations Reports (COR'S).

The most recent inspection is documented in the Periodic Assessment of Maintenance Rule
Program PVNGS January 2004 through June 2005.
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A review of all of the COR's generated to date shows that masonry walls have been subject
to relatively few aging effects. Some cracks that are no larger than 1/8" width have been
identified. All cracks have been evaluated by engineering and determined to be acceptable
without repair. No cases of degradation of external steel bracing have been identified.

Conclusion

The continued implementation of the Masonry Wall Program provides reasonable assurance
that aging effects will be managed such that the systems and components within the scope
of this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B2.1.32 Structures Monitoring Program

Program Description

The Structures Monitoring Program manages cracking, loss of material, and change in
material properties by monitoring the condition of structures and structural supports that are
within the scope of license renewal. The program implements the requirements of
10 CFR 50.65 (Maintenance Rule) and is consistent with the guidance of NUMARC 93-01,
Rev 2 and Regulatory Guide 1.160, Rev. 2. The Structures Monitoring Program provides
inspection guidelines and walkdown checklists for concrete elements, structural steel,
masonry walls, structural features (e.g. caulking, sealants, roofs, etc.), structural supports,
and miscellaneous components such as doors. The scope of the Structures Monitoring
Program includes all masonry walls and water-control structures within the scope of license
renewal. The program also monitors settlement for each major structure and inspects
supports for equipment, piping, conduit, cable tray, HVAC, and instrument components.
The scope of the Structures Monitoring Program does not include the inspection of the
supports specifically inspected per the requirements of the ASME Section XI In-Service
Inspection Program. Though coatings may have been applied to the external surfaces of
structural members, no credit was taken for these coatings in the determination of aging
effects for the underlying materials. The Structures Monitoring Program evaluates the
condition of the coatings as an indication of the condition of the underlying materials.

Periodic inspections required by the Structures Monitoring Program are performed and
documented per plant procedures. Initial baseline inspections under the Structures
Monitoring Program were performed from June 1994 to June 1996. Each of the spray
ponds is inspected every five years, and settlement monitoring surveillance is performed for
each major structure every five years. For other inspections, representative SSCs are
monitored at each of the three units, such that the equivalent of one complete unit is
inspected every 10 years. All three units will be 100% inspected (with the possible
exception of inaccessible areas) within a 30-year period.

NUREG-1801 Consistency

The Structures Monitoring Program is an existing program that, following enhancement, will
be consistent with NUREG-1801, Section XI.S6, "Structures Monitoring Program".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program element:
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Detection of Aging Effects - Element 4

The Structures Monitoring Program will be enhanced to specify ACI 349.3R-96 as the
reference for qualification of personnel to inspect structures under the Structures Monitoring
Program.

Operating Experience

Miscellaneous openings and gaps in barriers that may impact the environmental equipment
qualifications at PVNGS were reviewed and all identified deficiencies were corrected in
accordance with NRC Information Notice IN 95-52 "Barrier and Seals between Harsh
Environments".

NRC Information Notice IN 2002-12 "Submerged Safety-Related Electrical Cables" identified
several failures and weaknesses associated with protracted submergence in water of
electrical cables that feed safety-related equipment. Significant amounts of water have
been found in various manholes and the entry is from an unknown source. The intrusion of
water into the manholes is being effectively controlled through a pumping program.

NRC Information Notice IN 2003-08 "Potential Flooding through Unsealed Concrete Floor
Cracks" identified failures involving flooding of rooms containing safety-related panels and
equipment as a result of fire water seepage through unsealed concrete floor cracks. No
through cracking has been identified at PVNGS and the program has been revised to
provide guidance for the identification of through wall cracks in flood barriers in the future.

NRC Information Notice IN 2005-11, "Internal Flooding/Spray-Down of Safety-Related
Equipment Due to Unsealed Equipment Hatch Floor Plugs and/or Blocked Floor Drains"
identified the possibility of flooding safety-related equipment as a result of (1) equipment
hatch floor plugs that are not water tight and (2) blockage of equipment floor drain systems
that are credited to mitigate the effects of flooding. All hatches/plugs that are credited as
flood barriers are water tight. Instructions were developed to provide removal and
reinstallation instructions for hatches and plugs to maintain the required seals.

Adverse and critical conditions were found on the roof of Unit l's Turbine Building. These
conditions included punctured membrane and rigid insulation, deteriorated tar patches with
mesh reinforcement exposed, damaged flashing exposing the roof membrane seal, raised
blisters/raised areas in the membrane, several long areas of damaged flashing, and large
cracks through the roof membrane into the rigid insulation. The large cracks and large
blister/raised areas in the roof membrane are significant leakage paths and classify the
condition of the roof at Elevation 240' as critical. A previously issued CRDR addressed the
concern that in inclement weather the Turbine building had experienced consistent and
dependable flooding, which had caused equipment failure. To address these concerns Unit
l's Turbine Building roof was replaced. Unit 2 and 3's Turbine Building roofs have been
previously replaced.
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Conclusion

The continued implementation of the Structures Monitoring Program provides reasonable
assurance that aging effects will be managed such that the systems and components within
the scope of this program will continue to perform their intended functions consistent with
the current licensing basis for the period of extended operation.
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B2.1.33 RG 1.127, Inspection of Water-Control Structures Associated with

Nuclear Power Plants

Program Description

The PVNGS Structures Monitoring Program, which includes all water-control structural
components within the scope of RG 1.127, Inspection of Water Control Structures
Associated with Nuclear Power Plants, manages cracking, loss of material, loss of bond,
loss of strength, and increase in porosity and permeability due to extreme environmental
conditions. PVNGS is not committed to Regulatory Guide 1.127 but has a Structures
Monitoring Program in place. The existing PVNGS Structures Monitoring Program is
consistent with the recommendations of RG 1.127 as evaluated in NUREG-1801. The
program is in compliance with the requirements of 10 CFR 50.65 and includes inspection
and surveillance activities for the water-control structures associated with emergency
cooling water systems. The inspections are currently performed on a frequency of at least
once every five years based on the acceptable inspection results from previous inspections.
This is consistent with RG 1.127 Position 04. The Structures Monitoring Program includes:

* Periodic visual inspections of in-scope concrete structures using techniques
identified in industry standards and codes.

* Periodic monitoring of the hydraulic and structural condition of the Ultimate Heat Sink

as described in UFSAR section 1.2.10.3.3.3, as well as associated structures.

NUREG-1801 Consistency

The RG 1.127, Inspection of Water-Control Structures Associated with Nuclear Power
Plants program is an existing program that, following enhancement, will be consistent with
NUREG-1801, Section XI.S7, "RG 1.127, Inspection of Water-Control Structures Associated
with Nuclear Power Plants".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancement will be implemented in
the following program element:

Detection of Aging Effects - Element 4

Procedures will be enhanced to specify that the essential spray ponds inspections include
concrete below the water level.
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Operating Experience

A review of the Structures Monitoring inspection documents shows that the essential spray
ponds have been subject to relatively few aging effects. These inspections include diving
inspections performed for each unit to exam the internals of the essential spray pond
structures. Unit's 1, 2, and 3 Spray Pond's "A" and "B" are in acceptable condition and meet
all engineering functional requirements including performance, maintainability, and safety.

In 2007, evidence of a leak was discovered on the south end of the west wall of Unit 1 Spray
Pond A. The source of the leak was determined to be a damaged expansion joint in the
spray pond wall. The joint was repaired per plant procedures. The joints in the same
location for Units 2 and 3 were examined and no other evidence of leakage was found.

The essential spray ponds in all -three Units have developed small cracks that are visible on
the outer surface of the sidewalls. An accumulation of water outside the essential spray
ponds at these crack locations has been identified on several occasions over a period of
years. There are no visual indications, such as rust stains on the exterior surface of the
walls or significant cracking along the height of the walls, to indicate that the structural
integrity of the walls is compromised. The type and level of cracking for Unit 1 walls is
slightly greater than that for Unit 2 walls, while Unit 3 walls show no cracking or spalling of
this kind. There are no visual indications that the structural integrity of any of the walls is
compromised and the cracks are most likely a result of thermal contraction/expansions.
Therefore, since there is no impact on structural integrity, the requirements to provide
sufficient cooling capacity are not affected.

Conclusion

The continued implementation of the Structures Monitoring Program, which includes all
water-control structural components within the scope of RG 1.127, Inspection of Water-
Control Structures Associated with Nuclear Power Plants provides reasonable assurance
that aging effects will be managed such that the systems and components within the scope
of this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B2.1.34 Nickel Alloy Aging Management Program

Program Description

The plant-specific Nickel Alloy Aging Management Program manages cracking due to
primary water stress corrosion cracking in all plant locations that contain Alloy 600, with the
exception of steam generator tubing and reactor vessel internals. Aging management of
steam generator tubing is performed by the Steam Generator Tubing Integrity program
(B2.1.8). Aging management of reactor vessel intemals is addressed in Reactor Coolant
System Supplement (B2.1.21). Aging management requirements for nickel alloy penetration
nozzles welded to the upper reactor vessel closure head noted in the Nickel-Alloy
Penetration Nozzles Welded to the Upper Reactor Vessel Closure Heads of Pressurized
Water Reactors program (B2.1.5) are included in this program. This program includes
reactor coolant system (RCS) and ESF locations. The term Alloy 600 is used throughout
this program to represent Nickel Alloy 600 material and Nickel Alloy 82/182 weld metal.
Non-Alloy 600 nickel components (e.g., welds made of Alloy 52/152) are subject to the
ASME Section XI Inservice Inspection program (B2.1.1) requirements as indicated in the
Program Plan.

The plant-specific Nickel Alloy Aging Management Program uses inspections, mitigation
techniques, repair/replace activities and monitoring of operating experience to manage the
aging of Alloy 600 at PVNGS. Detection of indications is accomplished through a variety of
examinations consistent with NRC Order EA-03-009, ASME Section XI Subsections IWB
and IWC, EPRI Report 1010087 (MRP-139) issued under NEI 03-08 protocol, and NRC
Bulletin 2004-01. The official review and incorporation of practices of MRP-139 is not
currently complete and the implementation schedule, per MRP-139, is defined in the
Program Plan. Mitigation techniques are implemented when appropriate to preemptively
remove conditions that contribute to PWSCC. Repair/replacement activities are performed
to proactively remove or overlay Alloy 600 material, or as a corrective measure in response
to an unacceptable flaw in the material. Mitigation and repair/replace activities are partially
complete with those detailed in MRP-139. Historical Operating experience was reviewed
and Operating experience is continually monitored to provide improvements and
modifications to the Alloy 600 Program as needed.

Aging Management Program Elements

The results of an evaluation of each element against the 10 elements described in Appendix
A of NUREG-1 800, "Standard Review Plan for Review of License Renewal Applications for
Nuclear Power Plants" are provided below.

Scope of Program - Element I

With the exception of steam generator tubing, which is managed by the Steam Generator
Tube Integrity Aging Management program (B2.1.8), and reactor vessel internals, all Alloy
600 locations in plant systems are included in the scope of this program. This program
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includes reactor coolant system (RCS) and ESF locations. Aging management
requirements for nickel alloy penetration nozzles welded to the upper reactor vessel
closure head noted in the Nickel-Alloy Penetration Nozzles Welded to the Upper Reactor
Vessel Closure Heads of Pressurized Water Reactors Aging Management program
(B2.1.5) are included in this program.. The term Alloy 600 will be used throughout this
program to represent Nickel Alloy 600 material and Nickel Alloy 82/182 weld metal. The
inspection plan of Alloy 690 replacement is also included in this program.

The PVNGS Alloy 600 aging management program identifies the following Alloy 600
locations including dissimilar metal (DM) welds:

* RPV Upper Head Penetrations / 97 CEDMs', 1 Head Vent

* Bottom Mounted Instrument Nozzles (BMI) / 61 Incore Instrumentation
Penetrations

* RCS Piping / 12 Cold Leg instrument nozzles, 8 RCP instrument nozzles

The pressurizer (PZR) instrument nozzles and heater.sleeves have been replaced with
Alloy 690 material.

The RCS Hot Leg instrument nozzles also have been replaced with Alloy 690 material.

The dissimilar metal butt-welds which are addressed in this program are those greater
than or equal to 1" NPS in locations operating at cold leg temperature or higher. The Alloy
600 material locations at lower than cold leg temperatures are not subject to increased
augmented inspections/replacements at this time because of the lower PWSCC
susceptibility at lower service temperatures.

The PVNGS Alloy 600 aging management program identifies the following RCS dissimilar
metal butt welds:

" PZR Surge (PZR Side) 12" dia

" PZR Surge (HL Side) 12" dia

" Shutdown Cooling 1 16" dia

" Shutdown Cooling 2 16" dia

* Safety Injection 1A 14" dia

" Safety Injection 1B 14" dia

" Safety Injection 2A 14"dia

* Safety Injection 2B 14"dia
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" PZR Spray 1A 3" dia

" PZR Spray 1 B 3" dia

* PZR Spray Nozzle Safe End 4" dia

" PZR Safety Nozzle Safe End 8" dia

" Drain Line 1A 2" dia

* Drain Line 1B 2"dia

* Drain Line 2A 2" dia

* Letdown Line 2" dia

* Charging Line 2" dia

Preventive Actions - Element 2

The plant-specific Nickel Alloy Aging Management Program includes many potential
mitigation strategies that remove one or more of the three conditions that control primary
water stress corrosion cracking (susceptible material, tensile stress field, supporting
environment). Mitigation activities that have been successfully performed for at least one
US PWR plant include weld overlays, replacement of Alloy 600 (as a pre-planned activity),
and mechanical stress improvement process (MSIP). Weld overlays are being implemented
for more susceptible DM welds and those with inspectability issues. This method provides
structural reinforcement at the (potentially) flawed location, such that adequate load-carrying
capability is provided by the overlay. MSIP is a mechanical process that places the
component surface in contact with the primary water in a compressive state, thereby
removing the tensile stresses needed for initiation of PWSCC.

The considerations used in the PVNGS program include selecting a mitigation strategy,
options for the most cost effective management specific to each category of components
and the optimal course of action. All aspects of this plan comply with industry and regulatory
guidance for inspections and repairs.

The PVNGS program includes the recommended mitigation strategies for all of the Alloy 600
components at PVNGS. Specific mitigation strategies will be determined by plant-specific
and industry operating experience and may include the following:

Component / Mitigation Strategy / Planned Replacements

Reactor Pressure Vessel (RPV)

- RPV Upper Head Penetrations / None I RVH replacements scheduled 2009-2010
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Bottom Mounted Instrument Nozzles (BMI) / Cold leg zinc injection, half-nozzle

repair to be developed / None planned

Pressurizer Nozzles

- Pressurizer instrument nozzles (7 each unit) / None / Complete (replaced with Alloy
690 material)

- Pressurizer heater sleeves / None / Complete (replaced with Alloy 690 material)

Dissimilar Metal Welds

- PZR Spray / Structural Weld Overlay / weld overlays implemented

- PZR Safeties / Structural Weld Overlay / weld overlays implemented
Surge Line (HL and PZR Side) / Structural weld Overlay or MSIP / weld overlays
implemented

PZR Spray 1A and 1B / Structural weld Overlay or MSIP / None

Shutdown Cooling 1 and 2 / Structural weld, Overlay or MSIP / weld overlays
planned for Unit 2 Spring 2008, Unit 1 Fall 2008, Unit 3 Spring 2009

Safety Injection lines I None / None

Drain Line 1A and, 1B / None / None

Drain Line 2A / None I None

Letdown Line/ None / None

Charging Line / None / None

RCS Piping Instrument Nozzles

- 27 Hot Legs (each unit) / None / Complete (replaced or plugged with Alloy 690
material)

- 12 Cold Legs (each unit) / Cold leg zinc injection, half-nozzle repair to be
developed / None planned

- RCP Instrument Taps / None / None planned.

The Water Chemistry program (B2.1.2) provides preventive actions for monitoring and
control of the supporting environment for PWSCC. Primary water chemistry changes such
as zinc addition is being evaluated to improve resistance to PWSCC for locations that are
not being replaced or mitigated by other means.
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Parameters Monitored/Inspected - Element 3

The Nickel Alloy Aging Management Program utilizes various inspection and examination
techniques for early detection of PWSCC in Alloy 600 components. Visual exams are used
to detect evidence of leakage from pressure retaining components due to cracking and/or
discontinuities and imperfections on the surface of the component. Surface examinations
indicate the presence of surface discontinuities. Volumetric examination indicates the
presence of cracking/discontinuities throughout the volume of material. All alloy 600
locations receive a bare metal inspection every outage, including the dissimilar metal welds.

Detection of Aging Effects - Element 4

The Nickel Alloy Aging Management Program utilizes various visual, surface and volumetric
inspection and examination techniques for early detection of PWSCC in Alloy 600
components.

Three types of visual exams are used:

1) VT-2 Exams which are conducted to detect evidence of leakage from pressure retaining
components,

2) Bare Metal Visual (BMV) Exams which are similar to VT-2 exams but require removal of
insulation to allow direct access to the metal surface,

3) Visual Exams which are conducted to assess the general condition of non-pressure
boundary components.

Surface Exams are used to indicate the presence of surface discontinuities and are
conducted by liquid penetrant or eddy current methods. Volumetric Exams indicate the
presence of discontinuities throughout the volume of material and are conducted by
radiographic, ultrasonic, or eddy current methods, or a combination.

The following examinations are identified by the Nickel Alloy Aging Management Program

for Alloy 600 locations:

Component / Current Examinations

Reactor Pressure Vessel (RPV)

- RPV Upper Head Penetrations / UT, ET per NRC Order EA-03-009. Bare metal
visual examinations are also performed

- Bottom Mounted Instrument Nozzles (BMI) / Bare metal visual examination

Pressurizer Nozzles

- Pressurizer instrument nozzles (7 each unit) Bare metal visual examinations
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- Pressurizer heater sleeves / Bare metal visual examinations

Dissimilar Metal Welds *

- PZR Spray / Bare metal visual examinations, UT, RT,PT

- PZR Safeties / Bare metal visual examinations, UT, RT, PT

- Surge Line (HL and PZR Side) / Bare metal visual examinations, UT

- PZR Spray 1A and 1B / Bare metal visual examinations

- Shutdown Cooling 1 and 2 / Bare metal visual examinations, UT

- Safety Injection lines / Bare metal visual examinations, UT

- Drain Line 1A and 1 B / Bare metal visual examinations

- Drain Line 2A / Bare metal visual examinations.

- Letdown Line I Bare metal visual examinations

- Charging Line / Bare metal visual examinations

RCS Piping Instrument Nozzles

- 27 Hot Legs (each unit) / Bare metal visual examinations

- 12 Cold Legs (each unit) / Bare metal visual examinations

- 8 RCP instrument taps (4 per pump each unit) / Bare metal visual examinations

Note: Examination frequencies are identified in Element 5.

Monitoring and Trending - Element 5

The following examination frequencies are identified by the Nickel Alloy Aging Management
Program for Alloy 600 locations:

a) Reactor Pressure Vessel (RPV) Upper Head Penetrations:

1) An Above Head Bare Metal Visual Examination of each RPVH every refueling
outage

2) Under Head NDE Examination of each RPVH penetration every refueling outage,

Reactor Vessel Head replacements for all three PVNGS Units are scheduled from year 2009
to year 2010.
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NDE inspections consists of volumetric ultrasonic examination of the CEDM penetration
tube wall and Eddy current testing of the ID of the penetrations, and supplemental ultrasonic
and eddy current testing of the CEDM penetration ID/OD surface and J-groove weld
surfaces as required. Eddy current testing of the ID and j-weld is performed on the vent line
penetration.

b) Bottom Mounted Instrumentation (BMI) Nozzles:

1) PVNGS performs bare metal examinations of 100% of the nozzles every outage.
PVNGS will evaluate an inspection done every other outage based on future
industry guidance.

c) Pressurizer:

1) All of the steam space nozzles have been replaced with Alloy 690 nozzles with an
internal attachment weld in all three units (12 nozzles total). These nozzles
are visually inspected on a refueling outage interval.

2) The water space nozzle in the lower shell and two water space nozzles in the
lower head have been replaced with 690 nozzles in all three units (9 nozzles
total). The replacement nozzles are attached using an external temper bead
pad weld. These nozzles are visually inspected every refueling outage.,

3) The replacement heater sleeves are also visually inspected every refueling
outage.

d) RCS Dissimilar Metal Butt-Welds:

(Note that the implementation schedule for each unit is defined in the Program Plan)

100% volumetric every 5 yrs and bare metal visuals every refueling when volumetric
exams are not performed (MRP-139 Exam Category D and Category H):

- PZR Surge (PZR)

- PZR Surge (HL)

- Shutdown Cooling 1

- Shutdown Cooling 2

- PZR Spray Nozzle Safe Ends

- PZR Safety Nozzle Safe Ends
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100% volumetric every 6 years and bare visual examination once every three (3)
refuelings when volumetric exams are not performed (MRP-139 Exam Category
E):

- Safety Injection 1A

- Safety Injection 1B

- Safety Injection 2A

- Safety Injection 2B

Visual examination once every three (3) refuelings (MRP-1 39 Exam Category K):

- PZRSpray 1A

- PZR Spray 1 B

- Drain Line 1A

- Drain Line 1B

- Drain Line 2A

Letdown Line

Charging Line

e) Hot Leg Instrument Nozzles: Bare metal inspections of the Hot Leg Instrument Nozzles
are performed every outage.

f) Cold Leg, Instrument Nozzles: Bare metal inspections of the Cold Leg Instrument Nozzles
are performed every outage. Insulation around each nozzle has been modified to
allow bare metal visual inspections.

g) Reactor Coolant Pump instrument taps: Bare metal inspections are performed every

outage.

Acceptance Criteria - Element 6

Acceptance criteria are specified in procedures. Procedures specify examination
requirements and acceptance criteria in accordance with the applicable regulatory (NRC
Order EA-03-009 or ASME Section XI) or industry guideline. For components included in
MRP-139, it requires that all indications found during inspections must be evaluated per
ASME Section XI requirements and indications that do not satisfy IWB-3500 acceptance
criteria must be dispositioned by analysis (such as IWB-3600), repaired or replaced.
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Corrective Actions - Element 7

Relevant indications failing to meet applicable acceptance criteria are repaired or evaluated
in accordance with the plant corrective action program.

PVNGS site QA procedures, review and approval processes, and administrative controls are
implemented in accordance with the requirements of 10 CFR 50, Appendix B that are
acceptable for addressing corrective actions.

Confirmation Process - Element 8

PVNGS QA procedures, review and approval processes and administrative controls are
implemented in accordance with the requirements of 10 CFR 50, Appendix B, which are
acceptable in addressing confirmation processes.

Administrative Controls - Element 9

PVNGS QA procedures, review and approval processes and administrative controls are
implemented in accordance with the requirements of 10 CFR 50, Appendix B, which are
acceptable in addressing administrative controls.

Operating Experience - Element 10

PVNGS has proactively replaced:

- all of the Alloy 600 pressurizer instrument nozzles (seven pressurizer nozzles in Unit
1 were welded using 82/182 weld material since the equivalent Alloy 690 weld
material (52/152) was not commercially available at the time of the repair) and hot
leg instrument nozzles in each Unit

- all pressurizer heater sleeves (36 per Unit)

- instrument nozzles in the steam generator cold leg plenum as part of the steam
generator replacements on Units 1, 2 and 3.

A failure history, including repair or replacement information, search shows the following

Component / Failure History I Repair or Replacements

a) Reactor Pressures Vessel (RPV)

- RPV Upper Head Penetrations / No CEDM indications. U2 vent line indications 2R12
/ U2 vent line indications repaired by machining

- Bottom Mounted Instrument Nozzles (BMI) / No failures / None.

Palo Verde Nuclear Generating Station Page B-105
License Renewal Application



Appendix B
AGING MANAGEMENT PROGRAMS

b) Pressurizer Nozzles

- Pressurizer instrument nozzles (7 each unit) / U1 1991 / Replaced with Alloy 690
material

- Pressurizer heater sleeves / Leaking nozzles, 6 circ and 6 axial indications (not
leaking) I Preventively replaced all PZR sleeves in 3 units using external pad and
partial nozzle replacement

c) Dissimilar Metal Welds

- PZR Spray / No Failures / None

- PZR Safeties / No failures / None

- Surge Line (HL and PZR Side) / No failures / None

- PZR Spray 1A and I B / No failures / None

- Shutdown Cooling 1 and 2 / No Failures / None

- Safety Injection lines / No failures I None

- Drain Line 1A and 1 B No failures / None

- Drain Line 2A / No failures / None

- Letdown Line / No failures / None

- Charging Line I No failures / None

d) RCS Piping Instrument Nozzles

- 27 Hot Legs (each unit) / 5 cracked nozzles, suspect PWSCC / Preventively
replaced all 27 nozzles in 3 units using partial nozzle replacement with OD j-weld

- 12 Cold Legs (each unit) / No failures / None

- RCP instrument taps / No failures / None

NRC Bulletin 2003-02 - Lower Head Penetrations

In response to NRC Bulletin 2003-02, "Leakage from Reactor Pressure Vessel Lower Head
Penetrations and Reactor Coolant Pressure Boundary Integrity', PVNGS performed visual
examinations during refueling outages U1-R12 - ending Dec. 2005, U2-R12 - ending May
2005, U3-R11 - ending Dec. 2004, U3-R12 - ending May 2006 of all 61 bottom mounted
instrumentation (BMI) nozzles by a PVNGS Level III VT-2 qualified examiner. No boric acid
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deposits were noted in the area of the nozzle annulus during the "as-found" inspections. The
61 nozzles showed no evidence of leakage.

NRC Bulletin 2004-01 - Pressurizer Penetrations

In response to NRC Bulletin 2004-01, PVNGS performed pressurizer heater sleeve visual
inspections and did not identify any leakage.

On June 7, 2004, PVNGS Unit 3 went off-line and PVNGS personnel performed a bare
metal, 360 degree, visual inspection of 100 percent of all pressurizer heater sleeves. The
inspection did not identify any leakage.

On June 14, 2004, all three PVNGS units went off-line and PVNGS personnel performed a
bare metal, 360 degree, visual inspection of 100 percent of all pressurizer heater sleeves in
all three units. The inspection did not identify any leakage.

On July 13, 2004, Unit 2 went off-line and PVNGS personnel performed a bare metal, 360
degree, visual inspection of 100 percent of all pressurizer heater sleeves. The inspection
did not identify any leakage.

The pressurizer instrument nozzles in all three units have been replaced with Alloy 690
nozzles. Also, during the 1 1th refueling outage, from Sept. 2003 through Dec. 2003, for Unit
2, 34 of 36 pressurizer heater sleeves (Alloy 600) were replaced with thermally treated SB-
167, Alloy 690, sleeves using the half-nozzle repair technique. The two sleeves that. were
not replaced were plugged during a previous outage using Alloy 690 material.

UNIT 1

In response to NRC Bulletin 2004-01 during Unit 1 refueling outage 12 ending December
2005, pressurizer bare metal visual inspections were performed and found no evidence of
leakage. No relevant indications of through-wall leakage were identified during these
inspections. No additional follow-up NDE was required. No relevant indications were
observed. No boric acid residue was identified during the inspection of the pressurizer.

All 36 pressurizer heater sleeves were modified using the half-nozzle repair technique. The
original heater sleeve was cut at a location within the pressurizer lower shell. A weld pad of
Alloy 690 was overlaid on the exterior surface of the shell. New Alloy 690 sleeves were
inserted and attached to the weld pad. This repair resulted in the relocation of the ASME
pressure boundary weld from the inside surface to the outside surface of the pressurizer
shell. The repairs were made using Alloy 690 material.

UNIT 2

In response to NRC Bulletin 2004-01 during Unit 2 refueling outage ending May 2005,
pressurizer bare metal visual inspections were performed and found no evidence of
leakage. No relevant indications of through-wall leakage were identified during this
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inspection. No' additional follow-up NDE was required. No boric acid residue was identified
during the inspection of the Unit 2 pressurizer. No corrective actions were required.

UNIT 3

In response to NRC Bulletin 2004-01 during Unit 3 refueling outage 11 ending December
2004, PVNGS normally visually examines the pressurizer shell exposed by the gap between
the insulation and the heater sleeves and other nozzles. However, during the heater sleeve
modification project performed in Unit 3, the bottom shell insulation was removed and no
corrosion was seen.

The Unit 3 pressurizer had three heater sleeves that were repaired during previous outages.
These were repaired using a mechanical nozzle seal assembly (MNSA).

There were no relevant indications of through-wall leakage during the inspection of the Unit
3 pressurizer heater sleeves including the 3 sleeves previously repaired. No additional
follow-up NDE was required based on the initial eddy current results.

No boric acid residue was identified during the inspection of the Unit 3 pressurizer.

Although there was no visual evidence of boron leakage identified at the start of the outage,
APS had previously decided to permanently modify the heater sleeves during 3R1 1. All 36
heater sleeves, including the three previously repaired using a MNSA, were modified using
the half-nozzle repair technique. The original heater sleeve was cut at a location within the
pressurizer lower shell. A weld pad of Alloy 690 was overlaid on the exterior surface of the
shell. New Alloy 690 half sleeves were inserted and attached to the weld pad. This repair
resulted in the relocation of the ASME Pressure boundary weld from the inside surface to
the outside surface of the pressurizer shell. The repairs were made using Alloy 690
material.

For Unit 3, refueling outage 12, by letter dated June 15, 2006, the NRC staff notified APS
that the staff had closed their efforts with regard to the review of APS' Bulletin 2004-01
responses for PVNGS Units 1, 2, and 3.

Enhancements

Prior to the period of extended operation, the following enhancement will be implemented in
the following program element:

Scope of Program - Element I

The PVNGS Alloy 600 Management Program Plan will be enhanced to add Alloy 600 steam
generator components, including tube sheet cladding and portions of the primary nozzle
cladding.
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In addition, the following enhancement will be implemented in the following program
elements:

Detection of Aging Effects - Element 4, Monitoring and Trending - Element 5, Acceptance
Criteria - Element 6, and Corrective Actions - Element 7

Prior to December 31, 2008, the PVNGS Alloy 600 Management Program Plan will be
revised to incorporate the applicable examination requirements of ASME Code Case N-729-
1 (Reactor Vessel Head Inspections), subject to the conditions specified in
10 CFR 50.55a(g)(6)(ii)(D)(2) through(6) and ASME Code Case N-722 (RCPB Visual
Inspections) subject to the conditions listed in 10 CFR 50.55a(g)(6)(ii)(E)(2) through(4).

Conclusion

The continued implementation of the Nickel Alloy Aging Management Program provides
reasonable assurance that aging effects will be managed such that the systems and
components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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B2.1.35 Electrical Cable Connections Not Subject to 10 CFR 50.49

Environmental Qualification Requirements

Program Description

The Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements program manages the effects of loosening of bolted external connections due
to thermal cycling, ohmic heating, electrical transients, vibration, chemical contamination,
corrosion, and oxidation to ensure that electrical cable connections not subject to the
environmental qualification (EQ) requirements of 10 CFR 50.49 and within the scope of
license renewal are capable of performing their intended function.

As part of the predictive maintenance program, infrared thermography testing is performed
on Non-EQ electrical cable connections, associated with active and passive components
within the scope of license renewal. A representative sample of external connections will be
tested at least once prior to the period of extended operation using infrared thermography to
confirm that there are no aging effects requiring management. The infrared thermography
will detect loosening of bolted connections or high resistance of cable connections due to
thermal cycling, ohmic heating, electrical transients, vibration, chemical contamination,
corrosion, and oxidation. The selected sample to be tested is based upon application
(medium and low voltage), circuit loading, and environment. The technical basis for the
sample selection is documented. The acceptance criteria for thermography testing will be
based on the temperature rise above the reference temperature. The reference
temperature will be ambient temperatures or the baseline temperature data from the same
type of connections being tested. The one-time testing of a sample of Non-EQ electrical
cable connectors is representative, with reasonable assurance, that Non-EQ electrical cable
connections within similar application, circuit loading conditions, and environments are
bounded by the testing.

Corrective actions for conditions that are adverse to quality will be performed in accordance
with the corrective action program as part of the QA program. The corrective action
program provides reasonable assurance that deficiencies adverse to quality are either
promptly corrected or are evaluated to be acceptable.

The Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements program is a new program that will be implemented prior to the period of
extended operation.

NUREG-1801 Consistency

The Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements program is a new program that, when implemented, will be consistent with
Proposed License Renewal Interim Staff Guidance LR-ISG-2007-02 and NUREG-1801,
Section XI.E6, "Electrical Cable Connections Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements".
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Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

PVNGS routinely performs infrared thermography on electrical components and
connections. A review of the plant operating experience identified scans where electrical
cable connections showed thermal anomalies. The connections associated with these
thermal anomalies were cleaned and re-tighten. No loss of equipment intended function has
occurred due to these thermal anomalies. There is sufficient confidence that the
implementation of the Electrical Cable Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements program will provide confirmation that supports
industry operating experience that electrical connections have not experienced a high
degree of failures.

PVNGS has experienced corrosion of battery connections. An engineering evaluation was
performed and corrective action taken. No loss of equipment intended function occurred
due the corrosion.

Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

Conclusion

The implementation of the Electrical Cable Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements program will provide reasonable assurance that
adverse localized environments are identified and aging effects will be managed such that
the systems and components within the scope of this program will continue to perform their
intended functions consistent with the current licensing basis for the period of extended
operation.
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B2.1.36 Metal Enclosed Bus

Program Description

The Metal Enclosed Bus program manages the effects of loose connections, embrittlement,
cracking, melting, swelling, or discoloration of insulation, loss of material of bus enclosure
assemblies, hardening of boots and gaskets, and cracking of internal bus supports to ensure
that metal-enclosed buses within the scope of license renewal are capable of performing
their intended function. The metal enclosed buses (MEBs) within the scope of this program
are the MEBs that are used during station blackout recovery.

A sample of the MEB accessible bolted connections will be inspected for evidence of over
heating. Contact resistance testing will be performed on a sample of accessible splice
plates to check for loose connections.

Each bus section will be inspected for cracks, corrosion, foreign debris, excessive dust
buildup, and evidence of water intrusion. The bus insulation will be inspected for signs of
embrittlement, cracking, melting, swelling, or discoloration, which may indicate overheating
or aging degradation. The internal bus supports will be inspected for structural integrity and
signs of cracks. The bus enclosure assemblies will be inspected for loss of material due to
corrosion and hardening of boots and gaskets. The Metal Enclosed Bus program will be
completed prior to the period of extended operation and once every 10 years thereafter.

NUREG-1801 Consistency

The Metal Enclosed Bus program is a new program that, when implemented, will be
consistent with NUREG-1801, Section XI.E4, "Metal Enclosed Bus".

Exceptions to NUREG-1801

None

Enhancements

None

Operating Experience

Industry experience has shown that failures have occurred on Metal. Enclosed Buses
caused by cracked insulation and moisture or debris buildup internal to the Metal Enclosed
Bus. Experience has shown that bus connections in the Metal Enclosed Buses exposed to
appreciable ohmic heating during operation may experience loosening due to repeated
cycling of connected loads. NRC Information Notice IN 2000-14: "Non Vital Bus Fault Leads
to Fire and Loss of Offsite Power" and IN 89-64: "Electrical Bus Bar Failures" are examples
of non-segregated bus duct failures.
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A review of the operating experience has determined that there have been no problems that
resulted in the loss of intended function of the MEBs at PVNGS. Sections of the MEBs are
inspected every other outage and thermography is being performed on the bus at the
transformer connections once every 6 months. The inspection results for the MEB during
the last 10 years have revealed only one splice plate required rework and repairs to cracked
Noryl sleeving have been made. No occurrences of corrosion, loss of material, hardening,
foreign debris, excessive dust buildup, water intrusion or overheating have been found.

Industry and plant-specific operating experience will be evaluated in the development and
implementation of this program.

Conclusion

The implementation of the Metal Enclosed Bus program provides reasonable assurance that
aging effects will be managed such that the systems and components within the scope of
this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
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B3 TLAA SUPPORT ACTIVITIES

B3.1 METAL FATIGUE OF REACTOR COOLANT PRESSURE
BOUNDARY

Program Description

The calculated design lifetime cumulative usage factor U for fatigue is defined by
Subparagraph NB 3222.4 of the Section III of the ASME Boiler and Pressure Vessel Code.
An equivalent term I(t) is defined for valves in Paragraph NB 3552. The acceptance
criterion for systems and components designed to these requirements is that U or I(t) not
exceed 1.0. These terms, and current values estimated or calculated for monitoring
purposes, are also rendered as CUF, usage factor, fatigue usage, fatigue usage factor,
cumulative usage, or cumulative fatigue usage factor.

The Metal Fatigue of Reactor Coolant Pressure Boundary program uses cycle counting and
usage factor tracking to ensure that actual plant experience remains bounded by design
assumptions and calculations reflected in the PVNGS UFSAR.

The existing Metal Fatigue of Reactor Coolant Pressure Boundary program requires manual
review of the Control Room Logs and Post Trip Reviews; and any event transients or trips
are recorded and added to those previously determined. A simplified cycle-based
cumulative usage factor (CUF) is calculated for the pressurizer spray nozzle in each unit.
The existing program requires corrective actions if the recorded numbers of cycles exceed
the limits stated by the UFSAR, or if the pressurizer spray nozzle CUF exceeds 0.65. This
0.65 CUF action limit for the spray nozzle, and the monitoring method for it, will be
superseded by the enhanced PVNGS fatigue management program.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use a
computerized, EPRI-licensed software program, FatiguePro®, which manages cumulative
fatigue damage in metal components of the reactor coolant pressure boundary and the
Class 2 portions of the steam generators with a Class 1 analysis. The FatiguePro® program
will track fatigue usage for each of the selected components by either (1) stress-based
fatigue (SBF) calculations, using a Green's transfer function to calculate the fatigue effects
of transient cycles based on indicated severity, (2) cycle-based fatigue (CBF) calculations,
which count transient cycles and assign the maximum design basis stress range per event
pair in order to calculate fatigue effects, or (3) a simple comparison of the number of
occurrences of transient cycles to the number assumed for design. The locations in which
fatigue effects are controlled by counting alone (method 3) are those with relatively low
design fatigue usage values, and therefore, for which cycle counting will suffice to
demonstrate design basis compliance.
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The results of the above methods for cycle count and fatigue monitoring will be summarized
and reviewed at least once per fuel cycle. This review will identify the need for any
corrective actions, including any necessary revisions to the fatigue analyses.

The scope of the existing Metal Fatigue of Reactor Coolant Pressure Boundary program
includes transient cycle counting that encompasses all of the PVNGS NUREG/CR-6260
locations. The usage factors calculated by the enhanced program for limiting NUREG/CR-
6260 locations will include environmental effects of the reactor coolant environment as
determined by NUREG/CR-6583 and NUREG/CR-5704.

The Metal Fatigue of Reactor Coolant Pressure Boundary program is implemented via
procedure. The existing procedure provides guidelines and requirements for manual fatigue
management.

The existing procedure will be enhanced to provide guidelines and requirements for tracking
both transient cycle counts and fatigue usage of fatigue-sensitive, safety related
components, using the FatiguePro® software, to maintain the fatigue usage of components
within the cumulative usage factor limit of 1.0 established by Section III Subsection NB of
the ASME Boiler and Pressure Vessel Code. The enhanced program will include tracking of
cumulative usage, counting of transient cycles, manual recording of selected transients, and
review of FatiguePro® data.

NUREG-1801 Consistency

The Metal Fatigue of Reactor Coolant Pressure Boundary program is an existing program
that, following enhancement, will be consistent with NUREG 1801, Section X.M1, "Metal
Fatigue of Reactor Coolant Pressure Boundary".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancements will be implemented
in the following program elements:

Scope of Program, Element 1

The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced to
include (1) additional Class 1 locations with high calculated cumulative usage factors, (2)
Class 1 components for which transfer functions have been developed for stress-based
monitoring, and (3) Class 2 portions of the steam generators with a Class 1 analysis and
high calculated cumulative usage factors
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Preventive Actions - Element 2, Acceptance Criteria - Element 6, and Corrective Actions -
Element 7

The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced with
additional cycle count and fatigue usage action limits, and with appropriate corrective
actions to be invoked if a component approaches a cycle count action limit or a fatigue
usage action limit. Action limits permit completion of corrective actions before the design
limits are exceeded.

Cycle Count Action Limit and Corrective Actions

An action limit will require corrective action when the cycle count for any of the critical
thermal and pressure transients is projected to reach the action limit defined in the program
before the end of the next operating cycle. In order to ensure sufficient margin to
accommodate occurrence of a low-probability transient, corrective actions must be taken
before the remaining number of allowable occurrences for any specified transient becomes
less than 1.

If a cycle count action limit is reached, acceptable corrective actions include:

1) Review of fatigue usage calculations

a. To determine whether the transient in question contributes significantly to CUF.

b. To identify the components and analyses affected by the transient in question.

c. To ensure that the analytical bases of the leak-before-break (LBB) fatigue crack
propagation analysis and of the high-energy line break (HELB) locations are maintained.

d. To ensure that the analytical bases of a fatigue crack growth and stability analysis in
support of relief from ASME Section XI flaw removal and inspection requirements for hot leg
small-bore half nozzle repairs are maintained.

2) Evaluation of remaining margins on CUF based on cycle-based or stress-based CUF
calculations using the PVNGS fatigue management program software.

3) Redefinition of the specified number of cycles (e.g., by reducing specified numbers of
cycles for other transients and using the margin to increase the allowed number of cycles for
the transient that is approaching its specified number of cycles).

4) Redefinition of the transient to remove conservatism in predicting the range of pressure

and temperature values for the transient.

Cumulative Fatigue Usage Action Limit and Corrective Actions

An action limit will require corrective action when calculated CUF (from cycle-based or
stress-based monitoring) for any monitored location is projected to reach 1.0 within the next
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2 or 3 operating cycles. In order to ensure sufficient margin to accommodate occurrence of
a low-probability transient, corrective actions must be taken while there is still sufficient
margin to accommodate at least one occurrence of the worst-case design basis event (i.e.,
with the highest fatigue usage per event cycle).

If a CUF action limit is reached acceptable corrective actions include:

1) Determine whether the scope of the monitoring program must be enlarged to include
additional affected reactor coolant pressure boundary locations. This determination will
ensure that other locations do not approach design limits without an appropriate action.

2) Enhance fatigue monitoring to confirm continued conformance to the code limit.

3) Repair the component.

4) Replace the component.

5) Perform a more rigorous analysis of the component to demonstrate that the design
code limit will not be exceeded.

6) Modify plant operating practices to reduce the fatigue usage accumulation rate.

7) Perform a flaw tolerance evaluation and impose component-specific inspections, under
ASME Section Xl Appendices A or C (or their successors) and obtain required approvals
from the regulatory agency.

For PVNGS locations identified in NUREG/CR-6260, fatigue usage factor action limits will be
based on accrued fatigue usage calculated with 'the F(en) environmental fatigue factors
determined by NUREG/CR-5704 and NURGE/CR-6583 methods required for including
effects of the reactor coolant environment.

Parameters Monitored or Inspected - Element 3 and Monitoring and Trending - Element 5

The scope of the Metal Fatigue of Reactor Coolant Pressure Boundary program will be
enhanced with a revised list of monitored plant transients that contribute to high usage
factor, and with a revised list of monitored locations in Class 1 piping and vessels and in
parts of the Class 2 steam generators that have a Class 1 analysis

Operating Experience

The methods of the FatiguePro® software, used by the Metal Fatigue of Reactor Coolant
Pressure Boundary program, were developed by EPRI for the industry, in response to NRC
concerns that early-life operating cycles at some units had caused fatigue usage factors to
accumulate faster than anticipated in the design analyses. This fatigue management
program was therefore designed to ensure that the- code limit will not be exceeded in the
remainder of the licensed life. The industry operating experience program reviews industry
experience, including experience that may affect fatigue management, to ensure that
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applicable experience is evaluated and incorporated in plant analyses and procedures. Any
necessary evaluations are conducted under the plant corrective action program.

The Metal Fatigue of Reactor Coolant Pressure Boundary program was implemented in
response to industry experience that indicated that the design basis set of transients used
for Class 1 analyses of the reactor coolant pressure boundary did not include some
significant transients, and therefore might not be limiting for components affected by them.
The program has remained responsive to both industry and plant-specific emerging issues
and concerns. Examples:

Pressurizer surge and spray nozzle, hot leg surge nozzle, and surge line transients:

Flow stratification, boron concentration, and spray line and nozzle fatigue concerns
prompted operation with continuous spray from initial startup in all three units. The thermal
stratification concerns were later documented in NRC Bulletin 88-11. The pressurizer
nozzle weld overlays are supported by fracture mechanics analyses and periodic
inspections acceptable under ASME Section Xl as the means to address aging in the
overlaid welds. These locations are included in the PVNGS fatigue management program,
and these nozzles now have full-strength weld'overlays with reanalyses including the
thermal stratification and-insurge-outsurge effects.

Auxiliary spray line and tee and partial main spray, line and main spray check valve
replacement:

The concerns raised by NRC Bulletin 88-08 prompted a series of evaluations, eventually
prompting replacement of the main spray line from and including the main spray check valve
tothe nozzle, and the auxiliary spray line and tee inboard of the auxiliary spray check valve.

Linear elastic fracture mechanics analysis (LEFM) of indications in the Unit 2 pressurizer
support skirt forging weld:

An inservice inspection detected two indications in the Unit 2 pressurizer support skirt
forging weld, near the lower vessel head, which were evaluated by an LEFM fatigue crack
growth analysis.

Unit I shutdown cooling suction line 1A excessive vibration:

Brief vibration excursions of the Unit 1 shutdown cooling suction line 1A prompted extensive
investigation of causal mechanisms; and remedial actions, including evaluation of possible
fatigue effects on piping, appending a revised isolation valve code analysis and valve
operator dynamic qualification to the analysis of record, relocation of the line 1A inboard
isolation valve for all three units.

CE Owner's Group initiative on surge line micro cracking:.

Recent concerns with possible micro cracking in the surge line nozzles are being addressed
by a Combustion Engineering Owner's Group initiative, in which PVNGS is participating.
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The fatigue usage factors at locations affected by these events depend not only on these
salient events, but on many others. Therefore, even if a cycle limit is approached, an
examination of the usage factors at these critical locations which takes credit for the fact that
cycles are not being accumulated as rapidly for other events as assumed by the analysis,
will in most cases demonstrate that usage factors will remain below the allowable limit of
1.0.

Results of fatigue monitoring at PVNGS to date also indicate that in most cases the number
of design transient events assumed by the original design analysis should be sufficient for
the period of extended operation, and that the design basis fatigue cumulative usage factor
limit of 1.0 should not be exceeded at the monitored locations for the period of extended
operation. See Section 4.3, which also addresses possible exceptions.

Conclusion

The continued implementation of the Metal Fatigue of Reactor Coolant Pressure Boundary
program provides reasonable assurance that aging effects will be managed such that the
systems and components within the scope of this program will continue to perform their
intended functions consistent with the current licensing basis for the period of extended
operation.
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B3.2 ENVIRONMENTAL QUALIFICATION (EQ) OF

ELECTRICAL COMPONENTS

Program Description

The Environmental Qualification (EQ) of Electrical Components program manages
component thermal, radiation, and cyclic aging effects, using 10 CFR 50.49(f) methods.
PVNGS is a NUREG-0588 Category I plant. Electrical equipment within the scope of the
PVNGS EQ Program is environmentally qualified in accordance with NUREG-0588,
Category I requirements as supplemented by 10 CFR 50.49. The NRC evaluated PVNGS
electrical equipment qualification based on Regulatory Guide 1.89 Revision 0, which
endorses IEEE Standard 323-1974. The recommendations of Revision 1 to Regulatory
Guide 1.89 are also met, for harsh environments; with some interpretations of and
exceptions to the Regulatory Guide Revision 1 and IEEE 323-1974 guidance. As required
by 10 CFR 50.49, EQ components not qualified for the current license term are to be
refurbished or replaced, or have their qualification extended prior to reaching the aging limits
established in the evaluation. Aging evaluations for EQ components that specify a
qualification of at least 40 years are considered time-limited aging analyses (TLAAs) for
License Renewal.

The PVNGS EQ Program complies with the requirements 10 CFR 50.49 and NUREG-0588,
and is consistent with the guidance of Regulatory Guide 1.89, Rev. 1 for maintaining
qualification of EQ equipment.

Qualified components are identified in a controlled Equipment Qualification List (EQL)
maintained within the Site Work Management System (SWMS) data base. The SWMS EQL
lists special maintenance requirements; and lists the environmental zones for components,
from which environmental limits can be retrieved from the EQ Program Manual. Changes to
the EQL are controlled by Equipment Qualification Control Forms.

The qualification evaluation records for specific component types are maintained in
Electrical Equipment Qualification Data Files. Required maintenance activities are also
described by EQ Maintenance Data Sheets in the EQ Data File.

Analytical Methods:

Reanalysis may refine previously-conservative methods or conservative environmental
condition assumptions; may invoke local environmental data collected for that purpose; and
may change underlying assumptions, acceptance criteria, and corrective actions (if
acceptance criteria are not met). Thermal effects are estimated by Arrhenius methods or an
Arrhenius-based equivalent temperature. Normal operating radiation and non-seismic cyclic
effects are assumed linear with time unless adjustments are possible or necessary because
of operating, configuration, shielding, power, or measured dose changes. The original
seismic qualifications of electrical equipment will be sufficient for the extended licensed
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operating period, particularly since no significant seismic loads have occurred to date.

Vibration aging and other cyclic effects may require reevaluation.

Data Collection and Reduction Methods:

The PVNGS EQ Program does not apply condition or performance monitoring programs for
purposes of confirming qualified life. Reanalysis may, however, invoke local environmental
data collected for that purpose. The PVNGS Temperature Monitoring Program determines
actual area temperatures and evaluates potential hot spots. These data have been and
may be used to revise thermal qualified life by Arrhenius methods or by an Arrhenius-based
equivalent temperature method. The PVNGS EQ PM provides detailed directions for use of
these Arrhenius and Arrhenius-based methods, including the basis for activation energies,
examples of specific cases, and activation energies for specific materials.

Underlying Assumptions:

EQ component aging evaluations contain sufficient conservatism to account for most
environmental changes occurring due to plant modifications and events. When unexpected
adverse conditions are identified during operational or maintenance activities that affect the
normal operating environment of a qualified component, the affected EQ component is
evaluated and appropriate corrective actions are taken, which may include changes to the
qualification bases and conclusions. The reanalysis of an aging evaluation is documented
according to the station's quality assurance program, which requires the verification of
assumptions and conclusions.

Acceptance Criteria and Corrective Actions:

If the qualification cannot be extended by reanalysis, the component will be refurbished,
replaced, or requalified to maintain qualification for the period of extended operation. A
reanalysis is to be performed in a timely manner (that is, sufficient time is available to
refurbish, replace, or requalify the component if reanalysis is unsuccessful).

NUREG-1801 Consistency

The Environmental Qualification (EQ) of Electrical Components program is an existing
program that is consistent with NUREG-1801, Section X.E1, "Environmental Qualification
(EQ) of Electrical Components".

Exceptions to NUREG-1801

None

Enhancements

None
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Operating Experience

The PVNGS EQ Program complies with 10 CFR 50.49, and includes consideration of
PVNGS operating experience and NRC generic communications for determining
qualification bases and conclusions, including qualified life.

Operating experiences, system, equipment or component related information, as reported
through NRC Bulletins, Notices, Circulars, Generic Letters and Part 21 Notifications are
evaluated for applicability to the PVNGS EQ Program under the PVNGS Regulatory
Interaction and Correspondence Control procedure. When an emerging industry aging
issue is identified that affects the qualification of an EQ component, the affected component
is evaluated and appropriate corrective actions are taken. Any change to the qualification
evaluations are documented in the affected EEQDF, and any applicable corrective actions
are identified. Issues addressing equipment qualification are reconciled in EEQDF sections
that specifically document thermal, radiation, and cyclic qualified lives, or in the EQ-PM for
generic issues.

Conclusion

The continued implementation of the Environmental Qualification (EQ) of Electrical
Components program provides reasonable assurance that aging will be managed such that
the systems and components within the scope of this program will continue to perform their
intended functions consistent with the current licensing basis for the period of extended
operation.
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B3.3 CONCRETE CONTAINMENT TENDON PRESTRESS

Program Description

The Concrete Containment Tendon Prestress program, within the ASME Section Xl
Subsection IWL Program, manages the loss of tendon prestress aging effect in the post-
tensioning system, and is consistent with supplemental requirements of 10 CFR 50.55a.
Prior to September of 1996 the tendon examinations were governed by Regulatory
Guide 1.35. Beginning with License Amendment 151 the program was governed by
ASME Xl Subsection IWL, 1992 Edition with 1992 Addenda. The beginning of the second
10-year inspection interval will be August 1, 2011 for all three units. The program will be
updated for subsequent intervals as required by 10 CFR 50.55a(b)(2)(vi) and (viii), and by
10 CFR 50.55a(g)(4)(ii).

In conformance with 10 CFR 50.55a(b)(2)(vi) and (viii), and with10 CFR 50.55a(g)(4)(ii), the
PVNGS ISI Program is updated during each successive 120-month inspection interval to
comply with the requirements of the latest edition of the Code specified twelve months
before the start of the inspection interval. PVNGS will use the ASME Code Edition
consistent with the provisions of 10 CFR 50.55a during the period of extended operation.

Under the original program, tendon lift-off surveillances were performed for Units 1 and 3 at
1, 3, and 5 years post-structural-integrity test, and at each succeeding 5-year interval.
Unit 2 tendons were examined visually and in other ways, but their lift-off test surveillances
were encompassed within the Unit 1 tests, under rules then applicable to 2-unit plants with
virtually-identical containments. A licensing change under approved Relief Request RR 4
imposed similar lift-offs on Unit 2, beginning with its 20th year, but also extended the
surveillance interval to ten years. Therefore, lift-offs are now surveyed in each unit every
10 years.

The PVNGS post-tensioning system consists of inverted-U-shaped vertical tendons,
extending up through the basemat, through the full height of the cylindrical walls and over
the dome; and horizontal circumferential (hoop) tendons, at intervals from the basemat to
about the 45-degree elevation of the dome. The basemat is conventionally reinforced. The
tendons are ungrouted, in grease-filled glands.

The design basis of the containment system requires that the average prestresses of the
tendons in the horizontal dome and cylinder hoop tendon subgroups, and in the vertical
tendon group, remain above their respective minimum required values (MRVs). The MRVs
are from the original design bases and assumptions.

In order to ensure that the design basis continues to be met, the acceptance criteria require
that the prestress in each tendon remain above, or within a stated tolerance below, the
predicted force. At PVNGS, predicted forces are calculated for each individual tendon. The
program also defines specific action levels for additional inspections and corrective actions,
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and specifies acceptance criteria for the additional inspections and corrected conditions.
The predicted lower limit (PLL) described in NUREG-1801 is functionally equivalent to the
first action level of the PVNGS and IWL 3221.1 acceptance criteria, at 95 percent of the
predicted force line.

The surveillance program predicted mean prestress force lines and their tolerance-band
upper and lower limit lines, and the predicted forces for each surveillance tendon, were
developed from the loss of prestress model used for the original design, and are consistent
with Regulatory Guide 1.35.1, Proposed Revision 0.

Following each 10-year tendon surveillance on each unit, the PVNGS tendon surveillance
program confirms tendon prestress by comparing individual tendon lift-off values from the
current surveillance with the action levels derived from the predicted lift-off force for each
surveyed tendon, as described above.

The first set of regression analyses of tendon lift-off data were performed in support of the
PVNGS LRA. The regression analyses of surveillance data are consistent with Information
Notice (IN) 99-10, "Degradation of Prestressing Tendon Systems in Prestressed Concrete
Containments, Attachment 3". The program will be enhanced to continue to compare
regression analysis trend lines of the individual lift-off values of tendons surveyed to date, in
each of the vertical and hoop tendon groups, with the MRV and PLL for each tendon group,
to the end of the licensed operating period, and to take appropriate corrective actions if
future values indicated by the regression analysis trend line drop below the PLL or MRV.
The regression analyses will be updated for tendons of the affected unit and for a combined
data set of all three units following each inspection of an individual unit.

NUREG-1801 Consistency

The Concrete Containment Tendon Prestress program is an existing program that, following
enhancement, will be consistent with NUREG-1801, Section X.S1, "Concrete Containment
Tendon Prestress".

Exceptions to NUREG-1801

None

Enhancements

Prior to the period of extended operation, the following enhancement will be implemented in
the following program element:

Monitoring and Trending - Element 5 and Acceptance Criteria - Element 6

Procedures will be enhanced to require an update of the regression analysis for each
tendon group of each unit, and of the joint regression of data from all three units, after every
tendon surveillance. The documents will invoke and describe regression analysis methods
used to construct the lift-off trend lines, including the use of individual tendon data in
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accordance with Information Notice (IN) 99-10, "Degradation of Prestressing Tendon

Systems in Prestressed Concrete Containments".

Operating Experience

Tendon surveillance and lift-off tests are conducted by qualified staff familiar with the tendon
performance history and with current issues and practices. The program employs
examination procedures which invoke and are developed from the PVNGS design criteria
(MRVs), inspection acceptance criteria (predicted force lines and their tolerance band upper
and lower limit lines; and their application to action levels and corrective actions), inspection
schedule, sample selection, and effective stress calculation methods.

The PVNGS tendon inspections to date have shown no evidence of significant corrosion or
other effects that might damage wires, minimum wire breakage (after initial installation), and
no accelerated loss of prestress due to high temperatures or other causes. The only
significant findings were pin hole grease leaks in Units 2 and 3, which were evaluated as
having no detrimental effects on the containment structure.

The most recent results of the Concrete Containment Tendon Prestress program are
documented. A regression analysis of the lift-off data to date was extended to 60 years, and
demonstrated that average prestress in both the vertical tendon group and the horizontal
cylinder and horizontal dome tendon subgroups should remain above the applicable MRVs
for at least 60 years of operation; and that all tendons should therefore maintain their design
basis function for the extended period of operation. The material condition of other
components (concrete, bearing surfaces, grease, buttonheads, etc.) showed only minor
degradation in a few areas; none indicating a need for significant corrective action.

The program is consistent with current standards, practices, and experience of the industry.

Conclusion

The continued implementation of the Concrete Containment Tendon Prestress program
provides reasonable assurance that loss of prestress will be managed such that the systems
and components within the scope of this program will continue to perform their intended
functions consistent with the current licensing basis for the period of extended operation.
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Section 1.1
Purpose of and Need for Action

1.0 CHAPTER 1 - INTRODUCTION

1.1 PURPOSE AND NEED FOR ACTION

The U.S. Nuclear Regulatory Commission (NRC) licenses the operation of domestic nuclear
power plants in accordance with the Atomic Energy Act of 1954, as amended, and NRC
implementing regulations. Arizona Public Service Company (APS) operates the Palo Verde
Nuclear Generating Station (PVNGS) near Phoenix in Maricopa County, Arizona, pursuant to
NRC Operating Licenses NPF-41 (expires December 31, 2024), NPF-51 (expires December 9,
2025), and NPF-74 (expires March 25, 2027) under Docket Numbers STN 50-528, STN 50-529,
and STN 50-530, respectively.

APS has prepared this environmental report in conjunction with its application to NRC to renew
PVNGS operating licenses for an additional 20 years each, in compliance with the following
NRC regulations:

" Title 10, Energy, Code of Federal Regulations (CFR), Part 54, Requirements for Renewal
of Operating Licenses for Nuclear Power Plants, Section 54.23, Contents of Application-
Environmental Information (10 CFR 54.23).

" Title 10, Energy, CFR, Part 51, Environmental Protection Requirements for Domestic
Licensing and Related Regulatory Functions, Section 51.53, Post-Construction
Environmental Reports, Subsection 51.53(c), Operating License Renewal Stage
[10 CFR 51.53(c)].

NRC has defined the purpose and need for the proposed action, the renewal of the operating
licenses for nuclear power plants such as PVNGS, as follows:

...The purpose and need for the proposed action (renewal of an operating
license) is to provide an option that allows for power generation capability beyond
the term of a current nuclear power plant operating license to meet future system
generating needs, as such needs may be determined by State, utility, and, where
authorized, Federal (other than NRC) decision makers.... (NRC 1996a)

The renewed operating licenses would allow for an additional 20 years of plant operation
beyond the current PVNGS licensed operating period of 40 years.
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Environmental Report Scope and Methodology

1.2 ENVIRONMENTAL REPORT SCOPE AND METHODOLOGY

NRC regulations for domestic licensing of nuclear power plants require environmental review of
applications to renew operating licenses. NRC regulation 10 CFR 51.53(c) requires that an
applicant for license renewal submit with its application a separate document entitled Applicant's
Environmental Report - Operating License Renewal Stage. In determining what information to
include in the PVNGS Environmental Report, APS has relied on NRC regulations, licensing
precedent, and the following supporting documents:

NRC supplemental information in the Federal Register (NRC 1996b; NRC 1996c;
NRC 1996d; and NRC 1999a)

Generic Environmental Impact Statement for License Renewal of Nuclear Plants
(GELS) (NRC 1996a and NRC1999b)

Regulatory Analysis for Amendments to Regulations for the Environmental
Review for Renewal of Nuclear Power Plant Operating Licenses (NRC 1996e)

Public Comments on the Proposed 10 CFR Part 51 Rule for Renewal of Nuclear
Power Plant Operating Licenses and Supporting Documents: Review of
Concerns and NRC Staff Response (NRC 1996f)

APS has prepared Table 1-1 to verify compliance with regulatory requirements. Table 1-1
indicates where the environmental report responds to each requirement of 10 CFR 51.53(c). In
addition, each section of Chapter 4 is prefaced by pertinent regulatory language and applicable
supporting document language.
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Palo Verde Nuclear Generating Station Licensee and Ownership

1.3 PALO VERDE NUCLEAR GENERATING STATION LICENSEE
AND OWNERSHIP

PVNGS is owned by Arizona Public Service Company (29.10 percent), Salt River Project (SRP)
(17.49 percent), Southern California Edison (SCE) (15.80 percent), El Paso Electric Company
(15.80 percent), Public Service Company of New Mexico (10.20 percent), Southern California
Public Power Authority (5.91 percent), and the Department of Water and Power of the City of
Los Angeles (5.70 percent). APS is the plant operator and is authorized to act as agent for the
owners and has exclusive responsibility and control over the physical construction, operation,
and maintenance of the facility. SRP operates the switchyard at PVNGS. SRP also owns and
operates six of the transmission lines (one line jointly owned with APS). SCE owns and
operates the Devers transmission line.
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1.4 TABLES

Table 1-1. Environmental Report Responses to License Renewal Environmental
Regulatory Requirements.

Regulatory Requirement Responsive Environmental Report Section(s)

10 CFR 51.53(c)(1) Entire Document

10 CFR 51.53(c)(2), 3.0 Proposed Action
Sentences 1 and 2

10 CFR 51.53(c)(2), 7.2.2 Environmental Impacts of Alternatives
Sentence 3

10 CFR 51.53(c)(2) and 10 4.0 Environmental Consequences of the Proposed Action and
CFR 51.45(b)(1) Mitigating Actions

10 CFR 51.53(c)(2) and 10 6.3 Unavoidable Adverse Impacts
CFR 51.45(b)(2)

7.0 Alternatives to the Proposed Action10 CFR 51 .53(c)(2) and 10

CFR 51.45(b)(3) 8.0 Comparison of Environmental Impacts of License Renewal with
the Alternatives

10 CFR 51.53(c)(2) and 10 6.5 Short-Term Use Versus Long-Term Productivity of the
CFR 51.45(b)(4) Environment

10 CFR 51.53(c)(2) and 10 6.4 Irreversible or Irretrievable Resource Commitments
CFR 51.45(b)(5)

4.0 Environmental Consequences of the Proposed Action and
Mitigating Actions

10 CFR 51.53(c)(2) and 10 6.2 Mitigation
CFR 51.45(c) 7.2.2 Environmental Impacts of Alternatives

8.0 Comparison of Environmental Impact of License Renewal with
the Alternatives

10 CFR 51.53(c)(2) and 9.0 Status of Compliance
10 CFR 51.45(d)

4.0 Environmental Consequences of the Proposed Action and
10 CFR 51.53(c)(2) and Mitigating Actions
10 CFR 51.45(e) 6.3 Unavoidable Adverse Impacts

4.1 Water Use Conflicts (Plants with Cooling Towers or Cooling
Ponds and Withdrawing Makeup Water from a Small River with
Low Flow)

10 CFR 51.53(c)(3)(ii)(A)LoFlw
4.6 Groundwater Use Conflicts (Plants Using Cooling Towers or

Cooling Ponds and Withdrawing Makeup Water from a Small
River)
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Table 1-1. Environmental Report Responses to License Renewal Environmental
Regulatory Requirements. (Continued)

Regulatory Requirement Responsive Environmental Report Section(s)

4.2 Entrainment of Fish and Shellfish in Early Life Stages

10 CFR 51.53(c)(3)(ii)(B) 4.3 Impingement of Fish and Shellfish
4.4 Heat Shock

4.5 Groundwater Use Conflicts (Plants Using >100 gpm of
10 CFR 51.53(c)(3)(ii)(C) Groundwater)

4.7 Groundwater Use Conflicts (Plants Using Ranney Wells)

10 CFR 51.53(c)(3)(ii)(D) 4.8 Degradation of Groundwater Quality
4.9 Impacts of Refurbishment on Terrestrial Resources
4.10 Threatened or Endangered Species

10 CFR 51.53(c)(3)(ii)(F) 4.11 Air Quality During Refurbishment (Non-Attainment Areas)

10 CFR 51.53(c)(3)(ii)(G) 4.12 Microbiological Organisms

10 CFR 51.53(c)(3)(ii)(H) 4.13 Electric Shock from Transmission-Line Induced Current

4.14 Housing Impacts
4.15 Public Utilities: Public Water Supply Availability
4.16 Education Impacts from Refurbishment

4.17 Offsite Land Use

10 CFR 51.53(c)(3)(ii)(J) 4.18 Transportation
10 CFR 51.53(c)(3)(ii)(K) 4.19 Historic and Archaeological Resources

10 CFR 51.53(c)(3)(ii)(L) 4.20 Severe Accident Mitigation Alternatives
4.0 Environmental Consequences of the Proposed Action and

10 CFR 51.53(c)(3)(iii) Mitigating Actions
6.2 Mitigation

10 CFR 51.53(c)(3)(iv) 5.0 Assessment of New and Significant Information

10 CFR 51, Appendix B, 2.6.2 Minority and Low-Income Populations
Table B-i, Footnote 6
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CHAPTER 2 - SITE AND ENVIRONMENTAL INTERFACES

LOCATION AND FEATURES

PVNGS is in Maricopa County, Arizona, approximately 26 miles west of the nearest boundary of
the Phoenix metropolitan area. The nearest population center is the Phoenix metropolitan area
(Figure 2-1), which includes the following major cities: Phoenix, Tempe, Mesa, Glendale,
Peoria, Scottsdale, and Sun City. The town of Buckeye (estimated 2006 population 29,615) is
approximately 16 miles to the east of PVNGS. The nearest town is Wintersburg (Figure 2-2).

The PVNGS site boundary encloses approximately 4,280 acres. Figure 2-3 depicts the PVNGS
site boundary. The site buildings and adjacent, developed areas comprise approximately
720 acres. There are approximately 605 surface acres of water on the site in various large
ponds (Section 3.1.2). Facilities on the property include the three reactor containment buildings,
three turbine buildings, nine cooling towers (three per unit), plus various buildings auxiliary to
the reactors, warehouses, a low-level waste storage building, station blackout generators, a
chemical storage facility, a vehicle maintenance facility, small ponds and retention tanks, the
Energy Information Center, administration buildings, an outdoor firing range, various landfills,
and miscellaneous supporting buildings. The Water Reclamation Facility is an important facility
on the site (Section 3.1.2).

PVNGS is in the Sonoran Desert section of the Basin and Range Physiographic Province, which
is characterized by long, hot summers, cool winters, and warm springs. Although the site itself
is mostly flat, scattered about the vicinity are small hills and buttes. The surrounding area has
elevations ranging from 900 to 1,000 feet above mean sea level. Approximately six miles
northwest of the site, the Palo Verde Hills rise abruptly to nearly 2,200 feet. Buckeye Valley,
through which the Gila River flows, is east and southeast of the site.
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2.2 AQUATIC COMMUNITIES

Onsite Waterbodies

PVNGS is the only nuclear plant in the U.S. that does not withdraw cooling (or makeup) water
from a natural water body and that discharges cooling water (cooling tower blowdown) to a
man-made water body with no outlet and no hydraulic connection to any natural waterbody. As
discussed in more detail in Section 3.1.2, PVNGS obtains its makeup water primarily from two
sewage treatment plants in the Phoenix area (9 1st Avenue and Tolleson).; PVNGS is also linked
via pipeline to the Goodyear treatment plant and discharges cooling tower blowdown to lined
ponds on the PVNGS property. Treated effluent from the Phoenix sewage treatment plants is
pumped to the PVNGS Water Reclamation Facility, where it undergoes additional filtering and
treatment before it is pumped to an 85-acre storage reservoir and a 45-acre water storage
reservoir for use as makeup water. Cooling tower blowdown, which is high in salts and solids, is
currently discharged to one of two evaporation ponds. Pond 1 is 250 acres; Pond 2 is 230
acres. A third 180-acre evaporation pond is under construction. The locations of the ponds are
shown in Figure 3.1.

The storage reservoir and evaporation ponds were designed to function as engineered
components of the station's condenser cooling water system and were never intended to
provide habitat for aquatic organisms. The Final Environmental Statement for construction
(FES-CP) (NRC 1975) observed that there were no natural water bodies on or adjacent to the
PVNGS site. Thus, NRC concluded that there were no aquatic communities that would be
affected by plant construction. With regard to the impacts of cooling system operation on
aquatic communities, the FES noted (page 5-2) that:

The PVNGS cooling system will not draw water from any natural watercourse,
nor will it discharge heat or chemicals to any natural water body. Thus, no
aquatic impacts can result.

The FES for operation (FES-OP; NRC 1982), like the FES-CP, notes (page 5-13) that "there are
no natural aquatic systems on the PVNGS site." It describes the (asphalt and Hypalon-lined)
storage reservoir and the evaporation pond as "artificial aquatic habitat" that would not affect the
"integrity of any (aquatic) populations.. .in the PVNGS region...."

Notwithstanding the intended industrial use of the storage reservoir and evaporation ponds and
water quality conditions that would eliminate most aquatic organisms (i.e., high levels of salts
and dissolved solids, extreme diel fluctuations in water temperature, high water temperatures in
summer months), simple aquatic communities composed of hardy, euryhaline organisms have
developed in the evaporation ponds. These communities are composed of algae (e.g., the blue-
green "algae" Coccochloris sp. and diatoms Chaetoceros sp. and Nitzschia sp.), brine shrimp
(Artemia sp.), and water boatmen (Trichocorixa sp.) (Hillmer 1996). These three groups form
an uncomplicated food chain in which brine shrimp feed on algae and water boatmen prey on
brine shrimp. Hillmer (1996) observed that these organisms show pronounced cycles of
abundance, with brine shrimp sometimes rapidly increasing and decimating the algae on which
they rely, at which point they "succumb to starvation." Scientists studying trophic dynamics of
the Great Salt Lake have observed dramatic increases in water boatmen in unusually wet years
that were associated with equally dramatic decreases in brine shrimp abundance, suggesting
that these hypersaline systems with their simple food chains may be altered by bottom-up
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changes (i.e., water quality changes) or top-down changes (i.e., predation by insects at the top
of the food chain) (Wurtsbaugh 1992).

The storage reservoir, despite having much lower chloride and dissolved solids concentrations,
contains fewer aquatic organisms and virtually no brine shrimp. Chloride concentrations in the
two evaporation ponds ranged from 21,000 to 52,000 milligrams per liter (mg/L; approximately
38,000 to 94,000 mg/L salinity) in 2005, whereas chloride concentrations in the storage
reservoir ranged from 260 to 330 mg/L (< 1,000 mg/L salinity) (Brown and Caldwell 2006).
Brine shrimp in the southwestern U.S. are typically found in ponds and lakes with salinities
ranging from 54,000 to 230,000 mg/L (Cole and Brown 1967). The treated effluent from the
Phoenix-area wastewater treatment plants is chlorinated at the PVNGS Water Reclamation
Facility to remove pathogenic micro-organisms. Chlorination also kills algae and other non-
pathogenic organisms that might otherwise increase in number in the storage reservoir. Studies
in the mid-1990s showed that algae numbers were "much lower" in the storage reservoir than
the two evaporation ponds (Hillmer 1996).

The storage reservoirs and evaporation ponds are both lined, the former to prevent seepage
and the latter to prevent chemical constituents in blowdown from contaminating underlying
groundwater. Therefore, rooted aquatic vegetation that could provide food and cover for
waterfowl has not become established in the ponds and around the pond margins. Large
numbers of waterfowl use the two evaporation ponds and the Water Reclamation Facility
reservoir for stopovers during migration (November-March), when 5,000 or more ducks are
commonly observed in the evaporation ponds and reservoir (Hillmer 1996). Waterfowl at
PVNGS include several species of ducks, as well as birds such as the American coot, Western
grebe, eared grebe, great blue heron, snowy egret, white-faced ibis, Western sandpiper, and
Wilson's phalarope. Northern shovellers and ruddy ducks are the two most common duck
species in PVNGS ponds.

Between November 30, 1994 and January 26, 1995, a total of 829 dead ducks were found in
the PVNGS evaporation ponds and Water Reclamation Facility reservoir. The large majority of
these were found in the two evaporation ponds (Hillmer 1996). Almost all carcasses were
Northern shovellers and ruddy ducks. APS worked closely with the Arizona Game and Fish
Department, the U.S. Fish and Wildlife Service, the U.S. Geological Survey National Wildlife
Health Center (NWHC), the University of Arizona (UA) Environmental Research Laboratory, and
the UA Veterinary Diagnostic Laboratory to determine the cause of the mortalities and to
prevent similar reoccurrences. Bird carcasses were sent to the UA Veterinary Diagnostic
Laboratory and the NWHC's laboratory in Madison, Wisconsin, for necropsy.

A sampling program was implemented at that time to: (1) identify algae and micro-organisms
present in the ponds and determine whether they are toxic or can concentrate toxins, and (2) to
determine if chemical parameters in the water could have caused the avian mortalities. After
more than a year of data collection and analyses, the cause of the mortalities was not
determined. Resident algae and micro-organisms as well as chemical parameters do not
appear to have caused the mortalities. In addition, necropsies and analyses of carcasses ruled
out avian cholera and other bacterial infections, viral infections, sodium toxicity, lead poisoning,
and pesticide toxicity (Hillmer 1996). The carcasses were negative for avian botulism (Hillmer
1996), but personnel from the UA Veterinary Diagnostic Laboratory nevertheless suspected
avian botulism, and pointed out that the partially decayed conditions of the carcasses made
diagnosis of this condition problematic.
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Thirteen Wilson's phalarope carcasses were observed and recovered in August of 1995 shortly
after several hundred Wilson's phalaropes arrived at PVNGS. Three of the 13 carcasses were
sent to the UA Veterinary Diagnostic Laboratory for necropsy. The necropsies did not identify
the cause of death but the lab's investigators stated that the deaths appeared to be an
infectious disease and furthermore, since the birds had just arrived, the condition had probably
occurred during migration prior to arrival at PVNGS (Hillmer 1996).

A possible cause of the mortalities during the winter of 1994-1995 is that the birds were
exposed to some sort of adverse condition or agent during their migration to PVNGS. Other
than the mortalities during the winter of 1994-1995 and August 1995, there have been no other
mass avian mortalities. Small numbers of dead waterfowl are occasionally seen in the
evaporation ponds or Water Reclamation Facility reservoirs by APS personnel collecting water
samples, performing pond inspections, or conducting security patrols. This is not unusual
considering that thousands of waterfowl are often present in these water bodies.

Offsite Waterbodies

Since PVNGS diverts treated effluent that would otherwise be discharged to the Gila River,
where it could support riparian habitat, this Environmental Report considers the impact of
license renewal (continued operation) on the flow of the Gila River and on in-stream and riparian
ecological communities.

After the opening of the 91st Avenue Waste Water Treatment Plant in 1958 in the southwestern
suburbs of Phoenix, the annual volume of water discharged from the plant to the Salt River (just
west of its confluence with the Gila River) increased from 5,600 acre-feet (original output) to
65,100 acre-feet in 1973 (NRC 1975). Riparian vegetation became established in the 6-mile
stretch ("Segment B") of the Salt River below the 91st Avenue Plant over the 1964-1973 period,
which the NRC (1975) attributed to the increased flow of treated effluent.

The FES-OP predicted that PVNGS's use of treated sewage effluent would reduce the amount
of riparian habitat in the Salt and Gila Rivers below the City of Phoenix's 9 1st Avenue Plant. The
FES-OP notes specifically (page 5-11) that "...diversion of wastewater for PVNGS.and Buckeye
Irrigation District could result in a reduction of high-quality wildlife habitat in Segment B in 1986
(but) most of the riparian habitat would recover by the year 2000..."

However, NRC staff was careful to point out that this reduction in riparian habitat was a
theoretical one:

... the staff concludes that this diversion will not adversely affect characteristic
desert aquatic population structure because the existing stream management
programs and water quality do not allow such communities to develop. (NRC
1982, page 5-1)

Review of the 91st Avenue Wastewater Treatment Plant 25-Year Facility Master Plan (SROG
2005) indicates that although critical riparian and wetland habitats along the Salt and Gila Rivers
have been lost because of water resources development in the area, three projects will play
significant roles in the transformation of the 91st Avenue Plant and possibly other WWTPs to
major providers of reclaimed water. The three projects are:

* The Agua Fria Linear Recharge Project

* The Tres Rios Constructed Wetlands Project
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* The Rio Salado Oeste Project

The Agua Fria Reclaimed Water Recharge Project is a planned construction linear groundwater
recharge and recovery facility. The project will recharge the aquifer with reclaimed effluent from
the 9 1st Avenue Plant, store it, and recover it for future use. Construction of the recharge facility
is presently scheduled for the period between 2008 and approximately 2010.

The Tres Rios Constructed Wetlands Project is a joint effort between SROG and the United
States Army Corps of Engineers to construct wetlands along the Salt River downstream of the
91st Avenue Plant. The project will restore eight miles of unique riparian habitat between 83rd
Avenue and the confluence of the Salt, Gila and Agua Fria Rivers using reclaimed effluent from
the 91st Avenue Plant. Construction for the wetlands phase of the project could begin as early
as 2009.

The Rio Salado Oeste Project will restore habitat to approximately eight miles of the riparian
riverbed zone of the Salt River encompassing 5,300 acres between 19th Avenue and 83rd
Avenue. The quantities and sources of water required to sustain the project have not yet been
defined, but it is anticipated that reclaimed water supplements for the project would be supplied
from the 23rd Avenue Plant, rather than the 91st Avenue Plant.

Rio Salado Oeste will adjoin the Tres Rios habitat restoration project and the Rio Salado
projects to the east. When completed, the three projects will effectively merge into one
continuous riparian habitat restoration zone.
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2.3 GROUNDWATER RESOURCES

PVNGS is on approximately 4,280 acres of relatively flat desert terrain in the Hassayampa River
valley, which was previously used for irrigated agriculture (APS 2001). The site is within the
Lower Hassayampa groundwater sub-basin of the Phoenix Active Management Area as defined
by the Arizona Department of Water Resources (APS 2001). The Lower Hassayampa sub-
basin encompasses an area of approximately 400 square miles (APS 2001). The entire
Hassayampa sub-basin encompasses 1,200 square miles. Groundwater flow into and out of
the Hassayampa sub-basin has been calculated at approximately 29,000 acre-feet annually
(Maricopa County 2001). It is estimated that approximately 4.8 million acre-feet of groundwater
within the Hassayampa sub-basin are available to a depth of 1,200 feet below land surface in
this sub-basin (Maricopa County 2001).

The hydrogeologic setting of the site is characterized by three major sedimentary units, each
having distinctly different lithologic and hydrologic characteristics. These units are the Upper
Alluvial Unit, the Middle Fine-Grained Unit, and the Lower Coarse-Grained Unit (APS 2001).
The Upper Alluvial Unit primarily consists of fluvial silty and gravelly sand with discontinuous
clay and silty clay lenses. This unit extends to a varying depth of 30 to 60 feet beneath the site.
The Middle Fine-Grained Unit consists of massive, continuous layers of clay and silty clay, with
discontinuous lenses of clayey silt, clayey sand, and silty sand. The unit beneath the site is
approximately 270 feet thick. The Lower Coarse-Grained Unit consists of variably cemented
conglomerate of volcanic flow, tuff, and sandstone (NRC 1982).

In the vicinity of the site, the groundwater reservoir consists of a laterally extensive regional
aquifer (Lower Course-Grained Unit) which occurs throughout the Lower Hassayampa
groundwater sub-basin. The regional aquifer occurs under unconfined and confined conditions.
The thickness of the Lower Course-Grained Unit is not known. In the vicinity of the Palo Verde
Hills, the unit is more than 1,400 feet thick. The regional aquifer at the site is under confined
conditions (APS 2001).

The primary recharge to the regional aquifer in the site vicinity is underflow from the Upper
Hassayampa groundwater sub-basin, located north of the PVNGS site (APS 2001).
Groundwater recharge within the Hassayampa sub-basin occurs as streambed recharge from
the Gila and Hassayampa Rivers, from ephemeral streams, from mountain front recharge, and
from incidental recharge from agricultural irrigation and canal leakage (Maricopa County 2001).
The general direction of flow within the regional aquifer is to the south toward a large cone of
depression southwest of the site caused by pumping for agricultural irrigation. In the vicinity of
the site, precipitation, surface runoff, and return flow from irrigation provide a small portion of the
total recharge to the regional aquifer, partly due to the Middle Fine-grained Unit that restricts
downward migration of recharge water (APS 2001).

In the immediate vicinity of the site a localized perched water zone is separated from the
regional aquifer by the Middle Fine-Grained Unit, including the Palo Verde Clay (APS 2001).
The perched groundwater is primarily contained within the Upper Alluvial Unit and has a lower
boundary consisting of an aquitard, the Middle Fine-Grained Unit. The aquitard appears to be
continuous beneath the site and the vicinity. Although the upper portion of the Middle Fine-
Grained Unit is saturated by downward flow from the Upper Alluvial Unit, it is not considered
part of the perched system due to its very low permeability (0.001 gallons per day per square
foot) (APS 2001).
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Groundwater levels within the regional aquifer have risen since 1975 due to the steady decline
in agricultural use (PVNGS 2006). However, this reduction in agricultural use has also reduced
mounding in the perched Alluvial Aquifer, resulting in a lowering of groundwater levels in this
aquifer (PVNGS 2006).

Groundwater quality in Maricopa County is generally characterized as fair to good, particularly in
unincorporated areas. In some areas, treatment for fluoride and total dissolved solids (TDS) is
necessary before human consumption is possible. Poor water quality can be found in the upper
alluvial unit. Poor water quality is generally found only in the East and West Salt River Valley
sub-basins, with contaminants including TDS, sulfates, nitrates, volatile organic compounds,
pesticides, and metals. The major contributors of these contaminants are industry, agriculture,
dry well injections, unregulated landfills, and leaking underground storage tanks (Maricopa
County 2001).

Surface water pollutants come from both point source and non-point sources such as pipes,
channels, tunnels, and ditches that discharge pollutants as well as runoff from agricultural fields,
vacant lots, construction sites, and urban development. In Maricopa County, agriculture,
industry, construction, wastewater treatment plants, drinking water treatment plants, natural
sources, hydromodification, landfills, and resource extraction contribute to surface water
pollution. Some of the pollutants include metals, TDS, turbidity, suspended solids, pathogens,
and pesticides (Maricopa County 2001).

PVNGS's 2006 Annual Radiological Environmental Report does not indicate the presence of
measurable radiological impacts to the environment due to PVNGS operations during 2006. In
samples that contain radioactivity, the radioactivity is attributed to natural background/cosmic
radioactivity (APS 2007).

PVNGS has been evaluating tritium in groundwater and the potential to release tritium to
groundwater since early 2006 (APS 2006a). Comprehensive testing of plant structures and
piping was performed, including pressure testing of underground piping, excavation of areas
around process tanks and underground pipes, and evaluation of below-grade sumps. No leaks
were identified.

APS believes the tritium may have come from three sources. Atmospheric deposition studies
indicate that tritium can become entrained in rainfall, particularly when the boric acid
concentrators are in operation (APS 2006b). The practice of boric acid concentration operation
at the facility during rainfall events was discontinued in the 1990s. A second probable source of
tritium was from condensate from air handling units on the Auxiliary Building roofs. This
condensate could be carried with rainfall or roof washing through the scuppers to the ground. A
third possible source of tritium is from small, undocumented historic spills.

APS believes that tritiated water from one or more of the three sources penetrated permeable
soils (gravel areas, damaged asphalt) and resides in sand lenses surrounding buried pipe,
electrical ducts, ventillation tunnels, and vaults (APS 2006c). A total of twenty wells were drilled
in the three units at depths of approximately 10 to 13, 25, and 50 feet below ground surface,
and ambient subsurface water monitoring of these wells is in progress. Unit 3 has the most
permeable ground cover and the greatest volume of shallow subsurface water. Unit 2 is
intermediate in permeable ground cover and has intermediate shallow subsurface water. Unit 1
has the least permeable ground cover and has no shallow subsurface water. Asphalt repairs
and sealing around structures is underway. Once the ground surface is made less permeable
and ambient monitoring is sufficient to characterize subsurface water quality, a remediation plan
will be implemented. Quarterly progress reports have been submitted to the Arizona
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Department of Environmental Quality (APS 2006d), (APS 2007a), (APS 2007b), (APS 2007c),
(APS 2007d), (APS 2008a), (APS 2008b).

Three shallow aquifer wells, ranging in depth from 80 to 90 feet below ground surface, were
drilled around the units. Groundwater monitoring results from these wells indicate that tritium is
not present in the shallow aquifer (APS 2008c). Tritium has not been detected in groundwater
from other site wells screened in the shallow, intermediate (Palo Verde Clay), and deeper
(regional) aquifers (APS 2008c).
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2.4 CRITICAL AND IMPORTANT TERRESTRIAL HABITATS

PVNGS is in Maricopa County, Arizona. Terrain within the site is relatively flat, with an
approximate elevation of 950 feet above mean sea level (msl). Surface elevations in the
surrounding area range from 900 to 1,000 feet msl. The Palo Verde Hills, with a maximum
elevation of nearly 2,200 feet msl, are located about six miles northwest of the site (NRC 1975).

The PVNGS site encompasses approximately 4,280 acres. Approximately 720 acres support
the generating facility and associated buildings, maintenance facilities, parking lots, roads,
railroads, and transmission corridors. Two existing evaporation ponds encompass 480 acres
and the Water Reclamation Facility reservoirs cover 130 acres.

PVNGS is in the Lower Colorado Valley subdivision of the Sonoran Desert. This area is
characterized by long, hot summers and cool winters. Most of the land within ten miles of the
site is open desert (NRC 1975), but is becoming increasingly sparsely populated. Vegetation on
the site is divided into five native plant communities: creosote bush plains, saltbush plains,
mesquite washes, creosote bush-saltbush plains, and creosote bush-cacti hills (NRC 1975).
About half of the native plant species at the PVNGS site are annual or biennial herbs and
grasses, most of which appear only in early spring or after winter rains. Creosote bush (Larrea
divaricata) is the most common shrub at the site. Burrobush (Ambrosia dumosa) and saltbush
(Atriplex spp.) are also common shrubs at the site (NRC 1975). Terrestrial habitats at PVNGS
are typical of those in the region, and there are no critical, unusual, or rare terrestrial habitats at
the site.

A variety-of reptiles, amphibians, birds, and mammals are found in the Lower Colorado Valley
subdivision of the Sonoran Desert and at PVNGS. Many species inhabit the PVNGS area
permanently (e.g. Western whiptail lizard, Western diamondback rattlesnake, deer mouse,
cactus mouse, roadrunner), while others are migratory (e.g. horned lark, Western tanager) and
use the site on a seasonal basis or are transients. There is no federally designated critical
habitat (or proposed critical habitat) for threatened or endangered terrestrial species in the
vicinity of PVNGS.

Section 3.1.3 describes the transmission lines -that were built to connect PVNGS to the
transmission grid system (Figures 3-2 and 3-3). The corridors pass through land that is
primarily agricultural, open range, and desert. Many areas of native vegetation have been
moderately to heavily disturbed by cattle grazing.

The 235-mile-long PVNGS-to-Devers transmission line (Figure 3-3), by far the longest PVNGS-
associated transmission line, passes through more relatively undisturbed terrestrial habitats
than the other PVNGS transmission lines. It crosses the Kofa National Wildlife Refuge in La
Paz County, Arizona, and the Coachella Valley National Wildlife Refuge in Riverside County,
California. It passes slightly north of the Chuckwalla Mountains Wilderness Area and slightly
south of the Joshua Tree National Park.

The Kofa National Wildlife Refuge is managed by the U.S. Fish and Wildlife Service. The
refuge encompasses 665,400 acres of pristine desert and two mountain ranges: the Kofa
Mountains and the Castle Dome Mountains.

The Coachella Valley National Wildlife Refuge near Palm Springs, California, managed by the
U.S. Fish and Wildlife Service, contains palm oasis woodlands, perennial desert pools, and
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sand dune habitats. The 3,709-acre refuge also contains federally designated critical habitat for
the Coachella Valley fringe-toed lizard (CPUC 2006).

Although the PVNGS-to-Devers transmission line does not cross the Chuckwalla Mountains
Wilderness Area, it does cross federally designated critical habitat for the Mojave population of
the desert tortoise located in and slightly north of the Chuckwalla Mountains Wilderness Area.

Vegetation maintenance on tribal and public lands requires biological clearances in advance of
performing the work (APS undated). APS incorporates Integrated Vegetation Management
(IVM) principles to manage vegetation on its transmission corridors, which involve selectively
controlling tall-growing vegetation while preserving low-growing herbaceous and woody plants.
In addition, clearing or treatment of vegetation is unnecessary in areas, such as deep ravines
where trees will never grow tall enough to interfere with the transmission system (APS undated).
Since the PVNGS transmission corridors are located in desert habitat, they generally do not
require significant maintenance in terms of mowing, trimming, or clearing.
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2.5 THREATENED OR ENDANGERED SPECIES

Table 2-1 presents protected animal and plant species that have been recorded in counties
within which PVNGS and associated transmission lines are located. The Rudd, Westwing #1
and #2, and Hassayampa #1 (including all the way to Kyrene), #2 and #3 transmission lines are
entirely within Maricopa County, Arizona (Figure 3-2). The 235-mile Devers transmission line
lies within Maricopa and La Paz counties in Arizona and Riverside County, California
(Figure 3-3).

Species in Table 2-1 are those that are federally listed (USFWS 2006a) or listed by the
California Department of Fish and Game (CDFG 2006) as endangered or threatened or are
proposed or candidates for listing; classified as "wildlife of special concern" by the Arizona
Game & Fish Department (AGFD 2006); and plants protected by the Arizona Department of
Agriculture (AGFD 2006).

The species included in Table 2-1 are those that meet one of the following conditions:

* Records maintained by U.S. Fish and Wildlife Service Region 2 (US'FWS 2006b)
indicate the species has been recorded in La Paz or Maricopa counties, Arizona.

" Records maintained by the Arizona Game & Fish Department (AGFD 2006) indicate the
species has been recorded in La Paz or Maricopa counties, Arizona.

* Records maintained by U.S. Fish and Wildlife Service Carlsbad Fish and Wildlife office
(USFWS 2006c) indicate the species has been recorded in Riverside County, California.

As shown in Table 2-1, numerous federally listed and state-listed species have been recorded in
counties within which PVNGS and associated transmission lines are located. Information on
status, distribution, and life histories of these species can be found at Arizona Game & Fish
Department (AGFD 2006) and USFWS (2006a, b) websites.

APS is not aware of any federally listed species at PVNGS. The Final Environmental Statement
for Operation of PVNGS (NRC 1982) stated that no federally listed species had been observed
at the PVNGS site, but three were located in the vicinity of PVNGS or its transmission lines: the
peregrine falcon (Falco peregrinus), the bald eagle (Haliaeetus leucocephalus), and the Yuma
clapper rail (Rallus Iongirostris yumanensis). The peregrine falcon and the bald eagle are no
longer federally listed.

The Yuma clapper rail is federally listed as endangered. Habitat for this species consists of
freshwater marshes containing dense stands of cattails and bulrushes, especially mature
marshes along margins of shallow ponds with stable water levels interspersed with areas of
open water and drier, upland benches. It eats crayfish, small fish, clams, isopods, and various
insects (NatureServe 2006). The Yuma clapper rail has been known to nest along the Colorado
River in the vicinity of the PVNGS-to-Devers River crossing (NRC 1982).

As mentioned in Section 2.4, the PVNGS-to-Devers transmission line passes through more
relatively undisturbed terrestrial habitats than the other PVNGS transmission lines. The corridor
crosses federally designated critical habitat for the Mojave population of the desert tortoise
(Gopherus agassizii) in the vicinity of the Chuckwalla Mountains Wilderness Area. The Mojave
population of the desert tortoise consists of all desert tortoises occurring north and west of the
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Colorado River in California, Nevada, Utah, and Arizona, and is federally listed as threatened.
The Sonoran population of the desert tortoise occurs south and east of the Colorado River in
Arizona and Mexico. The Sonoran desert tortoise is federally designated as threatened due to
its close resemblance in appearance to the Mojave desert tortoise. Habitat for this species
(both Mojave and Sonoran populations) occurs primarily in the hills and rocky mountainous
terrain of scrub vegetation communities. Desert tortoises are typically found along washes and
rocky areas, where they burrow. Areas of creosote bush can also provide habitat for this
species. Sonoran desert tortoises have been recorded within three miles of the PVNGS-to-
Devers transmission line (CPUC 2006). Mojave Desert tortoises could be present where the
corridor crosses the federally designated critical habitat.

The PVNGS-to-Devers transmission line also crosses federally designated critical habitat for the
Coachella Valley fringe-toed lizard (Uma inornata) within the Coachella Valley National Wildlife
Refuge near Palm Springs, California. This species is federally listed as threatened. It typically
inhabits sand dune habitats interspersed with hardpan areas containing widely spaced desert
shrubs, and requires fine loose sand for burrowing. The major threats to this species include
urban development, sand and gravel mining operations, and off-road vehicle usage (CPUC
2006).

As discussed in Section 2.2, there are no natural waterbodies on or adjacent to the PVNGS site.
Thus, no aquatic populations, other than the plankton and invertebrates that have established
themselves in the Water Reclamation Facility reservoirs and evaporation ponds. No sensitive
aquatic species are present. However, PVNGS transmission lines do cross several Arizona and
California counties in which state- and federally listed aquatic species occur, as indicated in
Table 2-1. Based on available information, the only waterbody crossed by PVNGS-associated
transmission lines that is known to contain listed species is the lower Colorado River, which is
crossed by the PVNGS-to-Devers 525-kilovolt transmission line (see Figure 3-3). The reach of
the river crossed by the PVNGS-to-Devers line has been designated critical habitat for the
razorback sucker (59 Federal Register 13374).

The fishes of the lower Colorado River, a unique assemblage dominated by chubs and suckers
found nowhere else in the U.S., have been the focus of intensive study and management since
the early 1940s, when California Fish and Game biologists discovered the degree to which
these unusual fishes were imperiled (Mueller and Marsh undated). Agency efforts to restore
these fisheries over the intervening years were apparently piecemeal and less than successful,
but led (in part) to development of the Lower Colorado River Multi-Species Conservation
Program, a "coordinated, comprehensive, long-term multi-agency effort" to work towards the
recovery of endangered species in the lower Colorado River basin (BOR 2006). A Final Fish
Augmentation Plan developed by the Program's steering committee members, calls for stocking
660,000 endangered razorback suckers and 620,000 endangered bonytail chubs in the lower
Colorado River over a 50-year period, as a step toward recovery of these endangered species
(LCRMCP 2006).

The razorback sucker (Xyrauchen texanus), listed as endangered by the USFWS in 1991, was
once abundant in the lower Colorado River and its tributaries, including the Salt and Gila Rivers.
But as dams were erected on the Colorado River and its major tributaries, more and more
sections of these rivers were rendered unsuitable for this species. Fish and game commissions
and agencies began stocking non-native fish species in lower Colorado River basin waters in
the late 19th century, a practice that accelerated into the 1940s and proved to be devastating to
razorback sucker populations already suffering the effects of habitat alteration (Tyus 1998).
Non-native fish species competed with native species for space (habitat) and food. Non-native
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fish species such as carp, channel catfish, and flathead catfish feed on razorback sucker eggs
and larvae; other non-native species, such as largemouth bass feed on juvenile razorback
suckers. The combination of habitat alteration, competition, and predation from non-native
species led the U.S. Fish and Wildlife Service to speculate in 1998 that there had been a
90 percent decline in the razorback sucker's original range and abundance (Tyus 1998). As of
January 2006, only two wild populations of razorback suckers survive below the Grand Canyon,
one in Lake Mead and one in Lake Mojave (LCRMCP 2006). Unknown numbers of planted
razorback suckers occupy reservoir and river reaches below Davis Dam (Lake Mojave),
supported by releases over the past two decades of more than 100,000 fish by state and federal
agencies.

The bonytail chub (Gila elegans), listed by the USFWS as endangered in 1980, experienced the
most dramatic decline of the endemic big-river fishes of the Colorado (Mac et al. 1998). Once
plentiful, the species began to decline after construction of the Hoover Dam, and became
increasingly scarce in the lower river over the 1926-1950 period. The authors of the Final Fish
Augmentation Plan (LCRMCP 2006) note that

at this time it appears no wild populations of bonytail chubs exist in the lower
Colorado River. Augmented populations (from stockings) of this species are
known to be in both Lake Havasu and Lake Mojave, and may be found in the
river between these two reservoirs..

Historically found in mainstream portions of the Colorado River and its major tributaries,
including the Salt and Gila Rivers in Arizona, populations survive mainly in the two
aforementioned reservoirs, where bonytails are typically found in open water (AGFD Undated).

As noted previously in this section, the Final Fish Augmentation Plan calls for stocking 660,000
(endangered) razorback suckers and 620,000 (endangered) bonytail chubs in the lower
Colorado River over a 50-year period. With regard to the reach of the river crossed by the
PVNGS-to-Devers line, the Plan calls for stocking 300,000 razorback suckers (at least 300 mm
long) and 220,000 bonytails (at least 300 mm long) over a 50-year period (LCRMCP 2006).
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2.6 DEMOGRAPHY

2.6.1 Regional Demography

The Generic Environmental Impact Statement (GELS) for License Renewal of Nuclear Plants
presents a population characterization method that is based on two factors: "sparseness" and
"proximity" (NRC 1996). "Sparseness" measures population density and city size within 20
miles of a site and categorizes the demographic information as follows:

Demographic Categories Based on Sparseness
Category

Most sparse 1. Less than 40 persons per square mile and no community
with 25,000 or more persons within 20 miles

2. 40 to 60 persons per square mile and no community with
25,000 or more persons within 20 miles

3. 60 to 120 persons per square mile or less than 60
persons per square mile with at least one community with
25,000 or more persons within 20 miles

Least sparse 4. Greater than. or equal to 120 persons per square mile
within 20 miles

Source: NRC (1996)

"Proximity" measures population density and city size within 50 miles and categorizes the
demographic information as follows:

Demographic Categories Based on Proximity
Category

Not in close proximity 1. No city with 100,000 or more persons and less than 50
persons per square mile within 50 miles

2. No city with 100,000 or more persons and between 50 and
1 190 persons per square mile within 50 miles

3. One or more cities with 100,000 or more persons and less
than 190 persons per square mile within 50 miles

In close proximity 4. Greater than or equal to 190 persons per square mile
within 50 miles

Source: NRC (1996)
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The GElS then uses the following matrix to rank the population category as low, medium, or

high.

GElS Sparseness and Proximity Matrix

LOW

* Population
Area

Source: NRC (1996)

t-ilgn
Population

Area

APS used 2000 census data from the U.S. Census Bureau (USCB 2000) with geographic
information system software (ArcView®) to determine most demographic characteristics in the
PVNGS vicinity. The calculations (TtNUS 2006) determined that approximately 16,000 people
live within 20 miles of PVNGS, for a population density of 13 persons per square mile. The
nearest population center with population over 25,000 is Goodyear, approximately 28 miles from
the plant. Applying the GElS sparseness measures results in the most sparse category,
Category 1 (less than 40 persons per square mile and no community with 25,000 or more
persons within 20 miles).

To calculate the proximity measure, APS determined that approximately 1,572,110 people live
within 50 miles of PVNGS, for a population density of 200 persons per square mile (TtNUS
2006). Applying the GElS proximity measures, PVNGS is classified as Category 4 (greater than
or equal to 190 persons per square mile within 50 miles). Therefore, according to the GElS
sparseness and proximity matrix, PVNGS ranks of sparseness, Category 1, and proximity,
Category 4, result in the conclusion that PVNGS is located in a medium population area.

The nearest major metropolitan area is Phoenix, Arizona (34 miles east), with a 2000 population
of 1,321,045 (USCB 2000). The closest town is Wintersburg (3 miles northwest).

All or parts of 5 counties, the City of Phoenix, and the Phoenix-Mesa-Scottsdale, AZ
Metropolitan Statistical Area (MSA) are located within 50 miles of PVNGS (Figure 2-1).

From 1990 to 2000, the population of the Phoenix-Mesa-Scottsdale, AZ MSA increased from
2,238,480 to 3,251,876, an increase of 45.3 percent (USCB 2003a). It was the 1 4 th largest
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(USCB 2003a) and 5 th fastest growing MSA in the United States (USCB 2003b). From 2000 to
2007, the MSA population increased another 29 percent to 4,179,427 (USCB 2007).

Because approximately 98 percent of employees at PVNGS reside in Maricopa County, it is the
county with the greatest potential to be socioeconomically affected by license renewal
(Section 3.4). Table 2-2 shows population estimates and decennial growth rates for Maricopa
County. Values for the State of Arizona are provided for comparison. The table is based on
U.S. Census Bureau (USCB) data for 1980, 1990, and 2000, and Arizona Workforce Informer
projections through 2050 (AWl 2006).

Over the last couple of decades, Maricopa County and the State of Arizona have experienced
similarly large positive growth rates (Table 2-2). Because Maricopa County's 2000 population
represented approximately 60 percent of the State of Arizona's total population (USCB 2000), it
is understandable that the growth rates were similar. Regional demographers project the
growth rates for Maricopa County and the State (approximately 35 to 45 percent in the 1980s
and 1990s) to slow to approximately 9 percent by 2055 (AWl 2006). However, by the year 2050,
the end of the decade of the 20-year renewal period for the three PVNGS units, the Maricopa
County and Arizona populations are both projected to increase by approximately 150 percent
over 2000 levels. By 2050, the population of Maricopa County is projected to increase to more
than 7.6 million and Arizona to more than 12.8 million people (Table 2-2).

2.6.2 Minority and Low-Income Populations

NRC performed environmental justice analyses for previous license renewal applications and
concluded that a 50-mile radius could reasonably be expected to contain potential
environmental impact sites and that the state was appropriate as the geographic area for
comparative analysis. APS has adopted this approach for identifying the PVNGS minority and
low-income populations that could be affected by PVNGS operations.

APS used ArcView® geographic information system software to determine the minority
characteristics by block group. APS included all block groups if any part of their area lay within
50 miles of PVNGS. The 50-mile radius includes 1,256 block groups (Table 2-3).

2.6.2.1 Minority Populations

The NRC Procedural Guidance for Preparing Environmental Assessments and Considering
Environmental Issues defines a "minority" population as: American Indian or Alaskan Native;
Asian; Native Hawaiian or other Pacific Islander; Black Races; and Hispanic Ethnicity.
Additionally, NRC's guidance requires that (1) all other single minorities are to be treated as one
population and analyzed, and (2) the aggregate of all minority populations are to be treated as
one population and analyzed. The guidance indicates that a minority population exists if either
of the following two conditions exists:

* The minority population in the census block group or environmental impact site exceeds
50 percent.

* The minority population percentage of the environmental impact area is significantly
greater (typically at least 20 percentage points) than the minority population percentage
in the geographic area chosen for comparative analysis.
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For each of the 1,256 block groups within the 50-mile radius, APS calculated the percent of the
block group's population represented by each minority. If any block group minority percentage
exceeded 50 percent, then the block group was identified as containing a minority population.
APS selected the entire State of Arizona as the geographic area for comparative analysis, and
calculated the percentages of each minority category in the State. If any block group
percentage exceeded the corresponding State percentage by more than 20 percent, then a
minority population was determined to exist (TtNUS 2006).

Census data for Arizona (USCB 2000) characterizes 4.99 percent of the population as American
Indian or Alaskan Native; 1.80 percent Asian; 0.13 percent Native Hawaiian or other Pacific
Islander; 3.10 percent Black races; 11.63 percent all other single minorities; 2.86 percent multi-
racial; 24.50 percent aggregate of minority races; and 25.25 percent Hispanic ethnicity.

Table 2-3 presents the numbers of block groups in each county in the 50-mile radius that
exceed the threshold for minority populations. Figures 2-4 through 2-10 locate the minority
block groups within the 50-mile radius.

Twenty-one census block groups within the 50-mile radius have Black Minority populations that
exceed the state average by 20 percent or more. Of those, two have Black Minority populations
of 50 percent or more. They are all located in the Phoenix metropolitan area.

Four census block groups within the 50-mile radius have American Indian or Alaskan Native
Minority populations that exceed the state average by 20 percent or more. All four census block
groups also meet the 50 percent criteria. They are all located on the Gila River and Maricopa
Indian Reservations. Portions of three Indian Reservations fall within a 50-mile radius of the
PVNGS site: the Gila, Maricopa (Ak Chin), and Tohono O'odham.

Three census block groups within the 50-mile radius have Asian Minority populations that
exceed the state average by 20 percent or more. Of those, one has Asian Minority populations
of 50 percent or more. They are all located in the Phoenix metropolitan area.

One-hundred and ninety-four census block groups within the 50-mile radius have All Other
Single Minority populations that exceed the state average by 20 percent or more. Of those, 36
have All Other Single Minority populations of 50 percent or more. They are located in
southwestern Maricopa County and the Phoenix metropolitan area.

Six census block groups within the 50-mile radius have Multi-Racial Minority populations that
exceed the state average by 20 percent or more. Of those, 2 have Multi-Racial Minority
populations of 50 percent or more. They are located in the Phoenix metropolitan area.

Two-hundred and forty-nine census block groups within the 50-mile radius have Aggregate
Minority populations that exceed the state average by 20 percent or more. Of those, 178 have
Aggregate Minority populations of 50 percent or more. They are primarily located in
northwestern Pinal County, southern Maricopa County, and the Phoenix metropolitan area.

Three-hundred and sixty-four census block groups within the 50-mile radius have Hispanic
Ethnicity populations that exceed the state average by 20 percent or more. Of those, 322 have
Hispanic Ethnicity populations of 50 percent or more. They are primarily located in northeastern
Yuma County, southwestern Maricopa County, and the Phoenix metropolitan area.

There are no Native Hawaiian or Other Pacific Islander populations that meet either the
20 percent or the 50 percent criteria within a 50-mile radius of PVNGS.
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2.6.2.2 Low-Income Populations

NRC guidance defines low-income population based on statistical poverty thresholds (NRC
2004) if either of the following two conditions are met:

* The low-income population in the census block group or the environmental impact site
exceeds 50 percent.

" The percentage of households below the poverty level in an environmental impact area
is significantly greater (typically at least 20 percentage points) than the low-income
population percentage in the geographic area chosen for comparative analysis.

APS divided USCB low-income households in each census block group by the total households
for that block group to obtain the percentage of low-income households per block group. Using
the State of Arizona as the geographical area chosen for comparative analysis, APS determined
that 11.79 percent of Arizona households are considered as low-income (TtNUS 2006).
Table 2-3 identifies the low-income block groups in the region of interest, based on NRC's two
criteria. Figure 2-11 locates the low-income block groups.

One-hundred and eight census block groups within the 50-mile radius have low-income
households that exceed the state average by 20 percent or more. Of those, 21 have 50 percent
or more low-income households. They are primarily located in the southern half of the Phoenix
metropolitan area and south of the Phoenix metropolitan area.
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2.7 TAXES

The owners of PVNGS pay annual property taxes to Maricopa County, so the focus of this
analysis is on Maricopa County.

From 2001 through 2006, Maricopa County collected between $2.7 and $3.7 billion annually in
property tax revenues (see Table 2-4). Each year, Maricopa County collects these taxes,
retains a portion for county operations, and disburses the remainder to the Saddle Mountain
School District, county education services, a local community college, fire districts, the Central
Arizona Water Conservation District, libraries, flood control programs, and the county healthcare
district.

For the years 2001 through 2006, PVNGS' property taxes have represented 1.3 to 1.8 percent
of Maricopa County's total tax revenues (Table 2-4). The plant's tax payments have remained
relatively constant over the 6-year period, but the county's revenues have gradually increased.
Therefore, in recent years, the plant's payments have represented an even smaller percentage
of the county's total property tax revenues. Throughout the license renewal period, the plant's
tax payments are expected to remain relatively constant.
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2.8 LAND USE PLANNING

Maricopa County is the focus of this discussion because the majority (approximately 98 percent)
of the permanent PVNGS workforce lives in this county (Section 3.4) and because PVNGS pays
property taxes to Maricopa County. Maricopa County contains the Phoenix metropolitan area, a
region which is locally referred to as the "Valley of the Sun" or "the Valley." For this section,
subregions of the Valley are referred to as the "West Valley," "East Valley," "North Valley," or
"South Valley."

Maricopa County covers 9,203 square miles of land (USCB 2006). From 1990 to 2000,
Maricopa County's population growth rate was 44.8 percent, while the population of the state of
Arizona grew 40 percent (Section 2.6). Over the same period, 1990 to 2000, the number of
housing units in Maricopa County increased by 31.3 percent, while the total number of units in
the state increased by 31.9 percent (USCB 1990; USCB 2000). In the year 2000, the Phoenix-
Mesa-Scottsdale, MSA, which contains Maricopa County, was the 14 th largest and 5 th fastest
growing MSA in the United States (Section 2.6.1). Recent county information (MAG 2007)
indicates that in 2005 the Maricopa County population had grown to 3,681,025, a 20 percent
increase over the year 2000.

In Arizona, land use in incorporated areas is generally controlled by local municipalities and land
use in unincorporated areas is controlled by counties. However, as smaller municipalities have
grown and merged with other municipalities, planning has become more of a regional and
cooperative effort. In 1998, the Arizona Legislature passed the Growing Smarter Act and, in
2000, Growing Smarter Plus, to address these efforts. There are two primary long-range
planning and policy development organizations for the Phoenix metropolitan region: the
Maricopa County Planning and Development Department and the Maricopa Association of
Governments (MAG). Both organizations have conducted research and planning, but the
MAG's research and planning has been more extensive and is, therefore, the major source of
the information for this section. The MAG-defined region, covering approximately 9,955 square
miles, is comprised of Maricopa County and portions of Pinal and Yavapai Counties. MAG
representatives include county, city, town, and Indian tribe officials. Approximately two-thirds of
the MAG region's population growth has been through in-migration. The primary reasons for
such growth have been ample employment opportunities, affordable housing, and a moderate
cost of living. The majority of the in-migrating population comes from Rocky Mountain or Pacific
states, especially California (MAG 2005).

Local and regional planners use comprehensive land use planning, zoning, and subdivision
regulations to control development. They encourage growth in areas where public facilities
such as water and sewer systems exist or are scheduled to be built in the future. They also
promote the preservation of the communities' natural resources, but have no growth control
measures. Table 2-5 details current and planned land use in the MAG region. More than half of
the land in the MAG region is still available for development (MAG 2005).

Over the last several decades, the MAG region's urban development has been characterized as
increasingly dispersed. The dispersal has been attributed to the region's flat topography and
the availability of land on the edges of the urban areas. Most development has occurred in the
West Valley, northern Pinal County, and the North Valley, however, all urban edges are being
developed to some extent. Planners expect this trend to continue. From 2000 to 2004, the
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urbanized portion of the region expanded by 55,000 acres, approximately 33 acres per day
(MAG 2005).

The highest population concentrations (more than 8,000 persons per square mile) have
occurred on the west side of Phoenix (and extending to 9 1st Avenue), along the 1-17 corridor
between Thomas and Camelback Roads, and east of the Piestewa Freeway north of Loop 202.
Other areas of high concentration are in Mesa, Tempe, and Glendale. Areas of lowest
population concentration (less than 250 persons per square mile) are outside the boundaries of
the regional transportation system (MAG 2005).

Since the early 1970s, major residential developments, called master planned communities,
have become the preferred form of development. Because the MAG region has few
topographical constraints, these developments have fueled the urban edge expansion. This
kind of expansion has been experienced primarily in the West Valley, northern Maricopa
County, and northern Pinal County. Maricopa County's active, planned and proposed major
developments have the capacity to absorb the addition of 100,000 people annually for 20 more
years (MAG 2005).

The highest concentrations of commercial development are located along the MAG region's
major transportation corridors, primarily within the boundaries of those corridors (MAG 2005).

The protection of regional open space is a priority for regional planners. Concentrations of
regional open space are located in the mountains, throughout the Valley, and in northeastern
and southern Maricopa County.

The Arizona State Land Department (ASLD) is the largest nonfederal landholder in the MAG
region. The ASLD owns approximately 14 percent of the land in the MAG region and is
entrusted with assuring the "highest and best use" of the land. The majority of the land is in the
north, northwest, and western part of Maricopa County. The land may be converted to any type
of use, as approved by the ASLD (MAG 2005).

The PVNGS site boundary encloses approximately 4,280 acres, which includes approximately
605 acres of water in various large ponds (Figure 2-3 and Section 3.1.2). The PVNGS site is
mostly flat, but scattered about the vicinity are small hills and buttes. Land use in the PVNGS'
immediate vicinity is primarily rural, composed of open space and scattered low-density
residential developments with lower-priced single family housing. Aside from the PVNGS site,
there is little industrial or commercial activity in the vicinity.
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2.9 SOCIAL SERVICES AND PUBLIC FACILITIES

2.9.1 Public Water Supply

Because PVNGS is located in Maricopa County, and the majority of the operations workforce
resides there (Section 3.4), the discussion of public water supply systems is limited to Arizona
and Maricopa County. PVNGS [potable and non-potable] water is supplied primarily through
two of four groundwater wells on the station site and the purchase of reclaimed water from
Tolleson, Phoenix, and Goodyear (Section 3.1.2). The reclaimed water is used for station
operations other than human consumption and fire protection and is stored in reservoir(s) on the
PVNGS site. Potable water is obtained primarily from two of the four groundwater wells on the
site. Between 2001 and 2005, the PVNGS domestic water system averaged approximately
1,200 gallons per minute of groundwater. PVNGS water supplies are described in more detail
in Sections 2.3, 2.11, 4.1, and 4.5.

Arizona

The subtropical desert climate and rapid population growth rates in Arizona inspired the Arizona
Legislature, in 1980, to enact the 1980 Groundwater Management Code and create the Arizona
Department of Water Resources (ADWR) (ADWR 2006). It was enacted to relieve a growing
problem of groundwater overdraft in parts of Arizona by promoting water conservation and long-
range water resources planning. Areas where groundwater overdraft concerns were the
greatest were labeled Active Management Areas (AMAs); there are currently five (ADWR 2006).
The ADWR has established a number of programs including underground storage and recovery
(recharge) programs, the establishment of the Arizona Water Bank, and the Assured Water
Supply Program that requires proof of a 100-year water supply before a subdivision plat within
an AMA may be approved (ADWR 2006).

State officials project that, by 2025, Arizona's population will exceed six million within the AMAs
and an additional 1.8 million in the rest of the state (ADWR 2006). Substantial progress has
been made in moving toward the use of sustainable water supplies, particularly in transitioning
from primarily non-renewable, groundwater-based supplies to increasing dependence on
surface water and reclaimed water, or "treated effluent."

Water supplies in Arizona include Colorado River water, surface water other than Colorado
River water, groundwater, and treated effluent (ADWR 2006).

Colorado River Water

The federal government constructed a system of reservoirs on the Colorado River for use in
these states: Arizona, California, Nevada, New Mexico, Utah, Colorado, and Wyoming. Rights
to use Colorado River water are quantified in a body of law known as the "Law of the River."
Based on this body of law, Arizona has the right to use 2.8 million acre-feet annually of
Colorado River water. At most, an average 1.5 million-acre feet of Colorado River water can be
delivered to Maricopa, Pinal, and Pima Counties.

Surface water

Arizona's major renewable water resource is surface water from lakes, rivers, and streams.
However, because of the desert climate, surface water supplies can vary dramatically. In order
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to best use surface water, storage reservoirs and delivery systems have been constructed
throughout the state. Most notable are the major reservoir storage systems located on the Salt,
Verde, Gila, and Agua Fria rivers. Almost all of the natural surface water in Arizona has been
developed.

Groundwater

Groundwater contributes approximately 40 percent of the state's supply. Throughout this
century, however, groundwater overdraft has been a concern in Arizona. Though a large
amount of water remains stored in Arizona's aquifers, its availability is limited by location, depth
and quality.

Treated effluent

Reclaimed water is the only source of water in which supplies are increasing in Arizona. As the
population grows, so does treated wastewater that can be recycled. Reclaimed water is treated
to a quality that can be used for purposes such as agriculture, golf courses, parks, industrial
cooling, or maintenance of wildlife areas.

Maricopa County

Much of Maricopa County within the Phoenix AMA. The AMA is located in central Arizona,
covers 5,646 square miles, and consists of seven groundwater basins (ADWR 2006). The AMA
is characterized by a mix of water uses, with a heavy and increasing emphasis on municipal and
industrial uses. Multiple sources of water (Colorado, Salt, and Verde Rivers water, treated
effluent, and groundwater) are available. Annually, an average of approximately 2.3 million
acre-feet of water is used in the AMA (ADWR 2006). Of that amount, 1.4 million acre-feet is
renewable water (Colorado, Salt, and Verde Rivers water, and effluent) and 900,000 acre-feet is
groundwater. The Phoenix AMA is currently in an overdraft condition in the amount of
approximately 251,000 acre-feet annually (ADWR 2006). The Phoenix AMA is drained by the
Gila River and four principal tributaries: the Salt, the Verde, the Agua Fria, and the Hassayampa
Rivers. Other tributaries include Queen Creek, New River, Skunk Creek, Cave Creek,
Waterman Wash, and Centennial Wash. Water storage reservoirs have been constructed on
the Salt, Verde, Gila, and Agua Fria Rivers, enabling higher rates of surface annual precipitation
annually (ADWR 2006).

Table 2-6 provides details of Maricopa County's largest municipal water suppliers, which have
surface water sources.

2.9.2 Transportation

Maricopa County has experienced a high rate of population growth over the last two decades
and a corresponding increase in demand on the transportation system. County development
patterns have been largely low-density, suburban growth, with limited non-residential land use
and few employment centers outside of the urban areas. High automobile dependency and
two-worker households have also contributed to increased demand (Maricopa County 2002).
Issues facing transportation planning officials in the area include: air quality, congestion, fuel
taxation, an incomplete freeway system, insufficient public transit, low-density urban sprawl and
an inefficient roadway network, and transportation funding sources (or lack thereof) (Maricopa
County 2002). State and local government officials are planning transportation infrastructure
upgrades and expansions to mitigate these issues (Maricopa County 2002). Maricopa County
covers approximately 9,203 square miles (USCB 2006).
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Interstate 10 is the nearest major roadway to PVNGS. It is approximately 6 miles north of the
station and has an east-west orientation. The City of Phoenix is on Interstate 10, approximately
34 miles east. In Phoenix, Interstate 10 intersects with Interstate 17 and numerous state
highways. Interstate 10 is a major trucking route connecting the area to Los Angeles to the
west, and the southeastern United States to the east. Interstate 17 runs north-south through
Phoenix to Flagstaff where it connects with Interstate 40 and markets in the Midwest. In
addition, Interstate 8 provides access to southern California, connecting to Interstate 10 just
south of Phoenix (Figures 2-1 and 2-2).

Road access to PVNGS is via Wintersburg Road (Figure 2-3). A few miles north of PVNGS,
Wintersburg Road intersects with Salome Highway and, approximately 6 miles north, it
intersects with Interstate 10. Employees traveling from the north, northwest, and west would
use Salome Highway or Interstate 10 to reach the station. Employees traveling from the
southwest, and south of PVNGS would use Elliot and Wintersburg Roads. Employees traveling
from the northeast, east, southeast, and south would use Salome Highway or Interstate 10.
During shift change, there is some congestion on the station's access road as vehicles await
access to the station via the security gate, but it generally does not cause congestion on
Wintersburg Road.

As part of its Environmental Health and Safety program at PVNGS, APS implements a travel
reduction program. Because the Phoenix area is an EPA-designated non-attainment area for
ozone and particulate matter, APS promotes employee travel reduction activities and offers
subsidies to encourage employees to use alternative means of transportation. Subsidies cover
a portion of the costs for vanpooling, bus fares, and carpool parking.

* Vanpooling -- APS maintains a fleet of 169 vans that operate daily for employees
commuting between PVNGS and the Phoenix area. APS began operating this program
in 1994 and there are currently over 1,230 participants. APS' total vanpool mileage
averages between 2.8 and 3 million miles per year. APS' single occupancy rate of
approximately 30% greatly exceeds the company's target of 60% single occupancy
trips. This program removes over 500 vehicles from operation daily and the anticipated
pollution savings is approximately 900,000 to 960,000 pounds of emissions per year.

* Travel reduction incentives - a subsidy toward vanpool expenses, a subsidy for
employees who commute by bus, an exemption from parking fees (at headquarters) for
carpools, reserved parking and an exemption from parking fees (at headquarters) for
carpools with three or more people.

APS also accommodates compressed work weeks, telecommuting, and videoconferencing. As
a result of these programs, APS has significantly reduced its contribution of pollutants and traffic
congestion to the area.

In determining the significance levels of transportation impacts for license renewal, NRC uses
the Transportation Research Board's level of service (LOS) definitions (NRC 1996). The
Arizona Department of Transportation makes LOS determinations for selected roadways in the
state. LOS data are unavailable and annual average daily traffic volumes are substituted.
Table 2-7 lists roadways in the vicinity of PVNGS and the annual average number of vehicles
per day, as determined by the Arizona Department of Transportation and the Maricopa County
Department of Transportation.
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Maricopa County is served by one international airport, the Phoenix Sky Harbor International
Airport, which accommodates over 555,200 takeoffs and landings annually, and nine municipal
airports (GPEC Undated).

Maricopa County is served by two transcontinental railroads, Union Pacific and Burlington
Northern Santa Fe, and 10 intrastate railroads. The railroads provide freight services only and
the nearest inter-modal facility is located off Interstate 10, near Grant and 67th Avenues (GPEC
Undated).
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2.10 METEOROLOGY AND AIR QUALITY

PVNGS is in Maricopa County in southwest Arizona, a region characterized by a desert-type
climate. This area, which is in the Intermountain Plateau climatic zone, is the driest region of
the U.S.' Typical characteristics of this large, arid region include abundant sunshine, infrequent
precipitation, low relative humidity, large diurnal temperature ranges, moderate wind speeds,
and intense summer thunderstorms. The area normally experiences mid-afternoon
temperatures above 100°F in the summer and relatively mild winter temperatures. Prevailing
winds are from the southwest during the spring and summer months and from the east and
northeast during the fall and winter months.

Arizona has a distinct two-season rainfall pattern (a winter season and a monsoon season).
The first occurs during the winter months from November or December through the middle of
March when the area is subjected to occasional storms from the Pacific Ocean. The second
rainfall period (monsoon season) occurs during July and August when Arizona is subjected to
widespread thunderstorm activity in which the moisture supply originates in the Gulf of Mexico,
in the Pacific Ocean off the west. coast of Mexico, and in the Gulf of California. May and June
are the driest months.

The topography of the general area is generally flat with an approximate elevation of 950 feet
above mean sea level (msl). The Palo Verde Hills, with a maximum elevation of 2,172 feet
above msl, are located approximately 5 miles to the west and north of the site. Scattered hills
with peak elevations of 1,100 feet above msl are located within 2 miles of the site (PVNGS
2006, Chapter 2). Meteorological information, as it relates to analysis of severe accidents, is
described in Attachment D.

Under the Clean Air Act, the U.S. Environmental Protection Agency (EPA) has established
National Ambient Air Quality Standards (NAAQS) that specify maximum concentrations for
carbon monoxide (CO), particulate matter with aerodynamic diameters of 10 microns or less
(PM10), particulate matter with aerodynamic diameters of 2.5 microns or less (PM2.5), ozone,
sulfur dioxide (SO2), lead, and nitrogen dioxide (NO2) (40 CFR 50). Areas of the United States
having air quality as good as or better than the NAAQS are designated by EPA as attainment
areas. Areas having air quality that is worse than the NAAQS are designated by EPA as non-
attainment areas. Those areas that were previously designated nonattainment and
subsequently redesignated to attainment due to meeting the NAAQS are maintenance areas.
States with maintenance areas are required to develop an air quality maintenance plan as an
element of the State Implementation Plan (40 CFR 51; 40 CFR 81).

PVNGS is in the Maricopa, Arizona Intrastate Air Quality Control Region (AQCR) (40 CFR
81.36). Within the Maricopa AQCR, the Phoenix metropolitan area is designated as basic
nonattainment with respect to the 8-hour ozone standard and serious nonattainment for PM10.
The Phoenix metropolitan area is also designated as a maintenance area under the CO
standard. The remainder of the Maricopa AQCR, including.the PVNGS site, is designated as an
attainment area for all other NAAQS (40 CFR 81.303).

In October 2006, EPA issued a final rule that revises the 24-hour PM2.5 standard and revokes
the annual PM10 standard (71 FR 61144). Nonattainment designations for PM10 are not affected
by the new rule, but additional nonattainment areas could be designated under the new PM2.5
standard.
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2.11 CULTURAL RESOURCES

Area History in Brief

Prehistory

The cultures that existed in the general region of southwestern Arizona in which the Palo Verde
Hills are located were the Desert, Yuman, Hohokam, Pima, Spanish, and Anglo. The earliest
known culture of the Palo Verde Hills - Hassayampa River area was the Desert Culture (7,000
B.C. to 100 A.D.). This culture reflected the difficulties of adjusting to the harsh environment of
the area. The people were nomadic hunters and gatherers. Desert Culture remains include
rock enclosures, core and flake tools, shrines, rock outlines, trails, and grinding implements
(APS 1974).

The Desert Culture is believed to have been ancestral to the Yuman. Yuman-speaking people
inhabited the lower. Gila River Valley as late as the historic period. The Yuman included the
Maricopa, Western Yavapai, Yuma, and the Cocomaricopa groups. The Yavapai were the
easternmost of the Yuman groups and occupied western Arizona as early as the 16 th century as
hunters and gatherers, with marginal agricultural activity. The subgroup whose territory
encompassed the PVNGS station site was the Western Yavapai. Small groups of Western
Yavapai exploited all available ecological zones (desert, river, and mountain environments)
searching for game and plants (APS 1974).

The Maricopa and Cocomaricopa were riverine agricultural groups that moved along the Gila
River in response to pressure from the Yavapai and other Yumans. Trails were constructed by
the Yuman people for travel, trade, and war (APS 1974).

The Hohokam Culture dominated the southern half of Arizona from 300 B.C. to 1,400 A.D., and
is noted for extensive canal irrigation farming (APS 1974).

The Pima Culture descended from the Hohokam Culture and consisted of two groups: Papago
Indians, to 1,400 A.D, and Pima Indians, from approximately 1,400 A.D. to 1,600 A.D. Both
cultures emphasized irrigation agriculture. There is little evidence of the Pima occupation in the
Palo Verde Hills - Hassayampa River area (APS 1974).

History

European contact with the area began with the Spanish conquistadores such as Coronado, de
Niza, Diaz, and others who traveled along the south and east sides of the Gila River in the
1500s and 1600s. Their influence was minimal and little information exists on their movement
through the Palo Verde Hills. On the basis of these early explorations, the State of Arizona,
including what is now Maricopa County, was claimed by Spain around 1537. (APS 1974).

Not until the United States-Mexican War of 1846 did the Palo Verde Hills-Hassayampa River
area first attract settlers. Of particular significance to this region during the Mexican War were
the United States military activities commanded by General Kearney and Lt. Colonel Cooke.
General Kearney traveled across Arizona in 1846 and his supply column traveled a slightly
different route under the command of Lt. Colonel Cooke. The column traveled down the San
Pedro River to the Pima Indian Villages and cut across the desert to reach the Gila River near
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the present-day city of Gila Bend. The routes set by Kearney and Cooke set the pattern for
future travel and settlement through this region of Arizona (APS 1974).

In the mid 1800s, during the California gold rush, prospectors on the way to California passed
through the region on the routes set by Kearney and Cooke. Prospecting activities commenced
in this area as well. The increase in mining activity fueled greater conflict with the Indians,
prompting the United States to increase its military there. Mining and military activities served
as catalysts in furthering regional development. The forts and mining settlements offered a
market for produce and livestock and provided the foundation for irrigated farming along the Gila
River. Beginning in 1857 and 1858, mail was carried over the Cooke trail. Phoenix was
founded in 1865 and Tempe was founded in 1871. Commercial settlements also developed
along the Salt River (APS 1974). Maricopa County was officially established in 1871. The
county was named in honor of the Maricopa Indians. Maricopa County's boundaries were set in
1881 and have not changed since (Maricopa County 2006). Completion of the Southern Pacific
Railway in 1882 linked the area to the rest of the nation (APS 1974).

Wintersburg, the town nearest the PVNGS site, is an agriculturally-based community that was
settled by World War I veteran homesteaders who had hopes of receiving government-
sponsored irrigation. The irrigation project never developed. Some people attempted farming
with pump wells, but many departed after establishing their claims. Evidence of these early
farming attempts has been recorded in the area (APS 1974).

Initial Operation

In the Final Environmental Statement (FES) for operation of PVNGS (NRC 1982), NRC stated
that there were no historic properties, natural areas, or scenic features on or near the PVNGS
site. NRC reported that, based on an archaeological survey of the station site by the Museum
of Northern Arizona (APS-contracted), there were 13 archaeological sites on the PVNGS site
and a number of others in the site vicinity. NRC also reported that the archaeological evidence
at these sites had been preserved and analyzed to the satisfaction of the Arizona State Historic
Preservation Officer (SHPO) (NRC 1982).

In addition to a survey of the station site, APS contracted with the Museum of Northern Arizona
to evaluate the wastewater conveyance pipeline right-of-way, from the 9 1st Avenue Sewage
Treatment Plant to the PVNGS site (NRC 1982). This identified 13 archaeological sites near the
right-of-way. NRC reported that there were no registered historic properties located in or near
the pipeline right-of-way (NRC 1982).

When planning for transmission line construction, APS developed four projects, labeled,
Projects 1, 2, 3, and 4. Projects 1 and 3 are described below. Projects 2 and 4 were cancelled
before the FES was published. In Project 1, three 525 kilovolt lines were to be constructed:
Westwing substation (44 miles), Kyrene Generating Station (82 miles), and Saguaro substation
(121 miles), but the line to Saguaro was never constructed (NRC 1982). In Project 3, a 345-
kilovolt line was to run 195 miles from the Greenlee substation in Greenlee County, Arizona to
the Rio Grande Generating Station near El Paso, Texas and would not actually connect to
PVNGS. Not part of one of the numbered projects was another 525-kilovolt line that was to be
constructed to the Devers substation (235 miles) in southern California.

A number of archaeological sites were identified along the routes. Two sites were excavated
and their contents analyzed. The Bureau of Land Management, Arizona SHPO, and the
Advisory Council on Historic Prevention determined that five sites found along the Kyrene
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corridor would not be adversely affected by the transmission line. NRC reported that there were
no historic properties located in or near the Project 1 transmission line corridors (NRC 1982).

For the proposed route in Project 3, NRC reported that archaeological surveys performed by the
New Mexico Environmental Institute indicated minimal impact on archaeological sites. No
historic properties or natural features were located on this route (NRC 1982).

Finally, in the FES-OP, NRC concluded that, based on the surveys undertaken and the
mitigation plans developed, the operation of PVNGS would not adversely impact existing
archaeological resources or historic sites. NRC staff committed to work with APS to get a
formal determination of eligibility to the Keeper of the National Register for four sites in the
wastewater conveyance system and a letter from the New Mexico SHPO on the sites in the
Project 3 corridor (NRC 1982).

Current Status

PVNGS has Procedure 91DP-OEN02, which describes how to perform an environmental
(including cultural resources) review of proposed changes to the facility, plant operation,
procedures, or proposed tests or experiments. An environmental review and evaluation is used
to identify if the proposed change is an unreviewed environmental condition requiring prior NRC
approval and also to identify if any environmental permits (local, state, or federal) are required
or need to be modified. Thus, the procedure identifies the need to assess whether cultural
resources will be impacted.

Environmental reviews are performed by the APS Environmental Department and the
Department makes recommendations for completing a proposed project. An example of a
recent project requiring a cultural resources evaluation is the construction of Evaporation Pond
No. 3 on APS property south of the existing ponds. In 2006, a cultural survey was conducted on
approximately 526 acres. Based on the results of the survey (ACS 2006), it was determined that
no historic properties would be affected by the construction of the Evaporation Pond No. 3.

Additionally, APS is performing a Class III cultural resource survey of the entire APS
transmission system to 1) inventory the system for long-term environmental planning purposes,
and 2) prepare for a large-scale vegetation maintenance project that will be implemented in the
future. The survey will cover all transmission lines, 69 kV and above, and is scheduled to be
completed within four years. The transmission lines included in the scope of this ER have yet to
be surveyed.

An additional safeguard is found in PVNGS Procedure 37DP-9ZZ1 1 (Excavation, Placement
and Backfill). This procedure requires that "all work activities should be stopped and the
Environmental Department contacted if an artifact (e.g. an item of possible historical or
archeological interest) is found during any earthmoving or excavation activities."

As of 2008, the National Register of Historic Places (NRHP) lists 328 locations in Maricopa
County (U.S. Department of the Interior 2008). Of these 328 locations, one (the Hassayampa
River Bridge), falls within 6 miles of PVNGS property. The Hassayampa River Bridge was
added to the list in 1988 and is on Old U.S. 80, spanning the Hassayampa River. As of 2006,
the NRHP lists 55 locations that have been determined eligible for inclusion in the NRHP, in
Maricopa County (U.S. Department of the Interior 2006). Of these 55 locations, none fall within
6 miles of PVNGS property.
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2.12 OTHER PROJECTS AND ACTIVITIES

As indicated on Figure 2-2, there are few urban areas and little industrial development within the
6-mile radius of PVNGS. There are no Federal projects nearby that could provide
environmental impacts cumulative to PVNGS operations. Nevertheless, there are several
nearby power plants within what is termed the Palo Verde Hub. These plants are indicated on
Figure 2-2.

Commissioned in 2002 by APS, the Red Hawk Power Station is a two-unit combined-cycle
natural gas-fired plant that produces a total of 1,060 megawatts of electricity. The plant uses
approximately 4 million gallons per day of makeup water from the PVNGS Water Reclamation
Facility (approximately 7 percent of production) and does not discharge any wastewater. It is
3 miles south of PVNGS.

The Mesquite Power Generating Station was built by Mesquite Power, a wholly-owned
subsidiary of Sempra Generation. It is a 1,250 megawatt, gas-fired combined-cycle facility.
This single-unit facility is 3 miles south of PVNGS and is directly west of the Red Hawk plant.

The Arlington Valley Energy Facility is another single-unit, combined-cycle plant south of Palo
Verde. It was commissioned in 2002 by Duke Energy. The plant produces 570 megawatts of
electrical power. The plant is directly west of the Mesquite plant as indicated on Figure 2-2.

The New Harquahala Generating Company, an affiliate of Pacific Gas & Electric, began
operation of the Harquahala Generating Station in 2003. It is approximately 17 miles northwest
of PVNGS and is an 1,100 megawatt, gas-fired, combined-cycle facility. This station is not
considered part of the Palo Verde Hub.

Located between the Red Hawk and Mesquite stations, the 525-kilovolt Hassayampa substation
provides interconnections within the Palo Verde Hub. This substation is owned by the Salt
River Project and is directly connected to PVNGS, Red Hawk, Mesquite, Arlington Valley, and
Harquahala stations.

A related project is the Palo Verde-to-Devers No. 2 transmission line project. This project would
not connect to PVNGS but to the Harquahala station near the Palo Verde hub. If constructed, it
would parallel the existing Palo Verde to Devers No. 1 line (Section 3.1.3). The 230-mile line
traverses the northern boundary of the Kofa National Wildlife Refuge on its way to the Devers
substation north of Palm Springs, California. The Arizona Corporation Commission has rejected
the construction of this line, so it may not be constructed.

Another project is.the Palo Verde Hub-to-TS-5 substation 525-kilovolt transmission line project.
This line would run from a new switchyard near the Harquahala station to a substation north of
Buckeye, Arizona. This APS line, scheduled for operation 2009, would run approximately
29 miles (APS 2005).
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2.13 TABLES AND FIGURES

Table 2-1. Endangered and Threatened Species Recorded in La Paz and Maricopa
County (California).

Counties (Arizona) and Riverside

Federal SaeSau ony
Scientific Name Common Name Status 1  State Status county4

AZ CA 3

Birds

Aechmophorus clarkii Clark's grebe - WC - La Paz

Ardea alba Great egret - WC - La Paz, Maricopa

Buteogallus anthracinus Common black hawk - WC - Maricopa

Ceryle alcyon Belted kingfisher - WC Maricopa

Charadrius alexandrinus Western snowy plover T5  WC - Maricopa
nivosus

Coccyzus americanus Western yellow billed cuckoo C WC E La Paz, Maricopa, Riverside
occidentalis

Dendrocygna autumnalis Black bellied whistling duck - WC - Maricopa

Empidonax traillii extimus Southwestern willow flycatcher E WC E La Paz, Maricopa, Riverside

Falco peregrinus anatum American peregrine falcon - WC E La Paz, Maricopa
Glaucidium brasilianumGacidium Cactus ferruginous pygmy-owl -W - Maricopa
cactorum

Haliaeetus leucocephalus Bald eagle - WC E La Paz, Maricopa, Riverside

Ictinia mississippiensis Mississippi kite - WC - Maricopa

Ixobrychus exilis Least bittern - WC - La Paz, Maricopa

Laterallusjamaicensis California black rail - WC T La Paz
cotumiculus
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Table 2-1. Endangered and Threatened Species Recorded in La Paz and Maricopa Counties (Arizona) and
Riverside County (California). (Continued)

Federal State Status County4Scientific Name Common Name Status' AZ2 CA3

Pandion haliaetus Osprey WC - Maricopa

Pelecanus occidentalis Brown pelican E WC E La Paz, Maricopa, Riverside

Polioptila califorica Coastal California gnatcatcher T Riverside
califomica

Rallus Iongirostris Yuma clapper rail E WC T La Paz, Maricopa, Riverside
yumanensis

Sterna antillarumibrowni California least tern E - E Riverside

Strix occidentalis lucida Mexican spotted owl T WC - Maricopa

Vireo bellii pusillus Least Bell's vireo E E Riverside

Mammals

Antiocapra americana Sonoran pronghorn E WC - Maricopa
sonoriensis

Dipodomys merriami parvus San Bernardino kangaroo rat E - Riverside

Dipodomys stephensi Stephens' kangaroo rat E - T Riverside

Lasiurus blossevilli Western red bat WC - La Paz, Maricopa

Lasiurus xanthinus Western yellow bat WC - La Paz, Maricopa

Leptonycteris curasoae Lesser long nosed bat E WC - Maricopa
yerbabuenae

Macrotus californicus California leaf nosed bat WC - La Paz, Maricopa

Ovis canadensis Peninsular bighorn sheep E - Riverside

Panthera onca Jaguar E WC - Riverside
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Table 2-1. Endangered and Threatened Species Recorded
Riverside County (California). (Continued)

in La Paz and Maricopa Counties (Arizona) and

Scientific Name Common Name Federal State Status County4
Status' AZ2 CA3  C

Spermophilus tereticaudus chiorus Palm Springs ground squirrel C - Riverside

Reptiles

Eumeces gilberti arizonensis Arizona skink WC - Maricopa

Gopherus agassizii (Sonoran Sonoran desert tortoise SAT WC La Paz, Maricopa
population)

Gopherus agassizii (Mojave Mojave desert tortoise T WC T Riverside
population)

Uma inornata Coachella Valley fringe-toed lizard T - E Riverside

Uma scoparia Mojave fringe toed lizard WC - La Paz

Thamnophis eques megalops Northern Mexican gartersnake WC - Maricopa

Amphibians

Batrachoseps aridus Desert slender salamander E E Riverside

Bufo californicus Arroyo toad E - Riverside

Gastrophryne olivacea Great Plains narrow-mouthed toad WC - Maricopa

Pternohyla fodiens Lowland burrowing treefrog WC - Maricopa

Rana aurora draytoni California red-legged frog T - Riverside

Rana muscosa Mountain yellow-legged frog E - Riverside

Rana yavapaiensis Lowland leopard frog - WC - La Paz, Maricopa

Fish

Catostomus santaanae Santa Ana sucker T - Riverside

Catostomus sp. 3 Little Colorado sucker - WC - Maricopa

Cyprinodon macularius Desert pupfish E WC E La Paz, Maricopa, Riverside

Gila elegans Bonytail chub E WC E La Paz, Maricopa, Riverside

Gila robusta Roundtail chub - WC Maricopa

Gila intermedia Gila chub E WC Maricopa
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Table 2-1. Endangered and Threatened Species Recorded in La Paz and
Riverside County (California). (Continued)

Maricopa Counties (Arizona) and

Federal State Status County4Scientific Name Common Name Status1  AZ2  CA3

Poeciliopsis occidental/is Gila topminnow E WC - La Paz, Maricopa
occidentalis

Ptychocheilus lucius Colorado squawfish E WC E Riverside

Xyrauchen texanus Razorback sucker E WC E La Paz, Maricopa, Riverside

Invertebrates

Branchinecta lynchii Vernal pool fairy shrimp T - Riverside

Euphydryas editha quino Quino checkerspot butterfly E - Riverside

Rhaphiomidas terminatus Delhi Sands flower-loving fly E - Riverside
abdominalis

Streptocephalus woottoni Riverside fairy shrimp E - Riverside

Vascular Plants

Abutilon parishii Pima Indian mallow - SR - Maricopa

Agave arizonica Arizona agave E HS - Maricopa

Agave delamateri Tonto Basin agave - HS - Maricopa

Agave murpheyi Hohokam agave HS - Maricopa

Agave toumeyana bella Toumey agave SR - Maricopa

Allium bigelovii Bigelow onion - SR - Maricopa

Allium munz/i Munz's onion E T Riverside

Ambrosia pumila San Diego ambrosia E Riverside

Astragalus lentiginosus coachellae Coachella Valley milk-vetch E - Riverside

Astragalus tricarinatus Triple-ribbed milk-vetch E - Riverside

Atriplex coronata notatior San Jacinto Valley crownscale E - E Riverside

Berberis nevinil Nevin's barberry E - E Riverside

Brodiaea filifolia Thread-leaved brodiaea T - E Riverside

-Iw
0*
0
CA
wCfl
0.2.
21.0

C ~
-I
0 -&
CA C~3



m

0

CD

(D

0

CD

CD

XD
CD

CD

CD
a-
CD
z
C:
a
CD
a)

CD

CD

a,

a)

0

Table 2-1. Endangered and Threatened Species Recorded
Riverside County (California). (Continued)

in La Paz and Maricopa Counties (Arizona) and

Scientific Name Common Name Federal State Status County4
Status1  AZ2 CA3

Ceanothus ophiochilus Vail Lake ceanothus T E Riverside

Dodecahema leptoceras Slender-horned spineflower E E Riverside
(Centrostegia/.) Slender-horned)spineflower _ E - ERiverside

Echinomastus erectocentrus
acunensis Acuna cactus C HS Maricopa

Eriastrum densifolium sanctorum Santa Ana River woolly-star E - E Riverside

Erigeron parishii Parish's daisy T - Riverside

Erigeron piscaticus Fish Creek fleabane SR - Maricopa

Eriogonum ripleyl Ripley wild buckwheat SR - Maricopa

Eryngium aristulatum parishii San Diego button celery E - E Riverside

Ferocactus cylindraceus California barrel cactus - SR - Maricopa
cylindraceus

Ferocactus cylindraceus Golden barrel cactus - SR - Maricopa
eastwoodiae

Ferocactus emoryi Emory's barrel cactus - SR - Maricopa

Fremontodendron californicum Flannel bush - SR - Maricopa

Mammillaria viridiflora Varied fishhook cactus - SR - La Paz, Maricopa
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Table 2-1. Endangered and Threatened Species Recorded in La Paz and Maricopa Counties (Arizona) and
Riverside County (California). (Continued)

Federal State Status County4
Scientific Name Common Name Status 1  AZ2 CA3

Navarretia fossalis Spreading navarretia T - Riverside

Opuntia echinocarpa Straw top cholla - SR - La Paz, Maricopa

Opuntia engelmannii flavispina Cactus apple - SR - Maricopa

Orcuttia californica California orcutt grass E E Riverside

Phacelia stellaris Brand's phacelia C - Riverside

Pholisma arenarium Scaly sandplant - HS - La Paz

Purshia subintegra Arizona cliff rose E HS - Maricopa

Stenocereus thurberi Organ pipe cactus - SR Maricopa

Trichostera austromontanum Hidden Lake bluecurls T Riverside
compactum

Tumamoca macdougalii Tumamoc globeberry SR Maricopa

1. E = Endangered; T = Threatened; C = Candidate; SAT = Similarity of Appearance (Threatened); PD = proposed delisting; - = Not listed (USFWS
2006a).

2. Arizona (AZ): WC = Wildlife of special concern; HS = Highly safeguarded, no collection allowed (plants); SR = Salvage restricted, collection only with

permit (plants); - = Not listed (AGFD 2006).
3. California (CA): E = Endangered; T = Threatened; - =-Not listed (CDFG 2006)
. Source of County Occurrence: AGFD 2006, USFWS 2006b, USFWS 2006c

5. The Western snowy plover is federally listed as threatened in California, Oregon, and Washington, and is not federally listed elsewhere (USFWS
2006a).
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Table 2-2. Estimated Population and Decennial Growth Rates.

Population and Decennial Growth Rate
Maricopa County Arizona

Year Number Percent Number Percent

1980a 1,509,052 -- 2,718,215 --

1990a 2,122,101 40.6% 3,665,228 34.8%

2000b 3,072,149 44.8% 5,130,632 40.0%

2010c 4,217,427 37.3% 6,999,810 36.4%

2020c 5,276,074 25.1% 8,779,567 25.4%

2030c 6,207,980 17.7% 10,347,543 17.9%

2040c 7,009,664 12.9% 11,693,553 13.0%

2050c 7,661,423 9.3% 12,830,829 9.7%
aUSCB (1995)
bUSCB (2000)
CAWI (2006)
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STable 2-3. Environmental Justice Summary.
Block Groups within 50 miles of PVNGS with minority or low-income populations more than 20% greater than the state percentage.

D American Native
Number of Indian or Hawaiian or Some

2 County Block Alaskan Other Pacific Other Multi- Low-Income
D Name Groups Black Native Asian Islander Race Racial Aggregate Hispanic Households

D La Paz 3 0 0 0 0 0 0 0 0 0
D
D Maricopa 1245 21 2 3 0 194 6 247 363 108

Pinal 4 0 2 0 0 0 0 2 0 0

Yavapai 2 0 0 0 0 0 0 0. 0 0

Yuma 2 0 0 0 0 0 0 0 1 0

TOTALS: 1256 21 4 3 0 194 6 249 364 108

Block Groups within 50 miles of PVNGS with minority or low-income populations greater than 50%.

American Native
Number of Indian or Hawaiian or Some

County Block Alaskan Other Pacific Other Multi- Low-Income
Name Groups Black Native Asian Islander Race Racial Aggregate Hispanic Households

La Paz 3 0 0 0 0 0 0 0 0 0

Maricopa 1245 2 2 1 0 36 2 176 321 21

Pinal 4 0 2 0 0 0 0 2 0 0

Yavapai 2 0 0 0 0 0 0 0 0 0

Yuma 2 0 0 0 0 0 0 0 1 0

TOTALS: 1256 2 4 1 0 36 2 178 322 21

American Native
Indian or Hawaiian or Some
Alaskan Other Pacific Other Multi- Low-Income

Black Native Asian Islander Race Racial Aggregate Hispanic Households

Arizona Percentages 3.10 4.99 1.80 0.13 11.63 2.86 24.50 25.25 11.79
Source: TtNUS (2006)
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Tables and Figures

Table 2-4. PVNGS Generating Station Tax Information 2001-2006.

Total Property-Tax
Maricopa County Paid by All PVNGS Percent of Maricopa

Year Tax Revenuesa Ownersb County Revenues

2001 $2,659,615,708 $46,435,850 1.8

2002 $2,854,130,768 $44,299,997 1.6

2003 $3,096,828,870 $50,646,767 1.6

2004 $3,299,298,161 $51,113,977 1.6

2005 $3,539,611,438 $53,047,288 1.5

2006 $3,709,344,714 $46,819,639 1.3
aMaltagliati (2007a)
bMaltagliati (2007b)

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 2-39



Section 2.13
Tables and Figures

Table 2-5. Existing and Planned Land Use :in the MAG Region.

Developed Land Use, 2004

Land Use Category Square Miles Percent of Total

Residential
530 12.0

Employment-Generating 220 5.0

Mixed Use
0.0

Open Space/Nondevelopable 3,400 77.3

Other
250 5.7

TotalTotal 4,400 100.0

Planned Undeveloped Land Use

Land Use Category Square Miles Percent of Total

Residential
3,350 68.4

Employment-Generating 150 3.1

Mixed Use
410 8.4

Open Space/Nondevelopable 980 20.0

Other
10 0.2

Total
4,900 100.0

Future Land Use - Existing and Planned

Land Use Category Square Miles Percent of Total

Residential
3,880 41.7

Employment-Generating 370 4.0

Mixed Use
410 4.4

Open Space/Nondevelopable 4,380 47.1

Other
260 2.8

Total
9,300 100.0

Source: MAG (2005)
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Table 2-6. Major Maricopa County Public Water Suppliers.

Total Treated Water Maximum Permitted Capacity
Delivered (2005) (2006)

Water Supplier (Acre-Feet) (Acre-Feet)

City of Chandler 54,165 77,487

Town of Gilbert 37,105 44,065

City of Glendale 44,364 64,179

City of Mesa 90,870 121,944

City of Peoria 21,797 41,684

City of Phoenix 302,364 450,116
City of Scottsdale 76,025 106,405

City of Tempe 49,800 77,222
Source: EPA (2006), House (2006)
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Table 2-7. Traffic Counts for Roads in the Vicinity of PVNGS.
Annual Average DailyRoadway and Location Tafc(AT

Traffic (AADT)

25,700a
1-10, Exit 81, Salome Hwy., to Exit 94, 41 lth Ave. - Tonopah (2005)

25(200a

1-10, Exit 94, Tonopah, to Exit 98, Wintersburg Rd. (2005
(2005)

22,100a
1-10, Exit 98, Wintersburg Rd., to Exit 103, 339th Ave. 2005

(2005)

25,300a
1-10, Exit 103, 339th Ave., to Exit 109, Palo Verde Rd. 2005

(2005)

25,800a
1-10, Exit 109 Palo Verde Rd., to Exit 112, SR 85 / Oglesby Rd. 2005

(2005)

43,800a
1-10, Exit 112, SR 85 / Oglesby Rd., to Exit 114, Miller Rd. (2005

(2005)

Wintersburg Rd. from 1-10 to Van Buren 3,389c
(2006)
3,255c

Wintersburg Rd. from Van Buren to Salome Road (2006
(2006)

Wintersburg Rd. from Salome Road to Elliott 4(788c
(2006)

Elliot Road, at 355th Ave. 
(1997-2003 avg.)

Elliot Road, at 383rd Rd. 
(1997-2003 avg.)

aADOT (2005)
bMCDOT (2004)
cHiatt (2007)
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Section 3.1
General Plant Information

3.0 CHAPTER 3 - PROPOSED ACTION

NRC

"The report must contain a description of the proposed action ....." 10 CFR
51.53(c)(2)

APS proposes that NRC renew the operating licenses for PVNGS for an additional 20 years
beyond the current licenses' expiration dates of December 31, 2024 for Unit 1, December 9,
2025 for Unit 2, and March 25, 2027 for Unit 3. Renewal of the operating licenses would give
APS and the State of Arizona the option of relying on PVNGS to meet future baseload electricity
needs. Section 3.1 discusses the major features of the plant and the operation and
maintenance practices directly related to the license renewal period. Sections 3.2 through 3.4
address potential changes that could occur as a result of license renewal.

3.1 GENERAL PLANT INFORMATION

PVNGS is a three-unit nuclear-powered steam electric generating facility that began commercial
operation between January 1986 (Unit 1) and January 1988 (Unit 3). The nuclear reactor for
each unit is a Combustion Engineering System 80 pressurized water reactor (PWR) producing a
reactor core power of 3990 megawatts-thermal [MWt]. The nominal net electrical capacity is
1,346 megawatts-electric [MWe]. Figure 3-1 depicts the site layout.

The following subsections provide information on the reactor and containment systems, the
cooling and auxiliary water systems, the electrical transmission system, and the Water
Reclamation Facility. Additional information about PVNGS is available in the final
environmental statement for operation of the plant (NRC 1982), the Generic Environmental
Impact Statement for License Renewal of Nuclear Plants (GELS) (NRC 1996), and the PVNGS
Updated Final Safety Analysis Report (APS 2005).

3.1.1 Reactor and Containment Systems

The nuclear steam supply system at PVNGS is a two-loop Combustion Engineering pressurized
water reactor. The reactor core heats water to approximately 617 degrees Fahrenheit.
Because the pressure exceeds 2,200 pounds per square inch, the water does not boil. The
heated water is pumped to two U-tube heat exchangers known as steam generators where the
heat boils the water on the shell-side into steam. After drying, the steam is routed to the
turbines. The steam yields its energy to turn the turbines, which are connected to the electrical
generator. The nuclear fuel is low-enriched uranium dioxide with enrichments less than
5 percent by weight uranium-235 and fuel burnup levels with a batch average less than 60,000
megawatt-days per metric ton uranium. Typical burnup is approximately 50,000 megawatt-days
per metric ton uranium and maximum burnup is up to 60,000 megawatt days per metric ton
uranium. PVNGS operates on an 18-month refueling cycle.

The reactor, steam generators, and related systems are enclosed in a containment building that
is designed to prevent leakage of radioactivity to the environment in the improbable event of a
rupture of the reactor coolant piping. The containment building is a pre-stressed, reinforced
concrete cylinder with a slab base and a hemispherical dome. A welded steel liner is attached
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to the inside face of the concrete shell to insure a high degree of leak tightness. In addition, the
4-foot thick concrete walls serve as a radiation shield for both normal and accident conditions.

The containment building is ventilated to maintain pressure and temperatures within acceptable
limits. Exhaust from the ventilation system is monitored for radioactivity before being released
to the environment through the plant vent. High efficiency particulate air filters are available to
filter the air before releasing it. The containment can be isolated if needed.

3.1.2 Cooling and Auxiliary Water Systems

The water systems most pertinent to license renewal are those that directly interface with the
environment. The Circulating Water System, Domestic and Demineralized Water Systems,
Sanitary Waste Treatment Facility, Evaporation Ponds, and the Water Reclamation Facility all
have environmental interfaces. There are two influent water sources to PVNGS. The primary
source is waste water effluent from sewage treatment plants in the Phoenix area. The second
is the on-site groundwater wells. The plant uses more than 100 gallons per minute of
groundwater. PVNGS does not discharge any wastewater to any natural water body.

Circulating Water System

The Circulating Water System for each unit consists of a main condenser, cooling towers,
circulating water pumps, a chemical injection system and makeup and blowdown systems.
Each unit's Circulating Water System removes the waste heat of normal operations and rejects
it to the atmosphere via three round mechanical draft cooling towers for each unit. Each tower
is approximately 303 feet in base diameter and 64 feet high and has 16 fans. A 2007 study
found the cooling towers to be sufficiently degraded that total replacement will be required. The
study recommended replacement of all 9 towers, in the existing locations, with similarly
designed mechanical draft cooling towers (APS 2007). This 7 year replacement project will
begin in approximately 2008.

As a result of evaporation, the salts in the condenser cooling water are highly concentrated. To
maintain the chemical concentrations at no more than 15 times that of the makeup water, a
quantity of the circulating water is discharged as blowdown to evaporation ponds (see below).
Makeup water to replace water lost to evaporation, drift, and blowdown is provided by the
wastewater effluent that has been treated in the Water Reclamation Facility (see below).

In each unit, circulating water is pumped through the main condenser by four 25-percent-
capacity vertical, wet-pit pumps with a capacity of 140,000 gallons per minute (gpm) each.
Total water through a condenser is 560,000 gpm. Each unit uses an average of approximately
15,000 gpm of makeup water.

PVNGS injects anti-scalants and dispersants, biocides, and corrosion inhibitors into the
Circulating Water System to maintain the system and prevent fouling by corrosion and biological
organisms. PVNGS uses sodium hypochlorite manufactured onsite as well as purchased
through vendors to chlorinate the water.

Water Reclamation Facility

The Water Reclamation Facility (WRF) receives wastewater effluent from the City of Phoenix
91st Avenue sewage treatment plant, and from the Tolleson and Goodyear sewage treatment

plants. The waste water flows by gravity through a pipe to a low point adjacent to the
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Hassayampa River from which it is pumped to the WRF (Figure 3-1). The total length of the
pipe is approximately 36 miles.

At the WRF, the water undergoes biological nitrification, lime treatment, filtration, and
chlorination (sodium hypochlorite). Sludge from the treatment processes is centrifuged, dried,
and disposed in an onsite landfill. The treated water is stored in lined reservoirs. From the
reservoirs, makeup water is pumped to the Circulating Water System. Blowdown from the
Circulating Water System is sent to evaporation ponds. The facility can treat up to 90 million
gallons per day (MGD), but typical production is approximately 65 MGD. In addition to the
approximately 60 MGD used as makeup water by PVNGS, the WRF also provides
approximately 3-7 MGD to the Red Hawk plant, a nearby two-unit, gas-fired power plant owned
by Pinnacle West, the parent corporation of APS.

The initial 85-acre storage reservoir's liner has deteriorated and leaks from the reservoir exceed
the Aquifer Protection Permit limits. PVNGS has constructed a new 45-acre reservoir that will
have sufficient capacity to support plant operations until the 80-acre reservoir is repaired.

Domestic and Demineralized Water Systems

Two onsite wells provide groundwater to the domestic water system, including fire protection.
The groundwater is filtered, processed by reverse osmosis, and chlorinated to produce potable
water. Potable water from the domestic water system is used as the influent to the
demineralized water plant. The plant uses mixed bed demineralizers and discharges its waste
to the Water Reclamation Facility for reuse. Between 2001 and 2005 the PVNGS domestic
water system averaged 1,232 gpm (see Section 2.3) of groundwater.

Sanitary Waste Treatment Facility

Sanitary waste is directed to the Sanitary Waste Treatment Facility, an above-ground package
plant where it undergoes aerobic treatment. Liquid effluent from the facility goes to the Water
Reclamation Facility for reuse. Sludge is disposed in an on-site landfill.

Evaporation Ponds

PVNGS currently has two lined evaporation ponds to receive blowdown and all liquid waste that
is not recycled. The ponds store and evaporate the blowdown and other waste water. Pond 1
is 250 acres, and Pond 2 is 230 acres. New Evaporation Pond No. 3 is currently under
construction and is being built using a Best Available Demonstrated Control Technology
(BADCT), a geosynthetic clay liner, with two overlaying HDPE liners, including a leachate
collection and recovery system, plus soil cement side armoring. Following that, the existing liner
in Evaporation Pond No. 2 will be replaced with the same BADCT liner system. This liner is
approaching the end of its useful life. Following that, the existing liner in Evaporation Pond
Number 1 will be replaced with the same BADCT liner system. The liner in Evaporation Pond
No. 1 is a double liner system with leak detection that was re-installed in 1991-1992, following
discovery of a liner tear. The site ADEQ Aquifer Protection Permit No. 100388 requires
notification of liner tear/repairs, and requires monitoring wells around these ponds and quarterly
sampling. Although alert levels have been recorded in some of these wells, no aquifer water
quality violations have been recorded.
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Retention Tanks

These tanks store non-hazardous industrial wastewater and sewage treatment plant effluent.
Monitoring wells are located adjacent to the retention tanks, and are sampled quarterly. In
2006, the original retention basins were replaced with above-ground retention tanks, in part due
to cracks in the gunite liners. The new retention tanks are no longer in the site Aquifer
Protection Permit (APP), because they are above ground and no longer have the potential to
contaminate groundwater. The old retention basins were demolished and closed under a clean-
closure plan in 2007-2008.

Water Storage Reservoirs

For the first 20 years of operation, treated effluent from the Water Reclamation Facility was
stored in a lined 80-acre water storage reservoir. The liner for this reservoir reached the end of
its useful life after 20 years and developed leaks that required repairs. In order to completely
replace the old liner, a new 45-acre water storage reservoir was constructed and placed into
service in 2007. Then the 80-acre reservoir was drained and a new double-liner with a leachate
collection system was installed. During this construction project, the inner wall slope was
changed from 3:1 to 4:1, resulting in a new surface area of 85 acres. Following completion of
this construction, the 85-acre water storage reservoir was placed back in service in early 2008.
A study is currently under way to determine if any leakage from this reservoir reached and had
any impact on the underlying shallow aquifer. This study should be complete in 2009.

3.1.3 Transmission Facilities

The Final Environmental Statement (FES-OP) (NRC 1982) identified four 525-kilovolt and one
345-kilovolt transmission lines that were to be constructed to connect PVNGS to the electric
grid. Three of the 525 kilovolt lines were to be constructed as part of Project 1: Westwing
substation (44 miles), Kyrene Generating Station (82 miles), and Saguaro substation
(121 miles). Not part of one of the numbered projects is the other 525-kilovolt line to be
constructed to the Devers substation (235 miles) in California. The 345-kilovolt line (Project 3)
was to run 195 miles from Greenlee substation in Greenlee County, Arizona to the Rio Grande
Generating Station near El Paso, Texas and would not actually connect to PVNGS. (Projects 2
and 4 that were described in the FES-CP were cancelled before the FES was published.)

Subsequent to the publication of the FES, several changes were made to the transmission

system.

* The line to Saguaro was not constructed.

* An additional line to Westwing was constructed in 1983.

* An additional line to the North Gila substation was constructed and placed into service in
1984.

A new substation was constructed at Hassayampa in 2001 and the North Gila and
Kyrene lines were connected to this substation. The short connections between PVNGS
and Hassayampa that originally connected to North Gila became identified as
Hassayampa #3. The short connection between PVNGS and Hassayampa that
originally connected to Kyrene became identified as Hassayampa #1.
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0 An additional line to Rudd was constructed in 2003.

* The Greenlee-Rio Grande line was determined to not be related to PVNGS.

As a result of these system changes, the transmission lines of interest for this report are
different than those described in the FES. Figures 3-2 and 3-3 are maps of the transmission
system of interest. The following transmission lines are owned by the Salt River Project, except
that Devers is owned by Southern California Edison and Rudd is jointly owned by APS and Salt
River Project.

" Westwinq #1 and #2 - These two 525-kilovolt lines extend east and north for 45 miles in
a 330-foot wide corridor to the Westwing Substation northwest of Phoenix.

" Rudd - Starting in a common corridor with Westwing #1 and #2, this 525-kilovolt line
runs for 37 miles to the Rudd Substation in Phoenix. After leaving the Westwing
corridor, the Rudd corridor width is 160 feet.

" Hassayampa #1 - The FES reported this line to the Kyrene Generating Station and it is
described here as running from PVNGS to Kyrene. The line runs south to the
Hassayampa substation for 3 miles, then turns to the southeast for 20 miles to the
Jojoba Substation, and then runs another 52 miles to the Kyrene Generating Station
south of Tempe, Arizona. The corridor width for this 525-kilovolt line varies from 75 to
200 feet, except that the 3-mile length it shares with Hassaymapa #2 is 330 feet wide.

* Hassayampa #2 - This 525-kilovolt line runs in the same corridor as Hassayampa #1 to
Hassayampa substation, a distance of 3 miles. The combined corridor width is
approximately 330 feet.

* Hassayampa #3 - The 525-kilovolt line roughly parallels the Hassayampa #1 and #2 to
the Hassaymapa substation but in a separate corridor. The line then continues south
and west in a 200-foot-wide corridor to the North Gila substation near Yuma, Arizona.
For purpose of analysis in this environmental report, the line is considered to be the
original 114 miles to North Gila substation.

* Devers - This 235-mile line runs westward from the plant to the Devers Substation north
of Palm Springs, California. The corridor width is typically 200 feet.

In total, the transmission lines of interest to Section 4.13 are contained in approximately
530 miles of corridor using approximately 13,000 acres. The corridors pass through land that is
primarily agricultural and desert. The areas are mostly remote, with low population densities.
The lines cross numerous county, state and U.S. highways. Much of the land crossed is
Federal property; the Federal land of greatest interest is identified in Sections 2.4 and 2.5.
Corridors that pass through farmlands generally continue to be used as farmland. APS, Salt
River Project, and Southern California Edison plan to maintain these transmission lines, which
are integral to the larger transmission system, indefinitely. The intention is for these
transmission lines to remain a permanent part of the transmission system even after PVNGS is
decommissioned.

The transmission lines were designed and constructed in accordance with the National
Electrical Safety Code (for example, IEEE 1997) and other industry guidance that was current
when the lines were built. Ongoing surveillance and maintenance of these transmission
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facilities ensure continued conformance to design standards. These maintenance practices are
described in Section 4.13.
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3.2 REFURBISHMENT ACTIVITIES

NRC

"The report must contain a description of ... the applicant's plans to modify the
facility or its administrative control procedures.. .This report must describe in
detail the modifications directly affecting the environment or affecting plant
effluents that affect the environment...." 10 CFR 51.53(c)(2)

"...The incremental aging management activities carried out to allow operation of
a nuclear power plant beyond the original 40-year license term will be from one
of two broad categories... (2) major refurbishment or replacement actions, which
usually occur fairly infrequently and possibly only once in the life of the plant for
any given item...." (NRC 1996)

APS has addressed potential refurbishment activities in this environmental report in accordance
with NRC regulations and complementary information in the NRC Generic Environmental
Impact Statement for License Renewal of Nuclear Plants (GELS) for license renewal (NRC
1996). NRC requirements for the renewal of operating licenses for nuclear power plants include
the preparation of an integrated plant assessment (IPA) (10 CFR 54.21). The IPA must identify
and list systems, structures, and components subject to an aging management review. Items
that are subject to aging and might require refurbishment include, for example, the reactor
vessel, piping, supports, and pump casings (see 10 CFR 54.21 for details), as well as those that
are not subject to periodic replacement.

In turn, NRC regulations for implementing the National Environmental Policy Act require license
renewal phase environmental reports to describe in detail and assess the environmental
impacts of any refurbishment activities such as planned major modifications to systems,
structures, and components or plant effluents [10 CFR 51.53(c)(2)]. Resource categories to be
evaluated for impacts of refurbishment include terrestrial resources, threatened and endangered
species, air quality, housing, public utilities and water supply, education, land use,
transportation, and historic and archaeological resources.

The PVNGS IPA conducted by APS under 10 CFR 54 (included as part of this license renewal
application) has not identified the need to undertake any major refurbishment or replacement
actions to maintain the functionality of important systems, structures, and components during
the PVNGS license renewal period. APS has already replaced its steam generators and turbine
rotors in Units 1, 2, and 3. These plant modifications have been done to meet the current
license life. APS plans to replace all 9 mechanical draft cooling towers serving the 3 Units with
new mechanical draft cooling towers, to be constructed in the current locations, from
approximately 2008 through 2015. These cooling towers are degrading and must be replaced
to meet the current license life (APS 2007). Accordingly, APS has determined that license
renewal regulations in 10 CFR 51.53(c)(3)(ii) do not require APS to assess the impact of
refurbishment on plant and animal habitats, estimated vehicle exhaust emissions, housing
availability, land use, public schools, or highway traffic on local highways. (See 10 CFR
51.53(c)(3)(ii)(E), (F), (I), (J), respectively.)
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PROGRAMS AND ACTIVITIES FOR MANAGING THE
EFFECTS OF AGING

NRC

"The report must contain a description of ... the applicant's plans to modify the
facility or its administrative control procedures.. .This report must describe in
detail the modifications directly affecting the environment or affecting plant
effluents that affect the environment...." 10 CFR 51.53(c)(2)

"...The incremental aging management activities carried out to allow operation of
a nuclear power plant beyond the original 40-year license term will be from one
of two broad categories: (1) SMITTR actions, most of which are repeated at
regular intervals, and (2) major refurbishment or replacement actions, which
usually occur fairly infrequently and possibly only once in the life of the plant for
any given item." NRC 1996, Section 2.6.3.1, pg. 2-41. ("SMITTR" is defined in
NRC 1996 as surveillance, monitoring, inspections, testing, trending, and
recordkeeping.)

The IPA required by 10 CFR 54.21 identifies the programs and inspections for managing aging
effects at PVNGS. These programs are described in the License Renewal Application, Palo
Verde Nuclear Generating Station, Units 1, 2, and 3 to which this Environmental Report is
appended.
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3.4 EMPLOYMENT

Current Workforce

APS employs approximately 2,200 permanent employees and approximately 620 long-term
contract employees at PVNGS, a three-unit facility. Over 98 percent of the permanent
employees live in Maricopa County, Arizona. The remaining employees are distributed across
13 counties in Arizona, with numbers ranging from 1 to 8 employees per county. One individual
lives outside of Arizona.

PVNGS is on an 18-month refueling. cycle. During refueling outages, site employment
increases above the permanent workforce by as many as 350 workers for about 45 days of
temporary duty.

License Renewal Increment

Performing the license renewal activities described in Sections 3.2 and 3.3 could necessitate
increasing the PVNGS staff workload by some increment. The size of this increment would be a
function of the schedule within which APS must accomplish the work and the amount of work
involved. Because APS has determined that no refurbishment is needed (Section 3.2), the
analysis of license renewal employment increment focuses on programs and activities for
managing the effects of aging (Section 3.3).

The GElS (NRC 1996) assumes that NRC would renew a nuclear power plant license for a 20-
year period, plus the duration remaining on the current license, and that NRC would issue the
renewal approximately 10 years prior to license expiration. In other words, the renewed license
would be in effect for approximately 30 years. The GElS further assumes that the utility would
initiate surveillance, monitoring, inspections, testing, trending, and recordkeeping (SMITTR)
activities at the time of issuance of the new license and would conduct license renewal SMITTR
activities throughout the remaining 30-year life of the plant, sometimes during full-power
operation (NRC 1996), but mostly during normal refueling and the 5- and 10-year in-service
inspection and refueling outages (NRC 1996).

APS has determined that the GElS scheduling assumptions are reasonably representative of
PVNGS incremental license renewal workload scheduling. Many PVNGS license renewal
SMITTR activities would have to be performed during outages. Although some PVNGS license
renewal SMITTR activities would be one-time efforts, others would be recurring, periodic
activities that would continue for the life of the plant.

The GElS estimates that the most additional personnel needed to perform license renewal
SMITTR activities would typically be 60 persons during the 3-month duration of a 10-year in-
service inspection and refueling outage. Having established this upper value for what would be
a single event in 20 years, the GElS uses this number as the expected number of additional
permanent workers needed per unit attributable to license renewal. GElS Section C.3.1.2 uses
this approach in order to "...provide a realistic upper bound to potential population-driven
impacts...."

APS has identified no need for significant new aging management programs or major
modifications to existing programs. APS anticipates that existing "surge" capabilities for routine
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activities, such as outages, will enable APS to perform the increased SMITTR workload without
increasing PVNGS staff. Therefore, APS has no plans to add non-outage employees to support
PVNGS operations during the license renewal term. APS believes that increased SMITTR
tasks can be performed within this schedule and employment level.

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 3-10



Section 3.5
Figures

3.5 FIGURES

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 3-11



Section 3.5
Figures

Q

na

Palo Verde Nuclear Generating Station
License Renewal Environmental Report

Figure 3-1 General Plant Layout
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Section 4.0
Environmental Consequences of the Proposed Action and Mitigating Actions

4.0 CHAPTER 4 - ENVIRONMENTAL CONSEQUENCES

OF THE PROPOSED ACTION AND MITIGATING ACTIONS

NRC

"The report must contain a consideration of alternatives for reducing adverse
impacts.. .for all Category 2 license renewal issues...." 10 CFR 51.53(c)(3)(iii)

"...The environmental report shall include an analysis that considers.. .the
environmental effects of the proposed action.. .and alternatives available for
reducing or avoiding adverse environmental effects...." 10CFR 51.45(c) as
adopted by 10 CFR 51.53(c)(2) and 10 CFR 51.53(c)(3)(iii)

The environmental report shall discuss "The impact of the proposed action on the
environment. Impacts shall be discussed in proportion to their significance" 10
CFR 51.45(b)(1) as adopted by 10 CFR 51.53(c)(2).

"...The information submitted.. .should not be confined to information supporting
the proposed action but should also include adverse information." 10 CFR
51.45(e) as adopted by 10 CFR 51.53(c)(2)

Chapter 4 presents an assessment of the environmental consequences and potential mitigating
actions associated with the renewal of the PVNGS operating license. The assessment tiers
from NRC's Generic Environmental Impact Statement for License Renewal of Nuclear Plants
(GELS) (NRC 1996a), which identifies and analyzes 92 environmental issues that NRC
considers to be associated with nuclear power plant license renewal. In its analysis, NRC
designated each of the 92 issues as Category 1, Category 2, or NA (not applicable) and
required plant-specific analysis of only the Category 2 issues.

NRC designated an issue as Category 1 if, based on the result of its analysis, the following
criteria were met:

* the environmental impacts associated with the issue were determined to apply either to
all plants or, for some issues, to plants having a specific type of cooling system or other
specified plant or site characteristic

" a single significance level (i.e., small, moderate, or large) was assigned to the impacts
that would occur at any plant, regardless of which plant was being evaluated (except for
collective offsite radiological impacts from the fuel cycle and from high-level waste and
spent fuel disposal)

" mitigation of adverse impacts associated with the issue were considered in the analysis,
and it was determined that additional plant-specific mitigation measures are likely to be
not sufficiently beneficial to warrant implementation.

Absent new and significant information (Chapter 5), NRC rules do not require analyses of
Category 1 issues, because NRC resolved them using generic findings presented in 10 CFR 51,
Appendix B, Table B-I. An applicant may reference the generic findings or GElS analyses for
Category 1 issues.
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If the NRC analysis concluded that one or more of the Category 1 criteria could not be met, the
issue was assigned as Category 2. NRC requires plant-specific analyses for Category 2 issues.
NRC designated two issues as "NA" (Issues 60 and 92), signifying that the categorization and
impact definitions do not apply to these issues. Attachment A of this report lists the 92 issues
and identifies the environmental report section that addresses each issue and, where
appropriate, references supporting analyses in the GELS.

Category I License Renewal Issues

NRC

"The environmental report for the operating license renewal stage is not required
to contain analyses of the environmental impacts of the license renewal issues
identified as Category 1 issues in Appendix B to subpart A of this part." 10 CFR
51.53(c)(3)(i)

"...[A]bsent new and significant information, the analysis for certain impacts
codified by this rulemaking need only be incorporated by reference in an
applicant's environmental report for license renewal...." (NRC 1996b).

APS has determined that, of the 69 Category 1 issues, 29 do not apply to PVNGS because they
apply to design or operational features that do not exist at the facility. In addition, because APS
does not plan to conduct any refurbishment activities, the NRC findings for the seven
Category 1 issues that pertain only to refurbishment do not apply to this application. APS has
reviewed the NRC Category 1 findings and has identified no new and significant information that
would make the NRC findings inapplicable to PVNGS. Therefore, APS adopts by reference the
NRC findings for these Category 1 issues.

Category 2 License Renewal Issues

NRC

"The environmental report must contain analyses of the environmental impacts of
the proposed action, including the impacts of refurbishment activities, if any,
associated with license renewal and the impacts of operation during the renewal
term, for those issues identified as Category 2 issues in Appendix B to subpart A
of this part...." 10 CFR 51.53(c)(3)(ii)

"The report must contain a consideration of alternatives for reducing adverse
impacts, as required by § 51.45(c), for all Category 2 license renewal issues...."
10 CFR 51.53(c)(3)(iii)

NRC designated 21 issues as Category 2. Sections 4.1 through 4.20 address each of these
issues (Section 4.17 addresses two issues), beginning with a statement of the issue. As is the
case with Category 1 issues, some Category 2 issues apply to operational features that PVNGS
does not have. In addition, some Category 2 issues apply only to refurbishment activities or to
scenarios involving additional employment for managing plant aging. APS does not plan any
refurbishment or additional employment. If an issue does not apply to PVNGS, the section
explains the basis for inapplicability. Attachment A provides a summary of the applicability of
each of the NRC'S 92 issues to PVNGS.
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For the 11 Category 2 issues that APS has determined to be applicable to PVNGS, analyses
are provided. These analyses include conclusions regarding the significance of the impacts
relative to the renewal of the operating license for PVNGS and, when applicable, discuss
potential mitigative alternatives. APS has identified the significance of the impacts associated
with each issue as either Small, Moderate, or Large, consistent with the criteria that NRC
established in 10 CFR 51, Appendix B, Table B-i, Footnote 3 as follows:

SMALL - Environmental effects are not detectable or are so minor that they will neither
destabilize nor noticeably alter any important attribute of the resource. For the purposes of
assessing radiological impacts, the Commission has concluded that those impacts that do not
exceed permissible levels in the Commission's regulations are considered small.

MODERATE - Environmental effects are sufficient to alter noticeably, but not to destabilize, any
important attribute of the resource.

LARGE - Environmental effects are clearly noticeable and are sufficient to destabilize any
important attributes of the resource.

In accordance with National Environmental Policy Act practice, APS considered ongoing and
potential additional mitigation in proportion to the significance of the impact to be addressed
(i.e., impacts that are small receive less mitigative consideration than impacts that are large).

"NA" License Renewal Issues

NRC determined that its categorization and impact-finding definitions did not apply to two issues
(Issues 60 and 92); however, APS included these issues in Attachment A. Applicants currently
do not need to submit information on chronic effects from electromagnetic fields (10 CFR 51,
Appendix B, Table B-i, Footnote 5). For environmental justice, NRC does not require
information from applicants, but noted that it will be addressed in individual license renewal
reviews (10 CFR 51, Appendix B, Table B-i, Footnote 6). APS has included minority and low-
income demographic information in Section 2.6.2.
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Section 4.1
Water Use Conflicts (Plants Using Cooling Towers or Cooling Ponds

and Withdrawing Makeup Water from a Small River with Low Flow)

4.1 WATER USE CONFLICTS (PLANTS USING COOLING
TOWERS OR COOLING PONDS AND WITHDRAWING
MAKEUP WATER FROM A SMALL RIVER WITH LOW FLOW)

NRC

"If the applicant's plant utilizes cooling towers or cooling ponds and withdraws
make-up water from a river whose annual flow rate is less than 3.15 x 1012

ft3/year (9 x 101° m3/year), an assessment of the impact of the proposed action on
the flow of the river and related impacts on in-stream and riparian ecological
communities must be provided..." 10 CFR 51.53(c)(3)(ii)(A).

"...The issue has been a concern at nuclear power plants with cooling ponds
and at plants with cooling towers. Impacts on instream and riparian communities
near these plants could be of moderate significance in some situations..." 10
CFR 51, Subpart A, Appendix B, Table B-1, Issue 13

The water-use issue associated with operation of cooling ponds is the availability of adequate
stream flows to provide makeup water, particularly during droughts or in the context of
increasing in-stream or off-stream uses (NRC 1996). For this reason, NRC made surface water
use conflicts a Category 2 issue.

PVNGS uses a closed-loop cooling system with cooling towers. The plant does not use river
water for cooling. PVNGS uses treated effluent from Phoenix-area wastewater treatment plants
for all of its nonsafety-related cooling systems. The treated effluent from the Phoenix 9 1st
Avenue waste water treatment plant, the Tolleson wastewater treatment facility, and the
Goodyear wastewater treatment facility is conveyed to PVNGS by means of a pipeline and
pumping facilities and is treated in the PVNGS on-site Water Reclamation Facility to meet plant
water quality requirements (Section 3.1). This effluent could have been discharged to the Salt
River immediately upstream of its confluence with the Gila River. The Gila River is considered a
small river. Since PVNGS diverts treated effluent that would otherwise be discharged to the
Gila River system, supporting riparian habitat, replenishing groundwater in the alluvial aquifer,
and providing surface water for other users, NRC raised the issue of water use conflicts for
PVNGS in its GElS (NRC 1996).

The Phoenix area is drained by the Gila River and its four principal tributaries: the Salt, the
Verde, the Agua Fria, and the Hassayampa Rivers. Regulated water storage reservoirs have
been constructed on the Salt, Verde, Gila, and Agua Fria Rivers allowing for a relatively high
surface water use in some areas. All of the streams and washes within the area are ephemeral,
either naturally or due to upstream diversion. The Gila River is regulated by the Ashurst-
Hayden Dam near Florence, Arizona, about 50 land miles southeast of Phoenix. Between the
dam and the confluence with the Salt River, the flow is primarily ephemeral. West of the
confluence with the Salt River, the Gila is primarily perennial due to effluent discharges from
waste water treatment plants (Maricopa County 2001). At Estrella Parkway, just downstream of
the confluence with the Salt River, the Gila River 13-year average flow is 2.64 x 1010 cubic feet
per year (USGS 2006).

In its FES for Operations (NRC 1982), NRC presented projections of flows from the 9 1st Avenue
plant for 1985 through 2000 as reproduced in Table 4-1. NRC concluded that the availability of
water in the Salt and Gila Rivers downstream of the 9 1 st Avenue plant would be similar to that
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Section 4.1
Water Use Conflicts (Plants Using Cooling Towers or Cooling Ponds

and Withdrawing Makeup Water from a Small River with Low Flow)

reported in the FES for Construction (NRC 1975) and subsequently granted an operating
license. Table 4-1 also presents actual discharges from the 9 1st Avenue plant indicating that
discharges have, in fact, remained constant and, thus, less than expected when NRC licensed
PVNGS.

The reason for the lack of growth in effluent from the 9 1 st Avenue plant is that other waste water
treatment plants have been constructed, including those for small communities and master
planned developments that build treatment plants to process wastewater into treated effluent
that can be used within the community. In 1995, effluent production in Maricopa County was
approximately 241,200 acre-feet, of which 107,400 acre-feet were reused. In just three years,
the production increased to 257,000 acre-feet, with an even larger increase in reuse, 175,000
acre-feet (Maricopa County 2001). The Arizona Department of Water Resources predicts that
by 2025, treated effluent is projected to increase to 502,000 acre-feet per year (ADWR 1999).
However, since PVNGS Unit 3 went into service in 1986, PVNGS demand on treated effluent
has remained relatively constant, averaging approximately 67,000 acre-feet per year over 2001
to 2005 (Gunter 2006).

The 25-Year Master Plan for the 9 1 st Avenue plant (SROG 2005) predicts that effluent from the

9 1 st Avenue plant will again start to increase, providing a similar picture of increasing availability
of treated effluent. By 2005, the actual effluent flow in the maximum month was 204.5 million
gallons per day. The predicted maximum effluent flow in 2015 would be 230 million gallons per
day. By 2030, that value could range from 236 to 266 million gallons per day. These values are
for the 9 1st Avenue plant alone. Again, during this time, the -PVNGS demand on treated effluent
would remain constant, around 67,000 acre-feet per year, averaging 60 million gallons per day.

The FES for Operations predicted effluent flows from which, assuming 67,000 acre-feet of
PVNGS demand, fractions of PVNGS use can be calculated. PVNGS was predicted to use
approximately 45 percent of treated effluent production in 1986, with the percentage dropping to
27 percent in 2000. On the basis of these data (Table 4-1), NRC concluded "there will be a
sufficient amount of sewage effluent available for use by the PVNGS during the critical year
1986 and throughout the life of the station." In 2000, the actual percentage was less than 26
percent (the 1998 value) and is projected to be 13 percent in 2025. As indicated by the SROG
Master Plan, this trend of decreasing percentage would likely continue.

Given the constant rate of use of recycled water by PVNGS and the projections for increase of
treated effluent in the area, water use conflicts with respect to the Gila River are expected to be
much less influenced by PVNGS than by decisions by municipalities to either discharge or reuse
portions of their effluent. Therefore, APS concludes that the impacts to surface water resources
during the license renewal period from PVNGS' continued use of treated effluent would be
SMALL and not warrant mitigation.
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Section 4.2
Entrainment of Fish and Shellfish in Early Life Stages

4.2 ENTRAINMENT OF FISH AND SHELLFISH IN EARLY LIFE

STAGES

NRC

"If the applicant's plant utilizes once-through cooling or cooling pond heat
dissipation systems, the applicant shall provide a copy of current Clean Water
Act 316(b) determinations.. .or equivalent State permits and supporting
documentation. If the applicant cannot provide these documents, it shall assess
the impact of the proposed action on fish and shellfish resources resulting
from...entrainment." 10 CFR 51.53(c)(3)(ii)(B)

"...The impacts of entrainment are small at many plants but may be moderate or
even large at a few plants with once-through and cooling-pond cooling systems.
Further, ongoing efforts in the vicinity of these plants to restore fish populations
may increase the numbers of fish susceptible to intake effects during the license
renewal period, such that entrainment studies conducted in support of the
original license may no longer be valid...." 10 CFR 51, Subpart A, Appendix B,
Table B-i, Issue 25

NRC made impacts on fish and shellfish resources resulting from entrainment a Category 2
issue, because it could not assign a single significance level (small, moderate, or large) to the
issue. The impacts of entrainment are small at many facilities, but may be moderate or large at
others. Also, ongoing restoration efforts may increase the number of fish susceptible to intake
effects during the license renewal period (NRC 1996a). Information needing to be ascertained
includes (1) type of cooling system (whether once-through or cooling pond), and (2) status of
Clean Water Act Section 316(b) determination or equivalent state documentation.

As Section 3.1.2 describes, PVNGS has mechanical draft cooling towers.

The issue is not applicable because PVNGS does not utilize once-through cooling or cooling
pond heat dissipation systems.
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4.3

Section 4.3
Impingement of Fish and Shellfish

IMPINGEMENT OF FISH AND SHELLFISH

NRC

"If the applicant's plant utilizes once-through cooling or cooling pond heat
dissipation systems, the applicant shall provide a copy of current Clean Water
Act 316(b) determinations...or equivalent State permits and supporting
documentation. If the applicant cannot provide these documents, it shall assess
the impact of the proposed action on fish and shellfish resources resulting
from...impingement...." 10 CFR 51.53(c)(3)(ii)(B)

"...The impacts of impingement are small at many plants but may be moderate or
even large at a few plants with once-through and cooling-pond cooling
systems...." 10 CFR 51, Subpart A, Appendix B, Table B-I, Issue 26

NRC made impacts on fish and shellfish resources resulting from impingement a Category 2
issue, because it could not assign a single significance level to the issue. Impingement impacts
are small at many facilities, but might be moderate or large at other plants (NRC 1996a).
Information that needs to be ascertained includes (1) type of cooling system (whether once-
through or cooling pond) and (2) current Clean Water Act 316(b) determination or equivalent
state documentation.

As Section 3.1.2 describes, PVNGS has mechanical draft cooling towers.

The issue is not applicable because PVNGS does not utilize once-through cooling or cooling
pond heat dissipation systems.
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4.4

Section 4.4
Heat Shock

HEAT SHOCK

NRC

"If the applicant's plant utilizes once-through cooling or cooling pond heat
dissipation systems, the applicant shall provide a copy of current Clean Water
Act...316(a) variance in accordance with 40 CFR 125, or equivalent State
permits and supporting documentation. If the applicant cannot provide these
documents, it shall assess the impact of the proposed action on fish and shellfish
resources resulting from heat shock...." 10 CFR 51.53(c)(3)(ii)(B)

"...Because of continuing concerns about heat shock and the possible need to
modify thermal discharges. in *response to changing environmental conditions, the
impacts may be of moderate or large significance at some plants...." 10 CFR 51,
Subpart A, Appendix B, Table B-I, Issue 27

NRC made impacts on fish and shellfish resources resulting from heat shock a Category 2
issue, because of continuing concerns about thermal discharge effects and the possible need to
modify thermal discharges in the future in response to changing environmental conditions (NRC
1996a). Information to be ascertained includes: (1) type of cooling system (whether once-
through or cooling pond) and (2) evidence of a Clean Water Act Section 316(a) variance or
equivalent state documentation.

As Section 3.1.2 describes, PVNGS has mechanical draft cooling towers.

The issue is not applicable because PVNGS does not utilize once-through cooling or cooling
pond heat dissipation systems.

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 4-8



Section 4.5
Groundwater Use Conflicts (Plants Using >100 GPM of Groundwater)

4.5 GROUNDWATER USE CONFLICTS (PLANTS USING

>100 GPM OF GROUNDWATER)

NRC

"If the applicant's plant...pumps more than 100 gallons (total onsite) of
groundwater per minute, an assessment of the impact of the proposed action on
groundwater use must be provided." 10 CFR 51.53(c)(3)(ii)(C)

"...Plants that use more than 100 gpm may cause ground-water use conflicts
with nearby ground-water users...." 10 CFR 51, Subpart A, Table B-i, Issue 33

NRC made groundwater use conflicts a Category 2 issue because, at a withdrawal rate of more
than 100 gallons per minute (gpm), a cone of depression could extend offsite. This could
deplete the groundwater supply available to offsite users, an impact that could warrant
mitigation. Information to ascertain includes: (1) PVNGS groundwater withdrawal rate (whether
greater than 100 gpm), (2) drawdown at property boundary location, and (3) impact on
neighboring wells.

There are two primary permitted wells on the PVNGS (55-613123, 55-613124, and a small firing
range well 55-900619) installed into the regional aquifer (Section 2.3) that provide water for
domestic use, fire protection, and to the demineralized water system. From 2001 through
2005, PVNGS pumped groundwater from these wells at a total production rate of 1,987 acre-
feet per year (1,232 gallons per minute) (Gunter 2006). Therefore, the issue of groundwater
use conflicts does apply.

In order to determine potential offsite impacts to wells, the 1,232 gpm annual average
cumulative well yield from 2001 through 2005 was used to calculate drawdown as though it had
been pumped from a single onsite well. Well 55-613124 was used, because it is the well
closest to a PVNGS [western property] boundary (approximately 15,882 feet). The well is one
for which pump test data are available. A confined aquifer scenario was used to simulate site
conditions. The equations used in the calculations assume that the aquifer is homogeneous,
isotopic, with negligible recharge and gradient, and that boundary impacts do not occur.
Assuming minimal recharge made the scenario very conservative. It was also assumed that the
pumping rate used in the modeling (1,232 gpm) was consistent from the initial plant startup
period. Based on the conservative results of the modeling, pumping at a rate of 1,232 gpm in
Well 55-613124 would theoretically create a drawdown of the potentiometric surface of 8.3 feet
at a distance of 15,882 feet from the pumping well during the 40-year operating period. At the
end of the 20-year license renewal period, the potentiometric surface drawdown would be
8.8 feet, an increase in drawdown of 0.5 feet from the original (40-year) period drawdown
(Gunter 2006).

PVNGS installed a new high capacity production well in 2007, and an aquifer test was
performed on the well after construction was complete. This well is expected to be added as an
approved drinking water well in 2008, and will replace degraded well 55-613124, resulting in
continued use of groundwater at historic rates

The regional aquifer's potentiometric surface was evaluated by comparing maps from the 1975
Environmental Report Construction Permit Stage (APS 1975) and a 2001 map from the PVNGS
Updated FSAR (PVNGS 2006) to groundwater elevation data from the PVNGS' 2005 Annual
Monitoring and Compliance Report (Brown and Caldwell 2006). The comparison indicates that
the groundwater elevation data from 2005 are consistent with the maps from the earlier
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Groundwater Use Conflicts (Plants Using >100 GPM of Groundwater)

documents and indicates there has been little to no impact due to operations of the groundwater
wells at PVNGS.

As discussed in Section 2.3, groundwater flow into and out of the Hassayampa sub-basin has
been calculated at approximately 29,000 acre-feet (9.45 billion gallons) annually. It is estimated
that approximately 4.8 million acre-feet of groundwater within the Hassayampa sub-basin are
available for use (Maricopa County 2001). Based on the groundwater use data from 2001
through 2005, PVNGS pumps 1,232 gpm (1,987 acre-feet per year) or 6.8 percent of the water
that flows through the Hassayampa sub-basin.

Given the conservatively calculated additional 0.5 feet of drawdown that would occur during the
license renewal period and that PVNGS uses 6.8 percent of groundwater that passes through
the Hassayampa sub-basin, APS concludes that the impacts to the regional aquifer system over
the license renewal period would be SMALL and would not warrant mitigation.
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Cooling Ponds and Withdrawing Makeup Water from a Small River)

4.6 GROUNDWATER USE CONFLICTS (PLANTS USING
COOLING TOWERS OR COOLING PONDS AND
WITHDRAWING MAKEUP WATER FROM A SMALL RIVER)

NRC

"If the applicant's plant utilizes cooling towers or cooling ponds and withdraws
make-up water from a river whose annual flow rate is less than 3.15x10 12

ft3/year... [t]he applicant shall also provide an assessment of the impacts of the
withdrawal of water from the river on alluvial aquifers during low flow." 10 CFR
51.53(3)(ii)(A)

"...Water use conflicts may result from surface water withdrawals from small
water bodies during low flow conditions which may affect aquifer recharge,
especially if other groundwater or upstream surface water users come on line
before the time of license renewal...." 10 CFR 51, Subpart A, Appendix B,
Table B-i, Issue 34

NRC made groundwater use conflicts a Category 2 issue because consumptive use of
withdrawals from small rivers could adversely impact aquifer recharge. This is a particular
concern during low flow conditions and could create a cumulative impact due to upstream
consumptive use.

PVNGS uses a closed-loop cooling system with cooling towers. The plant does not use river
water for cooling. PVNGS uses treated effluent from Phoenix-area wastewater treatment plants
for all of its nonsafety-related cooling systems. The treated effluent from the Phoenix 91st
Avenue waste water treatment plant, the Tolleson wastewater treatment facility, and the
Goodyear wastewater treatment facility is conveyed to PVNGS by means of a pipeline and
pumping facilities and is treated in the PVNGS on-site Water Reclamation Facility to meet plant
water quality requirements (Section 3.1). This effluent could have been discharged to the Salt
River immediately upstream of its confluence with the Gila River. The Gila River is considered a
small river. Since PVNGS diverts treated effluent that would otherwise be discharged to the
Gila River system, supporting riparian habitat, replenishing groundwater in the alluvial aquifer,
and providing surface water for other users, NRC raised the issue of water use conflicts for
PVNGS in its GElS (NRC 1996).

Precipitation is the main source of groundwater recharge in the area. Historically, stream
channel recharge was much larger, but diversion of surface water for irrigation, commercial,
industrial, and municipal uses has greatly depleted this source of recharge leaving the streams
and rivers to run intermittently in most places (ADWR 1999). Therefore, unrecycled treated
effluent discharged to the Gila River system is an important contributor to recharge.

Section 4.1 presents information indicating that the PVNGS fractional demand on treated
effluent has been decreasing since the beginning of three-unit operations in 1986. Projections
as far as 2030 show that this trend is expected to continue (ADWR 1999; SROG 2005). To
encourage use of treated effluent, the Arizona Department of Water Resources' Third
Management Plans provides incentives to all municipal, industrial, and agricultural users of
effluent. Treated effluent production in the area is projected to increase to 502,000 acre-feet
per year by 2025 (ADWR 1999).
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Section 4.6
Groundwater Use Conflicts (Plants Using Cooling Towers or

Cooling Ponds and Withdrawing Makeup Water from a Small River)

APS concludes that impacts to the alluvial aquifer during the license renewal period from
PVNGS' continued use of treated effluent would be SMALL because PVNGS demand on
surface water is now a smaller fraction than when NRC licensed the plant and the state
promotes and regulates the use of treated effluent for appropriate water uses, including cooling
water. Accordingly, mitigation measures to increase recharge of the aquifer are not warranted.
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Section 4.7
Groundwater Use Conflicts (Plants Using Ranney Wells)

GROUNDWATER USE CONFLICTS (PLANTS USING

RANNEY WELLS)

NRC

"If the applicant's plant uses Ranney wells.. .an assessment of the impact of the
proposed action on groundwater use must be provided." 10 CFR
51.53(c)(3)(ii)(C)

"...Ranney wells can result in potential ground-water depression beyond the site
boundary. Impacts of large ground-water withdrawal for cooling tower makeup at
nuclear power plants using Ranney wells must be evaluated at the time of
application for license renewal...." 10 CFR 51, Subpart A, Table B-i, Issue 35

NRC made this groundwater use conflict a Category 2 issue because large quantities of
groundwater withdrawn from Ranney wells could degrade groundwater quality at river sites by
induced infiltration of poor-quality river water into an aquifer.

This issue does not apply to PVNGS because PVNGS does not use Ranney wells.
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Section 4.8
Degradation of Groundwater Quality

DEGRADATION OF GROUNDWATER QUALITY

NRC

"If the applicant's plant is located at an inland site and utilizes cooling ponds, an
assessment of the impact of the proposed action on groundwater quality must be
provided." 10 CFR 51.53(c)(3)(ii)(D)

"...Sites with closed-cycle cooling ponds may degrade ground-water quality. For
plants located inland, the quality of the ground water in the vicinity of the ponds
must be shown to be adequate to allow continuation of current uses..." 10 CFR
51, Subpart A, Appendix B, Table B-i, Issue 39

NRC made degradation of groundwater quality a Category 2 issue because evaporation from
closed-cycle cooling ponds concentrates dissolved solids in the water and settles suspended
solids. In turn, seepage into the water table aquifer could degrade groundwater quality.

The issue of groundwater degradation does not apply to PVNGS because the plant does not
use cooling water ponds. As Section 3.1.2 describes, PVNGS discharges all releases to lined
evaporation ponds.
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Section 4.9
Impacts of Refurbishment on Terrestrial Resources

IMPACTS OF REFURBISHMENT ON TERRESTRIAL

RESOURCES

NRC

The environmental report must contain an assessment of "...the impact of
refurbishment and other license-renewal-related construction activities on
important plant and animal habitats...." 10 CFR 51.53(c)(3)(ii)(E)

"...Refurbishment impacts are insignificant if no loss of important plant and
animal habitat occurs. However, it cannot be known whether important plant and
animal communities may be affected until the specific proposal is presented with
the license renewal application...." 10 CFR 51, Subpart A, Table B-I, Issue 40

"...If no important resource would be affected, the impacts would be considered
minor and of small significance. If important resources could be affected by
refurbishment activities, the impacts would be potentially significant...." (NRC
1996a)

NRC made impacts to terrestrial resources from refurbishment a Category 2 issue because the
significance of ecological impacts cannot be determined without considering site- and project-
specific details (NRC 1996a). Aspects of the site and project to be ascertained are: (1) the
identification of important ecological resources, (2) the nature: of refurbishment activities, and
(3) the extent of impacts to plant and animal habitats.

The issue of impacts of refurbishment on terrestrial resources is not applicable to PVNGS
because, as discussed in Section 3.2, APS has no plans for refurbishment or other license-
renewal-related construction activities at PVNGS.
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4.10 THREATENED OR ENDANGERED SPECIES

NRC

"Additionally, the applicant shall assess the impact of the proposed action on
threatened or endangered species in accordance with the Endangered Species
Act." 10 CFR 51.53(c)(3)(ii)(E)

"Generally, plant refurbishment and continued operation are not expected to
adversely affect threatened or endangered species. However, consultation with
appropriate agencies would be needed at the time of license renewal to
determine whether threatened or endangered species are present and whether
they would be adversely affected." 10 CFR 51, Subpart A, Appendix B,
Table B-1, Issue 49

NRC made impacts to threatened and endangered species a Category 2 issue because the
status of many species is being reviewed, and site-specific assessment is required to determine
whether any identified species could be affected by refurbishment activities or continued plant
operations through the renewal period. In addition, compliance with the Endangered Species
Act requires consultation with the appropriate federal agency.

Section 2.2 of this Environmental Report describes the aquatic communities at PVNGS.
Section 2.4 describes important terrestrial habitats at PVNGS and along the associated
transmission corridors. Section 2.5 discusses threatened or endangered species that occur or
may occur in the vicinity of PVNGS and along PVNGS-associated transmission corridors. As
discussed' in Section 3.1.3, the transmission lines that connect PVNGS to the regional
transmission system are owned and maintained by the Salt River Project, APS, and Southern
California Edison.

With the exception of the species identified in Section 2.5, APS is not aware of any threatened
or endangered terrestrial or aquatic species that occur at PVNGS or along the associated
transmission corridors.t Although several threatened or endangered terrestrial species could
occur along the transmission corridors, the PVNGS transmission corridors are located in desert,
habitat, and in general they do not require significant maintenance in terms of mowing,
trimming, or clearing. Therefore, current operations of PVNGS and vegetation management
practices along PVNGS transmission line corridors are not believed to adversely impact any
listed terrestrial or aquatic species or its habitat. Furthermore, plant operations and
transmission line maintenance practices are not expected to change significantly during the
license renewal term. Therefore, no adverse impacts to threatened or endangered terrestrial or
aquatic species from future operations are anticipated and, thus, impacts are categorized as
SMALL.

APS wrote to the Arizona Game and Fish Department, the California Department of Fish and
Game, and the U.S. Fish and Wildlife Service requesting information on any listed species or
critical habitats that might occur at PVNGS or along the associated transmission corridors, with
particular emphasis on species that might be adversely affected by continued operation over the
license renewal period. Agency responses are provided in Attachment B.
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Section 4.11
Air Quality During Refurbishment (Non-Attainment Areas)

AIR QUALITY DURING REFURBISHMENT (NON-

ATTAINMENT AREAS)

NRC

"If the applicant's plant is located in or near a nonattainment or maintenance
area, an assessment of vehicle exhaust emissions anticipated at the time of peak
refurbishment workforce must be provided in accordance with the Clean Air Act
as amended." 10 CFR 51.53(c)(3)(ii)(F)

"...Air quality impacts from plant refurbishment associated with license renewal
are expected to be small. However, vehicle exhaust emissions could be cause
for concern at locations in or near nonattainment or maintenance areas. The
significance of the potential impact cannot be determined without considering the
compliance status of each site and the numbers of workers expected to be
employed during the outage...." 10 CFR 51, Subpart A, Table B-1, Issue 50

NRC made impacts to air quality during refurbishment a Category 2 issue because vehicle
exhaust emissions could be cause for some concern, and a general conclusion about the
significance of the potential impact could not be drawn without considering the compliance
status of each site and the number of workers expected to be employed during an outage (NRC
1996a). Information needed would include: (1) the attainment status of the plant-site area, and
(2) the number of additional vehicles as a result of refurbishment activities.

The issue of air quality during refurbishment is not applicable to PVNGS because, as discussed
in Section 3.2, APS has no plans for refurbishment or other license-renewal-related construction
activities at PVNGS.
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Section 4.12
Microbiological Organisms

MICROBIOLOGICAL ORGANISMS

NRC

"If the applicant's plant uses a cooling pond, lake, or canal or discharges into a
river having an annual average flowrate of less than 3.15x10 12 ft3/year (9x10 10

m3/year), an assessment of the impact of the proposed action on public health
from thermophilic organisms in the affected water must be provided." 10 CFR
51.53(c)(3)(ii)(G)

"These organisms are not expected to be a problem at most operating plants
except possibly at plants using cooling ponds, lakes, or canals that discharge to
small rivers. Without site-specific data, it is not possible to predict the effects
generically." 10 CFR 51, Subpart A, Appendix B, Table B-i, Issue 57

Due to the lack of sufficient data for facilities using cooling ponds, lakes, or canals or
discharging to small rivers, NRC designated impacts on public health from thermophilic
organisms a Category 2 issue. Information to be determined is: (1) whether the plant uses a
cooling pond, lake, or canal or discharges to a small river and (2) whether discharge
characteristics (particularly temperature) are favorable to the survival of thermophilic organisms.

The issue is not applicable to PVNGS because the station does not use a cooling pond, lake or
canal, or discharge to a small river.
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4.13 ELECTRIC SHOCK FROM TRANSMISSION-LINE INDUCED
CURRENTS

NRC

The environmental report must contain an assessment of the impact of the
proposed action on the potential shock hazard from transmission lines ". ...[i]f the
applicant's transmission lines that were constructed for the specific purpose of
connecting the plant to the transmission system do not meet the
recommendations of the National Electric Safety Code for preventing electric*
shock from induced current..." 10 CFR 51.53(c)(3)(ii)(H)

"Electrical shock resulting from direct access to energized conductors or from
induced charges in metallic structures have not been found to be a problem at
most operating plants and generally are not expected to be a problem during the
license renewal term. However, site-specific review is required to determine the
significance of the electric shock potential at the site." 10 CFR 51, Subpart A,
Appendix B, Table B 1, Issue 59

NRC made impacts of electric shock from transmission lines a Category 2 issue because,
without a review of each plant's transmission line conformance with the National Electrical
Safety Code (NESC) (IEEE 1997) criteria, NRC could not determine the significance of the
electrical shock potential. In the case of PVNGS, there have been no previous NRC or NEPA
analyses of transmission-line-induced current hazards. Therefore, this section provides an
analysis of the plant's transmission lines' conformance with the NESC standard. The analysis is
based on computer modeling of induced current under the lines.

Objects located near transmission lines can become electrically charged due to their immersion
in the lines' electric field. This charge results in a current that flows through the object to the
ground. The current is called "induced" because there is no direct connection between the line
and the object. The induced current can also flow to the ground through the body of a person
who touches the object. An object that is insulated from the ground can actually store an
electrical charge, becoming what is called "capacitively charged." A person standing on the
ground and touching a vehicle or a fence receives an electrical shock due to the sudden
discharge of the capacitive charge through the person's body to the ground. After the initial
discharge, a steady-state current can develop of which the magnitude depends on several
factors, including the following:

" the strength of the electric field which, in turn, depends on the voltage of the

transmission line as well as its height and geometry

* the size of the object on the ground

" the extent to which the object is grounded.

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 4-19



Section 4.13
Electric Shock from Transmission-Line Induced Currents

In 1977, a provision to the NESC was adopted (Part 2, Rules 232C1c and 232Dd3c) that
describes how to establish minimum vertical clearances to the ground for electric lines having
voltages exceeding 98-kilovolt alternating current to ground. The clearance must limit the
induced current (or steady-state current) due to electrostatic effects to 5 milliamperes if the
largest anticipated truck, vehicle, or equipment were short-circuited to ground. By way of
comparison, the setting of ground fault circuit interrupters used in residential wiring (special
breakers for outside circuits or those with outlets around water pipes) is 4 to 6 milliamperes.

As described in Section 3.1.3, there are seven 525-kilovolt lines that were specifically
constructed to distribute power from PVNGS to the electric grid. APS' analysis of these
transmission lines began by identifying the limiting case for each line. The limiting case is the
configuration along each line where the potential for current-induced shock would be greatest.
Once the limiting case was identified, APS calculated the electric field strength for each
transmission line, then calculated the induced current.

APS calculated electric field strength and induced current using a computer code called
ACDCLINE, produced by the Electric Power Research Institute. The results of this computer
program have been field-verified through actual electrostatic field measurements by several
utilities. The input parameters included the design features of the limiting-case scenario, the
NESC requirement that line sag be determined at 120OF conductor temperature, and the
maximum vehicle size under the lines (a tractor-trailer).

The results of the analysis are presented in Table 4-2. All of the seven lines conform to the 5
milliampere standard. Details of the analysis, including the input parameters for each line's
limiting case, can be found in TtNUS (2007a) and TtNUS (2007b).

Salt River Project, APS, and Southern California Edison, the owners of PVNGS transmission
lines, have surveillance and maintenance procedures that provide assurance that design ground
clearances will not change. These procedures include routine aerial, inspections that include
checks for encroachments, broken conductors, broken or leaning structures, and signs of trees
burning, any of which would be evidence of clearance problems. Ground inspections include
examination for clearance at questionable locations, integrity of structures, and surveillance for
dead or diseased trees that might fall on the transmission lines. Problems noted during any
inspection are brought to the attention of the appropriate organization(s) for corrective action.

APS' assessment under 10 CFR 51 concludes that electric shock is of SMALL significance,
because the NESC standard is not exceeded. Accordingly, no mitigation measures are
required.
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4.14 HOUSING IMPACTS

NRC

The environmental report must contain "...[a]n assessment of the impact of the
proposed action on housing availability..." 10 CFR 51.53(c)(3)(ii)(I)

"...Housing impacts are expected to be of small significance at plants located in a
medium or high population area and not in an area where growth control
measures that limit housing development are in effect. Moderate or large
housing impacts of the workforce associated with refurbishment may be
associated with plants located in sparsely populated areas or areas with growth
control measures that limit housing development...." 10 CFR 51, Subpart A,
Table B-i, Issue 63

"...[S]mall impacts result when no discernible change in housing availability
occurs, changes in rental rates and housing values are similar to those occurring
statewide, and no housing construction or conversion occurs...." (NRC 1996)

NRC made housing impacts a Category 2 issue because impact magnitude depends on local
conditions that NRC could not predict for all plants at the time of GElS publication (NRC 1996).
Local conditions that need to be ascertained are: (1) population categorization as small,
medium, or high and (2) applicability of growth control measures.

Refurbishment activities and continued operations could potentially produce housing impacts
due to increased staffing. As described in Section 3.2, PVNGS does not plan to perform
refurbishment. APS concludes that there would be no refurbishment-related impacts to area
housing and no analysis is therefore required. Accordingly, the following discussion focuses on
impacts of continued PVNGS operations on local housing availability.

Sections 2.6 and 2.8 indicate that PVNGS is located in a medium population area that is not
subject to growth control measures that limit housing development. NRC regulatory criteria at
10 CFR 51, Subpart A, Table B-i, Issue 63, indicate that housing impacts are expected to be of
small significance at plants located in a medium or high population area and in an area where
growth control measures that limit housing development are not in effect. Additionally, APS
anticipates that existing "surge" capabilities for routine activities, such as outages, will, enable
APS. to perform the increased surveillance, monitoring, inspections, testing, trending, and
recordkeeping (SMITTR) workload without increasing PVNGS staff (Section 3.4). Therefore,
APS concludes that since there would be no increase in staffing, no housing impacts would be
experienced and, therefore, the appropriate characterization of PVNGS license renewal housing
impacts would be SMALL.
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4.15 PUBLIC UTILITIES: PUBLIC WATER SUPPLY AVAILABILITY

NRC

The environmental report must contain "...an assessment of the impact of
population increases attributable to the proposed project on the public water
supply." 10 CFR 51.53(c)(3)(ii)(I)

"...An increased problem with water shortages at some sites may lead to impacts
of moderate significance on public water supply availability...." 10 CFR 51,
Subpart A, Appendix B, Table B-i, Issue 65

"Impacts on public utility services are considered small if little or no change
occurs in the ability to respond to the level of demand and thus there is no need
to add capital facilities. Impacts are considered moderate if overtaxing of
facilities during peak demand periods occurs. Impacts are considered large if
existing service levels (such as quality of water and sewage treatment) are
substantially degraded and additional capacity is needed to meet ongoing
demands for services." (NRC 1996)

NRC made public utility impacts a Category 2 issue because an increased problem with water
availability, resulting from pre-existing water shortages, could occur in conjunction with plant
demand and plant-related population growth (NRC 1996). Local information needed would
include: (1) a description of water shortages experienced in the area and (2) an assessment of
the public water supply system's available capacity.

NRC's analysis of impacts to the public water supply system considered both plant demand and
plant-related population growth demands on local water resources. As discussed in
Section 3.2, no refurbishment is planned for PVNGS and no refurbishment impacts are
therefore expected. As Section 3.4 indicates, APS anticipates no increase in PVNGS
employment attributable to license renewal. Section 2.6 describes the PVNGS regional
demography. Section 2.9.1 describes the public water supply systems in the area, their
permitted capacities, and current demands. Accordingly, the following discussion focuses on
impacts of continued operations on local public utilities.

PVNGS obtains potable water primarily from two of four onsite groundwater wells. Between
2001 and 2005, the PVNGS domestic water system averaged 1,232 gpm of groundwater.
Operations- or staff-related plant water use is not expected to change during the license
renewal term. Currently, area municipal water suppliers have additional capacity and local
water system planners are using various programs and technologies to ensure adequate water
supplies for future use. Because APS has no plans to increase PVNGS staffing for license
renewal activities, there would be no increase in area population. Therefore, APS concludes
that impacts on public water supply would be SMALL and not require mitigation.
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EDUCATION IMPACTS FROM REFURBISHMENT

NRC

The environmental report must contain "...[a]n assessment of the impact of the
proposed action on.. .public schools (impacts from refurbishment activities only)
within the vicinity of the plant...." 10 CFR 51.53(c)(3)(ii)(I)

"...Most sites would experience impacts of small significance but larger impacts
are possible depending on site- and project-specific factors...." 10 CFR 51,
Subpart A, Table B-I, Issue 66

"...[S]mall impacts are associated with project-related enrollment increases of 3
percent or less. Impacts are considered small if there is no change in the school
systems' abilities to provide educational services and if no additional teaching
staff or classroom space is needed. Moderate impacts are generally associated
with 4 to 8 percent increases in enrollment. Impacts are considered moderate if
a school system must increase its teaching staff or classroom space even slightly
to preserve its pre-project level of service .... Large impacts are associated with
project-related enrollment increases above 8 percent...." (NRC 1996).

NRC made refurbishment-related impacts to education a Category 2 issue because site- and
project-specific factors determine the significance of impacts (NRC 1996). Local factors to be
ascertained include: (1) project-related enrollment increases and (2)status of the
student/teacher ratio.

The issue of education impacts from refurbishment is not applicable to PVNGS because, as
discussed in Section 3.2, APS has no plans for refurbishment or other license-renewal-related
construction activities at PVNGS.
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4.17 OFFSITE LAND USE

4.17.1 Offsite Land Use - Refurbishment

NRC

The environmental report must contain "...an assessment of the impact of the
proposed action on... land-use... (impacts from refurbishment activities only)
within the vicinity of the plant..." 10 CFR 51.53(c)(3)(ii)(I)

"..Impacts may be of moderate significance at plants in low population areas...."
10 CFR 51, Subpart A, Appendix B, Table B-i, Issue 68

"...[I]f plant-related population growth is less than 5 percent of the study area's
total population, off-site land-use changes would be small, especially if the study
area has established patterns of residential and commercial development, a
population density of at least 60 persons per square mile, and at least one urban
area with a population of 100,000 or more within 50 miles...." (NRC 1996).

NRC made impacts to offsite land use as a result of refurbishment activities a Category 2 issue
because land-use changes could be considered beneficial by some community members and
adverse by others. Local conditions to be ascertained include: (1) plant-related population
growth, (2) patterns of residential and commercial development, and (3) proximity to an urban
area with a population of at least 100,000.

This issue is not applicable to PVNGS because, as Section 3.2 discusses, APS has no plans for
refurbishment at PVNGS.
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4.17.2 Offsite Land Use - License Renewal Term

NRC

The environmental report must contain "...an assessment of the impact of the
proposed action on ... land-use... within the vicinity of the plant..." 10 CFR
51.53(c)(3)(ii)(I)

"Significant changes in land use may be associated with population and tax
revenue changes resulting from license renewal." 10 CFR 51, SubpartA,
Appendix B, Table B-1, Issue 69

"...[I]f plant-related population growth is less than five percent of the study area's
total population, off-site land-use changes would be small..." (NRC 1996).

"If the plant's tax payments are projected to be small, relative to the community's
total revenue, new tax-driven land-use changes during the plant's license
renewal term would be small, especially where the community has pre-
established patterns of development and has provided adequate public services
to support and guide development." (NRC 1996).

NRC made impacts to offsite land use during the license renewal term a Category 2 issue
because land-use changes may be perceived as beneficial by some community members and
adverse by others. Therefore, NRC could not assess the potential significance of site-specific
offsite land-use impacts (NRC 1996). Site-specific factors to be considered in an assessment of
new tax-driven land-use impacts include: (1) the size of plant-related population growth
compared to the area's total population, (2) the size of the plant's tax payments relative to the
community's total revenue, (3) the nature of the community's existing land-use pattern, and
(4) the extent to which the community already has public services in place to support and guide
development.

The Generic Environmental Impact Statement (GELS) (NRC 1996) presents an analysis of
offsite land use for the renewal term that is characterized by two components: population-driven
and tax-driven impacts.

Population-Related Impacts

Based on the GElS case-study analysis, NRC concluded that all new population-driven land-use
changes during the license renewal term at all nuclear plants would be small. Population
growth caused by license renewal would represent a much smaller percentage of the local
area's total population than the percentage presented by operations-related growth (NRC 1996).

Tax-Revenue-Related Impacts

Determining tax-revenue-related land use impacts is a two-step process. First, the significance
of the plant's tax payments on taxing jurisdictions' tax revenues is evaluated. Then, the impact
of the tax contribution on land use within the taxing jurisdiction's boundaries is assessed.
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Tax Payment Significance

NRC has determined that the significance of tax payments as a source of local government
revenue would be large if the payments are greater than 20 percent of revenue, moderate if the
payments are between 10 and 20 percent of revenue, and small if the payments are less than
10 percent of revenue (NRC 1996).

Land Use Significance

NRC defined the magnitude of land-use changes as follows (NRC 1996):

Small - very little new development and minimal changes to an area's land-use pattern.

Moderate - considerable new development and some changes to land-use pattern.

Large - large-scale new development and major changes in land-use pattern.

NRC further determined that, if the plant's tax payments are projected to be small, relative to the
community's total revenue, new tax-driven land-use changes during the plant's license renewal
term would be small, especially where the community has pre-established patterns of
development and has provided adequate public services to support and guide development
(NRC 1996).

PVNGS Tax Impacts

Table 2-4 provides a comparison of total tax payments made by PVNGS to Maricopa County
and Maricopa County's annual property tax revenues. For the years 2001 through 2006,
PVNGS's property taxes have represented 1.3 to 1.8 percent of Maricopa County's total tax
revenues. Using NRC's criteria, PVNGS's tax payments are of small significance to Maricopa
County.

PVNGS Land Use Impacts

As stated in Section 2.8, from 1990 to 2000, Maricopa County's population growth rate was
44.8 percent (Section 2.6). Over the same period, the number of housing units in Maricopa
County increased by 31.3 percent. The Phoenix-Mesa-Scottsdale, AZ MSA, which contains
Maricopa County, was the 14 th largest and 5th fastest growing MSA in the United States
(Section 2.6). Approximately two-thirds of the Maricopa Association of Government (MAG)
region's (Section 2.8) population growth has been through in-migration. The primary reasons
for such growth have been ample employment opportunities, affordable housing, and a
moderate cost of living.

The MAG region's urban development has been characterized as increasingly dispersed. The
dispersal has been attributed to the region's flat topography and the availability of land on the
edges of the urban areas. Most development has occurred in the West Valley, northern Pinal
County, and the North Valley, however, all urban edges are being developed to some extent.
Planners expect this trend to continue. More than half of the land in the MAG region is still
available for development.

Local and regional planners use comprehensive land use planning, zoning, and subdivision
regulations to control development. They encourage growth in areas where public facilities
such as water and sewer systems exist or are scheduled to be built in the future. They also
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promote the preservation of the communities' natural resources, but have no growth control
measures.

In conclusion, there will be no increase in license renewal-related population. Also, using
NRC's criteria, PVNGS's tax payments are of SMALL significance to Maricopa County.

The Phoenix-Mesa-Scottsdale, AZ MSA is one of the fastest growing regions in the United
States. Relative to the size of the surrounding population and level of commercial and industrial
activity in this region, PVNGS has had a small impact on the local economy and tax base. The
tax base is very large and tax payments made by PVNGS are comparatively small. Any
changes to the infrastructures of Maricopa County would be attributable to the large population
inmigration already experienced by the County and a large pool of residential, industrial, and
commercial tax payers.

License renewal would not generate additional tax revenues, but would continue the small
beneficial impact of the plant on the county. Therefore, the land-use impacts of PVNGS' license
renewal term are expected to be SMALL, with very little new development and minimal changes
to the area's land-use pattern.
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TRANSPORTATION

NRC

The environmental report must "...assess the impact of highway traffic generated
by the proposed project on the level of service of local highways during periods
of license renewal refurbishment activities and during the term of the renewed
license." 10 CFR 51.53(c)(3)(ii)(J)

"...Transportation impacts.. .are generally expected to be of small significance.
However, the increase in traffic associated with additional workers and the local
road and traffic control conditions may lead to impacts of moderate or large
significance at some sites...." 10 CFR 51, Subpart A, Appendix B, Table B-i,
Issue 70

Small impacts would be associated with U.S. Transportation Research Board
Level of Service A, having the following condition: "...Free flow of the traffic
stream; users are unaffected by the presence of others." and Level of Service B,
having the following condition: "...Stable flow in which the freedom to select
speed is unaffected but the freedom to maneuver is slightly diminished...." (NRC
1996)

NRC made impacts to transportation a Category 2 issue, because impact significance is
determined primarily by road conditions existing at the time of license renewal, which NRC
could not forecast for all facilities (NRC 1996). Local road conditions to be ascertained are:
(1) level of service conditions and (2) incremental increases in traffic associated with
refurbishment activities and license renewal staff.

As described in Section 3.2, no refurbishment is planned and no refurbishment impacts to local
transportation are therefore anticipated. As described in Section 3.4, no additional license
renewal employment increment is expected. Therefore, APS expects license-renewal impacts
to transportation to be SMALL and mitigation would not be necessary.
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4.19 HISTORIC AND ARCHAEOLOGICAL RESOURCES

NRC

The environmental report must contain an assessment of "...whether any
historic or archaeological properties will be affected by the proposed project." 10
CFR 51.53(c)(3)(ii)(K)

"Generally, plant refurbishment and continued operation are expected to have no
more than small adverse impacts on historic and archaeological resources.
However, the National Historic Preservation Act requires the Federal agency to
consult with the State Historic Preservation Officer to determine whether there
are properties present that require protection." 10 CFR 51, Subpart A, Appendix
B, Table B-i, Issue 71

"Sites are considered to have small impacts to historic and archaeological
resources if (1) the State Historic Preservation Officer (SHPO) identifies no
significant resources on or near the site; or (2) the SHPO identifies (or has
previously identified) significant historic resources but determines they would not
be affected by plant refurbishment, transmission lines, and license-renewal term
operations and there are no complaints from the affected public about altered
historic character; and (3) if the conditions associated with moderate impacts do
not occur." (NRC 1996).

NRC made impacts to historic and archaeological resources a Category 2 issue, because
determinations of impacts to historic and archaeological resources are site-specific and the
National Historic Preservation Act mandates that impacts must be determined through
consultation with the State Historic Preservation Officer (NRC 1996).

In the FES for operations (NRC 1982), NRC concluded that, based on the surveys undertaken
and the mitigation plans developed, the operation of PVNGS would not adversely impact
archaeological resources or historic sites. NRC staff committed to work with APS to get a
formal determination of eligibility to the Keeper- of the National Register for four sites in the
wastewater conveyance system and a letter from the New Mexico SHPO on the sites in the
Project 3 corridor (Section 2.11).

As discussed in Section 3.2, APS has no refurbishment plans and no refurbishment-related
impacts are anticipated. APS is not aware of any historic or archaeological resources that have
been affected by PVNGS operations, including operation and maintenance of transmission
lines.

APS is aware, however, that the site vicinity and the surrounding environs have potential for
containing cultural resources. APS has an environmental review and evaluation procedure to
ensure the protection of protected cultural resources. Because APS has no plans to construct
additional facilities at PVNGS during the license renewal term and the plant procedure should
protect any resources encountered during the license renewal term, APS concludes that
operation of generation and transmission facilities over the license renewal term would have
SMALL impacts to cultural resources; hence, no mitigation would be warranted.
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4.20 SEVERE ACCIDENT MITIGATION ALTERNATIVES

NRC

The environmental report must contain a consideration of alternatives to mitigate
severe accidents "...if the staff has not previously considered severe accident
mitigation alternatives for the applicant's plant in an environmental impact
statement or related supplement or in an environment assessment..." 10 CFR
51.53(c)(3)(ii)(L)

"...The probability weighted consequences of atmospheric releases, fallout onto
open bodies of water, releases to ground water, and societal and economic
impacts from severe accidents are small for all plants. However, alternatives to
mitigate severe accidents must be considered for all plants that have not
considered such alternatives...." 10 CFR 51, Subpart A, Appendix B, Table B-i,
Issue 76

Section 4.20 summarizes APS' analysis of alternative ways to mitigate the impacts of severe
accidents. Attachment D provides a detailed description of the severe accident mitigation
alternatives (SAMA) analysis.

The term "accident" refers to any unintentional event (i.e., outside the normal or expected plant
operation envelope) that results in the release or a potential for release of radioactive material to
the environment. NRC categorizes accidents as "design basis" or "severe." Design basis
accidents are those for which the risk is great enough that NRC requires plant design and
construction to prevent unacceptable accident consequences. Severe accidents are those that
NRC considers too unlikely to warrant design controls.

NRC concluded in its license renewal rulemaking that the unmitigated environmental impacts
from severe accidents met its Category 1 criteria. However, NRC made consideration of
mitigation alternatives a Category 2 issue because not all plants had completed ongoing
regulatory programs related to mitigation (e.g., individual plant examinations and accident
management). Site-specific information to be presented in the license renewal environmental
report includes: (1) potential SAMAs; (2) benefits, costs, and net value of implementing
potential SAMAs; and (3) sensitivity of analysis to changes in key underlying assumptions.

APS maintains a probabilistic safety assessment model to use in evaluating the most significant
risks of radiological release from PVNGS fuel into the reactor and from the reactor into the
containment structure. For the SAMA analysis, APS used the model output as input to an NRC-
approved model that calculates economic costs and dose to the public from hypothesized
releases from the containment structure into the environment (Attachment D). Then, using NRC
regulatory analysis techniques, APS calculated the monetary value of the unmitigated PVNGS
severe accident risk. The result represents the monetary value of the base risk of dose to the
public and worker, offsite and onsite economic impacts, and replacement power. This value
became a cost/benefit-screening tool for potential SAMAs; a SAMA whose cost of
implementation exceeded the base risk value could be rejected as being not cost-beneficial.

APS used industry, NRC, and PVNGS-specific information to create a list of 23 SAMAs for
consideration. APS analyzed this list and screened out SAMAs that would not apply to the
PVNGS design, that APS had already implemented, or that would achieve results that APS had
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already achieved by other means. APS prepared cost estimates for the remaining SAMAs and
used the base risk value to screen out SAMAs that would not be cost-beneficial.

APS calculated the risk reduction that would be attributable to each remaining candidate SAMA
(assuming SAMA implementation) and re-quantified the risk value. The difference between the
base risk value and the SAMA-reduced risk value became the averted risk, or the value of
implementing the SAMA. APS used this information in conjunction with the cost estimates for
implementing each SAMA to perform a detailed cost/benefit comparison.

APS performed additional analyses to evaluate how the SAMA analysis would change if certain
key parameters were changed, including re-assessing the cost benefit calculations using the
95 th percentile level of the failure probability distributions. The results of the uncertainty analysis

are discussed in Attachment D, Section D.7.

Based on the results of this SAMA analysis, none of the SAMAs have a positive net value.
However, when the 95th percentile PRA results are considered, SAMAs 6 and 17 are cost
beneficial. In addition, even though SAMA 23 produced a negative net value, APS decided to
consider this SAMA for potential implementation.

" SAMA 6: Develop Procedures to Guide Recovery Actions for Spurious Electrical
Protection Faults

* SAMA 17: Modify the Procedures to Preclude RCP Operations that Would Clear
the Water Seals in the Cold Leg After Core Damage

" SAMA 23: Provide Cost-Risk Analysis for Procedure Enhancements to Direct
Steam Generator Flooding for Release Scrubbing

None of these SAMAs are aging related. While these results are believed to accurately reflect
potential areas for improvement at PVNGS, APS notes that this analysis should not necessarily
be considered a formal disposition of these proposed changes, as other engineering reviews
are necessary to determine the ultimate resolution. APS will consider the three SAMAs using
the appropriate PVNGS design process outside the license renewal process.
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Table 4-1. Projected and Actual Wastewater Effluent (acre-feet)
1985 1990 1995 2000

FES-OP Projection for 9 1st Avenue plant' 143,470 177,810 211,800 247,740

91't Avenue plant actual 158,572 155,586 156,338 156,547
Source: NRC (1982); Lehner 2007
'The larger of the two estimates is the City of Phoenix estimate, which is reported here.

Table 4-2. Results of Induced Current Analysis.
Limiting Case

Induced Current
Transmission Line (milliamperes)

Devers <4.1a

Hassayampa #1 (analyzed to Kyrene) 3.0

Hassayampa #2 3.0

Hassayampa #3 4.9

Rudd 4.6

Westwing #1 4.6

Westwing #2 4.6

Source: TtNUS (2007a); TtNUS (2007b)
aElectric field measurements were taken at the location of greatest sag, not at the road crossing. The road
crossing would have lesser electric field strength and, thus, lesser induced current.
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Section 5.2
Terrorism

5.0 CHAPTER 5 - ASSESSMENT OF NEW AND SIGNIFICANT
INFORMATION

5.1 ASSESSMENT

NRC

"...The environmental report must contain any new and significant information
regarding the environmental impacts of license renewal of which the applicant is
aware." 10 CFR 51.53(c)(3)(iv)

The U.S. Nuclear Regulatory Commission (NRC) licenses the operation of domestic nuclear
power plants and provides for license renewal. License renewal applications must include an
environmental report (10 CFR 54.23) with the content as prescribed in 10 CFR 51. In an effort
to streamline the environmental review, NRC has resolved most of the environmental issues
generically and only requires an applicant's analysis of the remaining issues.

While NRC regulations do not require an applicant's environmental report to contain analyses of
the impacts of those environmental issues that have been generically resolved [10 CFR
51.53(c)(3)(i)], the regulations do require that an applicant identify any new and significant
information of which the applicant is aware [10 CFR 51.53(c)(3)(iv)]. The purpose of this
requirement is to alert NRC staff to such information so the staff can determine whether to seek
the Commission's approval to waive or suspend application of the rule with respect to the
affected generic analysis. NRC has explicitly indicated, however, that an applicant is not
required to perform a site-specific validation of Generic Environmental Impact Statement for
License Renewal of Nuclear Plants (GELS) conclusions (NRC 1996a).

APS expects that new and significant information would include:

" Information that identifies a significant environmental issue not covered in the GElS and
codified in the regulation, or

* Information that was not covered in the GElS analyses and that leads to an impact
finding different from that codified in the regulation.

NRC does not specifically define the term "significant." For the purpose of its review, APS used
guidance available in Council on Environmental Quality (CEQ) regulations. The National
Environmental Policy Act authorizes CEQ to establish implementing regulations for federal
agency use. NRC requires license renewal applicants to provide NRC with input, in the form of
an environmental report, that NRC will use to meet National Environmental Policy Act
requirements as they apply to license renewal (10 CFR 51.10). CEQ guidance provides that
federal agencies should prepare environmental impact statements for actions that would
significantly affect the environment (40 CFR 1502.3), focus on significant environmental issues
(40 CFR 1502.1), and eliminate from detailed study issues that are not significant
[40 CFR 1501.7(a)(3)]. The CEQ guidance includes a lengthy definition of "significantly" that
requires consideration of the context of the action and the intensity or severity of the impact(s)
(40 CFR 1508.27). APS expects that moderate or large impacts, as defined by NRC, would be
significant. Chapter 4 presents the NRC definitions of "moderate" and "large" impacts.
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The new and significant assessment process that APS used during preparation of this license
renewal application included: (1) interviews with APS and PVNGS subject experts on the
validity of the conclusions in the GElS as they relate to PVNGS, (2) an extensive review of
documents related to environmental issues at PVNGS, (3) correspondence with state and
federal agencies to determine if the agencies had concerns not addressed in the GElS
(Attachments B and C), (4) a review of reports submitted to NRC in accordance with Section 5.4
of the Environmental Protection Plan, (5) a review of other license renewal applications for
pertinent issues, (6) credit for the oversight provided by inspections of plant facilities by state
and federal regulatory agencies, and (7) interfaces with allied nuclear plants under the Strategic
Teaming and Resource Sharing alliance.

APS is aware of no new and significant information regarding the environmental impacts of
renewing the Palo Verde Nuclear Generating Station (PVNGS) operating licenses.

While APS recognizes that the Commission has held that, under NEPA, an applicant for a
renewed operating license(s) need not consider the impacts of terrorism (AmerGen 2007), it
also recognizes the ruling of the United States Court of Appeals for the Ninth Circuit regarding
the consideration of terrorism in NRC licensing actions (Ninth Circuit 2006). Therefore, because
PVNGS is located in the Ninth Circuit, and as a matter of discretion, APS has included the
following discussion in this ER.

Because PVNGS is already an operating nuclear generating facility, the consideration of risk
posed by a term of renewed plant operation is not necessarily the same as that associated with
licensing a new nuclear facility. Thus, consideration of the possible environmental impacts of a
terrorist attack at an existing facility must take into account the protections afforded an existing
facility and recognize that it is already sited and has been operating for at least 20. Moreover,
as a threshold matter, it is imperative to note that the possibility of a terrorist attack affecting the
operation of PVNGS is very remote and that postulating potential environmental impacts from a
terrorist attack involves substantial speculation.

In this regard, the PVNGS has had active and robust security measures in place since initial
operation including a trained armed security force and multiple physical barriers surrounding the
Owner Controlled Area and Protected Area. State of the art sensors monitor the Owner
Controlled Area and Protected Area and are monitored on a 24-hour basis by dedicated security
force staff. Contingency plans have been developed for potential security related events.
Personnel access to the Protected Area and vital areas is restricted by electronic measures to
prevent unauthorized entry, and access level is based on employment position needs.
Employees with access to the Protected Area undergo detailed background checks, and all
personnel seeking access to the Owner Controlled Area must undergo a search and
demonstrate a legitimate need to access the Owner Controlled Area to the security force prior to
entry.

Details of the security procedures and systems are safeguards information that are restricted to
those employees with a need to know. Following the events of September 11, 2001, the NRC
issued increased security requirements, and PVNGS has complied with those requirements.
Thus, it is highly unlikely that a hostile force could successfully overcome these security
measures and gain entry into the sensitive facilities, and even less likely that they could do this
quickly enough to prevent operators from putting plant reactors into safe shutdown mode.

A security threat that is more frequently identified by members of the public or in the media,
however, is an attack using hijacked jet airliners. The likelihood of this occurring is equally
remote in light of heightened security awareness, but this threat has been carefully studied.
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The Nuclear Energy Institute (NEI) commissioned the Electric Power Research Institute (EPRI)
to conduct an impact analysis of a large jet airliner being purposefully crashed into sensitive
nuclear facilities, including nuclear reactor containment buildings, used fuel storage ponds, used
fuel dry storage facilities, and used fuel transportation containers. The EPRI analysis was peer
reviewed upon completion. Using conservative analyses, EPRI concluded that there would be
no release of radionuclides from nuclear facilities or containers, as they are already designed to
withstand potentially destructive events.

Nuclear reactor containment buildings, for example, have thick concrete walls with heavy
reinforcing steel. They are designed to withstand, among other things, large earthquakes,
extreme overpressures, and tornado and hurricane-force winds. Using computer models, a
large transport category multiengine jet aircraft was crashed into containment structures that
were representative of all U.S. nuclear power containment types. The containment structures
suffered some crushing and chipping at the maximum impact point but were not breached. The
results of this analysis are summarized in an NEI paper entitled, "Aircraft Crash Impact
Analyses Demonstrate Nuclear Power Plant's Structural Strength" (NEI 2002). (For security
reasons, the EPRI analysis has not been publicly released).

The EPRI analysis is fully consistent with research conducted by the NRC. When NRC recently
considered such threats, then-NRC Commissioner McGaffigan observed (NRC 2007):

As NRC has said repeatedly, our research showed that in most (the vast majority
of) cases an aircraft attack would not result in anything more than a very
expensive industrial accident in which no radiation release would occur. In those
few cases where a radiation release might occur, there would be no challenge to
the emergency planning basis currently in effect to deal with all beyond-design-
basis events, whether generated by mother nature, or equipment failure, or
terrorists.

In the very remote likelihood that a terrorist attack did successfully breach the physical and
other safeguards at PVNGS resulting in the release of radionuclides, the consequences of such
a release are reasonably discussed in the GElS (NRC 1996b). In the GELS, the Commission
discussed sabotage as the potential initiator of a severe accident. The Commission generically
determined the risk to be of small significance for all nuclear power plants. Thus, no further
evaluation of the potential environmental impacts of a terrorist attack is necessary because the
GElS analysis of severe accident consequences bounds the potential consequences that might
result from a large scale radiological release, irrespective of the initiating cause.

Finally, no matter how small the risk of a radiological emergency, the NRC requires all nuclear
power plants to have and periodically test emergency plans that are coordinated with federal,
state and local responders. The goal of preparedness is to reduce the risk to the public during
an emergency. In an emergency, the NRC and APS would activate their Incident Response
Programs. APS specialists would evaluate the situation and identify ways to end the
emergency, while the NRC would monitor the event closely, keeping government offices
informed. If a radiation release occurred, then the plant would make protective action
recommendations to state and local officials, such as evacuating areas around the plant
(NRC 2008).
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License Renewal Impacts

6.0 CHAPTER 6 - SUMMARY OF LICENSE RENEWAL IMPACTS
AND MITIGATING ACTIONS

6.1 LICENSE RENEWAL IMPACTS

APS has reviewed the environmental impacts of renewing the PVNGS operating license and
has concluded that all impacts would be SMALL and would not require additional mitigation.
This environmental report documents the basis for APS' conclusion. Chapter 4 incorporates by
reference the NRC findings for the 33 Category 1 issues that apply to PVNGS, all of which have
impacts that are SMALL (Attachment A, Table A-i). Chapter 4 also analyzes Category 2
issues, all of which are either not applicable or, have impacts that would be SMALL. Table 6-1
identifies the impacts that PVNGS license renewal would have on resources associated with
Category 2 issues.
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Section 6.2
Mitigation

MITIGATION

NRC

"The report must contain a consideration of alternatives for reducing adverse
impacts...for all Category 2 license renewal issues...." 10 CFR 51.53(c)(3)(iii)

"...The environmental report shall include an analysis that considers and
balances.. .alternatives available for reducing or avoiding adverse environmental
effects ....." 10 CFR 51.45(c) as incorporated by 10 CFR 51.53(c)(2) and
10 CFR 51.53(c)(3)(iii)

All impacts of license renewal are SMALL and would not require mitigation (Section 4.13).
Current operations include monitoring activities that would continue during the term of the
license renewal. APS performs routine monitoring activities to ensure the safety of workers, the
public, and the environment. These activities include:

" The Radiological Environmental Monitoring Program

* Water quality monitoring

* Emissions monitoring

" Groundwater level monitoring

* Environmental Protection Plan monitoring and reporting requirements

These monitoring programs and activities ensure that the plant's permitted emissions and
discharges are within regulatory limits and any unusual or off-normal emissions or discharges
would be quickly detected, thus, mitigating potential impacts.
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Section 6.3
Unavoidable Adverse Impacts

UNAVOIDABLE ADVERSE IMPACTS

NRC

The environmental report shall discuss "Any adverse environmental effects which
cannot be avoided should the proposal be implemented". 10 CFR 51.45(b)(2) as
adopted by 10 CFR 51.53(c)(2)

This environmental report adopts by reference NRC findings for applicable Category 1 issues,
including discussions of any unavoidable adverse impacts (Attachment A, Table A-1). APS
examined the 11 Category 2 issues applicable to PVNGS (Section 4.0) and identified the
following unavoidable adverse impacts of license renewal. However, the impacts are not a
result of license renewal specifically, but are continuations of existing impacts.

" PVNGS would continue to use approximately 1,200 gpm of groundwater from the
Hassayampa subbasin. This water would be unavailable for other uses.

" Because the land surrounding the plant is flat, some structures are visible from offsite.
This visual impact would continue during the license renewal term.

" Procedures for the disposal of sanitary, chemical, and radioactive wastes are intended to
reduce adverse impacts from these sources to acceptably low levels. A small impact
would be present as long as the plant is in operation. Solid radioactive wastes are a
product of plant operations and long-term disposal of these materials is addressed in
NRC's waste confidence rule.

" Operation of PVNGS results in a very small increase in radioactivity in the air. However,
fluctuations in doses from natural background radiation may be expected to exceed the
small incremental increase in dose to the local population attributable to continued plant
operation. Operation of PVNGS also establishes a very low probability risk of accidental
radiation exposure to inhabitants of the area.

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 6-3



6.4

Section 6.4
Irreversible and Irretrievable Resource Commitments

IRREVERSIBLE AND IRRETRIEVABLE RESOURCE
COMMITMENTS

NRC

The environmental report shall discuss "Any irreversible and irretrievable
commitments of resources which would be involved in the proposed action
should it be implemented." 10 CFR 51.45(b)(5) as adopted by 10 CFR
51.53(c)(2)

The continued operation of PVNGS for the license renewal term would result in the following
irreversible and irretrievable resource commitments:

" Nuclear fuel, which is consumed in the reactor and converted to radioactive waste

" The land required to dispose of spent nuclear fuel and low-level radioactive wastes
generated as a result of plant operations, and solid and sanitary wastes generated from
normal industrial operations

" Elemental materials that would become radioactive

* Materials used for the normal industrial operations of the plant that cannot be recovered
or recycled or that are consumed or reduced to unrecoverable forms
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6.5 SHORT-TERM USE VERSUS LONG-TERM PRODUCTIVITY
OF THE ENVIRONMENT

NRC

The environmental report shall discuss "The relationship between local short-
term uses of man's environment and the maintenance and enhancement of long-
term productivity ....." 10 CFR 51.45(b)(4) as adopted by 10 CFR 51.53(c)(2)

The current balance between short-term use and long-term productivity at PVNGS was
established when the plant began operating in 1984. The PVNGS Final Environmental
Statement for Construction (NRC 1975) evaluated the impacts of constructing and operating
PVNGS in Maricopa County, Arizona. Approximately 4,280 acres were acquired for the plant
and buffer areas, and approximately 15 square miles are used for transmission line corridors.
The plant withdraws approximately 2,000 acre-feet of groundwater per year for potable water
and uses recycled waste water from Phoenix for cooling water. Maricopa County is desert with
marginal agricultural lands. PVNGS converted 4,280 acres of marginal agricultural land to
energy production, which enhances the economic stability of the region. The land uses in the
transmission corridor rights-of-way generally have not changed as a result of construction of
transmission lines - agricultural land and desert remain under the lines.

After decommissioning, groundwater withdrawal would cease, and some restoration of the site
would occur. It is likely that the recycled waste water ponds and evaporation ponds would be
remediated and closed and the waste water transferred to agricultural and other purposes.
Thus, the "trade-off" between the production of electricity and changes in the local environment
is reversible to some extent.

Experience with other experimental, developmental, and commercial nuclear plants has
demonstrated the feasibility of decommissioning and dismantling such plants sufficiently to
restore a site to its former use. The degree of dismantlement, would take into account the
intended new use of the site and a balance among health and safety considerations, salvage
values, and environmental impact. However, decisions on the ultimate disposition of these
lands have not yet been made. Continued operation for an additional 20 years would not
increase the short-term productivity impacts described here.
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6.6 TABLES

Table 6-1. Category 2 Environmental Impacts Related to License Renewal at PVNGS.

No. Issue Environmental Impact

Surface Water Quality, Hydrology, and Use (for all plants)

13 Water use conflicts (plants SMALL. Cooling water is piped from Phoenix wastewater
with cooling ponds or cooling treatment facilities rather than being discharged to the Gila
towers using make-up water River. PVNGS uses approximately 35 percent of its contracted
from a small river with low allocation. If this treated effluent were not used by PVNGS, it
flow) would be available for use under contract by other commercial

activities and for irrigation. The amount of water used by
PVNGS is approximately 11 percent of the average annual flow
of the Gila River at the USGS gaging station at Estrella
Parkway.

Aquatic Ecology (for plants with once-through and cooling pond heat dissipation systems)

25 Entrainment of fish and None. PVNGS has a closed cycle cooling system that does not
shellfish in early life stages withdraw cooling water from surface water.

26 Impingement of fish and None. PVNGS has a closed cycle cooling system that does not
shellfish in early life stages withdraw cooling water from surface water.

27 Heat shock None. PVNGS has a closed cycle cooling system that
discharges cooling water to lined evaporation ponds.

Groundwater Use and Quality

33 Groundwater use conflicts SMALL. PVNGS withdraws approximately 1,200 gallons per
(potable and service water,
and dewatering; plants that
use > 100 gpm)

34 Groundwater use conflicts
(plants using cooling towers or
cooling ponds that withdraw
make-up water from a small
river)

35 Groundwater use conflicts
(Ranney wells)

39 Groundwater quality
degradation (cooling ponds at
inland sites)

minute. A predicted conservative drawdown of 8.3 feet at the
property boundary would occur during the life of the current
operating permit. An additional 0.5 feet of drawdown would
occur during the license renewal period. PVNGS uses 6.8
percent of the Hassayampa sub-basin groundwater.

SMALL. Cooling water is piped from Phoenix wastewater
treatment facilities, but the waste water could have been
discharged to the Gila River, a small river, if it were not being
used by PNVGS. The cooling water represents 0.05 percent of
the groundwater in the Phoenix metropolitan area and 0.1
percent of the groundwater in the Phoenix active management
area.

None. PVNGS does not use Ranney wells. Therefore, this
issue does not apply.

None. PVNGS does not use cooling ponds. Therefore, this
issue does not apply.
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Table 6-1. Category 2 Environmental Impacts Related to License Renewal at PVNGS.
(Continued)

No. Issue Environmental Impact

Terrestrial Resources

40 Refurbishment impacts None. No impacts are expected because PVNGS will not undertake
refurbishment. Therefore, this issue does not apply.

Threatened or Endangered Species

49 Threatened or endangered SMALL. APS does not plan to alter current operations over the
species license renewal period. Neither APS nor natural resource agencies

have identified any concerns about impacts of current operations.

Air Quality

50 Air quality during None. No impacts are expected because PVNGS will not undertake
refurbishment (nonattainment refurbishment. Therefore, this issue does not apply.
and maintenance areas)

Human Health

57 Microbiological organisms None. PVNGS does not discharge to surface waters. Therefore,
(plants using lakes or canals, this issue does not apply.
or cooling towers or cooling
ponds that discharge to a
small river)

59 Electric shock from SMALL. The induced currents at the seven locations under the
transmission line-induced PVNGS transmission lines are less than 5.0 milliamperes, which is
currents the National Electric Safety Code standard for preventing electric

shock from induced current.

Socioeconomics

63 Housing impacts

65 Public services: public utilities

66 Public services: education
(refurbishment)

68 Offsite land use
(refurbishment)

69 Offsite land use (license
renewal term)

70 Public services: transportation

SMALL. For the purpose of license renewal, APS does not plan on
any refurbishment and does not plan to add employees. Therefore,
there would be no increased demand on housing because of license
renewal.

SMALL. For the purpose of license renewal, APS does not plan on
any refurbishment and does not plan to add employees. Therefore,
there would be no increased demand on public utilities because of
license renewal.

None. No impacts are expected because PVNGS would not
undertake refurbishment. Therefore, this issue does not apply.

None. No impacts are expected because PVNGS would not
undertake refurbishment. Therefore, this issue does not apply.

SMALL. Although APS and the other owners pay a large amount of
tax, the amount is not a significant fraction of Maricopa County tax
revenues. License renewal would not generate additional tax
revenues, but would continue the small beneficial impact of the plant
on the county. Therefore, continued operation is expected to have a
SMALL impact on local land use.

SMALL. For the purpose of license renewal, APS does not plan on
any refurbishment and does not plan to add employees. Therefore,
there would be no increased demand on the local transportation
infrastructure because of license renewal.
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Table 6-1. Category 2 Environmental Impacts Related to License Renewal at PVNGS.
(Continued)

No. Issue Environmental Impact

71 Historic and archaeological SMALL. APS does not plan on any refurbishment or
resources transmission-line corridor changes during the license renewal

term. Continued plant site operations are not expected to
impact cultural resources. The Arizona State Historic
Preservation Office concurs.

Postulated Accidents

76 Severe accidents SMALL. The benefit/cost analysis did not identify any cost-
effective aging-related severe accident mitigation alternatives.
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Section 7.0
Alternatives to the Proposed Action

7.0 CHAPTER 7 - ALTERNATIVES TO THE PROPOSED ACTION

NRC

The environmental report shall discuss "Alternatives to the proposed action..." 10
CFR 51.45(b)(3), as adopted by reference at 10 CFR 51.53(c)(2)

"...The report is not required to include discussion of need for power or economic
costs and benefits of ... alternatives to the proposed action except insofar as
such costs and benefits are either essential for a determination regarding the
inclusion of an alternative in the range of alternatives considered or relevant to
mitigation...." 10 CFR 51.53(c)(2)

"While many methods are available for generating electricity, and a huge number
of combinations or mixes can be assimilated to meet a defined generating
requirement, such expansive consideration would be too unwieldy to perform
given the purposes of this analysis. Therefore, NRC has determined that a
reasonable set of alternatives should be limited to analysis of single, discrete
electric generation sources and only electric generation sources that are
technically feasible and commercially viable...." (NRC 1996a).

"...The consideration of alternative energy sources in individual license renewal
reviews will consider those alternatives that are reasonable for the region,
including power purchases from outside the applicant's service area...." (NRC
1996b).

Chapter 7 evaluates alternatives to PVNGS license renewal. The chapter identifies actions that
the owners of PVNGS [i.e., Arizona Public Service Company (APS), Salt River Project, El Paso
Electric Company, Southern California Edison, Public Service Company of New Mexico,
Southern California Public Power Authority, and the Los Angeles Dept. of Water & Power] might
take, and associated environmental impacts, if NRC chooses not to renew the plant's operating
licenses. The chapter also addresses PVNGS actions that the owners of PVNGS have
considered, but would not take, and identifies bases for determining that such actions would be
unreasonable.

APS divided its alternatives discussion into two categories, "no-action" and "alternatives that
meet system generating needs." In considering the level of detail and analysis that it should
provide for each category, APS relied on the NRC decision-making standard for license
renewal:

..the NRC staff, adjudicatory officers, and Commission shall determine whether
or not the adverse environmental impacts of license renewal are so great that
preserving the option of license renewal for energy planning decision makers
would be unreasonable. [10 CFR 51.95(c)(4)]

APS has determined that the analysis of alternatives should focus on comparative impacts,
specifically whether an alternative's impacts would be greater, smaller, or similar to the
proposed action.

Providing additional detail or analysis serves no function if it only brings to light additional
adverse impacts of alternatives to license renewal. This approach is consistent with regulations
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of the Council on Environmental Quality, which provide that the consideration of alternatives
(including the proposed action) should enable reviewers to evaluate their comparative merits
(40 CFR 1500-1508). APS considers Chapter 7 sufficient with regard to providing detail about
alternatives to establish the basis for necessary comparisons to the Chapter 4 discussion of
impacts from the proposed action.

In characterizing environmental impacts from alternatives, APS has used the same definitions of
SMALL, MODERATE, and LARGE that are presented in the introduction to Chapter 4.
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7.1 NO-ACTION ALTERNATIVE

APS uses "no-action alternative" to refer to a scenario in which NRC does not renew the
PVNGS operating license. Components of this alternative include replacing the generating
capacity of PVNGS and decommissioning the facility, as described below.

PVNGS provides approximately 4,020 megawatts of electricity to its owners and customers.
Any alternative would be unreasonable if it did not include replacing the baseload capacity of
PVNGS. Replacement alternatives include (1) building new generating capacity, (2) purchasing
power from the wholesale market, or (3) reducing power requirements through demand
reduction. Section 7.2.1 describes each of these possibilities in detail, and Section 7.2.2
describes environmental impacts from feasible alternatives.

The Generic Environmental Impact Statement (GELS) (NRC 1996a) defines decommissioning
as the safe removal of a nuclear facility from service and the reduction of residual radioactivity
to a level that permits release of the property for unrestricted use and termination of the license.
NRC-evaluated decommissioning options include immediate decontamination and
dismantlement and safe storage of the stabilized and defueled facility for a period of time,
followed by additional decontamination and dismantlement. Regardless of the option chosen,
decommissioning must be completed within a 60-year period. Under the no-action alternative,
APS would continue operating PVNGS until the existing licenses expire, then initiate
decommissioning activities in accordance with NRC requirements. The GElS describes
decommissioning activities based on an evaluation of a smaller reactor than the units at PVNGS
(the "reference" pressurized-water reactor is the 1,175-megawatt-electric [MWe] Trojan Nuclear
Plant). This description is applicable to decommissioning activities that APS would conduct at
PVNGS.

As the GElS notes, NRC has evaluated environmental impacts from decommissioning. NRC-
evaluated impacts include impacts of occupational and public radiation dose; impacts of waste
management; impacts to air and water quality; and ecological, economic, and socioeconomic
impacts. NRC indicated in the Final Generic Environmental Impact Statement on
Decommissioning of Nuclear Facilities; Supplement I (NRC 2002a) that the environmental
effects of greatest concern (i.e., radiation dose and releases to the environment) are
substantially less than the same effects resulting from reactor operations. APS adopts by
reference the NRC conclusions regarding environmental impacts of decommissioning.

APS notes that decommissioning activities and their impacts are not discriminators between the
proposed action and the no-action alternative. APS will have to decommission PVNGS
regardless of the NRC decision on license renewal; license renewal would only postpone
decommissioning for another 20 years. NRC has established in the GElS that the timing of
decommissioning operations does not substantially influence the environmental impacts of
decommissioning. APS adopts by reference the NRC findings (10 CFR 51, Appendix B,
Table B-1, Decommissioning) to the effect that delaying decommissioning until after the renewal
term would have small environmental impacts. The discriminators between the proposed action
and the no-action alternative are to be found within the choice of generation replacement
options. Section 7.2.2 analyzes the impacts from these options.

APS concludes that the decommissioning impacts under the no-action alternative would not be
substantially different from those occurring following license renewal, as identified in the GElS
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(NRC 1996a) and in the decommissioning generic environmental impact statement
(NRC 2002a). These impacts would be temporary and would occur at the same time as the
impacts from meeting system generating needs.
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7.2 ALTERNATIVES THAT MEET SYSTEM GENERATING
NEEDS

PVNGS has a net baseload capacity of 4,020 MWe, and in 2005 generated approximately 25.8
terawatt-hours of electricity (EIA 2006a). This power, equivalent to the energy used by
approximately 2,224,000 residential customers (SWEEP 2005), would be unavailable to
PVNGS' customers if its operating licenses were not renewed. If the PVNGS operating licenses
were not renewed, the owners of PVNGS would need to build new generating capacity,
purchase power, or reduce power requirements through demand reduction to ensure they meet
the electric power requirements of their customers.

APS considers the current mix of power generation options in Arizona to be one indicator of
what the owners of PVNGS consider to be feasible alternatives. In 2004, electric generators in
Arizona had a total generating capacity of 24,303 MWe. This capacity includes units fueled by
natural gas (39.1 percent), coal (22.2 percent), nuclear (15.7 percent), hydroelectric (12.0
percent), dual-fired (i.e., gas and oil; 10.4 percent), oil (0.5 percent), and non-hydroelectric
renewables (0.05 percent). In 2004, the electric industry in Arizona provided approximately 81.4
terawatt-hours of electricity. Actual utilization of generating capacity in Arizona was dominated
by coal (38.1 percent), followed by natural gas (27.0 percent), nuclear (26.9 percent),
hydroelectric (6.6 percent), other gases (1.3 percent), non-hydroelectric renewables
(0.05 percent) and oil (0.04 percent) (EIA 2006b). Figures 7-1 and 7-2 illustrate Arizona's
electric industry generating capacity and utilization, respectively.

Comparison of baseload generating capacity with actual utilization of this capacity indicates that
coal and nuclear are used by electric generators in Arizona substantially more, relative to their
capacity, than either oil-fired or gas-fired generation. This condition reflects the relatively low
fuel cost and baseload suitability for nuclear power and coal-fired plants, and relatively higher
use of oil and gas-fired units to meet peak loads. Comparison of capability and utilization for oil
and gas-fired facilities indicates a strong preference of gas firing over oil firing, indicative of
higher cost and greater air emissions associated with oil firing. Energy production from
renewable sources is similarly preferred from a cost standpoint, but capacity is limited and
utilization can vary substantially depending on resource availability.
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7.2.1 Alternatives Considered

Technology Choices

For the purposes of this environmental report, APS conducted evaluations of alternative
generating technologies to identify candidate technologies that would be capable of replacing
the net baseload capacity of the nuclear units at PVNGS.

Based on these evaluations, it was determined that feasible new plant systems to replace the
capacity of the PVNGS nuclear units are limited to pulverized-coal, gas-fired combined-cycle,
and new nuclear units for baseload operation. This conclusion is supported by the generation
utilization information presented above that identifies coal as the most heavily utilized non-
nuclear generating technology in the state. APS would use gas as the primary fuel in its
combined-cycle turbines because of the economic and environmental advantages of gas over
oil. Manufacturers now have large standard sizes of combined-cycle gas turbines that are
economically attractive and suitable for high-capacity baseload operation. For the purposes of
the PVNGS license renewal environmental report, APS has limited its analysis of new
generating capacity alternatives to the technologies it considers feasible: pulverized coal-fired,
gas-fired, and advanced nuclear units. APS chose to evaluate combined-cycle turbines in lieu
of simple-cycle turbines because the combined-cycle option is more economical. The benefits
of lower operating costs for the combined-cycle option outweigh its higher capital costs.

Mixture

NRC indicated in the GElS that, while many methods are available for generating electricity and
a large number of combinations or mixes can be assimilated to meet system needs, it would be
impractical to analyze all the combinations. Therefore, NRC determined that alternatives
evaluation should be limited to analysis of single discrete electrical generation sources and only
those electric generation technologies that are technically reasonable and commercially viable
(NRC 1996a). Consistent with the NRC determination, APS has not evaluated mixes of
generating sources. The impacts from coal-fired, gas-fired, and nuclear generation presented in
this chapter would bound the impacts from any combination of the three technologies.
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Electric Power Industry Restructuring

Nationally, the electric power industry has been undergoing a transition from a regulated
monopoly to a competitive market environment. Efforts to deregulate the electric utility industry
began with passage of the National Energy Policy Act of 1992. Provisions of this act required
electric utilities to allow open access to their transmission lines and encouraged development of
a competitive wholesale market for electricity. The Act did not mandate competition in the retail
market, leaving that decision to the states (NEI 2000).

On December 26, 1996, the Arizona Corporation Commission (ACC) formed the framework for
deregulation of the electric power industry with the passage of its Retail Electric Competition
Rule. The rule created a partially competitive market. On May 29, 1998, the Arizona
Legislature passed the Electric Power Competition Act that called for retail competition for all
electric consumers in the state by December 31, 2000. Both regulatory structures allow a
consumer to remain with the existing utility serving the geographic area or to choose
competitive services, including electricity generation, metering, meter reading, and billing and
collections (Davenport 2003).

Competition for electric generation existed from December 1999 through March 2001 when
multiple new companies were selling power in Arizona. However, economic conditions caused
these new companies to leave the Arizona retail market. Consumer demand to switch
companies was also low. In fact, only approximately 340 of the over 1.25 million customers
eligible for electric competition switched from their traditional service. The absence of
competitive electricity providers in Arizona's retail market combined with low consumer demand
has effectively suspended retail competition for electricity generation (Davenport 2003).

Although the legal framework for retail competition is in place, there is virtually no retail
competition in Arizona. None of the certified competitive suppliers are attempting to market to
residential customers and the few commercial and industrial customers that initially switched
suppliers have now returned to the incumbent utility. Should retail competition develop in the
future, all electricity customers in the area would be able to choose among competing power
suppliers, including those located outside the region. As such, electric generation would be
based on the customers' needs and preferences, the lowest price, or the best combination of
prices, services, and incentives.

Alternatives

The following sections present fossil-fuel-fired generation (Section 7.2.1.1), advanced light
water reactor (Section 7.2.1.2), and purchased power (Section 7.2.1.3) as reasonable
alternatives to license renewal. Section 7.2.1.4 discusses reduced demand and presents the
basis for concluding that it is not a reasonable alternative to license renewal. Section 7.2.1.5
discusses other alternatives that APS has determined are not reasonable and the APS bases
for these determinations.

7.2.1.1 Construct and Operate Fossil-Fuel-Fired Generation

APS analyzed locating hypothetical new coal- and gas-fired units at the existing PVNGS site
and at an undetermined greenfield site. APS concluded that PVNGS is the preferred site for
new construction because this approach would minimize environmental impacts by building on
previously disturbed land and by making the most use possible of existing facilities, such as
transmission lines, roads and parking areas, office buildings, and components of the cooling
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system. Locating hypothetical units at the existing site has, therefore, been applied to the coal-
and gas-fired units.

For comparability, APS selected gas- and coal-fired units of equal electric power capacity.
Three units, each with a net capacity of 1,314 MWe could be assumed to replace the
4,020-MWe PVNGS net capacity. However, industry experience indicates that, although
custom size units can be built, using standardized sizes is more economical. For example,
standard-sized units include a gas-fired combined-cycle plant of 780 MWe net capacity. Five of
these standard-sized units would have 3,900 MWe net capacity. For comparability, APS set the
net power of the coal-fired unit equal to the gas-fired plants (3,900 MWe). Although this
provides less capacity than the existing unit, it ensures against overestimating environmental
impacts from the alternatives. The shortfall in capacity could be replaced by other methods (see
Mixture in Section 7.2.1).

It must be emphasized, however, that these are hypothetical scenarios. APS does not have

plans for such construction at PVNGS.

Gas-Fired Generation

For purposes of this analysis, APS assumed development of a modern natural gas-fired
combined-cycle plant with design characteristics similar to those being developed elsewhere in
the west, and with a generating capacity similar to PVNGS. The High Desert Power Project in
Victorville, California meets these general criteria. Five units with similar equipment to the High
Desert Power Project would meet the criteria for replacing PVNGS capacity. Therefore, APS
used characteristics of this plant and other relevant resources in defining the PVNGS gas-fired
alternative. APS assumes that the representative plant would be located at the PVNGS site,
which offers potential advantages of existing infrastructure (e.g., cooling water system,.
transmission, roads, and technical and administrative support facilities). Table 7-1 presents the
basic gas-fired alternative characteristics.

Coal-Fired Generation

NRC has routinely evaluated coal-fired generation alternatives for nuclear plant license renewal.
In the GElS Supplement for McGuire Nuclear Station (NRC 2002b), NRC analyzed 2,400 MWe
of coal-fired generation capacity. APS has reviewed the NRC analysis, considers it to be
sound, and notes that it analyzed less generating capacity than the 3,900 MWe discussed in
this analysis. In defining the PVNGS coal-fired alternative, APS has used site- and Arizona-
specific input and has applied the NRC analysis, where appropriate.

Table 7-2 presents the basic coal-fired alternative emission control characteristics. APS based
its emission control technology and percent control assumptions on alternatives that the U.S.
Environmental Protection Agency (EPA) has identified as being available for minimizing
emissions (EPA 1998). APS assumes that the representative plant would be located at the
PVNGS site, which offers potential advantages of existing infrastructure (e.g., cooling water
system, transmission, roads, and technical and administrative support facilities). For the
purposes of analysis, APS has assumed that coal and lime (calcium oxide) would be delivered
to PVNGS via an existing rail spur.
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7.2.1.2 Construct and Operate New Nuclear Reactors

Since 1997, the NRC has certified four new standard designs for nuclear power plants under
10 CFR 52, Subpart B. These designs are the U.S. Advanced Boiling Water Reactor
(10 CFR 52, Appendix A), the System 80+ Design (10 CFR 52, Appendix B), the AP600 Design
(10 CFR 52, Appendix C), and the AP1000 Design (10 CFR 52, Appendix D). All of these
plants are light-water reactors. NRC evaluated 2,258 MWe of new nuclear generation capacity
as an alternative for the McGuire Nuclear Station (NRC 2002b). APS has reviewed the NRC
analysis, believes it to be sound, and notes that it analyzed less generating capacity than the
3,900 MWe discussed in this analysis. In defining the PVNGS new nuclear reactor alternative,
APS has used site- and Arizona-specific input and has scaled from the NRC analysis, where
appropriate. See Table 8-2 for a detailed description.

7.2.1.3 Purchased Power

APS has evaluated conventional and prospective power supply options that could be
reasonably implemented before the existing PVNGS license expires. The source of this
purchased power is speculative, but may reasonably include new generating facilities developed
within the PVNGS service territory, elsewhere in Arizona, or in neighboring states. The
technologies that would be used to generate this purchased power are similarly speculative.
APS assumes that the generating technology used to produce purchased power would be one
of those that NRC analyzed in the GElS. For this reason, APS is adopting by reference the
GElS description of the alternative generating technologies as representative of the purchase
power alternative. Of these technologies, facilities fueled by coal, combined-cycle facilities
fueled by natural gas, and advanced light-water reactor facilities are the most cost effective for
providing baseload capacity.

APS anticipates that additional transmission infrastructure would be needed in the event that the
owners of PVNGS purchase power to replace PVNGS capacity.

7.2.1.4 Demand Side Management

Demand-side management (DSM) programs reduce customer energy consumption and overall
electricity use. Because there would be no construction, there would be no new environmental
impacts created from this alternative. The owners of PVNGS offer a variety of DSM programs
that either conserve energy or allow the company to reduce customers' load requirements
during periods of peak demand. These DSM programs generally fall into three categories:

Conservation Programs

Educational programs that encourage the wise use of energy

Energy Efficiency Programs

Discounted residential rates for homes that meet specific energy efficiency
standards

Incentive programs that encourage customers to replace old, inefficient
appliances or equipment with new high-efficiency appliances or equipment
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Load Management Programs

Standby Generator Program - encourages customers to let electric companies
switch loads to the customer's standby generators during periods of peak
demand

Interruptible Service Program - encourages customers to allow blocks of their
load to be interrupted during periods of peak demand

Time-of-Use Pricing - encourages customers to discontinue usage during
specific times.

The owners of PVNGS consider reducing demand as an essential part of their operations, and
include the energy savings from DSM programs in their long-range plans for meeting projected
demand. The available energy savings from DSM programs are insufficient to maintain service
reliability to PVNGS customers in the face of population and employment growth in the region.
Energy conservation would offset only a small fraction of the energy supply lost by the shutdown
of PVNGS. For these reasons, APS determined that DSM programs are not an effective
substitute for large baseload units operating at high-capacity factors, including PVNGS.

7.2.1.5 Other Alternatives

This section identifies alternatives that APS has determined are not reasonable and the APS
bases for these determinations. APS accounted for the fact that PVNGS is a baseload
generator and that any feasible alternative to PVNGS would also need to be able to generate
baseload power. In performing this evaluation, APS relied heavily upon NRC's GElS
(NRC 1996a).

Wind

Wind power, by itself, is not suitable for large baseload generation. As discussed in
Section 8.3.1 of the GElS, wind has a high degree of intermittence, and average annual
capacity factors for wind plants are relatively low (less than 30 percent). Wind power, in
conjunction with energy storage mechanisms, might serve as a means of providing baseload
power. However, current energy storage technologies are too expensive for wind power to
serve as a large baseload generator.

Based on American Wind Energy Association (2002) estimates, Arizona has the technical
potential (the upper limit of renewable electricity production and capacity that could be brought
online, without regard to cost, market acceptability, or market constraints) for roughly
1,090 MWe of installed wind power capacity. The full exploitation of wind energy is constrained
by a variety of factors including land availability and land-use patterns, surface topography,
infrastructure constraints, environmental constraints, wind turbine capacity factor, wind turbine
availability, and grid availability. When these constraints on wind energy development are
considered, the achievable wind energy potential is expected to fall to approximately 20 to 40
percent of technical potential estimates or 218 to 436 MWe, which is substantially less than the
energy required (4,020 MWe) to replace the generating units at PVNGS.

Wind farms, the most economical wind option, generally consist of 10 to 50 turbines in the
1 to 3 MWe range. Estimates based on existing installations indicate that a utility-scale wind
farm would require about 50 acres per MWe of installed capacity. Wind farm facilities would
occupy 3 to 5 percent of the wind farm's total acreage (McGowan and Connors 2000).
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Assuming ideal wind conditions and a 35 percent capacity factor, a wind farm with a net output
of 4,020 MWe would require about 563,143 acres (880 square miles) of which about 16,894
acres (26 square miles) would be occupied by turbines and support facilities. Based on the
amount of land needed, the wind alternative would require a large greenfield site, which would
result in a large environmental impact. Additionally, wind plants have aesthetic impacts,
generate noise, and can harm flying birds and bats.

Arizona does not have sufficient wind resources for wind energy applications, the scale of this
technology is too small to directly replace a power plant of the size of PVNGS, capacity factors
are low (30 to 40 percent), and the land requirement (880 square miles) is large. Therefore,
APS has concluded that wind power is not a reasonable alternative to PVNGS license renewal.

Solar

There are two basic types of solar technologies that produce electrical power: photovoltaic and
solar thermal power. Photovoltaics convert sunlight directly into electricity using semiconducting
materials. Solar thermal power systems use mirrors to concentrate sunlight on a receiver
holding a fluid or gas, heating it, and causing it to turn a turbine or push a piston coupled to an
electric generator. Solar thermal systems can be equipped with a thermal storage tank to store
hot heat transfer fluid, providing thermal energy storage. By using thermal storage, a solar
thermal plant can provide dispatchable electric power (Leitner and Owens 2003).

Solar technologies produce more electricity on clear, sunny days with more intense sunlight and
when the sunlight is at a more direct angle (i.e., when the sun is perpendicular to the collector).
Cloudy days can significantly reduce output, and no solar radiation is available at night. To
work effectively, solar installations require consistent levels of sunlight (solar insolation) (Leitner
and Owens 2003).

The lands with the best solar resources are usually arid or semi-arid. In addition, the average
annual amount of solar energy reaching the ground needs to be 6.0 kilowatt-hours per square
meter per day or higher for solar thermal power systems (Leitner 2002). Arizona has an arid
climate and receives 6.75 to 7.75 kilowatt hours of solar radiation per square meter per day,
making it one of the best places in the world to generate electricity from solar energy
(NREL 2005). Recent estimates indicate that Arizona has the potential for roughly 285,567
MWe of solar power capacity (Leitner and Owens 2003).

The owners of PVNGS support the use of solar energy. APS has projects or future initiatives
representing more than 285 MW of solar thermal and photovoltaic generation throughout its
service area. These initiatives include research and demonstration projects, educational
programs, and working with customers to interconnect photovoltaic systems to the electrical grid
(PNW 2006).. APS recently announced a decision to purchase power generated by the Solana
Generating Station, a 280 MW concentrating solar plant to be built by 2011 near Yuma, Arizona
(APS 2008). The Salt River Project also has solar generating stations with almost 875 kW of
photovoltaic capacity (ADOC 2006b). However, capacity factors for solar applications are too
low to meet baseload requirements. Average annual capacity factors for solar power systems
are relatively low (24 percent for photovoltaics and 30 to 32 percent for solar thermal power)
compared to 90 to 95 percent for a large baseload plant such as a nuclear plant. (Leitner 2002)

Land requirements for solar plants are high. Estimates based on existing installations indicate
that utility-scale plants would occupy about 7.4 acres per MWe for photovoltaic and 4.9 acres
per MWe for solar thermal systems (DOE 2004). Assuming capacity factors of 24 percent for
photovoltaics and 32 percent for solar thermal power, facilities having 3,942 MWe net capacity
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are estimated to require 121,545 acres (190 square miles), if powered by photovoltaic cells, and
60,362 acres (94 square miles), if powered by solar thermal power. Neither type of solar
electric system would fit at the PVNGS site, and both would have large environmental impacts
at a greenfield site.

Solar powered technologies, photovoltaic cells and solar thermal power do not currently
compete with conventional technologies in grid-connected applications. Recent estimates
indicate that the cost of electricity produced by photovoltaic cells is in the range of 18 to
23 cents per kilowatt-hour, and electricity from solar thermal systems can be produced for a cost
in the range of 12 to 14 cents per kilowatt-hour (DOE 2006).

APS has concluded that, due to the high cost, low capacity factors, and the substantial amount
of land needed to produce the desired output (approximately 94 to 190 square miles), solar
power is not a reasonable alternative to PVNGS license renewal.

Hydropower

Hydroelectric power uses the energy of falling water to turn turbines and generate electricity.
Power production increases with both greater water flow and greater fall. Hydropower currently
provides about 6.6 percent of Arizona's electricity production.

According to the U.S. Hydropower Resource Assessment for Arizona (Conner and Francfort
1997), there are no remaining sites in Arizona that would be environmentally suitable for
development of a large hydroelectric facility. As the GElS points out in Section 8.3.4,
hydropower's proportion of United States generating capacity is expected to decline because
hydroelectric facilities have become difficult to site as a result of public concern over flooding,
destruction of natural habitat, and alteration of natural river courses.

The GElS estimates land use of 1,600 square miles per 1,000 MWe for hydroelectric power.
Based on this estimate, replacement of PVNGS generating capacity would require flooding
approximately 6,300 square miles, resulting in a large impact on land use. Further, operation of
a hydroelectric facility would alter aquatic habitats above and below the dam, which would
impact existing aquatic communities.

APS has concluded that due to the lack of suitable sites in Arizona for a large hydroelectric
facility and the amount of land needed (approximately 6,300 square miles) hydropower is not a
reasonable alternative to PVNGS license renewal.

Geothermal

Geothermal energy is a proven resource for power generation. Geothermal power plants use
naturally heated fluids as an energy source for electricity production. To produce electric power,
underground high-temperature reservoirs of steam or hot water are tapped by wells and the
steam rotates turbines that generate electricity. Typically, water is then returned to the ground
to recharge the reservoir (NREL 1997).

Geothermal energy can achieve average capacity factors of 95 percent and can be used for
baseload power where this type of energy source is available (NREL 1997). Widespread
application of geothermal energy is constrained by the geographic availability of the resource
(NREL 1997). According to the Western Governor's Association Geothermal Taskforce Report
(WGA 2006), there are approximately 20 MWe of known geothermal potential in Arizona that
could be developed using existing technology. Evidence shows that the resource may be larger
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in the long-term as binary technology advances, more exploration is performed in promising
areas, and deeper drilling becomes more economical (WGA 2006).

Geothermal power plants require relatively little land. An entire geothermal field uses 1 to
8 acres per MWe (Shibaki 2003). Assuming a 95 percent capacity factor, a geothermal power
plant with a net output of 3,942 MWe would require at least 4,149 acres (6 square miles).

The owners of PVNGS support the use of geothermal resources. APS has signed contracts for
45 MW of geothermal energy and is investigating the development of an additional 20 MW of
geothermal energy in the southwest (PNW 2006).

The major environmental concerns associated with geothermal development are the release of
small quantities of carbon dioxide and hydrogen sulfide, noise, and disposal of sludge and spent
geothermal fluids (Shibaki 2003, NREL 1997). Subsidence and reservoir depletion may be a
concern if withdrawal of geothermal fluids exceeds natural recharge or injection (Shibaki 2003).

APS has concluded that, due to inadequate resources and the lack of an environmental
advantage, geothermal energy is not a reasonable alternative to PVNGS license renewal.

Wood Energy

As discussed in the GElS (NRC 1996a), the use of wood waste to generate electricity is largely
limited to those states with significant wood resources. The pulp, paper, and paperboard
industries in states with adequate wood resources generate electric power by consuming wood
and wood waste for energy, benefiting from the use of waste materials that could otherwise
represent a disposal problem.

The owners of PVNGS support the use of wood energy. APS is constructing two wood energy
systems that burn forest waste to create energy (PNW 2006). However, according to the U.S.
Department of Energy, Arizona does not have enough wood resources to replace the
generating capacity of PVNGS (Walsh et al. 2000).

Further, as discussed in Section 8.3.6 of the GElS (NRC 1996a), construction of a wood-fired
plant would have an environmental impact that would be similar to that for a coal-fired plant,
although facilities using wood waste for fuel would be built on a smaller scale. Like coal-fired
plants, wood-waste plants require large areas for fuel storage, processing, and waste (i.e., ash)
disposal. Additionally, operation of wood-fired plants has environmental impacts, including
impacts on the aquatic environment and air. Wood has a low heat content that makes it
unattractive for baseload applications. It is also difficult to handle and has high transportation
costs.

APS has concluded that, due to inadequate resources, the lack of an environmental advantage,
low heat content, handling difficulties, and high transportation costs, wood energy is not a
reasonable alternative to PVNGS license renewal.

Municipal Solid Waste

As discussed in Section 8.3.7 of the GElS (NRC 1996a), the initial capital costs for municipal
solid waste plants are greater than for comparable steam turbine technology at wood-waste
facilities. This is due to the need for specialized waste separation and handling equipment.
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The decision to burn municipal solid waste to generate energy is usually driven by the need for
an alternative to landfills, rather than by energy considerations. The use of landfills as a waste
disposal option is likely to increase in the near term; however, it is unlikely that many landfills
will begin converting waste to energy because of unfavorable economics, particularly with
electricity prices declining.

Estimates in the GElS suggest that the overall level of construction impacts from a waste-fired
plant should be approximately the same as that for a coal-fired plant. Additionally, waste-fired
plants have the same or greater operational impacts (including impacts on the aquatic
environment, air, and waste disposal). Some of these impacts would be moderate, but still
larger than the environmental effects of PVNGS license renewal.

APS has concluded that, due to the high costs and lack of environmental advantages, burning
municipal solid waste to generate electricity is not a reasonable alternative to PVNGS license
renewal.

Other Biomass-Derived Fuels

In addition to wood and municipal solid waste fuels, there are several other concepts for fueling
electric generators, including burning energy crops, converting crops to a liquid fuel such as
ethanol (ethanol is primarily used as a gasoline additive), and gasifying energy crops (including
wood waste). As discussed in the GELS, none of these technologies has progressed to the
point of being competitive on a large scale or of being reliable enough to replace a baseload
plant such as PVNGS.

Further, estimates in the GElS suggest that the overall level of construction impacts from a
crop-fired plant should be approximately the same as that for a wood-fired plant. Additionally,
crop-fired plants would have similar operational impacts (including impacts on the aquatic
environment and air). These systems also have large impacts on land use, due to the acreage
needed to grow the energy crops.

APS has concluded that, due to the high costs and lack of environmental advantage, burning
other biomass-derived fuels is not a reasonable alternative to PVNGS license renewal.

Petroleum

Arizona has several petroleum (oil)-fired power plants. However, oil-fired generation represents
small portion of the overall generation mix in Arizona and is more expensive than nuclear, gas-,
or coal-fired generation. Future increases in petroleum prices are expected to make oil-fired
generation increasingly more expensive than gas- or coal-fired generation. Also, construction
and operation of an oil-fired plant would have environmental impacts. For example, Section
8.3.11 of the GElS (NRC 1996a) estimates that construction of a 1,000-MWe oil-fired plant
would require about 120 acres. Additionally, operation of oil-fired plants would have
environmental impacts (including impacts on the aquatic environment and air) that would be
similar to those from a coal-fired plant.

APS has concluded that, due to the high costs and lack of obvious environmental advantage,
oil-fired generation is not a reasonable alternative to PVNGS license renewal.
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Fuel Cells

Fuel cells work without combustion and its environmental side effects. Power is produced
electrochemically by passing a hydrogen-rich fuel over an anode and air over a cathode and
separating the two by an electrolyte. The only by-products are heat, water, and carbon dioxide.
Hydrogen fuel can come from a variety of hydrocarbon resources by subjecting them to steam
under pressure. Natural gas is typically used as the source of hydrogen.

Fuel cell power plants are in the initial stages of commercialization. While more than 800 large
stationary fuel cell systems have been built and operated worldwide, the global electricity
generating capacity using large stationary fuel cells was approximately 105 MWe in 2006 (Fuel
Cell Today 2006). In addition, the largest stationary fuel cell power plant yet built is only
11 MWe (Fuel Cell Today 2003). Recent estimates suggest that manufacturers would need to
at least triple their production capacity to achieve a competitive price of $1,500 to $2,000 per
kilowatt (Shipley and Elliott 2004).

APS thinks that this technology has not matured sufficiently to support production for a facility
the size of PVNGS. APS has concluded that, due to cost and production limitations, fuel cell
technology is not a reasonable alternative to PVNGS license renewal.

Delayed Retirement

As the NRC noted in the GElS (NRC 1996a), extending the lives of existing non-nuclear
generating plants beyond the time they were originally scheduled to be retired represents
another potential alternative to license renewal. APS is not aware of plans for retiring any of
Arizona's electric generating plants and the state expects to need additional capacity in the near
future. Nationally, fossil plants slated for retirement tend to be ones that are old enough to have
difficulty in meeting today's restrictions on air contaminant emissions. In the face of increasingly
stringent restrictions, delaying retirement in order to compensate for a plant the size of PVNGS
would appear to be unreasonable without major construction to upgrade or replace plant
components. APS concludes that the environmental impacts of such a scenario are bounded
by its coal- and gas-fired alternatives. For these reasons, the delayed retirement of non-nuclear
generating units is not considered a reasonable alternative to PVNGS license renewal.

7.2.2 Environmental Impacts of Alternatives

This section evaluates the environmental impacts of alternatives that APS has determined to be
reasonable alternatives to PVNGS license renewal: gas-fired generation, coal-fired generation,
new nuclear generation, and purchased power.

7.2.2.1 Gas-Fired Generation

NRC evaluated environmental impacts from gas-fired generation alternatives in the GELS,
focusing on combined-cycle plants. Section 7.2.1.1 presents APS' reasons for defining the gas-
fired generation alternative as a combined-cycle plant on the PVNGS site. Land-use impacts
from gas-fired units on PVNGS would be less than those from the existing plant. Reduced land
requirements, due to a smaller facility footprint, would reduce impacts to ecological, aesthetic,
and cultural resources. A smaller workforce could have adverse socioeconomic impacts.
Human health effects associated with air emissions would be of concern.
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In the GElS Supplement for McGuire Nuclear Station (NRC 2002b), NRC evaluated the
environmental impacts of constructing and operating five 482-MWe combined-cycle gas-fired
units as an alternative to a nuclear power plant license renewal. APS has reviewed the NRC
analysis, believes it to be sound, and notes that it analyzed less generating capacity than the
3,900 MWe of net power discussed in this analysis. In defining the PVNGS gas-fired
alternative, APS has used site- and Arizona-specific input and has scaled from the NRC
analysis, where appropriate.

Air Quality

Natural gas is a relatively clean-burning fossil fuel that primarily emits nitrogen oxides (NOx), a
regulated pollutant, during combustion. A natural gas-fired plant would also emit small
quantities of sulfur oxides (SOx), particulate matter, and carbon monoxide, all of which are
regulated pollutants. Control technology for gas-fired turbines focuses on NOx emissions. APS
estimates the gas-fired alternative emissions to be as follows:

SOx = 323 tons per year

NOx = 1,037 tons per year

Carbon monoxide = 215 tons per year

Filterable Particulates = 181 tons per year (all particulates are PM2.5)

Table 7-3 shows how APS calculated these emissions.

In 2004, Arizona was ranked 45th nationally in sulfur dioxide (SO2) emissions (EIA 2006b).
Therefore, the electric power plants in 44 states emitted more SO2 than those located in
Arizona. The acid rain requirements of the Clean Air Act Amendments capped the nation's SO2
emissions from power plants. Each company with fossil-fuel-fired units was allocated SO2
allowances. To be in compliance with the Act, the companies must hold enough allowances to
cover their annual SO2 emissions. APS would need to obtain SO2 credits to operate a fossil-
fuel-burning plant at the PVNGS site.

NOx effects on ozone levels, SO2 allowances, and NOx emission offsets could all be issues of
concern for gas-fired combustion. While gas-fired turbine emissions are less than coal-fired
boiler emissions, and regulatory requirements are less stringent, the emissions are still
substantial. APS concludes that emissions from the gas-fired alternative at -PVNGS would
noticeably alter local air quality, but would not destabilize regional resources (i.e., air quality).
Air quality impacts would therefore be MODERATE.

Waste Management

The solid waste generated from this type of facility would be minimal. The only noteworthy
waste would be from spent selective catalytic reduction (SCR) catalyst used for NOx control.
The SCR process for a 2,400 MWe plant would generate approximately 1,500 cubic feet of
spent catalyst per year (NRC 2002b). Based on this estimate, a 3,900 MWe plant would
generate approximately 2,440 cubic feet of spent catalyst per year. APS concludes that gas-
fired generation waste management impacts would be SMALL.
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Other Impacts

The ability to construct the gas-fired alternative on the existing PVNGS site would reduce
construction-related impacts. A new gas pipeline would be required for the gas turbine
generators in this alternative. To the extent practicable, APS would route the pipeline along
existing, previously disturbed, rights-of-way to minimize impacts. Approximately 6 miles of new
pipeline construction would be required to connect PVNGS to an existing pipeline near the
plant. A 16-inch diameter pipeline would necessitate a 50-foot-wide corridor, resulting in the
disturbance of as much as 40 acres. APS estimates that 154 acres would be needed for a plant
site; this much previously disturbed acreage is available at PVNGS, reducing loss of terrestrial
habitat. Aesthetic impacts, erosion and sedimentation, fugitive dust, and construction debris
impacts would be noticeable, but small. APS estimates a peak construction workforce of 946.
Due to the proximity of the site to the Phoenix metropolitan area, APS thinks that the
surrounding communities would experience small demands on housing and public services.
APS estimates a workforce of 131 for gas operations. The reduction in work force would result
in adverse socioeconomic impacts. APS thinks these impacts would be small and would be
mitigated by the site's proximity to the Phoenix metropolitan area.

The additional stacks and boilers would increase the visual impact of the existing site. Impacts
to cultural resources would be unlikely, due to the previously disturbed nature of the site.

APS estimates that other construction and operation impacts would be SMALL. In most cases,
the impacts would be detectable, but they would not destabilize any important attribute of the
resource involved. Due to the minor nature of these other impacts, mitigation would not be
warranted beyond that previously mentioned.

7.2.2.2 Coal-Fired Generation

NRC evaluated environmental impacts from coal-fired generation alternatives in the GElS
(NRC 1996a). NRC concluded that construction impacts could be substantial, due in part to the
large land area required (which can result in natural habitat loss) and the large workforce
needed. NRC pointed out that siting a new coal-fired plant where an existing nuclear plant is
located would reduce many construction impacts. NRC identified major adverse impacts from
operations as human health concerns associated with air emissions, waste generation, and
losses of aquatic biota due to cooling water withdrawals and discharges.

The coal-fired alternative that APS has defined in Section 7.2.1.1 would be located at PVNGS.

Air Quality

A coal-fired plant would emit SO,, NO,, particulate matter, and carbon monoxide, all of which
are regulated pollutants. As Section 7.2.1.1 indicates, APS has assumed a plant design that
would minimize air emissions through a combination of boiler technology and post-combustion
pollutant removal. APS estimates the coal-fired alternative emissions to be as follows:

SO,, = 11,727 tons per year

NO, = 3,631 tons per year

Carbon monoxide = 3,631 tons per year

Particulates:
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PM10 (particulates having a diameter of less than 10 microns) = 208 tons per year

PM2.5 (particulates having a diameter of less than 2.5 microns) = 0.904 tons per year

Table 7-4 shows how APS calculated these emissions.

The Section 7.2.2.1 discussion of regional air quality is applicable to the coal-fired generation
alternative. In addition, NRC noted in the GElS that adverse human health effects from coal
combustion have led to important federal legislation in recent years and that public health risks,
such as cancer and emphysema, have been associated with coal combustion. NRC also
mentioned global warming and acid rain as potential impacts. APS concludes that federal
legislation and large-scale concerns, such as global warming and acid rain, are indications of
concerns about destabilizing important attributes of air resources. However, SO2 emission
allowances, low NOx burners, overfire air, fabric filters or electrostatic precipitators, and
scrubbers are regulatorily-imposed mitigation measures. As such, APS concludes that the coal-
fired alternative would have MODERATE impacts on air quality; the impacts would be
noticeable and greater than those of the gas-fired alternative, but would not destabilize air
quality in the area.

Waste Management

APS concurs with the GElS assessment that the coal-fired alternative would generate
substantial amounts of solid waste. The coal-fired plant would annually consume approximately
14,500,000 tons of coal with an ash content of 12,45 percent (Tables 7-4 and 7-2, respectively).
After combustion, 90 percent of this ash, approximately 1,630,000 tons per year, would be
marketed for beneficial reuse. The remaining ash, approximately 181,000 tons per year, would
be collected and disposed of onsite. In addition, approximately 640,000 tons of scrubber sludge
would be disposed of onsite each year (based on annual lime usage of nearly 216,000 tons).
APS estimates that ash and scrubber waste disposal over a 40-year plant life would require
approximately 495 acres (a square area with sides of approximately 4,642 feet). Table 7-5
shows how APS calculated ash and scrubber waste volumes. While only half this waste volume
and acreage would be attributable to the 20-year license renewal period alternative, the total
numbers are pertinent as a cumulative impact.

APS contends that, with proper siting coupled with current waste management and monitoring
practices, waste disposal would not destabilize any resources. There would be space within the
PVNGS property for this disposal. After closure of the waste site and revegetation, the land
would be available for other uses. For these reasons, APS contends that waste disposal for the
coal-fired alternative would have MODERATE impacts; the impacts of increased waste disposal
would be noticeable, but would not destabilize any important resource, and further mitigation
would be unwarranted.

Other Impacts

APS estimates that construction of the powerblock and coal storage area would affect
approximately 628 acres of land and associated terrestrial habitat. Because most of this
construction would be on previously disturbed land, impacts at the PVNGS site would be small
to moderate but would be somewhat less than the impacts of using a greenfield site. Upgrades
to an existing rail spur would be required for coal and lime deliveries under this alternative.
Visual impacts would be consistent with the industrial nature of the site. As with any large
construction project, some erosion and sedimentation and fugitive dust emissions could be
anticipated, but would be minimized by using best management .practices. Debris from clearing
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and grubbing could be disposed of onsite. APS estimates a peak construction work force of
2,580. Due to the proximity of the site to the Phoenix metropolitan area, APS thinks that the
surrounding communities would experience small demands on housing and public services.
APS estimates an operational workforce of 454 for the coal-fired alternative. The reduction in
workforce would result in adverse socioeconomic impacts. APS contends these impacts would
be SMALL, due to PVNGS' proximity to the Phoenix metropolitan area.

The additional stacks, boilers, and rail deliveries would increase the visual impact of the existing
site. Impacts to cultural resources would be unlikely, due to the previously disturbed nature of
the site.

APS estimates that other construction and operation impacts would be SMALL. In most cases,
the impacts would be detectable, but they would not destabilize any important attribute of the
resource involved. Due to the minor nature of these other impacts, mitigation would not be
warranted beyond that previously mentioned.

7.2.2.3 New Nuclear Reactor

As discussed in Section 7.2.1.2, under the new nuclear reactor alternative APS would construct
and operate a four-unit nuclear plant using one of the four NRC certified standard designs for
nuclear power plants.

Air Quality

Air quality impacts would be minimal. Air emissions are primarily from non-facility equipment
and diesel generators and are comparable to those associated with the continued operation of
PVNGS. Overall, emissions and associated impacts would be considered SMALL.

Waste Management

High level radioactive wastes would be similar to those associated with the continued operation
of PVNGS. Low level radioactive waste impacts from a new nuclear plant would be slightly
greater but similar to the continued operation of PVNGS. The overall impacts are characterized
as SMALL.

Other Impacts

APS estimates that construction of the reactors and auxiliary facilities would affect
approximately 500 acres of land and associated terrestrial habitat. Because most of this
construction would be on previously disturbed land, impacts at the PVNGS site would be
SMALL to MODERATE. For the purposes of analysis, APS has assumed that the existing rail
line would be used for reactor vessel and other deliveries under this alternative. Visual impacts
would be consistent with the industrial nature of the site. As with any large construction project,
some erosion and sedimentation and fugitive dust emissions could be anticipated, but would be
minimized by using best management practices. Debris from clearing and grubbing could be
disposed of onsite.

APS estimates a peak construction work force of approximately 3,000. Due to the proximity of
the site to the Phoenix metropolitan area, APS thinks that the surrounding communities would
experience small demands on housing and public services. Long-term job opportunities would
be comparable to continued operation of PVNGS. Therefore, APS concludes that the
socioeconomic impacts during operation would be SMALL.
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APS estimates that other construction and operation impacts would be SMALL. In most cases,
the impacts would be detectable, but they would not destabilize any important attribute of the
resource involved. Due to the minor nature of these other impacts, mitigation would not be
warranted beyond that previously mentioned.

7.2.2.4 Purchased Power

As discussed in Section 7.2.1.2, APS assumes that the generating technology used under the
purchased power alternative would be one of those that NRC analyzed in the GELS.

APS is also adopting by reference the NRC analysis of the environmental impacts from those
technologies. Under the purchased power alternative, therefore, environmental impacts would
still occur, but they would likely originate from a power plant located elsewhere in Arizona or
other states in the southwest.

The purchased power alternative would include constructing up to 200 miles of high-voltage
(i.e., 345- or 525-kilovolt) transmission lines to get power from the remote locations in the
southwest to the PVNGS service area. APS thinks most of the transmission lines could be
routed along existing rights-of-way. APS assumes that the environmental impacts of
transmission line construction would be moderate. As indicated in the introduction to
Section 7.2.1.1, the environmental impacts of construction and operation of new nuclear, coal-
or gas-fired generating capacity for purchased power at a previously undisturbed greenfield site
would exceed those of a new nuclear, coal- or gas-fired alternative located on the PVNGS site.
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7.3 TABLES

Table 7-1. Gas-Fired Alternative.
Characteristic Basis

Unit size = 780 MWe ISO rating neta Calculated to be < PVNGS net capacity - 4,020
MWe

Unit size = 813 MWe ISO rating grossa Calculated based on 4 percent onsite power

Number of units = 5 Assumed

Fuel type = natural gas Assumed

Fuel heating value = 1,021 Btu/ft3  2004 value for gas used in Arizona (EIA 2006c)

Fuel SO), content = 0.0034 Ib/MMBtu EPA 2000, Table 3.1-2a

NOx control = selective catalytic reduction (SCR) Best available for minimizing NOx emissions
with steam/water injection (EPA 2000)

Fuel NOx content = 0.0109 Ib/MMBtu Typical for large SCR-controlled gas fired units with
water injection (EPA 2000)

Fuel CO content = 0.00226 Ib/MMBtu Typical for large SCR-controlled gas fired units
(EPA 2000)

Fuel PM10 content = 0.0019 Ib/MMBtu EPA 2000, Table 3.1-2a

Heat rate = 6,290 Btu/kWh Assumed based on performance of modern plants

Capacity factor = 0.85 Assumed based on performance of modern plants
a. The difference between "net" and "gross" is electricity consumed onsite.
Btu = British thermal unit
ft3  

= cubic foot
ISO rating = International Standards Organization rating at standard atmospheric conditions of 59°F, 60 percent

relative humidity, and 14.696 pounds of atmospheric pressure per square inch
kWh = kilowatt hour
MM = million
MWe = megawatt
NO, = nitrogen oxides
PM10 = particulates having diameter of 10 microns or less
SCR = selective catalytic reduction
!5 = less than or equal to
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Table 7-2. Coal-Fired Alternative.
Characteristic Basis

Unit size = 780 MWe ISO rating neta Calculated to be < PVNGS net capacity - 4,020
MWe

Unit size = 830 MWe ISO rating grossa Calculated based on 6 percent onsite power

Number of units = 5 Assumed

Boiler type = tangentially fired, dry-bottom Minimizes nitrogen oxides emissions (EPA 1998)

Fuel type = bituminous, pulverized coal Typical for coal used in Arizona

Fuel heating value = 10,211 Btu/Ib 2004 value for coal used in Arizona (EIA 2006c)
Fuel ash content byweight =. 12.45 percentb 2004 value for coal used in Arizona (EIA 2006c)
Fuel sulfur content by weight = 0.85 percent 2004 value for coal used in Arizona (EIA 2006c)

Uncontrolled NOx emission = 10 lb/ton Typical for pulverized coal, tangentially fired,
dry-bottom, NSPS (EPA 1998)

Uncontrolled CO emission = 0.5 lb/ton Typical for pulverized coal, tangentially fired, dry-
bottom, NSPS (EPA 1998)

Heat rate = 9,600 Btu/kWh Assumed based on performance of modern plants

Capacity factor = 0.85 Typical for large coal-fired units

NOx control = low NO, burners, overfire air and Best available and widely demonstrated for
selective catalytic reduction (95 percent minimizing NOx emissions (EPA 1998)
reduction)

Particulate control = fabric filters (baghouse- Best available for minimizing particulate emissions
99.9 percent removal efficiency) (EPA 1998)

SOx control = Wet scrubber - lime (95 percent Best available for minimizing SO, emissions
removal efficiency) (EPA 1998)
a. The difference between "net" and "gross" is electricity consumed onsite.
b. The 2002 average percent ash for coal used in Arizona is not available.

Btu = British thermal unit
ISO rating = International Standards Organization rating at standard atmospheric conditions of 59°F, 60 percent

relative humidity, and 14.696 pounds of atmospheric pressure per square inch
kWh = kilowatt hour
NSPS = New Source Performance Standard
lb = pound
MWe = megawatt
NO. = nitrogen oxides

SO, = oxides of sulfur
< = less than or equal to
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Table 7-3. Air Emissions from Gas-Fired Alternative.
Parameter Calculation Result

Annual gas 813MW 6,290Btu 1,000kW ft 3  8,760hr 186,355,111,410
5xunitsx x x - - xO.85x 3

consumption unit kW x hr MW 1,021 Btu yr ft of gas per year

Annual Btu 186,355,111,410 ft3 1,021 Btu MMBtu 190,268,569
input yr ft3  106Btu MMBtu per year

0.0034 lb ton 190,268,569 MMBtu 323 tons SOx per
MMBtu 2,000 lb yr year

0.0109 lb ton 190,268,569 MMBtu 1,037 tons NOxNOxb - x -- x

MMBtu 2,000 lb yr per year

COb 0.00226 lb x xton 190,268,569 MMBtu 215 tons CO per
MMBtu 2,000 lb yr year

0.0019 lb ton 190,268,569 MMBtu 181 tons PM2.5
PM 2. MMBtu 2,000 lb yr per year

a. EPA (2000), Table 3.1-1.
b. EPA (2000), Table 3.1-2.

CO = carbon monoxide
NO. = oxides of nitrogen
PM1o = particulates having diameter of 10 microns or less
SO. = oxides of sulfur
TSP = total suspended particulates
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Table 7-4. Air Emissions from Coal-Fired Alternative.
Parameter Calculation Result

Annual coal 830 MW 9,600 Btu 1,000 kW lb ton 8,760 hr 14,522,211

consumption unit kW x hr MW 10,211 Btu 2,000 lb yr per year
per year

8 38x0.85 lb ton 100-95 14,522,211tons 11,727SOx -X -- X tons SOx~
SOxa'c ton 2,000 lb 100 yr

per year

10 lb ton 100-95 14,522,211tons 3,631 tons
N ton 2,000 lb 100 yr NO, per

___________year

0.5 Ib ton 14,522,211 tons 3,631 tons
COC ton 2,000 lb yr CO per

year

PMI0d 2.3x12.45 lb ton 100-99.9 14,522,211 tons 208 tons
ton 2,000 lb 100 yr PM10 per

year

0.01 x12.45 lb ton 100-99.9 14,522,211 tons 0.904 tons
P 2 dx -- x xPM5pe

PM25 ton 2,000 lb 100 yr PM25 per
year

a. EPA (1998), Table 1.1-1.
b. EPA (1998), Table 1.1-2.
c. EPA (1998), Table 1.1-3.
d- EPA (1998), Table 1.1-4.

CO = carbon monoxide
NO, = oxides of nitrogen
PM10 = particulates having diameter less than 10 microns
SOx = oxides of sulfur
TSP = total suspended particulates
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Table 7-5. Solid Waste from Coal-Fired Alternative.
Parameter Calculation Result

Annual SO,, 14,522,211 tons coal 0.85tonsS 64.1 tons SO 2  246,754 tons of SO,, per
generated' yr 100 tons coal 32.1tons S year

Annual SO. 246,754 tons SOX 95 234,417 tons of SO,, per
removed yr 100 year

Annual ash 14,522,211tons coal 12.45tons ash 99.9 1,806,207 tons ofx x -

generated yr 100 tons coal 100 ash per year

Annual ash 1,806,207 tons ash x×9- 1,625,587 tons of
recycled 100 ash recycled per year

Annual ash 1,806,207 tons generated -1,625,587 tons recycled 180,620 tons of ash
disposed disposed per year

Annual lime 246,754tons SO 2 56.1 tons CaO 215,958 tons of
consumptionb yr 64.1 tons SO 2  CaO per year

Calcium sulfatec 234,417 tons SO2 x 172 tons CaSO4 *2H 2 0 629,012 tons of
yr 64.1 tons SO2 CaSO4-2H 20 per year

Annual scrubber 215,958 tons CaO 100-95 639,810 tons scrubber
wasted yr 100 +-629,012 tons CaSO 4 .2H 2 0 waste per year

Total volume of 639,810 tons 2,000 lb 0t
3  501,811,701 ft3 of

scrubber wastee yyr ton 102 lb scrubber waste

Total volume 180,621tons 2,000 lb ft3  144,496,582 ft
3 of ash

of ash disposed - yr x40 yrx --s-ton 1001b

Total volume of 501,811,701 ft3 
+ 144,496,582 ft3 646,308,283 ft

3 of solid
solid waste waste

Waste pile area 646,305,283 ft 3  acre 495 acres of
(acres) 30 ft 43,560 ft2 solid waste

Waste pile area /(646,308,283 ft3/30 ft) 4,642 feet by feet
(ft x ft square) square of solid waste
Based on annual coal consumption of 14,522,211 tons per year (Table 7-4).
,a. Calculations assume 100 percent combustion of coal.
b. Lime consumption is based on total SO2 generated.
c. Calcium sulfate generation is based on total SO2 removed.
d. Total scrubber waste includes scrubbing media carryover.
e. Density of scrubber sludge is 102 lb/ft3 (FHA 1997).

f. Density of coal bottom ash is 100 lb/ft3 (FHA 1997).
S = sulfur
SO, = oxides of sulfur
CaO = calcium oxide (lime)
CaSO4-2H 20 = calcium sulfate dihydrate
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8.0

Section 8.0
Comparison of Environmental Impacts of

License Renewal with the Alternatives

CHAPTER 8 - COMPARISON OF ENVIRONMENTAL
IMPACTS OF LICENSE RENEWAL WITH THE
ALTERNATIVES

NRC

"To the extent practicable, the environmental impacts of the proposal and the
alternatives should be presented in comparative form..." 10 CFR 51.45(b)(3) as
adopted by 51.53(c)(2)

Chapter 4 analyzes environmental impacts of PVNGS license renewal and Chapter 7 analyzes
impacts from renewal alternatives. Table 8-1 summarizes environmental impacts of the
proposed action (license renewal) and the alternatives, for comparison purposes. The
environmental impacts compared in Table 8-1 are those that are either Category 2 issues for
the proposed action, license renewal, or are issues that the Generic Environmental Impact
Statement (GELS) (NRC 1996) identified as major considerations in an alternatives analysis.
For example, although the NRC concluded that air quality impacts from the proposed action
would be small (Category 1), the GElS identified major human health concerns associated with
air emissions from alternatives (Section 7.2.2). Therefore, Table 8-1 compares air impacts
among the proposed action and the alternatives. Table 8-2 is a more detailed comparison of
the alternatives.
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Table 8-1. Impacts Comparison Summary.
No Action Alternatives

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased
Impact (License Renewal) (Decommissioning) Generation Generation Nuclear Power

SMALL to SMALL to
Land Use SMALL SMALL MODERtE SMALL MODERtE MODERATEMODERATE MODERATE

SMALL toWater Quality SMALL SMALL SMALL SMALL SMALL MODERATE

SMALL to

Air Quality SMALL SMALL MODERATE MODERATE SMALL MODERtE
MODERATE

Ecological SMALL SMALL MODERATE SMALL to SMALL SMALL to
Resources MODERATE MODERATE

Threatened or
Endangered SMALL SMALL SMALL SMALL SMALL SMALL
Species

SMALL to
Human Health SMALL SMALL MODERATE SMALL SMALL MODERtE

MODERATE

SMALL to
Socioeconomics SMALL SMALL SMALL SMALL SMALL MODERtE

MODERATE

Waste SMALL to
Magee SMALL SMALL MODERATE SMALL SMALL MODERtE
Management MODERATE

Aesthetics SMALL SMALL MODERATE SMALL SMALL SMALL to
MODERATE

CulturalResource SMALL SMALL SMALL SMALL SMALL SMALLResources

0lVIMLL - rnivironmeniai eIeCLs are not aeLeCLable or are so minor mat tney will neitner destaoilize nor nouceaoly aiier any important atrioDute OT me
resource. MODERATE - Environmental effects are sufficient to alter noticeably, but not to destabilize, any important attribute of the resource. LARGE -
Environmental effects are clearly noticeable and are sufficient to destabilize any important attributes of the resource. 10 CFR 51, Subpart A, Appendix B,
Table B-1, Footnote 3.
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Table 8-2. Impacts Comparison Detail.
No-Action Alternatives

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Alternative Descriptions

PVNGS license renewal for Decommissioning New construction at the New construction at the New construction Would involve
20 years, followed by following expiration PVNGS site. PVNGS site. at the PVNGS site construction of new
decommissioning of current PVNGS generation capacity in

license. Adopting by Arizona
reference, as Adopting by reference
bounding PVNGS GElS description of
decommissioning, alternate technologies
GElS description (Section 7.2.1.2)
(NRC 1996,
Section 7.1)

Use existing rail spur Construct up to 6 miles Use existing rail
of gas pipeline in a 50- spur for delivery of
foot-wide corridor, reactor vessel and
disturbing as much as other large
40 acres. May require equipment during
upgrades to existing construction.
pipelines.

Use existing switchyard Use existing switchyard Use existing Construct more than
and transmission lines and transmission lines switchyard and 200 miles of

transmission lines transmission lines

Five 780-MW (net) Five 780-MW of net Four unit nuclear
tangentially-fired, dry power (Combined- plant using one of
bottom unit; capacity factor cycle turbines to be the NRC certified
0.85 used); capacity factor standard designs.

0.85

Existing PVNGS cooling Existing PVNGS Existing PVNGS
water intake/ discharge cooling water cooling water
system intake/discharge intake/ discharge

system system
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Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Pulverized Natural gas, 1,021
bituminous coal, Btu/ft3 ; 6,290 Btu/kWh;
10,211 Btu/pound; 0.0034 lb
9,600 Btu/kWh; sulfur/MMBtu; 0.0109
12.45% ash; 0.85% lb NO)MMBtu;
sulfur; 10 lb/ton 186,355,111,410 ft3

nitrogen oxides; gas/yr
14,522,211 tons
coal/yr

Low NO. burners, Selective catalytic
overfire air and reduction with
selective catalytic steam/water injection
reduction (95% NOx
reduction efficiency).

Wet scrubber -
lime/limestone
desulfurization
system (95% SOx
removal efficiency);
216,000 tons lime/yr
Fabric filters or
electrostatic
precipitators (99.9%
particulate removal
efficiency)

2,200 permanent and 620 long- 454 workers 131 workers 2,200 permanent
term contract workers (Section 7.2.2.2) (Section 7.2.2.1) and 620 long-term

I ,_ contract workers
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Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased

(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Land Use Impacts

SMALL - Adopting by reference SMALL - Not an SMALL to SMALL - 154 acres SMALL to MODERATE - most
Category 1 issue findings impact evaluated by MODERATE - 628 for facility at PVNGS MODERATE - 500 transmission facilities
(Attachment A, Table A-i, GElS (NRC 1996) acres required for location; 40 acres for acres required for the could be constructed
Issues 52, 53) the powerblock and pipeline powerblock and along existing

associated facilities. (Section 7.2.2.1). New associated facilities, transmission corridors
(Section 7.2.2.2) gas pipeline would be (Section 7.2.2.3) (Section 7.2.2.3)

built to connect with Adopting by reference
existing gas pipeline GElS description of
corridor. land use impacts from

alternate technologies
(NRC 1996)

Water Quality Impacts

SMALL - Two Category 2 SMALL - Adopting SMALL - SMALL - Construction SMALL - SMALL to
groundwater issues not applicable by reference Construction impacts impacts minimized by Construction impacts MODERATE -

(Section 4.7, Issue 35; and Section Category 1 issue minimized by use of use of best minimized by use of Adopting by reference
4.8, Issue 39). finding best management management best management GElS description of

PVNGS uses treated effluent from (Attachment A, practices. practices. practices. water quality impacts
Phoenix-area wastewater treatment Table A-i, Issue 89). Operational impacts Reduced cooling water Operational impacts from alternate
plants for all of its non-safety minimized by use of demands, inherent in minimized by use of technologies
related cooling systems. The use the existing cooling combined-cycle the existing cooling (NRC 1996)
of treated effluent is itself a water system. design. water system.
mitigation factor against the (Section 7.2.2.2) (Section 7.2.2.1) (Section 7.2.2.3)
overuse of natural water resources
(Section 4.1, Issue 13; Section 4.6,
Issue 34)
PVNGS uses 6.8 percent of
groundwater that passes through
the Hassayampa sub-basin.
PVNGS operations have had little
to no impact on the regional
aquifer's potentiometric surface.
(Section 4.5, Issue 33).
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Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Air Quality Impacts

SMALL - Adopting by reference SMALL - Adopting MODERATE - MODERATE - SMALL - Air SMALL to
Category 1 issue finding by reference 11,727 tons SOx/yr 323 tons SON/yr emissions would be MODERATE -
(Attachment A, Table A-i, Issue Category 1 issue 3,631 tons NO•dyr 1,037 tons NOj/yr comparable to those Adopting by reference
51). One Category 2 issue not findings associated with the GElS description of air
applicable (Section 4.11, Issue 50). (Attachment A, 3,631 tons CO/yr 215 tons CO/yr continued operation quality impacts from

Table A-i, Issue 88) 208 tons PMjo/yr 181 tons PM2.5/yra of PVNGS. alternate technologies
0.904 tons PM2.5/yr (Section 7.2.2.1) (Section 7.2.2.3) (NRC 1996)
(Section 7.2.2.2) 1 1 1
Ecological Resource Impacts

SMALL - Adopting by reference SMALL - Adopting MODERATE - 247.5 SMALL to SMALL - Impacts SMALL to
Category 1 issue findings by reference acres could be MODERATE - would be comparable MODERATE -
(Attachment A, Table A-i, Issues Category 1 issue required for Construction of the to those associated Adopting by reference
41, 42, 44-48). Four Category 2 finding (Attachment ash/sludge disposal pipeline could alter with the continued GElS description of
issues not applicable (Section 4.2, A, Table -1, Issue 90) over 20-year license habitat. operation of PVNGS. ecological resource
Issue 25; Section 4.3, Issue 26; renewal term. (Section 7.2.2.1) (Section 7.2.2.3) impacts from alternate
Section 4.4, Issue 27; Section 4.9, (Section 7.2.2.2) technologies
Issue 40). (NRC 1996)

Threatened or Endangered Species Impacts

SMALL - APS is not aware of any SMALL - Not an SMALL - Federal SMALL - Federal and SMALL - Federal SMALL - Federal and
threatened or endangered impact evaluated by and state laws state laws prohibit and state laws state laws prohibit
terrestrial or aquatic species that GElS (NRC 1996) prohibit destroying or destroying or prohibit destroying or destroying or
occur at PVNGS or along the adversely affecting adversely affecting adversely affecting adversely affecting
associated transmission corridors. protected species protected species and protected species protected species and
The PVNGS transmission corridors and their habitats their habitats and their habitats their habitats
are located in desert habitat, and in
general they do not require
significant maintenance in terms of
mowing, trimming, or clearing.
Plant operations and transmission
line maintenance practices are not
expected to change significantly
during the license renewal term.
(Section 4.10, Issue 49)
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Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

Base With Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Human Health Impacts

SMALL - Adopting by reference SMALL - Adopting MODERATE - SMALL - Adopting by SMALL - Impacts SMALL to
Category 1 issues (Attachment A, by reference Adopting by reference GElS would be comparable MODERATE -
Table A-i, Issues 56, 58, 61, 62). Category I issue reference GElS conclusion that some to those associated Adopting by reference

One Category 2 issue not finding, conclusion that risks risk of cancer and with the continued GElS description of
applicable (Section 4.12, Issue 57) (Attachment A, such as cancer and emphysema exists operation of PVNGS. human health impacts

Table A-i, Issue 86) emphysema from from emissions. (Section 7.2.2.3) from alternate
emissions are likely. (NRC 1996) technologies.
(NRC 1996) 1 1 (NRC 1996)
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Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

PrpsdAto aeWith Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Socioeconomic Impacts
SMALL - Adopting by reference SMALL - Adopting Construction: Construction: Construction:. SMALL to
Category 1 issue findings by reference SMALL - Peak SMALL- Peak SMALL - Peak MODERATE -
(Attachment A, Table A-i, Issues Category 1 issue construction construction workforce construction Adopting by reference
64, 67, 91). Two Category 2 issues finding. workforce of 2,580 of 946 could affect workforce of 3,000 GElS description of
are not applicable (Section 4.16, (Attachment A, could affect housing housing and public could affect housing socioeconomic
Issue 66 and Section 4.17.1, Table A-i, Issue 91) and public services services in and public services in impacts from alternate
Issue 68). in surrounding surrounding surrounding technologies.
No additional license renewal communities. communities. Impacts communities. (NRC 1996)
employment increment is Impacts would be would be mitigated by Impacts would be
anticipated. Existing "surge" mitigated by site's site's proximity to the mitigated by site's
capabilities for routine activities, proximity to the Phoenix metropolitan proximity to the
such as outages, minimizes Phoenix metropolitan area. Phoenix metropolitan
potential for housing impacts. area. area.
(Section 4.14, Issue 63). Operation: Operation:
Plant property tax payment SMALL - Reduction SMALL - Reduction in Operation:
represents 1.3 percent of Maricopa in permanent work permanent work force SMALL - Impacts
County's total tax revenues (2006). force to 454 could to 131 could adversely would be comparable
License renewal is not expected to adversely affect affect surrounding to those associated
influence area land-use pattern, but surrounding communities. Impacts with the continued
would continue to have a beneficial, communities. would be mitigated by operation of PVNGS.
impact on Maricopa County Impacts would be site's proximity to the (Section 7.2.2.3)
(Section 4.17.2, Issue 69). mitigated by site's Phoenix metropolitan
Capacity of public water supply and proximity to the area.
transportation infrastructure Phoenix metropolitan (Section 7.2.2.1)
minimizes potential for related area.
impacts. (Section 4.15, Issue 65 (Section 7.2.2.2)
and Section 4.18, Issue 70)

-Ia)
0~
CD
U,
a)

0~

2!
-I
CD
U,

CD
00

C,,

90



.0-
0 <
= CD

CD CD

-z
C:

0 CD

G,)
CD l

CD

(D~

Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Waste Management Impacts
SMALL - Adopting by reference SMALL - Adopting MODERATE - SMALL - Almost no SMALL - Impacts SMALL to
Category 1 issue findings, by reference 181,000 tons of coal waste generation. would be comparable MODERATE -
(Attachment A, Table A-i, Category 1 issue ash and 640,000 (Section 7.2.2.1) to those associated Adopting by reference
Issues 77-85) finding, tons of scrubber with the continued GElS description of

(Attachment A, sludge would require operation of PVNGS. waste management
Table A-i, Issue 87) 247.5 acres over (Section 7.2.2.3) impacts from alternate

20-year license technologies.
renewal term. (NRC 1996)
Industrial waste
generated annually.
(Section 7.2.2.2,
Table 7-5)

Aesthetic Impacts
SMALL - Adopting by reference SMALL - Not an SMALL - The coal- SMALL - Steam SMALL - Impacts SMALL to
Category 1 issue findings, impact evaluated by fired power blocks turbines and stacks would be comparable MODERATE -
(Table A-i, Issues 73, 74) GELS. (NRC 1996) and the exhaust would create visual to those associated Adopting by reference

stacks would be impacts comparable to with the continued GElS description of
visible from a those from existing operation of PVNGS. aesthetic impacts from
moderate offsite PVNGS facilities. (Section 7.2.2.3) alternate
distance. (Section 7.2.2.1) technologies.
(Section 7.2.2.2) (NRC 1996)
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Table 8-2. Impacts Comparison Detail. (Continued)
No Action Alternative

Proposed Action Base With Coal-Fired With Gas-Fired With New With Purchased
(License Renewal) (Decommissioning) Generation Generation Nuclear Power

Cultural Resource Impacts
SMALL - SHPO consultation SMALL - Not an SMALL - Impacts to SMALL - Impacts to SMALL - Impacts to SMALL - Adopting by
minimizes potential for impact. impact evaluated by cultural resources cultural resources cultural resources reference GElS
(Section 4.19, Issue 71) GElS would be unlikely would be unlikely due would be unlikely due description of cultural

(NRC 1996) due to developed to developed nature of to developed nature resource impacts from
nature of the site the site of the site alternate technologies
(Section 7.2.2.2) (Section 7.2.2.1) (Section 7.2.2.3) (NRC 1996)

SMALL - Environmental effects are not detectable or are so minor that they will neither destabilize nor noticeably alter any important attribute of the resource.
MODERATE - Environmental effects are sufficient to alter noticeably, but not to destabilize, any important attribute of the resource.
LARGE - Environmental effects are clearly noticeable and are sufficient to destabilize any important attributes of the resource. 10 CFR 51, Subpart A,
Appendix B, Table B-1, Footnote 3.
Btu = British thermal unit MW = megawatt
ft3  = cubic foot NO, = nitrogen oxide
gal = gallon PM10 = particulates having diameter less than 10 microns
GElS = Generic Environmental Impact Statement (NRC 1996) SHPO = State Historic Preservation Officer
kWh = kilowatt-hour SOx = oxides of sulfur
lb = pound yr = year
MM = million
a. All particulate matter for gas-fired alternative is PM2.5.
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Section 9.1
Proposed Action

9.0 CHAPTER 9 - STATUS OF COMPLIANCE

9.1 PROPOSED ACTION

NRC

"The environmental report shall list all Federal permits, licenses, approvals and
other entitlements which must be obtained in connection with the proposed
action and shall describe the status of compliance with applicable environmental
quality standards and requirements including, but not limited to, applicable
zoning and land-use regulations, and thermal and other water pollution limitations
or requirements which have been imposed by Federal, State, regional, and local
agencies having responsibility for environmental protection...." 10 CFR
51.54(d)(2) as adopted by 10 CFR 51.53(c)(2)

9.1.1 General

Table 9-1 lists environmental authorizations that APS has obtained for current PVNGS
operations. In this context, APS uses "authorizations" to include any permits, licenses,
approvals, or other entitlements. APS expects to continue renewing these authorizations during
the current license period. Based on the new and significant information identification process
described in Chapter 5, PVNGS is in compliance with applicable environmental standards and
requirements.

Table 9-2 lists additional environmental authorizations and consultations that would be
conditions precedent to NRC renewal of the PVNGS license to operate. As indicated, APS
anticipates needing relatively few such authorizations and consultations. Sections 9.1.2 through
9.1.5 discuss some of these items in more detail.

9.1.2 Threatened or Endangered Species

Section 7 of the Endangered Species Act (16 USC 1536) requires federal agencies to ensure
thatagency action is not likely to jeopardize any species that is listed or proposed for listing as
threatened or endangered. Depending on the action involved, the Act requires consultation with
the U.S. Fish and Wildlife Service (USFWS) regarding effects on non-marine species, the
National Marine Fisheries Service (NMFS) for marine species, or both. USFWS and NMFS
have issued joint procedural regulations at 50 CFR 402, Subpart B, that address consultation,
and USFWS maintains the joint list of threatened and endangered species at 50 CFR 17.

Although not required by federal law or NRC regulation, APS has chosen to invite comment
from federal and state agencies regarding potential effects that PVNGS license renewal might
have. Attachment B includes copies of APS correspondence with USFWS, the Arizona Game
and Fish Department, the Arizona Department of Agriculture, and the California Department of
Fish and Game. APS did not consult with NMFS because species under the auspices of NMFS
are not found in the vicinity of PVNGS.
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Proposed Action

9.1.3 Coastal Zone Management Program

The federal Coastal Zone Management Act (16 USC 1451 et seq.) imposes requirements on
applicants for a federal license to conduct an activity that could affect a state's coastal zone.
PVNGS is located in Maricopa County, Arizona, not within a coastal zone. Coastal zone
management requirements are not applicable to PVNGS license renewal.

9.1.4 Historic Preservation

Section 106 of the National Historic Preservation Act (16 USC 470f) requires federal agencies
having the authority to license any undertaking to, prior to issuing the license, take into account
the effect of the undertaking on historic properties and to afford the Advisory Council on Historic
Preservation an opportunity to comment on the undertaking. Council regulations provide for
establishing an agreement-with any State Historic Preservation Officer (SHPO) to substitute
state review for Committee review (35 CFR 800.7). Although not required of an applicant by
federal law or NRC regulation, APS has chosen to invite comment by the Arizona and California
SHPOs. Attachment C includes a copy of APS correspondence with the SHPOs regarding
potential effects that PVNGS license renewal might have on cultural resources. Based on the
APS submittal and other information, the Arizona SHPO concurred with APS' conclusion that
continued operation of PVNGS would have no effect on cultural resources. The California
SHPO did not respond.

9.1.5 Water Quality (401) Certification

Federal Clean Water Act (CWA) Section 401 requires that applicants for a federal license to
conduct an activity that might result in a discharge into navigable waters to provide the licensing
agency a certification from the state that the discharge will comply with applicable CWA
requirements (33 USC 1341). NRC has indicated in its Generic Environmental Impact
Statement for License Renewal (GELS) (NRC 1996) that issuance of a National Pollution
Discharge Elimination System (NPDES) permit implies certification by the state. APS is
applying to NRC for license renewal to continue PVNGS operations. No water from PVNGS
operations is discharged to waters of the state. Therefore, PVNGS does not have to
demonstrate compliance with the CWA. The plant had an NPDES storm water multi-sector
permit issued by EPA; however, the permit was rescinded by the EPA on October 28, 2005.

Palo Verde has a site Aquifer Protection Permit No. 100388, issued by the ADEQ, that requires
developing a series of wells with permit limits and has required sampling frequencies. Since
this permit was issued, there have been administrative violations of the permit, including failure
to submit a report on the required due date or failure to collect a required sample. There have
not been any violations of an Aquifer Quality Limit at any defined Point Of Compliance since the
permit was issued.

Palo Verde has had instances of unauthorized discharges to waters of the US from the pipeline
delivering water to the site from Phoenix. Details of the unauthorized discharges are
summarized in Table 9-3. There has not been a pipeline discharge since 1997 due to significant
actions taken by Palo Verde to diagnose and correct the problem. It was determined that the
reinforced concrete cylinder pipe was being attacked by corrosive, high chloride groundwater.
The outer mortar layer was becoming degraded, allowing the embedded steel to be attacked,
corrode, and ultimately fail. The problem was corrected by a systematic analysis of each spool

Palo Verde Nuclear Generating Station
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Proposed Action

along the entire pipeline, through the use of an electrical continuity check to identify those with
the highest potential for failure. Those pipe spools were then prioritized, and repaired during
Water Reclamation Facility outages, a process that continues today. The repair process
generally consists of wrapping the pipe spool with steel tendons, applying post-tensioning, and
then providing a shotcrete cover over the new steel tendons. This system of monitoring the pipe
condition and instituting repairs has proven to be effective as no further pipe failures have
occurred.

9.1.6 Air Quality

Palo Verde received a Non-Title V Synthetic Minor Air Quality permit from the Maricopa County
Air Quality Department on August 18, 2005. Since the permit was issued, three Notices of
Violation (NOVs) have been issued. The first was on October 26, 2006, associated with work
on an off-site pipeline that delivers water to Palo Verde. In this instance, a contractor failed to
provide adequate trackout controls during an earthmoving operation. The second NOV was
issued on November 22, 2006, for failure to comply with annual PM-1 0 emissions limits from on-
site cooling towers. The third NOV was issued on November 2, 2007, for failure to comply with
monthly PM-10 emissions limits from on-site cooling towers. These three NOVs were settled
with Maricopa County on February 28, 2008, where Palo Verde, without admitting to the alleged
violations, agreed to pay Maricopa County $79,619.45. (Order of Abatement by Consent NV-
006-08-GJV). With the resolution of these NOVs, Palo Verde has no outstanding air quality
compliance issues.
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Section 9.2
Alternatives

ALTERNATIVES

NRC

"...The discussion of alternatives in the report shall include a discussion of
whether the alternatives will comply with such applicable environmental quality
standards and requirements." 10 CFR 54.45(d) as, adopted by 10 CFR
51.53(c)(2)

The coal, gas, new nuclear, and purchased power alternatives discussed in Chapter 7 probably
could be constructed and operated to comply with all applicable environmental quality standards
and requirements. APS notes that increasingly stringent air quality protection requirements
could make the construction of a large fossil-fueled power plant infeasible in many locations.

Palo Verde Nuclear Generating Station
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9.3 TABLES

Table 9-1. Environmental Authorizations for Current PVNGS Operations.
Requirement Issue or Activity

Agency Authority or Permit Type Number Expiration Date Covered

Arizona Department of
Environmental Quality

Arizona Department of
Environmental Quality

Arizona Department of
Environmental Quality

Arizona Water Quality
Control (A.R.S. 49-2);
A.A.C. R-18-9 Article 7

Arizona Water Quality
Control (A.R.S. 49-2);
A.A.C. R-18-9 Article 7

Arizona Water Quality
Control (A.R.S. 49-2);
A.A.C. R-18-9 Article 7

Arizona Water Quality
Control (A.R.S. 49-2);
A.A.C. R-18-9 Article 7

A.R.S. 36-401.01

A.R.S. 36-401.01

A.A.C. R-12-15-1214

Aquifer Protection
Permit

Aquifer Protection
Permit

Aquifer Protection
Permit

P-3507-100388

P- 105295

P-1 05317

Issued: 03/14/2008
Expires: End of facility
life

Issued: 02/02/2004
Expires: End of facility
life

Issued: 04/06/2005
Expires: End of facility
life

Issued: 06/22/2005
Expires: 06/22/2010

Issued: annually

Expires: End of April
of each year

Operate PVNGS
facilities that have
potential to impact
groundwater

Operate the
Hassayampa Pump
Station Holding Pond

Operate the Water
Reclamation Supply
System (WRSS)
Pipeline Temporary
Chlorination Station

External dewatering of
the Water Reclamation
Supply System
(WRSS) Pipeline

Environmental
Compliance Analysis

Environmental
Compliance Analysis

Arizona Department of
Environmental Quality

Arizona Department of
Health Services

Arizona Department of
Health Services

Arizona Department of
Water Resources

Type 3 Reclaimed
Water General Permit

WRF Laboratory
License

Central Laboratory
License

Approval to Operate

R-105317

AZ0129

Issued: annually

AZ0555 Expires: End of July of
each year

Issued: 11/27/19920)
(D

CD

Application No. 07.54 Operate Evaporation
Pond 1

U)

(n

0

0CD
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Agency Authority or Permit Type Number Expiration Date CoveredSa,
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Arizona Department of
Water Resources

Arizona Department of
Water Resources

Arizona Department of
Water Resources

Arizona Radiation
Regulatory Agency

Arizona Radiation
Regulatory Agency

Flood Control District
of Maricopa County

Maricopa County Air
Quality Department

Maricopa County Air
Quality Department

Maricopa County
Environmental
Services Department

A.A.C. R-12-15-1214

A.R.S. Title 45,
Chapter 2

A.R.S. Title 45,
Chapter 2

A.R.S. 30-672;
A.A.C. R-12-1 Article
11

A.R.S. 30-651 et seq.;
A.A.C. R-12-1

A.R.S. 48-3603 and
48-3609; Floodplain
Regulation for
Maricopa County

Arizona Air Quality
(A.R.S. 49-3); MCAP
Control Regulations,
Rule 200, §303

Arizona Air Quality
(A.R.S. 49-3); MCAP
Control Regulations,
Rule 200, §303

Maricopa County
Health Code

Approval to Operate

Type 1 Non-Irrigation
Certificate of
Grandfathered
Groundwater Right

Irrigation Certificate of
Grandfathered
Groundwater Right

Notice of Registration
Certificate for Ionizing
Radiation Machine

Special Approval

Pipeline Repair &
Maintenance

Dust
Control/Demolition
(Annual Block Permit)

Non-Title V Air Permit

Chemical Toilet

Application No. 07.62

58-114051.0001

58-114058.0000

7/1/3340

7-368 (Category D18)

FA20020002

Issued: 12/12/1990

Issued: 09/13/1990

Issued 12/13/1983

Issued: 02/13/2007
Expires: 04/30/2014

Issued: 09/11/2008
Expires: 04/30/2013

Issued: 08/18/2005
Expires: 07/31/2010

Issued: Annual
Expires: 04/17/2009

Issued: 08/18/2005
Expires: 07/31/2010

Issued: Annually
Expires: 09/30/2009

Operate Evaporation
Pond 2

Groundwater
withdrawal

Groundwater
withdrawal for irrigation

Industrial X-Ray

Disposal of Water
Reclamation Facility
sludge

Repair work on the
WRSS Pipeline

Activities identified in
the Dust Control Plan

Operate listed Non-
Title V equipment

Chemical Toilets

E081389

030132

TCV00144-v

CD
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Requirement Issue or Activity
Agency Authority or Permit Type Number Expiration Date Covered

Maricopa County Arizona Water Quality Discharge Approval to Construct
Control (A.R.S. 49-2); Authorization Aquifer Issued: 01/25/2007 a to Constrt

Environmental A.A.C. R-18-9 Article Protection 066616 Expires: 01/18/2009 a Septic Tank at the
Services Department 3PatAPri/erlPrmtSecurity Firing Range

3, Part A Permit/General Permit

Maricopa County Maricopa County Issued: Annually Operated Rubbish
EnvironmentalHealth Code Expires: 04/30/2009 Landfill
Services Department

Maricopa County Waste Water Issued: Annually Operate the packageEnvrionmeContal Maricopa County Wseatr318Sewage Treatment
Environmental Health Code Treatment Plant 37148 Expires: 12/31/2008 PlanT
Services Department Plant

Maricopa County Maricopa County Water Public/Non- Issued: Annually Operate the site
Environmental Health Code Community Expires: 12/31/2008 drinking water system
Services Department

Maricopa County The 1969 Amended Issued: 04/15/1976 Construct a nuclear
Planning and Zoning Zoning Ordinance, Special Use Zoning Case Z 76-33 power electric
Commission Article XXIV, §2401 Expires: 04/15/2051 generation facility

Maricopa County Construct additional
Planning and Maricopa County Special Use Zoning Case Issued: 12/20/2006 Evaporation Ponds
Development Zoning Ordinance Z2006106 Expires: 04/15/2051 south of the current
Department ponds

CD
"1

(a,
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Table 9.2. Environmental Authorizations for PVNGS License Renewal.

Agency Authority Requirement Remarks

U.S. Nuclear Regulatory Atomic Energy Act License Renewal Environmental Report submitted in support of
Commission (42 USC 2011 et seq.) license renewal application.
U.S. Fish and Wildlife Service Endangered Species Act Section 7 Consultation Requires federal agency issuing a license to
(USFWS) (16 USC 1536) consult with USFWS.

Arizona State Historic National Historic Preservation Act Consultation Requires federal agency issuing a license to
Preservation Office Section 106 (16 USC 470f) consider cultural impacts and consult with
California Office of Historic State Historic Preservation Officer (SHPO).
Preservation

CD

IPO

-I
0"

Cn

0



Section 9.3
Tables

Table 9-3. Water Reclamation Pipeline Releases.

Date Gallons Released Waters of the US

August 1994 2,500,000 Luke Wash

May 2, 1995 2,000 Buckeye Irrigation Canal

January 30, 1997 735,500 Luke Wash

February 20, 1997 1,700,000 Buckeye Irrigation Canal

March 24,1997 25,000 Buckeye Irrigation Canal

Consent Orders for Last 3 Releases Listed

Arizona Department of Environmental Quality, Docket No. P-128-97, August 27, 1997

USEPA, Docket No. CWA-IX-FY97-16 ($42,000 Fine), September 11, 1997

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal Page 9 of 10
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NRC (U.S. Nuclear Regulatory Commission) 1996. Generic Environmental Impact Statement
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Bement, R., 2008. Letter from Robert S. Bement, Palo Verde Nuclear Vice President To
Maricopa County Environmental Services, Air Quality Department, Enforcement Division, "Order
of Abatement by Consent- NumberNV-006-08-GJV," February 19, 2008
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Attachment A
NRC NEPA Issues for License Renewal of Nuclear Power Plants

ATTACHMENT A

NRC NEPA ISSUES
FOR

LICENSE RENEWAL OF NUCLEAR POWER PLANTS

APS has prepared this environmental report in accordance with the requirements of NRC
regulation 10 CFR 51.53. NRC included in the regulation a list of National Environmental Policy
Act (NEPA) issues for license renewal of nuclear power plants.

Table A-1 lists these 92 issues and identifies the section in which APS addressed each
applicable issue in this environmental report. For organization and clarity, APS has assigned a
number to each issue and uses the issue numbers throughout the environmental report.

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal A-1



This Page Intentionally Left Blank



Attachment A
NRC NEPA Issues for License Renewal of Nuclear Power Plants

TABLES

Table A-1 PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues.

Section of this
Environmental GElS Cross Reference

issuea Category Report (Section/Page)b

Surface Water Quality, Hydrology, and Use (for all plants)
1. Impacts of refurbishment on surface 1 NA Issue applies to an activity,

water quality refurbishment, that PVNGS
has no plans to undertake.

2. Impacts of refurbishment on surface 1 NA Issue applies to an activity,
water use refurbishment, that PVNGS

has no plans to undertake.
3. Altered current patterns at intake 1 NA PVNGS does not take water

and discharge structures directly from or discharge to
surface water. PVNGS uses
sewage effluent as source
water, and discharges to lined
evaporation basins.

4. Altered salinity gradients 1 NA See explanation at #3.
5. Altered thermal stratification of 1 NA See explanation at #3.

lakes
6. Temperature effects on sediment 1 NA See explanation at #3.

transport capacity
7. Scouring caused by discharged 1 NA See explanation at #3.

cooling water
8. Eutrophication 1 NA See explanation at #3.

9. Discharge of chlorine or other 1 NA See explanation at #3.
biocides

10. Discharge of sanitary wastes and 1 NA See explanation at #3.
minor chemical spills

11. Discharge of other metals in waste 1 NA See explanation at #3.
water

12. Water use conflicts (plants with 1 NA Issue applies to a plant
once-through cooling systems) feature, once-through cooling,

that PVNGS does not have.
13. Water use conflicts (plants with 2 4.1 4.4.2.1/4-52

cooling ponds or cooling towers
using make-up water from a small
river with low flow)

Aquatic Ecology (for all plants)

14. Refurbishment impacts to aquatic 1 NA Issue applies to an activity,
resources refurbishment, that PVNGS

has no plans to undertake.

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal A-2



Attachment A
NRC NEPA Issues for License Renewal of Nuclear Power Plants

Table A-1. PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues. (Continued)

Section of this
Environmental GElS Cross Reference

issuea Category Report (Section/Page)b

15. Accumulation of contaminants in 1 NA See explanation at #3.
sediments or biota

16. Entrainment of phytoplankton and 1 NA See explanation at #3.
zooplankton

17. Cold shock 1 NA See explanation at #3.

18. Thermal plume barrier to migrating 1 NA See explanation at #3.
fish

19. Distribution of aquatic organisms 1 NA See explanation at #3.

20. Premature emergence of aquatic 1 NA See explanation at #3.
insects

21. Gas supersaturation (gas bubble 1 NA See explanation at #3.
disease)

22. Low dissolved oxygen in the 1 NA See explanation at #3.
discharge

23. Losses from predation, parasitism, 1 NA See explanation at #3.
and disease among organisms
exposed to sublethal stresses

24. Stimulation of nuisance organisms 1 NA See explanation at #3.
(e.g., shipworms)

Aquatic Ecology (for plants with once-through and cooling pond heat dissipation systems)

25. Entrainment of fish and shellfish in 2 NA Issue applies to plant
early life stages for plants with features, once-through
once-through and cooling pond heat cooling or cooling ponds,
dissipation systems that PVNGS does not have.

26. Impingement of fish and shellfish for 2 NA Issue applies to plant
plants with once-through and features, once-through
cooling pond heat dissipation cooling or cooling ponds,
systems that PVNGS does not have.

27. Heat shock for plants with once- 2 NA Issue applies to plant
through and cooling pond heat features, once-through
dissipation systems cooling or cooling ponds,

that PVNGS does not have.

Aquatic Ecology (for plants with cooling-tower-based heat dissipation systems)

28. Entrainment of fish and shellfish in 1 NA See explanation at #3.
early life stages for plants with
cooling-tower-based heat
dissipation systems

29. Impingement of fish and shellfish for 1 NA See explanation at #3.
plants with cooling-tower-based
heat dissipation systems

30. Heat shock for plants with cooling- 1 NA See explanation at #3.
tower-based heat dissipation
systems

Palo Verde Nuclear Generating Station
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NRC NEPA Issues for License Renewal of Nuclear Power Plants

Table A-1. PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues. (Continued)

Section of this
Environmental GElS Cross Reference

issuea Category Report (Section/Page)b

Groundwater Use and Quality

31. Impacts of refurbishment on 1 NA Issue applies to an activity,
groundwater use and quality refurbishment, that PVNGS

has no plans to undertake.

32. Groundwater use conflicts (potable 1 NA Issue applies to a feature,
and service water; plants that use < use of <100 gpm of
100 gpm) groundwater, that PVNGS

does not do.

33. Groundwater use conflicts (potable, 2 4.5 4.8.1.1/4-116
service water, and dewatering; 4.8.2.1/4-119
plants that use > 100 gpm)

34. Groundwater use conflicts (plants 2 4.6 4.8.1.3/4-117
using cooling towers withdrawing
make-up water from a small river)

35. Groundwater use conflicts (Ranney 2 NA Issue applies to a plant
wells) feature, Ranney wells, that

PVNGS does not have.

36. Groundwater quality degradation 1 NA Issue applies to a feature,
(Ranney wells) Ranney wells, that PVNGS

does not have.

37. Groundwater quality degradation 1 NA Issue applies to a feature,
(saltwater intrusion) location at an ocean or

estuary site, that PVNGS
does not have.

38. Groundwater quality degradation 1 NA Issue applies to a feature,
(cooling ponds in salt marshes) location in a salt marsh, that

PVNGS does not have.

39. Groundwater quality degradation 2 NA Issue applies to a feature,
(cooling ponds at inland sites) cooling ponds, that PVNGS

does not have

Terrestrial Resources

40. Refurbishment impacts to terrestrial 2 NA Issue applies to an activity,
resources refurbishment, that PVNGS

has no plans to undertake.

41. Cooling tower impacts on crops and 1 4.0 4.3.4/4-34
ornamental vegetation

42. Cooling tower impacts on native 1 NA 4.3.5/4-42
plants

43. Bird collisions with cooling towers 1 NA Issue applies to a feature,
natural draft cooling towers,
that PVNGS does not have.

44. Cooling pond impacts on terrestrial 1 4.0 4.4.4/4-58 (issue applied to
resources evaporation ponds)

Palo Verde Nuclear Generating Station
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NRC NEPA Issues for License Renewal of Nuclear Power Plants

Table A-1. PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues. (Continued)

Section of this
Environmental GElS Cross Reference

issuea Category Report (Section/Page)b

45. Power line right-of-way 1 4.0 4.5.6.1/4-71
management (cutting and herbicide
application)

46. Bird collisions with power lines 1 4.0 4.5.6.2/4-74

47. Impacts of electromagnetic fields on 1 4.0 4.5.6.3/4-77
flora and fauna (plants, agricultural
crops, honeybees, wildlife,
livestock)

48. Floodplains and wetlands on power 1 4.0 4.5.7./4-81
line right-of-way I

Threatened or Endangered Species (for all plants)

49. Threatened or endangered species 2 4.10 4.1/4-1

Air Quality

50. Air quality during refurbishment 2 NA Issue applies to an activity,
(non-attainment and maintenance refurbishment, that PVNGS
areas) does not plan to undertake.

51. Air quality effects of transmission 1 4.0 4.5.2/4-62
lines

Land Use

52. Onsite land use 1 4.0 3.2/3-1

53. Power line right-of-way land use 1 4.0 4.5.3/4-62
impacts

Human Health

54. Radiation exposures to the public 1 NA Issue applies to an activity,
during refurbishment refurbishment, that PVNGS

has no plans to undertake.
55. Occupational radiation exposures 1 NA Issue applies to an activity,

during refurbishment refurbishment, that PVNGS
has no plans to undertake.

56. Microbiological organisms 1 4.0 4.3.6/4-48
(occupational health)

57. Microbiological organisms (public 2 NA Issue applies to an activity,
health) (plants using lakes or discharge of heated cooling
canals, or cooling towers or cooling water to a surface water
ponds that discharge to a small body, that PVNGS does not
river) do.

58. Noise 1 4.0 4.3.7/4-49

59. Electromagnetic fields, acute effects 2 4.13 4.5.4.1/4-66

60. Electromagnetic fields, chronic NA 4.0 4.5.4.2/4-67
effects

61. Radiation exposures to public 1 4.0 4.6.2/4-87
(license renewal term)

Palo Verde Nuclear Generating Station
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NRC NEPA Issues for License Renewal of Nuclear Power Plants

Table A-I. PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues. (Continued)

Section of this
Environmental GElS Cross Reference

lssuea Category Report (Section/Page)b

62. Occupational radiation exposures 1 4.0 4.6.3/4-95
(license renewal term)

Socioeconomics

63. Housing impacts 2 4.14 3.7.2/3-10 (refurbishment -
not applicable to PVNGS)
4.7.1/4-101 (renewable
term)

64. Public services: public safety, 1 4.0 Refurbishment (not
social services, and tourism and applicable to PVNGS)
recreation 3.7.4/3-14 (public service)

3.7.4.3/3-18 (safety)
3.7.4.4/3-19 (social)
3.7.4.6/3-20 (tour, rec)
Renewal Term
4.7.3/4-104 (public safety)

4.7.3.3/4-106 (safety)
4.7.3.44-107 (social)
4.7.3.6/4-107 (tour, rec)

65. Public services: public utilities 2 4.15 3.7.4.5/3-19 (refurbishment
- not applicable to PVNGS)
4.7.3.5/4-107 (renewable
term)

66. Public services: education 2 NA Issue applies to an activity,
(refurbishment) refurbishment, that PVNGS

does not plan to undertake.

67. Public services: education (license 1 4.0 4.7.3.1/4-106
renewal term)

68. Offsite land use (refurbishment) 2 NA Issue applies to an activity,
refurbishment, that PVNGS
does not plan to undertake.

69. Offsite land use (license renewal 2 4.17.2 4.7.4/4-107
term)

70. Public services: transportation 2 4.18 3.7.4.2/3-17 (refurbishment
- not applicable to PVNGS)
4.7.3.2/4-106 (renewal
term)

71. Historic and archaeological 2 4.19 3.7.7/3-23 (refurbishment -
resources not applicable to PVNGS)

4.7.7/4-114 (renewal term)

72. Aesthetic impacts (refurbishment) 1 NA Issue applies to an activity,
refurbishment, that PVNGS
has no plans to undertake.

Palo Verde Nuclear Generating Station
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NRC NEPA Issues for License Renewal of Nuclear Power Plants

Table A-1. PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues. (Continued)

Section of this
Environmental GElS Cross Reference

issuea Category Report (Section/Page)b

73. Aesthetic impacts (license renewal 1 4.0 4.7.6/4-111
term)

74. Aesthetic impacts of transmission 1 4.0 4.5.8/4-83
lines (license renewal term)

Postulated Accidents

75. Design basis accidents 1 4.0 5.3.2/5-11 (design basis)
5.5.1/5-114 (summary)

76. Severe accidents 2 4.20 5.3.3/5-12 (probabilistic
analysis)
5.3.3.2/5-19 (air dose)
5.3.3.3/5-49 (water)
5.3.3.4/5-65 (groundwater)
5.3.3.5/5-95 (economic)
5.4/5-106 (mitigation)
5.5.2/5-114 (summary)

Uranium Fuel Cycle and Waste Management

77. Offsite radiological impacts 1 4.0 6.2/6-8
(individual effects from other than
the disposal of spent fuel and high-
level waste)

78. Offsite radiological impacts 1 4.0 Not in GELS.
(collective effects)

79. Offsite radiological impacts (spent 1 4.0 Not in GELS.
fuel and high-level waste disposal)

80. Nonradiological impacts of the 1 4.0 6.2.2.6/6-20 (land use)
uranium fuel cycle 6.2.2.7/6-20 (water use)

6.2.2.8/6-21 (fossil fuel)
6.2.2.9/6-21 (chemical)

81. Low-level waste storage and 1 4.0 6.4.2/6-36 (low-level def)
disposal 6.4.3/6-37 (low-level

volume)
6.4.4/6-48 (renewal effects)

82. Mixed waste storage and disposal 1 4.0 6.4.5/6-63

83. Onsite spent fuel 1 4.0 6.4.6/6-70

84. Nonradiological waste 1 4.0 6.5/6-86

85. Transportation 1 4.0 6.3/6-31, as revised by
Addendum 1, August 1999.

Decommissioning

86. Radiation doses (decommissioning) 1 4.0 7.3.1/7-15

Palo Verde Nuclear Generating Station
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NRC NEPA Issues for License Renewal of Nuclear Power Plants

Table A-1. PVNGS Environmental Report Cross-Reference of License Renewal NEPA
Issues. (Continued)

Section of this
Environmental GElS Cross Reference

issuea Category Report (Section/Page)b

87. Waste management 1 4.0 7.3.2/7-19 (impacts)
(decommissioning) 7.4/7-25 (conclusions)

88. Air quality (decommissioning) 1 4.0 7.3.3/7-21 (air)
7.4/7-25 (conclusions)

89. Water quality (decommissioning) 1 4.0 7.3.4/7-21 (water)
7.4/7-25 (conclusions)

90. Ecological resources 1 4.0 7.3.5/7-21 (ecological)
(decommissioning) 7.4/7-25 (conclusions)

91. Socioeconomic impacts 1 4.0 7.3.7/7-19 (socioeconomic)
(decommissioning) 7.4/7-24 (conclusions)

Environmental Justice

92. Environmental justice NA 2.6.2 not in GElS
a. Source: 10 CFR 51, Subpart A, Appendix A, Table B-1. (Issue numbers added to facilitate discussion.)
b. Source: Generic Environmental Impact Statement for License Renewal of Nuclear Plants (NUREG-1 437).

NA = not applicable

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal A-8



This Page Intentionally Left Blank



Attachment B
Special Status Species Correspondence

ATTACHMENT B

SPECIAL STATUS SPECIES CORRESPONDENCE

Letter Page

Edward Z. Fox, APS to Steve Spangle, USFW S ...................................................................... B-2

Steven Spangle, USFW S to Edward Z. Fox, APS .................................................................... B-7

Edward Z. Fox, APS to Rebecca Davidson, AGFD .................................................................. B-9

Ginger L. Ritter, AGFD, to Edward Z. Fox, APS ................................................................ B-13

Edward Z. Fox, APS to Gabbi Gatchel, CDFG ....................................................................... B-22

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal B-1



This Page Intentionally Left Blank



Attachment B
Special Status Species Correspondence

TWE Powa To MAnK rr HAPPEN"

Edward Z. Fox Tel. 602-250-2916 Mall Station 9085
Vice President Fax 602-250-3002 PO Box 53999
Communications, e-mail Edward.Fox@aps.com Phoenix, Arizona 85072-3999

Environment and
Safety

September 28, 2007

Steve Spangle
Arizona Ecological Services Field Office
U.S. Fish and Wildlife Service
2321 West Royal Palm Road, Suite 103
Phoenix, AZ 85021

SUBJECT: Palo Verde Nuclear Generating Station (PVNGS)
Request for Information on Threatened or Endangered Species

Dear Mr. Spangle:

Arizona Public Service Company (APS) is initiating the steps required to be in a position to file

an application with the U.S. Nuclear Regulatory Commission (NRC) to renew the operating licenses for
PVNGS Units 1, 2 and 3. The current operating licenses expire on December 31, 2024 for Unit 1;
December 9, 2025 for Unit 2; and March 25, 2027 for Unit 3. The renewal terms would be for an
additional 20 years beyond each original license expiration date. The NRC review schedule dictates
limited windows of opportunity to submit an application for license renewal, and a submittal window of
fourth quarter 2008 is available to APS. However, the decision on whether or not to actually file an
application in 2008 would need to be formally agreed upon by Palo Verde participants.

As part of the license renewal process, NRC requires license applicants to "assess the impact of
the proposed action on threatened or endangered species in accordance with the Endangered Species
Act" (10 CFR 51.53). The NRC will request an informal consultation with your office at a later date
under Section 7 of the Endangered Species Act. By contacting you early in the application process, we
hope to identify any issues that need to be addressed or provide any information your office may need to
expedite the NRC consultation.

PVNGS is located in Maricopa County, Arizona, approximately 26 miles west of the nearest
boundary of the Phoenix metropolitan area, which is the nearest population center. The town of
Buckeye (year 2000 population approximately 6,500) is approximately 16 miles to the east. The nearest
town, which is the mailing address for the plant, is Wintersburg. The PVNGS site boundary encloses

approximately 4,250 acres (see attached Figure 2-1).

APS owns the largest share of PVNGS, and maintains and operates the facility. Other owners
include Salt River Project, Southern California Edison, El Paso Electric Company, Public Service
Company of New Mexico, Southern California Public Power Authority, and the Department of Water
and Power of the City of Los Angeles.

Seven transmission lines connect the station to the regional grid, and are thus relevant to license
renewal (see attached Figure 3-2). They include:

* Westwing #1 and #2 - These two 525-kilovolt lines extend east and north for 45 miles in a 330-
foot wide corridor to the Westwing Substation northwest of Phoenix.

Palo Verde Genrating Station
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" Rudd - Starting in a common corridor with Westwing #I and #2, this 525-kilovolt line runs for
37 miles to the Rudd Substation in Phoenix. After leaving the Westwing corridor, the Rudd
corridor width is generally 200 feet.

* Kyrene - This line runs south to the Hassayampa substation for 3 miles, then turns to the
southeast for 20 miles to the Jojoba Substation, and then runs another 52 miles to the Kyrene
Generating Station south of Tempe, Arizona. The corridor width for this 525-kilovolt line
varies from 75 to 200 feet, except that the 3-mile length it shares with Hassaymapa #2
(described below) is 330 feet wide.

* Hassayampa #2 - This 525-kilovolt line runs in the same corridor as Hassayampa #1 to the
Hassayampa substation, a distance of 3 miles. The combined corridor width is approximately
330 feet.

* Hassayampa #3 - This 525-kilovolt line roughly parallels the Hassayampa #1 and #2 lines to
the Hassaymapa substation, but in a separate corridor. The corridor width is 200 feet.

* Devers - This 235-mile line runs westward from the plant to the Devers Substation north of
Palm Springs, California. The corridor width is typically 200 feet.

In total, there are approximately 390 miles and approximately 10,000 acres of transmission line
corridor. The corridors pass through land that is primarily agricultural and desert. The areas are mostly
remote, with low population densities. The lines cross numerous county, state and U.S. highways.
Much of the land crossed is Federal property. Corridors that pass through farmlands generally continue
to be used as farmland.

Based on a review of historical documents, previous on-site surveys, and information on U.S.
Fish and Wildlife Service Region 2 and Arizona Game and Fish Department websites, APS believes that
no federally listed species occur on the PVNGS site proper, although several species are federally listed
within the Arizona counties containing the transmission lines. The PVNGS-to-Devers transmission
corridor crosses a reach of the lower Colorado River that is designated critical habitat for the
endangered razorback sucker (Xyrauchen texanus). This river reach is scheduled to be stocked with this
sucker and the threatened boneytail chub (Gila elegans) over the next 50 years. This same transmission
line crosses the Kofa National Wildlife Refuge in La Paz County, Arizona.

APS has no plans to alter current operations over the license renewal period. Any maintenance
activities necessary to support license renewal would be limited to previously disturbed areas. No
expansion of existing facilities is planned, and no additional land disturbance is anticipated in support of
license renewal. As a consequence, we believe that operation of PVNGS over the license renewal term
would not adversely affect any threatened or endangered species.

Please do not hesitate to call Henry Day at (623) 393-6567 if you have any questions or require
any additional information. After your review, we would appreciate your office sending a letter by
January 31, 2008 detailing any concerns you may have about any listed species or critical habitat in the
area, or confirming APS's conclusion that operation of PVNGS over the license renewal term would
have no effect on any threatened or endangered species. APS. will include a copy of this letter and your
response in the Environmental Report that will be submitted to the NRC as part of the PVNGS license
renewal application.

EZF:bgs (u
Enclosures: (1) Figure, (2) F~igure 3- (3) Figure 3-
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United States Department of the Interior SERVICE

U.S. Fish and Wild life Service
Arizona E cologica l Services Field Officec

23 21 West Royal Palm Road, Suite 103

Phoenix. Arizona 8502 1-4951

Telephone: (602) 242-0210 Fax: (602) 242-2513 RECEIVED
In Reply Retfer to:

AESO/SE NOV 3 0 7D07

22410-2008-SL-0091 November 29.2007
EDWARD Z. FOX

Mr. Edward Fox
APS
P.O. Box 53999
Phoenix, Arizona 85072-3999

RE: Palo Verde Nuclear Generating Station (PV GS) Located Approximately 26 Miles West ofthe
Phoenix Metropolitan Area, Maricopa County, Arizona (Operating License Renewal for Units
1.,2 and 3)

Dear Mr. Fox:

Thank you for your recent request for infomlation on threatened or endangered species, or those that

are proposed to be listed as such tmder the Endangered Species Act of 1973, as amended (Act),
which may occur in your project area. The Arizona Ecological Service Field Office has posted lists
of the endangered. threatened, proposed, and candidate species occurring in each ofArizona's 15
counties on the Internet. Please refer to the following web page for species information in the
county where your project occurs: http://www.fws.gov/southwest/eslarizona

lfyou do not have access to the Tntemet or have difficulty obtaininga list, please contact our
office and we will mail or fax you a list as soon as possible.

After opening the web page, find County Species Lists on the main page. Then click on the
county of interest. The alTows on the left will guide you through information on species that are
listed, proposed, candidates, or have conservation agreements. Here.you will find infomlation
on the species' status. a physical description, all counties where the species occurs, habitat,
elevation, and some general comments. Additional infomlation can be obtained by going back to
the main page. On the left side ofthe screen, click on Document Library, then click on
Documents by Species, then click on the name of the species of interest to obtain General

Species Infonnation, or other documents that may be available. Click on the "Cactus" icon to
view the desired document.

Please note that your project area may not necessarily include all or any of these species. The
infomlation provided includes general descriptions, habitat requirements, and other information
for each species on the list. Under the General Species In[omlation, citations for the Federal

Register (FR) are included for each listed and proposed species. The FR is available at most
Federal depository libraries. This information should assist you in determining which species
may or may not occur within your project area. Site-specific surveys could also be helpful and
may be needed to verify the presence or absence of a species or its habitat as required for the
evaluation of proposed proj ect-related impacts.

Palo Verde Nuclear Generation Station B-7
Environmental Report for License Renewal
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Mr. Edward Fox, Vice President Communications, Enviro:t:nment and Safety, 2

Endangered anid threatened species are protected by Federal lawv and mnust be considered prior to
projectidevelopment. If the action agency determines that listed species or critical habitat may
be ~adversely affected by a federally funded, permitt~ed, or authorized activity, the action agency
wi'U need to request formal consultation with us. If the action agency determ-ines that the
planned action may jeopardize a proposed species or destroy or adversely modify proposed
,criticallhabitat, the action agency will need:to enter into a section 7 conference. The county list
may also contain candidate or conservation' agreement species. Candidate, species ae thiose for
which there is sufficient information to support a proposal for lisiting; conservation agreement

-species are those for which we have entered into an agreement to, protec~t the species and its
habitat. Although candidate and conservation, agreement species have no legal protection under
the Act, we recommend that: they 6e considered in the, planning process in the, event that they

,become listed or proposed for listii ,g'prior to project comnpletion .,:

If any proposed action occurs in o. near areas with trees and shrubs growing along watercourses,
known as riparian habitat, we recommtfend the protection of these areas. Riparian are ;as are
critical to biological c'ommunity diversity and provide linear corridors important to migratory"
species. In addition, if the project will result in the deposition of dredged lor fill materia• s into
w.aterwvays, we recommend You' contact the Army Corps of Engineers which regulates these
activities uinder Scction 404 of the Clean Water Act.

The 'State of Arizona and' some of the Native, Amnerican Tribes protect somec plant and animal
species not protected by Federal law. We recommend you contact the Arizona Game and Fish
Department and the Arizona Department of Agriculture for State-listed or sensitive species, or
contact the appropriate Native American Tuibetodetermine if sensitive species are protected by
Tribal governments in your project area. We fuirther recommend that you invite .the Arizona
Game and Fish Department and any Native AmnericaniTribes in or near your, project area to

*participate in your informal' or formral Section 7 Consultation process.

For additional communications regarding this project, please refer to cojns~ultation number 22410-
• .20O8-SL:-91.OiWe appreciate your efforts'to identify and avoid impacts to:listed and sensitive
species in your project area. If we may h22o-f urther assistance, please feel free to contact
Brenda Smnith (928) 22'6-0614'(x '10 1) for p'r:ojqcts int Northern Arizona, D~ebra B1ills '(602) 242-

'02 10 (x239) for projects in central Arizona andao'ng the Lower Colorado ~River, and Sherry
Barrett (520) 670-6150 (x223)) foi! projects in souitherri Arizona.,-

iSincerely,

Steven L. 'SpangleField Super-visor

cc: Bob Brocheid, Chief, Habitat, Branch, A'izona Game and Fish Department, Phoenix, AZ

W:\Cathy Gordon",spcies 1trs\com~plcte\APS Palo' erde Nulclar Gen Station License. Renewal Unica 1 2 3 doc~cgg

Palo Verde Nuclear Generation Station
Environmental Report for License Renewal
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THE PowEE ro MAKE tr HAPPEN"

Edward Z. Fox Tel. 602-250-2916 Mail Station 9085
Vice President Fax 602-250-3002 PO Box 53999
Communications, e-mail Edward.Fox@aps.com Phoenix, Arizona 85072-3999

Environment and
Safety

September 28,2007

Rebecca Davidson
Project Evaluation Supervisor
Arizona Game and Fish Department
WMHB-Project Evaluation Programl
2221 W. Greenway Road I
Phoenix, AZ 85023

SUBJECT: Palo Verde Nuclear Generating Station (PVNGS)
Request for Information on Threatened or Endangered Species

Dear Ms. Davidson:

Arizona Public Service Company (APS) is initiating the steps required to be in a position to file
an application with the U.S. Nuclear Regulatory Commission (NRC) to renew the operating licenses for
PVNGS Units 1,2 and 3. The current operating licenses expire on December 31,2024 for Unit 1;
December 9, 2025 for Unit 2; and March 25, 2027 for Unit 3. The renewal terms would be for an
additional 20 years beyond each original license expiration date. The NRC review schedule dictates
limited windows of opportunity to submit an application for license renewal, and a submittal window of
fourth quarter 2008 is available to APS. However, the decision on whether or not to actually file an
application in 2008 would need to be formally agreed upon by the Palo Verde participants.

As part of the license renewal process, NRC requires license applicants to "assess the impact of
the proposed action on threatened or endangered species in accordance with the Endangered Species
Act" (10 CFR 51.53). The NRC will request an informal consultation with your office at a later date
under Section 7 of the Endangered Species Act. By contacting you early in the application process, we
hope to identify any issues that need to be addressed or provide any information your office may need to
expedite the NRC consultation.

PVNGS is located in Maricopa County, Arizona, approximately 26 miles west of the nearest
boundary of the Phoenix metropolitan area, which is the nearest population center. The town of
Buckeye (year 2000 population approximately 6,500) is approximately 16 miles to the east. The nearest
town, which is the mailing address for the plant, is Wintersburg. The PVNGS site boundary encloses
approximately 4,250 acres (see attached Figure 2-1).

APS owns the largest share of PVNGS, and maintains and operates the facility. Other owners
include Salt River Project, Southern California Edison, El Paso Electric Company, Public Service
Company of New Mexico, Southern California Public Power Authority, and the Department of Water
and Power of the City of Los Angeles.

Seven transmission lines connect the station to the regional grid, and are thus relevant to license
renewal (see attached Figure 3-2). They include:

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal B-9
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" Westwing #1 and #2 - These two 525-kilovolt lines extend east and north for 45 miles in a 330-
foot wide corridor to the Westwing Substation northwest of Phoenix.

* Rudd - Starting in a common corridor with Westwing #1 and #2, this 525-kilovolt line runs for
37 miles to the Rudd Substation in Phoenix. After leaving the Westwing corridor, the Rudd
corridor width is generally 200 feet.

" Kyrene -This line runs south to the Hassayampa substation for 3 miles, then turns to the
southeast for 20 miles to the Jojoba Substation, and then runs another 52 miles to the Kyrene
Generating Station south of Tempe, Arizona. The corridor width for this 525-kilovolt line
varies from 75 to 200 feet, except that the 3-mile length it shares with Hassaymapa #2
(described below) is 330 feet wide.

* Hassayampa #2 - This 525-kilovolt line runs in the same corridor as Hassayampa #1 to the
Hassayampa substation, a distance of 3 miles. The combined corridor width is approximately
330 feet.

" Hassayampa #3 - This 525-kilovolt line roughly parallels the Hassayampa #1 and #2 lines to
the Hassaymapa substation, but in a separate corridor. The corridor width is 200 feet.

" Devers - This 235-mile line runs westward from the plant to the Devers Substation north of
Palm Springs, California. The corridor width is typically 200 feet.

In total, there are approximately 390 miles and approximately 10,000 acres of.transmission line
corridor. The corridors pass through land that is primarily agricultural and desert. The areas are mostly
remote, with low population densities. The lines cross numerous county, state and U.S. highways.
Much of the land crossed is Federal property. Corridors that pass through farmlands generally continue
to be used as farmland.

APS has no plans to alter current operations over the license renewal period. Any maintenance
activities necessary to support license renewal would be limited to previously disturbed areas. No
expansion of existing facilities is planned, and no additional land disturbance is anticipated in support of
license renewal. As a consequence, we believe that operation of PVNGS over the license renewal term
would not adversely affect any threatened or endangered species.

Please do not hesitate to call Henry Day at (623) 393-6567 if you have any questions or require
any additional information. After your review, we would appreciate your office sending a letter by
January 31,2008 detailing any concerns you may have about any listed species or critical habitat in the
area or confirming APS's conclusion that operation of PVNGS over the license renewal term would
have no effect on any threatened or endangered species. APS will include a copy of this letter and your
response in the Environmental Report that will be submitted to the NRC as part of the PVNGS license
renewal application.

Sin ly

EZF:bgs
Enclosures: (1) Figure 2-1

(2) Figure 3-2

Palo Verde Nuclear Generating Station
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THE STATE OF ARIZONA GOVERNOR

JANET NAPOLITANO

COMMISSIONERS (¶

GAME AND FISH DEPARTMENT BOB ... i,.AN, GOLD -AWILLAM H. MCLEAN, GOLD CANYON

5000 W. CAREFREE HIGHWAY JENNIFER L. MARTIN. PHOENIX
PHOENIX, AZ 85086- 5000 0 oROBERT R WOOBHOUSE. ROLL

DIRECTOR
(602) 942-3000 * WWW.AZGFD.GOV DUANE L. SHROUFE

DEPUTY DIRECTOR
STEVE K. FERRELL

RECEIVED
December 11,2007

Mr. Edward Fox 
DEC 12 2007

APS EDWARD Z. FOX
Mail Station 9085
PO Box 53999
Phoenix, AZ 85072

Re: Special Status Species Information for Palo Verde Nuclear Generation Station
Transmission Lines and Substations.

Dear Mr. Fox:

The Arizona Game and Fish Department (Department) has, reviewed your request, dated
September 28, 2007, regarding special status species information associated with the above-
referenced project area. The Department's Heritage Data Management System (HDMS) has
been accessed and current records show that the special status species listed on the attachment
have been documented as occurring in the project vicinity (5-mile buffer). In addition, this
project occurs in the vicinity of Designated Critical Habitat for razorback sucker (Xyrauchen
texanus).

The Department's HDMS data are not intended to include potential distribution of special status
species. Arizona is large and diverse with plants, animals, and environmental conditions that are
ever changing. Consequently, many areas may contain species that biologists do not know about
or species previously noted in a particular area may no longer occur there. Not all of Arizona
has been surveyed for special status species, and surveys that have been conducted have varied
greatly in scope and intensity.

If you have any questions regarding this letter, please contact me at (623) 236-7606. General
status information, county and watershed distribution lists and abstracts for some special status
species are also available on our web site at http://www.azgfd.gov/hdms.

Sincerely,

Project Evaluation Program Specialist

cc: Rebecca Davidson, Project Evaluation Program Supervisor
Russ Engel, Habitat Program Manager, Region IV
Russ Haughey, Habitat Program Manager, Region VI

AGFD #M07-10214617

AN EQUAL OPPORTUNITY REASONABLE ACCOMMODATIONS AGENCY

Palo Verde Generating Station
Environmental Report for License Renewal B-1 3
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Special Status Species within 5 Miles of Palo Verde Transmission Lines

NAME COMMONNAME ESA USFS BLM STATE
Ardea alba Great Egret I ____ WSC
Athene cunicularia hypugaea IWestern Burrowing Owl SC I S
Bat Colony I I I
CH for Xyrauchen texanus Designated Critical Habitat for razorback sucker
Charina trivirgata gracia Desert Rosy Boa SC S S
Coccyzus americanus occidentalis Western Yellow-billed Cuckoo C S WSC
Colorado River Indian Reservation Colorado River Indian Reservation
Dendrocygna autumnalis Black-bellied Whistling-Duck WSC
Empidonax traillii extim us Southwestern Willow Flycatcher LE S WSC
Eumops perotis californicus Greater Western Bonneted Bat SC
Ferocactuscylindraceus var. cylindraceus California Barrel Cactus SR
Gila River Indian Reservation Gila River Indian Reservation
Gopherus agassizii (Sonoran Population) Sonoran Desert Tortoise SC WSC
Heloderma suspectum cinctum Banded Gila Monster SC S
Ixobrychus exilis Least Bittern WSC
Lasiurus blossevilli Western Red Bat WSC
Lasiurus xanthinus Western Yellow Bat WSC
Macrotus califomicus California Leaf-nosed Bat SC WSC
Myotis velifer Cave Myotis SC S
Opuntia echinocarpa Straw-top Cholla SR
Oountia engelmannii var. flavisDina SR
Rallus Iongirostris yumanensis Yuma Clapper Rail LE WSC
Sauromalus ater (Arizona Population) Arizona Chuckwalla SC S
Uma scoparia Mojave Fringe-toed Lizard WSC
Xyrauchen texanus Razorback Sucker LE S WSC

AGFD #M07-10214617

Arizona Game and Fish Department, Heritage Data Management System, December 11,2007
Project Evaluation Program.

Palo Verde Generating Station
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 1 South, Range 5 East
NAME
Bat Colony

Township 1 South. Range 4 East
NAME
Lasiurus blossevillii

Township 1 North, Range 4 East
NAME
Bat Colony
Lasiurus xanthinus

Township1 outh- Rane-,3 East
NAME
Gopherus agassizii (Sonoran Population)
Sauromalus ater (Arizona Population)

Township 1 North, Range 2 East
NAME
Athene cunicularia hypugaea

Township 1 North, Range 1 East
NAME
Athene cunicularia hypugaea
Coccyzus americanus occidentalis
Dendrocygna autumnalis

Township 4 North, Range 1 East
NAME
Eumops perotis californicus

Township 5 North, Range I East
NAME
Gopherus agassizii (Sonoran Population)

COMMON NAME

COMMON NAME
Western Red Bat

COMMON NAME

Western Yellow Bat

ESA USFS BLM STATE

ESA USFS BLM STATE
WSC

ESA USFS BLM STATE

WSC

COMMON NAME
Sonoran Desert Tortoise
Arizona Chuckwalla

COMMON NAME
Western Burrowing Owl

COMMON NAME
Western Burrowing Owl
Western Yellow-billed Cuckoo
Black-bellied Whistling-Duck

COMMON NAME
Greater Western Bonneted Bat

ESA
SC
SC

ESA
SC

ESA
SC
C

ESA
SC

ESA
SC

USFS BLM STATE
WSC

S

USFS BLM
S

STATE

USFS BLM STATE
S

S WSC
WSC

USFS BLM STATE

COMMONNAME
Sonoran Desert Tortoise

USFS BLM STATE
WSC

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11,2007
Project Evaluation Program.
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 1 South, Range 1 West
NAME
Bat Colony
Macrotus californicus

Township 1 North, Range 1 West
NAME
Coccyzus americanus occidentalis
Empidonax traillii extimus
Ixobrychus exilis
Rallus longirostris yumanensis

Township 5 North, Range I West
NAMt

COMMONNAME ESA USFS BLM STATE

California Leaf-nosed Bat

COMMON NAME
Western Yellow-billed Cuckoo
Southwestern Willow Flycatcher
Least Bittern
Yuma Clapper Rail

C O M M O N ....-

SC WSC

ESA USFS
C S
LE S

BLM STATE
WSC
WSC
WSC
WSCLE

ESA--USFS--[W STATE
SC VSCGopherus agassizii (Sonoran Population) Sonoran Desert Tortoise

Township 2 South, Range 2 West
NAME
Athene cunicularia hypugaea

Township 1 South, Range 2 West
NAME
Coccyzus americanus occidentalis
Rallus Iongirostris yumanensis

Township 1 North, Range 2 West
NAME
Athene cunicularia hypugaea

Township 3 North, Range 2 West
NAME
Athene cunicularia hypugaea
Opuntia engelmannii var. flavispina

Township 3 South. Ranae 3 West
NAME
Gopherus agassizii(Sonoran Population)

COMMON NAME
Western Burrowing Owl

COMMON NAME
Western Yellow-billed Cuckoo
Yuma Clapper Rail

COMMON NAME
Western Burrowing Owl

COMMON NAME
Western Burrowing Owl

COMMON NAME
Sonoran Desert Tortoise

ESA
SC

ESA
C

LE

ESA
SC

ESA
SC

ESA
SC

USFS BLM
S

STATE

USFS
S

BLM STATE
WSC
WSC

USFS BLM
S

STATE

USFS BLM STATE
S

SR

USFS BLM STATE
WSC

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11,2007.
Project Evaluation Program.
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 1 South, Range 3 West
NAME
Coccyzus americanus occidentalis
Gopherus agassizii (Sonoran Population)
Ixobrychus exilis
Rallus longirostris yumanensis

Township 2 North, Range 3 West
NAME
Gopherus agassizii (Sonoran Population)

Township 3 North, Range 3 West
NAME
Bat Colony
Macrotus califomicus

Township 4 North, Range 3 West
NAME
Opuntia engelmannil var. flavispina

Township 3 South, Range 4 West
NAME
Gopherus agassizii (Sonoran Population)

Townshio 1 South. Ranae 4 West

COMMON NAME
Western Yellow-billed Cuckoo
Sonoran Desert Tortoise
Least Bittern
Yuma Clapper Rail

COMMON NAME
Sonoran Desert Tortoise

-COMMON NAME -

California Leaf-nosed Bat

COMMON NAME

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
California Barrel Cactus

COMMON NAME
Sonoran Desert Tortoise
Straw-top Cholla

ESA USFS BLM STATE
C S WSC

SC WSC
WSC

LE WSC

ESA USFS BLM STATE
SC WSC

ESW USFS BLM STAT

SC WSC

ESA USFS BLM STATE
SR

ESA
SC

USFS BLM STATE
WSC

NAME
Ferocactus cylindraceus var. cylindraceus

Township 4 North, Range 4 West
NAME
Gopherus agassizii (Sonoran Population)
Opuntia echinocarpa

ESA USFS BLM STATE
SR

ESA
SC

USFS BLM STATE
WSC
SR

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11, 2007.
Project Evaluation Program.
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 2 South, Range 5 West
NAME
Gopherus agassizii (Sonoran Population)
Rallus Iongirostris yumanensis

Township 1 South. Range 5 West
NAME
Rallus longirostris yumanensis

Township 4 North, Range 5 West
NAME
Gopherus agassizii (Sonoran Population)

COMMON NAME
Sonoran Desert Tortoise
Yuma Clapper Rail

ESA
SC
LE

USFS BLM STATE
WSC
WSC

COMMONNAME
Yuma Clapper Rail

ESA USFS BLM STATE
LE WSC

ESA USFS BLM STATE
SC WSC

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

Township 3 South, Range 6 West
NAME
Gopherus agassizii (Sonoran Population)

Township 2 South, Range 6 West
NAME
Bat Colony
Gopherus agassizii (Sonoran Population)
Macrotus californicus
Myotis velifer

Township 1 South, Range 6 West
NAME
Opuntia echinocarpa

Township 1 North, Range 8 West
NAME
Gopherus agassizii (Sonoran Population)

Township 3 North, Range 8 West
NAME
Gopherus agassizii (Sonoran Population)

ESA
SC

USFS BLM STATE
WSC

COMMON NAME ESA USFS BLM STATE

Sonoran Desert Tortoise
California Leaf-nosed Bat
Cave Myotis

SC
SC
SC

WSC
WSC

S

COMMON NAME
Straw-top Cholla

ESA USFS BLM STATE
SR

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

ESA
SC

ESA
SC

USFS BLM STATE
WSC

USFS BLM STATE
WSC

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11,2007
Project Evaluation Program.
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 3 North, Ranqe 9West
NAME
Gopherus agassizii (Sonoran Population)

Township 2 North, Range 11 West
NAME
Gopherus agassizil (Sonoran Population)

Township 2 North, Range 12 West
NAME
Gopherus agassizi (Sonoran Population)

Township 2 North, Range 14 West
-NAME
Gopherus agassizii (Sonoran Population)

Township 2 North, Range 16 West
NAME
Gopherus agassizii (Sonoran Population)

Township 3 North, Ranqe 16West
NAME
Gopherus agassizii (Sonoran Population)

Township 3 North, Range 17 West
NAME
Charina trivirgata gracia
Gopherus agassizii (Sonoran Population)

Township 2 North, Ranfze 18 West
NAME
Gopherus agassizii (Sonoran Population)
Heloderma suspecturn cinctum

Township 3 North. Range 18 West
NAME
Charina trivirgata gracia

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

ESA USFS BLM STATE
SC WSC

ESA USFS ELM STATE
SC WSC

ESA USFS ELM STATE
SC WSC

ESA USFS BLM STATE
SC WSC

LIU1Mjr4 E'IMM

Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Desert Rosy Boa
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise
Banded Gila Monster

ESA
SC

ESA
SC

ESA
SC
SC

ESA
SC
SC

USFS BLM STATE
WSC

USFS BLM STATE
WSC

USFS ELM STATE
S S

WSC

USFS ELM STATE
WSC

S

COMMON NAME
Desert Rosy Boa

ESA USFS BLM STATE
SC S S

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11,2007
Project Evaluation Program.
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 3 North, Range 19 West
NAME
Gopherus agassizii (Sonoran Population)

Township 2 North, Range 20 West
NAME
Gopherus agassizii (Sonoran Population)

Township 3 North, Range 20 West
NAME
Bat Colony
Gopherus agassizii (Sonoran Population)
Macrotus calitomicus

Township 4 North, Range 20 West
NAME
Gopherus agassizii (Sonoran Population)
Macrotus californicus
Myotis velifer

Township 2 North, Range 21 West
NAME
Uma scoparia

Township 3 North, Range 21 West
NAME
Gopherus agassizii (Sonoran Population)

Township 4 North, Ranae 21 West
NAME
Gopherus agassizii (Sonoran Population)

Township 2 North. Ranae 22 West
NAME
C H for Xyrauchen texanus

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME

Sonoran Desert Tortoise
Calitornia Leaf-nosed Bat

COMMON NAME
Sonoran Desert Tortoise
California Leaf-nosed Bat
Cave Myotis

COMMON NAME
Mojave Fringe-toed Lizard

ESA
SC

ESA
SC

ESA

SC
--sc

ESA
SC
SC
SC

USFS BLM STATE
WSC

USFS BLM STATE
WSC

USFS BLM STATE

WSC

USFS BLM STATE
WSC
WSC

S

ESA USFS BLM STATE
WSC

COMMON NAME
Sonoran Desert Tortoise

COMMON NAME
Sonoran Desert Tortoise

ESA
SC

ESA
SC

USFS BLM STATE
WSC

USFS BLM STATE
WSC

COMMON NAME
Designated Critical Habitat for razorback sucker

ESA USFS BLM STATE

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11, 2007
Project Evaluation Program.
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Speical Status Species within 5 Miles of Palo Verde Transmission Lines

Township 3 North. Range 22 West
NAME
Ardea alba
CH for Xyrauchen texanus
Empidonax traillii extimus
Myotis velifer
Xyrauchen texanus

COMMON NAME
Great Egret
Designated Critical Habitat for razorback sucker
Southwestern Willow Flycatcher
Cave Myotis
Razorback Sucker

ESA USFS BLM STATE
WSC

LE
SC
LE

S

S
S

WSC

WSC

AGFD #M07-03230421. Proposed Construction of 69kV Transmission Line.

Arizona Game and Fish Department, Heritage Data Management System, December 11, 2007.
Project Evaluation Program.
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TE Powu. To MAKE rT HAPPuN

Edward Z. Fox Tel. 602-250-2916 Mail Station 9085
Vice President Fax 602-250-3002 PO Box 53999
Communications, e-mail Edward.Fox@aps.com Phoenix, Arizona 85072-3999
Environment and
Safety

September 28,2007

Ms. Gabbi Gatchel
California Department of Fish and Game - Regional Office
3602 Inland Empire Boulevard,
Suite C-220
Ontario, CA 91764

SUBJECT: Palo Verde Nuclear Generating Station (PVNGS)

Request for Information on Threatened or Endangered Species

Dear Ms. Gatchel:

Arizona Public Service Company (APS) is initiating the steps required to be in a position to file
an application with the U.S. Nuclear Regulatory Commission (NRC) to renew the operating licenses for
PVNGS Units 1,2 and 3. The current operating licenses expire on December 31,2024 for Unit 1;
December 9,2025 for Unit 2; and March 25, 2027 for Unit 3. The renewal terms would be for an
additional 20 years beyond each original license expiration date. The NRC review schedule dictates
limited windows of opportunity to submit an application for license renewal, and a submittal window of
fourth quarter 2008 is available to APS. However, the decision on whether or not to actually file an
application in 2008 would need to be formally agreed upon by the Palo Verde participants.

As part of the license renewal process, NRC requires license applicants to "assess the impact of
the proposed action on threatened or endangered species in accordance with the Endangered Species
Act" (10 CFR 51.53). The NRC will request an informal consultation with your office at a later date
under Section 7 of the Endangered Species Act. By contacting you early in the application process, we
hope to identify any issues that need to be addressed or provide any information your office may need to
expedite the NRC consultation.

PVNGS is located in Maricopa County, Arizona, approximately 26 miles west of the nearest
boundary of the Phoenix metropolitan area, which is the nearest population center. The town of
Buckeye (year 2000 population approximately 6,500) is approximately 16 miles to the east. The nearest
town, which is the mailing address for the plant, is Wintersburg. The PVNGS site boundary encloses
approximately 4,250 acres (see attached Figure 2-1).

APS owns the largest share of PVNGS, and maintains and operates the facility. Other owners
include Salt River Project, Southern California Edison (SCE), El Paso Electric Company, Public Service
Company of New Mexico, Southern California Public Power Authority, and the Department of Water
and Power of the City of Los Angeles. Seven 525-kV transmission lines connect PVNGS to the
regional grid, but six of the transmission lines are contained within Arizona. The PVNGS-to-Devers
transmission line is the only line that crosses into California. SCE owns and operates the PVNGS-to-
Devers transmission line, which crosses into Riverside County, California, and terminates near Palm
Springs (see attached Figure 3-3).

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal B-22
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APS has no plans to alter current operations over the license renewal period. Any maintenance
activities necessary to support license renewal would be limited to previously disturbed areas. No
expansion of existing facilities is planned, and no additional land disturbance is anticipated in support of
license renewal. As a consequence, we believe that operation of PVNGS over the license renewal term
would not adversely affect any threatened or endangered species.

Please do not hesitate to call Henry Day at (623) 393-6567 if you have any questions or require
any additional information. After your review, we would appreciate your office sending a letter by
January 31,2008 detailing any concerns you may have about any listed species or critical habitat in the
area or confirming APS's conclusion that operation of PVNGS over the license renewal term would
have no effect on any threatened or endangered species. APS will include a copy of this letter and your
response in the Environmental Report that will be submitted to the NRC as part of the PVNGS license
renewal application.

EZF:bgs
Enclosures:

Palo Verde Nuclear Generating Station
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ATTACHMENT C

STATE HISTORIC PRESERVATION OFFICE CORRESPONDENCE

Letter Paqe

Edward Z. Fox, APS to Milford W . Donaldson, CDPR .............................................................. C-2

Edward Z. Fox, APS to Jam es Garrison, ASP .......................................................................... C-5
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Tri PowEa TO MKEm #T KHAPP "

Edward Z_ Fox Tel. 602-250-2916 Mail Station 9085
Vice President Fax 602-250-3002 PO Box 53999
Communications, e-mail Edward.Fox@aps.com Phoenix, Arizona 85072-3999

Environment and
Safety

September 28,2007

Milford Wayne Donaldson, State Historic Preservation Officer
Office of Historic Preservation
California Department of Parks and Recreation
1416 9th Street, Room 1442-7
Sacramento, CA 95814

SUBJECT: Palo Verde Nuclear Generating Station (PVNGS)
Request for Information on Historic and Archaeological Resources

Dear Mr. Donaldson:

Arizona Public Service Company (APS) is initiating the steps required to be in a position to file
an application with the U.S. Nuclear Regulatory Commission (NRC) to renew the operating licenses for
PVNGS Units 1,2 and 3. The current operating licenses expire on December 31,2024 for Unit 1;
December 9,2025 for Unit 2; and March 25,2027 for Unit 3. The renewal terms would be for an
additional 20 years beyond each original license expiration date. The NRC review schedule dictates
limited windows of opportunity to submit an application for license renewal, and a submittal window of
fourth quarter 2008 is available to APS. However, the decision on whether or not to actually file an
application in 2008 would need to be formally agreed upon by the Palo Verde participants.

As part of the license renewal process, NRC requires license applicants to "assess whether any
historic or archaeological properties will be affected by the proposed project." NRC may also request
an informal consultation with your office at a later date under Section 106 of the National Historic
Preservation Act of 1966, as amended (16 USC 470), and under Federal Advisory Council on Historic
Preservation regulations (36 CFR 800). By contacting you early in the application process, we hope to
identify any issues that need to be addressed or provide any information your office may need to
expedite the NRC consultation.

PVNGS. is located in Maricopa County, Arizona, approximately 26 miles west of the nearest
boundary of the Phoenix metropolitan area. Seven transmission lines connect the station to the regional
grid, and are thus relevant to license renewal. However, only one of them traverses California (see
attached Figure 3-3). The 235-mile PVNGS-Devers line runs westward from the plant to the Devers
Substation north of Palm Springs, California. The corridor width is typically 200 feet.

Using the National Register Information System on-line database, we have compiled a list of
sites on the National Register of Historic Places (NRHP) within Riverside County, which contains the
Devers transmission line. As of April 18, 2007, there were 53 sites on the NRHP and six sites that were
determined to be eligible for listing on the NRHP (DOI 2007).

APS does not expect PVNGS operations through the license renewal term to adversely affect
cultural resources in the area, as APS has no plans to alter current operations for license renewal. No

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal C-2
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construction along the Devers transmission line is planned. Maintenance on the transmission line would
continue as currently performed. No additional land-disturbance is anticipated in support of license
renewal.

Please do not hesitate to call Henry Day at (623) 393-6567 if you have any questions or require
any additional information. After your review, we would appreciate receiving your input by January 31,
2008, detailing any concerns you may have about cultural resources in the area or confirming APS'
conclusion that operation of PVNGS over the license renewal term would have no effect on cultural
resources. This will enable us to meet our application preparation schedule. APS will include a copy of
this letter and your response in the Environmental Report that will be submitted to the NRC as part of
the PVNGS license renewal application.

Sincerely,

Edward

EZF:bgs
Enclosure: Figure 3-3

Reference:
DOI (U.S. Department of the Interior) 2007. National Register of Historic'Places. Available online at
http://www.nr.nps.gov/. Accessed April 18, 2007.
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AM"
Thm Powua To MAKE IT HAPPt01

Edward Z. Fox Tel. 602-250-2916 Mail Station 9085
Vice President Fax 602-250-3002 PO Box 53999
Communications, e-mail Edwaid.Fox@aps.com Phoenix, Arizona 85072-3999

Environment and
Safety

September 28,2007

James Garrison, State Historic Preservation Officer
Arizona State Parks
State Historic Preservation Office
1300 West Washington
Phoenix, Arizona 85007

SUBJECT: Palo Verde Nuclear Generating Station (PVNGS)
Request for Information on Historic and Archaeological Resources

Dear Mr. Garrison:

Arizona Public Service Company (APS) is initiating the steps required to be in a position to file
an application with the U.S. Nuclear Regulatory Commission (NRC) to renew the operating licenrses for
PVNGS Units 1, 2 and 3. The current operating licenses expire on December 31,2024 for Unit 1;
December 9,2025 for Unit 2; and March 25,2027 for Unit 3. The renewal terms would be for an
additional 20 years beyond each original license expiration date. The NRC review schedule dictates
limited windows of opportunity to submit an application for license renewal, and a submittal window of
fourth quarter 2008 is available to APS. However, the decision on whether or not to actually file an
application in 2008 would need to be formally agreed upon by the Palo Verde participants.

As part of the license renewal process, NRC requires license applicants to "assess whether any
historic or archaeological properties will be affected by the proposed project". The NRC may also
request an informal consultation'with your office at a later date under Section 106 of the National
Historic Preservation Act of 1966, as amended (16 USC 470), and under Federal Advisory Council on
Historic Preservation regulations (36 CFR 800). By contacting you early in the application process, we
hope to identify any issues that need to be addressed or provide any information your office may need to
expedite the NRC consultation.

PVNGS is located in Maricopa County, Arizona, approximately 26 miles west of the nearest
boundary of the Phoenix metropolitan area, which is the nearest population center. The town of
Buckeye (year 2000 population approximately 6,500) is approximately 16 miles to the east. The nearest
town, which is the mailing address for the plant, is Wintersburg. The PVNGS site boundary encloses
approximately 4,250 acres (see attached Figure 2-1).

Seven transmission lines connect the station to the regional grid, and are thus relevant to license
renewal (see attached Figure 3-2). They include:

# Westwing # I and #2 - These two 525-kilovolt lines extend east and north for 45 miles in a 330-
foot wide corridor to the Westwing Substation northwest of Phoenix.

# Rudd - Starting in a common corridor with Westwing #1 and #2, this 525-kilovolt line runs for
37 miles to the Rudd Substation in Phoenix. After leaving the Westwing corridor, the Rudd
corridor width is generally 200 feet.

Palo Verde Nuclear Generating Station
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* Kyrene - This line runs south to the Hassayampa substation for 3 miles, then turns to the
southeast for 20 miles to the Jojoba Substation, and then runs another 52 miles to the Kyrene
Generating Station south of Tempe, Arizona. The corridor width for this 525-kilovolt line
varies from 75 to 200 feet, except that the 3-mile length it shares with Hassaymapa #2
(described below) is 330 feet wide.*

* Hassayampa #2 - This 525-kilovolt line runs in the same corridor as Hassayampa #1 to the
Hassayampa substation, a distance of 3 miles. The combined corridor width is approximately
330 feet.

" Hassayampa #3 - This 525-kilovolt line roughly parallels the Hassayampa #1 and 42 lines to
the Hassaymapa substation, but in a separate corridor. The corridor width is 200 feet.

" Devers - This 235-mile line runs westward from the plant to the Devers Substation north of
Palm Springs, California. The corridor width is typically 200 feet.

In total, there are approximately 390 miles and approximately 10,000 acres of transmission line
corridor. The corridors pass through land that is primarily agricultural and desert. The areas are mostly
remote, with low population densities. The lines cross numerous county, state and U.S. highways.
Much of the land crossed is Federal property. Corridors that pass through farmlands generally continue
to be used as farmland.

Using the National Register Information System (NRIS) on-line database, we have compiled a
lsot of sites on the National Register of Historic Places (NRHP) within Maricopa County. As of 2006,
the NRHP listed 317 locations in Maricopa County (DOI 2006). Of these 317 locations, one (the
Hassayampa River Bridge) falls within 6 miles of PVNGS property. The Hassayampa River Bridge was
added to the list in 1988 and is located on Old U.S. Highway 80, spanning the Hassayampa River. As of
2006, the NRHP listed 55 locations that have been determined eligible in Maricopa County for inclusion
in the NRHP (DOI 2006). Of these 55 locations, none falls within 6 miles of PVNGS property.

APS does not expect PVNGS operations through the license renewal term to adversely affect
cultural resources in the area, as APS has no plans to alter current operations for license renewal. No
expansion of existing facilities is planned, and no structural modifications have been identified for the
purpose of supporting license renewal. Maintenance on the transmission line would continue as
currently performed. No additional land-disturbance is anticipated in support of licefise renewal.

Please do not hesitate to call Henry Day at (623) 393-6567 if you have any questions or require
any additional information. After your review, we would appreciate your input by January 31, 2008
detailing any concerns you may have about cultural resources in the area or confirming APS's
conclusion that operation of PVNGS over the license renewal term would have no effect on any
threatened or endangered species. This will enable us to meet our application preparation schedule.
APS will include a copy of this letter and your response in the Environmental Report that will be
submitted to the NRC as part of the PVNGS license renewal application.

EZF:bgs

Enclosures: (1) Figure 2-1
(2) Figure 3-2

Reference:
DOI (U.S. Department of the Interior) 2006. National Register of Historic Places. Available online at
httv://www.nr.nps.gov. Accessed 12/8/2006.
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Palo Verde Nuclear Generating Station Page D-vii
Environmental Report for License Renewal



Attachment D
Severe Accident Mitigation Alternatives Analysis

SBO

SDC
SERF

SG

SGTR

SI

SRO

SRP

TC

Te

TD AFW

TI SGTR

UFSAR

UHS

VCC

WOG

Acronyms Used in Attachment D

station blackout

shutdown cooling

small early release frequency

steam generator

steam generator tube rupture

safety injection

senior reactor operator

standard review plan

turbine cooling water

tellurium

turbine driven auxiliary feedwater

temperature-induced steam generator tube rupture

updated final safety analysis report

ultimate heat sink

vertical concrete cask

Westinghouse Owner's Group

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-viii



Attachment D
Severe Accident Mitigation Alternatives Analysis

Attachment D
Severe Accident Mitigation Alternatives

The severe accident mitigation alternatives (SAMA) analysis discussed in Section
4.20 of the Environmental Report is presented below.

D.1 METHODOLOGY

The methodology selected for this analysis, which is based on the NEI 05-01
guidance, involves identifying SAMA candidates that have the highest potential for
reducing plant risk and determining whether or not the implementation of those
candidates is beneficial on a cost-risk reduction basis. The metrics chosen to
represent plant risk include the core damage frequency (CDF), the dose-risk, and
the off-site economic cost-risk (OECR). These values provide a measure of both
the likelihood and consequences of a core damage event. The SAMA process
consists of the following steps:

Baseline Risk Monetization - Use U.S. Nuclear Regulatory Commission
(NRC) regulatory analysis techniques to calculate the monetary value of the
unmitigated PVNGS severe accident risk. This becomes the maximum
averted cost-risk (MACR) that is possible (Section D.4). The following plant
specific risk analyses are used to support this process:

o The PVNGS Level 1 and 2 Probabilistic Risk Assessment (PRA) models
(Section D.2) provide estimates of the risk related to core melt scenarios.
These models evaluate the likelihood of a core melt and the performance
of the containment structures after core melt has occurred. The external
events contributions, which have historically been evaluated separately
from the internal events contributors, are incorporated as described in
Section D.6.

o The Level 1 and 2 PRA output, site-specific meteorology, demographic,
land use, and emergency response data are used as input in performing
a Level 3 PRA using the MELCOR Accident Consequences Code System
Version 2 (MACCS2) (Section D.3). The results of the Level 3 PRA
provide estimates of the consequences of core melt scenarios.

" Develop an initial plant specific SAMA list based on the PVNGS PRA,
Individual Plant Examination (IPE), Individual Plant Examination - External
Events (IPEEE), and documentation from the industry and NRC. This
process is defined in more detail in Section D.5 and the resulting 23
candidate Phase I SAMA list is provided as Table D.5-3.

" Phase I SAMA Analysis - Screen out SAMA candidates that are not
applicable to the PVNGS design or are of low benefit in pressurized water
reactors (PWRs) such as PVNGS, candidates that have already been
implemented at PVNGS or whose benefits have been achieved at PVNGS
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using other means, and candidates whose estimated cost exceeds the
possible MACR (Section D.5). The result of this process is the Phase II
SAMA list, which is provided as Table D.5-4.

* Phase II SAMA Analysis - Calculate the monetary value of the risk reduction
attributable to each remaining SAMA candidate and compare it to the
SAMA's implementation cost to identify the net cost-benefit. PRA insights
are also used to screen SAMA candidates in this phase (Section D.6).

* Uncertainty Analysis - Evaluate how changes in the SAMA analysis
assumptions might affect the cost-benefit evaluation (Section D.7).

* Conclusions - Summarize results and identify conclusions (Section D.8).

The steps outlined above are described in more detail in the subsections of this
attachment. The graphic below summarizes the high-level steps of the SAMA
process.

Applicabe to Yes Itrplemnentatior No Yes No Retain for
Initial SAMA List Pl cos, t greater Y I potential

than screening I implermentation
cot ysterreduction?

NYes oI, e No,

ScendScreened I Screened rpantaoI Implenentation

cost greater
than 95% cost-

risk reduction?

Phase I Phase 11
Analysis Analysis

........................................ I........................................... .
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D.2 PVNGS PRA MODEL

D.2.1 PALO VERDE PRA QUALITY OVERVIEW

* Formal qualification program for the PRA staff
* Use of procedures to control PRA processes
* Independent reviews (checks) of PRA documents
* Comprehensive PRA Configuration Control Program

- Quarterly plant change monitoring program
- Process to control PRA quantification software
- Active open items list (Impact Review database)
- Interface with the site's corrective action program
- Process to maintain configuration of previous risk-informed

decisions
* Peer reviews
* Participation in the Combustion Engineering Owner's Group (CEOG)

cross comparison process
* Incorporation, where applicable, of CEOG PRA Technical Positions
* Commitment to continuous quality improvement

These elements are used to achieve a quality PRA and are described in the
remainder of Section D.2.1. Section D.2.2 provides an overview of the development
history of the PRA since the IPE submittal in April of 1992. Section D.2.3 describes
the significant PRA open items. Section D.2.4 lists the CEOG Technical Positions
and describes the PVNGS position on each of these documents. Section D.2.5
discusses the independent (external) reviews that have been performed on PRA. A
summary of the significant issues and their status is provided. The remainder of
Section D.2 summarizes the current PRA results.

D.2.1.1 QUALIFICATION OF PRA STAFF

Risk analysts are qualified in accordance with the PVNGS Engineering Training
Program, which meets the Institute of Nuclear Power Operations (INPO)
requirements for a Systematic Approach to Training and 10 CFR 50.120.

D.2.1.2 PRA PROCEDURES

The PRA model is controlled by procedure 70DP-ORA03, PRA Model Control (APS
2007b). The PRA model is documented by way of Engineering Studies, which are
controlled by station procedure 81 DP-4CC03, Engineering Studies (APS 2002b).
PRA model documentation is maintained by the Nuclear Information Records
Management Department in accordance with administrative controls meeting the
requirements of NRC Reg. Guide 1.33, Quality Assurance Program Requirements.
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D.2.1.3 INDEPENDENT REVIEWS

The Engineering Studies, which document the PRA, receive independent technical
review, as required by station procedure 81 DP-OCCO5, Design and Technical
Document Control (APS 2007c).

D.2.1.4 PRA CONFIGURATION CONTROL PROGRAM

The three Palo Verde units are nearly identical. Differences among the units are
primarily due to the fact that plant modifications cannot be introduced
simultaneously in all three units; typically they are introduced in succeeding
outages. Any one of the units could be the lead unit. The model is intended to
represent Unit 1. Unit One's drawings, calculations and procedures (where unitized)
are the ones referenced within the model. The one exception to this is the static
transfer switches for the Vital AC. Unit 1 was originally scheduled to receive this
change, but did not; Units 2 and 3 did. Were the model to reflect Unit 1, the static
transfer switch failure would be replaced by a human error probability of the same
order of magnitude. Thus, there is no material impact resulting from this plant
difference.

Referenced drawing changes are reviewed by PRA Department personnel.
Differences in unit applicability can be ascertained in the review. The PVNGS PRA
model Revision 15 was used to support the SAMA analysis. As of August 2008,
there were no significant findings that required model changes. Review of
procedure changes and drawing changes affected only .the revision numbers
quoted in the PRA model reference section.

Noteworthy connections between the 3 units are as follows:

1. In normal line-up, the three Startup-up Transformers each supply one
source of off-site power to two units through separate secondary windings.
Thus, loss of one Start-up Transformer would cause a single train of
Engineered Safety Features (ESF) equipment on two units to lose off-site
power. Although loss of off-site power to one ESF bus is not by itself an
initiating event, it can be a precursor and is captured by initiating events
IELOP-TRAIN-A and IELOP-TRAIN-B.

2. The units are also connected via the Auxiliary Steam System, which
supplies process steam for water processing and turbine gland seals
during start-up. The normal line-up of this system is one unit supplying
auxiliary steam for all three units. This sharing is done primarily to keep
the lines warm and the water within them in good condition. Malfunctions
of the system are not significant enough perturbators to cause a trip or
shutdown; nor is the system credited in the PRA for mitigating any
transients or accidents. Procedures do exist, however, to transfer
condensate from one unit to another, if needed.
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3. Another common electrical connection is to the Station Blackout Gas
Turbine Generators. It is not expected that more than one unit would ever
be lined up to receive power concurrently from the gas turbine generators
(GTGs), although procedures exist to provide limited power to two units
(not modeled in the PRA). The likelihood of two units experiencing a
simultaneous station blackout is remote.

4. The Tower Make-up and Blowdown system supplies condenser cooling
water to all three units to make up for evaporation and blowdown. Its
failure would lead to shutdown of all three units. It has redundant pumps
powered from redundant power supplies, making it highly reliable. Should
it ever fail, it would most likely be manifest as a normal shutdown for all
three units. At worst, it could lead to loss of condenser vacuum and loss of
Plant Cooling Water. The list of identified PVNGS initiators includes loss of
condenser vacuum, loss of plant cooling water, and unplanned reactor
trips (as IEMISC). The Tower Make-up and Blowdown system is not
required for safe shutdown.

D.2.1.5 PRA OPEN ITEMS (IMPACTS)

To evaluate and track items that may lead to a change to'the model or its
documentation, an "impact review database" is maintained. Dispositions and
change records are sent to Nuclear Information Records Management and
maintained per the above-mentioned requirements.

D.2.1.6 MONITORING PLANT CHANGES

Documents used in the development of the PRA are periodically compared to the
station document database to identify revisions to referenced documents.

Documents that have been revised are then reviewed to determine if there is any
impact to the model. Changes are identified and evaluated using the impact
database and process described above.

D.2.1.7 PRA UPDATES

Updates to the PRA model to incorporate changes required due to plant changes
are typically made every 2 years.

D.2.1.8 SOFTWARE QUALITY CONTROL

Software, including Risk SpectrumTM, MAAP, etc. is verified and controlled in
accordance with the PVNGS Non-process Software QA Program. Electronic data
and databases are controlled by the same guidance. The databases are stored in a
controlled, limited access location. Copies for use are required to be verified against
the controlled version.
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D.2.1.9 PEER REVIEWS

The nuclear industry has adopted a PSA Peer Review Process originally developed
by the Boiling Water Reactor Owners Group (BWROG). This original BWROG
Process was provided to the other owners groups. In a cooperative undertaking,
this process was modified by the Westinghouse Owner's Group (WOG), the
Babcock and Wilcox Owner's Group (B&WOG), and the CEOG to be applicable to
both BWRs and PWRs. The result is a common, consistent PRA peer review
process that is applicable to any commercial nuclear power plant in the U.S. At the
same time, it is flexible enough to incorporate individual owners' group programs to
enhance the technical quality and adequacy of the plant PRAs.
Combustion Engineering Owners Group performed a review of the Palo Verde PRA
as part of the industry-wide PRA quality initiative in November 1999.

D.2.1.10 CEOG CROSS-COMPARISON PROCESS

In 1995, the CEOG PSA Working Group funded the first in a series of five cross-
comparison review tasks to identify similarities and differences among CEOG
member PRAs and, where the results are perceived to be different, to investigate
the potential causes for differences. In general, differences in PRA results were
attributed to one of the following:

a) Plant specific design or operational differences.
b) Data selection.
c) Selection of success criteria.
d) PRA modeling assumptions and modeling philosophy.

The primary interest of this effort was to highlight areas where additional attention
may be desirable as the PRA evolves. Besides the knowledge and insights gained
through participation in this-activity, the primary product was the identification of
areas where additional guidance is required.

Since that time, the PWR Owners Group has expanded the original Westinghouse
database to provide model information on all PWRs to facilitate members' ability to
query other facilities' results and modeling methods.

D.2.1.11 CEOG PSA TECHNICAL POSITIONS

CEOG PSA Technical Positions (Standards) and Guidelines were developed to
either address a specific application need or were an outgrowth of the results of
quality-related tasks, such as the CEOG plant cross-comparison, CEOG risk-
informed joint applications, and resolution of PRA issues raised by individual
member utilities. Section D.2.4 lists the CEOG Technical Positions and describes
the Palo Verde position on each of these documents. The PWR Owners Group is
continually addressing model quality issues.
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D.2.1.12 CONTINUOUS QUALITY IMPROVEMENT PROCESS

The Palo Verde PRA has undergone considerable evolution since the original
Individual Plant Examination (IPE) submittal. The history of the PRA model updates
is described in Section D.2.3. A strong level of commitment is demonstrated by this
development history.

The Palo Verde PRA staff has been maintained at a level such that nearly all
technical work is performed in-house by qualified staff with strong plant-specific
knowledge. The PRA Group consists of a supervisor, or Group Leader, one
consulting engineer and six senior engineers. Five of these engineers held Senior
Reactor Operator Licenses or SRO certification on Palo Verde or other stations.
The Engineering Support Group collects failure, success, unavailability and plant
operating data for various plant needs, including the Maintenance Rule and the
PRA.

The Palo Verde PRA Group has also actively participated in the industry peer
review process. One engineer has participated in every CEOG peer review. This
participation is an effective means of understanding the plant design differences,
and an excellent means of seeing the different modeling techniques.

D.2.2 PVNGS PRA MODEL OVERVIEW

Palo Verde uses the large fault tree/small event tree, also known as the linked fault
tree, methodology. Basic failure events are modeled down to the component level.
Level 1 (Core Damage Frequency, or CDF) and Level 2 (Large Early Release
Frequency only, or LERF) are fully developed. A Level 3 (Dose Consequence)
analysis was done to support the Individual Plant Examination (IPE), but has not
been maintained.

The Internal Events~model consists of twenty-eight (28)-initiating events, which
proceed through their respective event trees. Failure branches are assigned a Core
Melt (CM) or ATWS (Anticipated Transient Without Scram) plant damage state
(PDS) and an appropriate Level 2 damage state. ATWS is modeled in separate
event trees. Failure branches there are also assigned CM and the appropriate Level
2 PDS. Core Melt is defined as initiation of sustained uncovery of the top of the
active fuel.

Internal flooding was analyzed using a screening process for the IPE. That analysis
is still considered to be valid. Internal flooding is not currently modeled using event
and fault trees. A task is currently underway through EPRI to update the flooding
analysis. Section D.5.1.6.7 describes how Internal Flooding was addressed for the
SAMA analysis.

External Events were examined as required by Generic Letter 88-20 Supplement 4,
the IPE for External Events (IPEEE). None was analyzed by a fully developed PRA.
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A full fire PRA has since been developed and incorporated into the PVNGS PRA
model. Only buildings and external areas where a fire could not credibly interfere
with normal plant operations were screened from consideration. No compartments
within buildings housing plant equipment used for normal power production or
emergency operations were screened. There are approximately 135 fire initiating
events. These proceed first through fire event trees, which determine potential fire
damage states (FDS). Each FDS is then carried through an event tree mimicking
the internal events event trees. CM, ATWS and Level 2 plant damage states are
assigned as in the internal events event trees. ERIN Engineering performed a peer
review of the PVNGS Fire PRA in 2003. The category A or B Findings and
Observations were all resolved. Only five F&Os of categories C and D were noted.
They are yet to be addressed. None is expected to have a significant impact on the
quality of the Fire PRA.

The existing PVNGS level 2 analysis was recently revised (with expert help
provided by ERIN Engineering) in accordance with the guidelines provided by
Westinghouse report WCAP-1 6341-P (WEST 2005). Westinghouse completed a
utility-sponsored project to develop a simplified level 2 modeling approach that
improved the robustness of the level 2 analysis. The method is consistent with
NUREG/CR-6595, but with further emphasis on generating the models and data
necessary for more realistic treatment of thermal and pressure induced steam
generator tube ruptures. Also, more emphasis was placed on operator actions in
severe accident management guidance. When combined with plant-specific
assessments, the Westinghouse approach is expected to be capable of supporting
both power uprate and license renewal.

D.2.3 PALO VERDE PRA DEVELOPMENT HISTORY

Numerous revisions to the PVNGS PRA model have been implemented since the
Individual Plant Examination was performed. These revisions include thousands of
changes to event sequence and fault tree modeling, as well as data changes.
Changes to the model and data are made in response to:

" Physical changes to the facility

• Changes to operating and maintenance procedures, as well as
administrative controls

" Errors found in reviews of the model, or during its use

" Enhancements where experience has indicated that greater
accuracy is needed to remove unnecessarily conservative
assumptions

Coincident with conversion of the PRA model from Unix-based software and
platform to a Windows-based platform using Relcon's Risk SpectrumTM software in
1996, the model was completely rebuilt to enhance documentation and control of
the model and associated software. This effort led to the following improvements:
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* Equipment failure rates were updated with referenceable sources.

* Control circuit failure analyses were completely re-performed and
documented.

Initiating Event methodology was documented and the initiating
events were recalculated and Bayesian-updated.

Common-cause failure methodology was re-performed and
documented.

Human Reliability Analysis was completely re-performed and
documented based on current operating, maintenance, emergency
and administrative control procedures.

System modeling was reviewed and numerous updates made to
such systems as Engineered Safety System Actuation, Auxiliary
Feedwater, Low and High Pressure Safety Injection, Essential
Spray Ponds (ultimate heat sink) and Chemical Volume and
Control. Modeling of the non-class 1E electrical distribution
systems was expanded to better capture power loss impact on
non-class equipment credited in the model.

The focus of Level 2 modeling was changed to Large Early
Release Frequency.

Since Risk SpectrumTM has extensive documentation capability,
all references to station and external documents are included
within the PRA database. This allows periodic comparison to the
station's document database to identify revision changes.

The following changes represent corrections and enhancements to the model that
improve its fidelity and accuracy, but did not necessarily have a significant impact
on CDF or LERF:

Refined modeling of power distribution failures as initiating events
to ensure completeness. Definite system boundaries were defined.
The two initiators, Loss of Channel A Vital AC and Loss of Channel
B Vital AC, were changed to capture all losses of power due to
station equipment failure from the Start-up Transformers, the
13.8KV, 4.16KV and 480VAC distribution systems to the battery
chargers and the back-up voltage regulators for the Vital AC
system. A more recent change split this initiator into several pieces
to better capture where in the distribution systems problems
originate that lead to plant trips or shutdowns.

Updated Human Reliability Analysis, both to capture procedure
changes and to ensure consistent and defensible modeling
methodology. The EPRI HRA Calculator is used for new and
updated HEPs.
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" Added Reactor Coolant Pump High Pressure Seal Cooler Rupture
as an initiating event. This was identified as a potential
containment bypass event.

" Improved Steam Generator Tube Rupture modeling as the industry
and NRC have addressed this issue. The model now includes
multiple tube rupture sequences and pressure-induced tube
rupture.

" Data update was performed in 1998 and again in 2006. As more
plant-specific data has become available through failure data
trending and Maintenance Rule requirements, failure rates for risk-
important equipment have been Bayesian-updated. For most
equipment included in the scope of the Maintenance Rule, plant-
specific unavailability values are used.

" Added more detail to the switchyard modeling to better assess
maintenance activities.

" Removed Reactor Coolant Pump seal leakage modeling following
Westinghouse evaluation of CE seal designs and
acknowledgement of Palo Verde's unique design.

" Added thermally-induced steam generator tube rupture following
steam line break. This had no impact on results, but conforms to
the industry standard.

Changes that had a significant impact on the CDF or LERF are summarized below:

" Added modeling of the Station Blackout GTGs, which were
installed to address the Blackout Rule, 10CFR50.46. While the
modeling of the GTGs was not credited in the IPE directly, it was
used'to address and close out USI A-45, which was included as
part of the GL 88-20 submittal.

* Refined the GTG modeling to allow success with one GTG rather
than requiring both for certain sequences. The GTGs have an
output less, than that of the Emergency Diesel Generators. One
GTG is not capable of powering both an electric Auxiliary
Feedwater Pump and a High Pressure Safety Injection (HPSI)
pump, along with support equipment. Since most sequences only
require AF, and not HPSI, one GTG is adequate for those
sequences.

" Change of the test interval for Engineered Safety Features
Activation System (ESFAS) relay testing from 62-day to 9-month
staggered as a result of a Tech Spec change; resulting common-
cause failure value changes were also incorporated. This resulted
in a significant increase in both CDF and LERF. At the urging of
the PRA group, these test intervals were later shortened to
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quarterly for the relays associated with Auxiliary Feedwater
injection valves. This reduced CDF and LERF by about 10%.

" Credited an additional check valve in the charging line to remove
conservatism in the containment penetration model. This change
significantly reduced LERF.

" Removed Loss of Control Room Heating, Ventilation, and Air
Conditioning (HVAC) as an initiating event. This event had been
modeled in a highly conservative and unrealistic manner. Since the
Control Room is continuously manned, and since at least twelve
hours are available before equipment failure temperatures would
be reached, it would be virtually certain that either equipment could
be repaired or temporary cooling could be established.

* Updated Initiating Event Frequencies in 2001 resulting in
significant decreases to Uncomplicated Reactor Trip and Turbine
Trip frequencies. The definition of Uncomplicated Reactor Trip
(called Miscellaneous Trip in the model) was narrowed to be
consistent with the rest of the industry. Previously, all manual
shutdowns, including for planned outages, were counted as
initiators. This in turn resulted in much lower CDF and LERF, and
significantly affected importance measures.

" Addition of the alternate off-site power supply to each ESF bus.
This plant feature had not been procedurally allowed due to
Technical Specification interpretation.

" Physical plant change adding a redundant power supply to the
balance of plant (BOP) ESFAS cabinet cooling fans. This change
makes spurious load shed actuation much less likely.

* Added alignment of the Gas Turbine Generators to the initiating
event trees for loss of off-site power to Train A or B ESF Bus. This
provides a more realistic treatment of these initiators.

* Changed the treatment of the Loss of Instrument Air initiating
event to allow use of low-pressure condensate (Alternate
Feedwater) in its mitigation. This was possible due to removal of
an incorrect dependence of the Condensate system on Instrument
Air.

• Corrected modeling of spurious load shed. Certain failures had
been incorrectly modeled as preventing closure of the Emergency
Diesel Generator output breaker.

" Adopted "Alpha factor" common-cause methodology and used
NRC Common-Cause database to update common-cause failure
probabilities in 2006.

* Updated failure data in 2006.
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Revision 15 (the most recent), made the following changes:
1) Upon a steam generator tube rupture (SGTR) event, credited
the feed to either steam generator until the affected SG is
identified. 2) Credited the removal of ESF pump room dependency
on HVAC. 3) Credited the continued flow of Main Feedwater for up
to 7 hours after reactor trip. Those credits lowered the LERF and
CDF values. The dominant LERF contributor remained the SGTR
events.

Westinghouse guideline (WCAP 16341-P (WEST 2005))
developed an approach to bin all level 1 core damage sequences
in several plant damage states (PDS). The plant damage states
are classified in terms of: station blackout (SBO), non-SBO,
Containment bypasss, reactor coolant system (RCS) at High
pressure during vessel breach, and RCS at low pressure during
vessel breach. Each of the 155 level 1 sequences was binned into
the appropriate PDS.

" Similarly, Westinghouse guideline (WCAP 16341-P) developed a
containment event tree structure used in developing the level 2
fault tree structures for SBO and non-SBO cases. Each plant
damage state sequence through the containment event tree
results in a unique endstate: LERF, small early release (SERF), or
LATE release.

Internal Events CDF and LERF have varied significantly as the above changes
were implemented. Compared to the IPE, CDF has decreased significantly.
Similarly, LERF cannot be compared to the overall Level 2 value presented in the
IPE, but compared to when it was first determined in 1998, it has decreased
significantly. The LERF results are dominated by Steam Generator Tube Rupture
events. When internal events and fire are quantified to the same truncation level,
fire contributes about 35% to total CDF and 30% to total LERF.
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D.2.4 COMBUSTION ENGINEERING OWNERS GROUP TECHNICAL

POSITIONS

D.2.4.1 CEOG PSA STANDARD: EVALUATION OF THE INITIATING

EVENT FREQUENCY FOR THE LOSS OF COOLANT ACCIDENT

This CEOG PSA Standard is no longer used; LOCA frequencies are based on
NUREG/CR-5750 (NRC 1998b). The NUREG values were used in lieu of the
CEOG standard because the NUREG is a more recent document and more publicly
available.

D.2.4.2 CEOG PSA STANDARD: EVALUATION OF THE INITIATING
EVENT FREQUENCY FOR MAIN STEAM LINE BREAK
EVENTS

The CEOG standard is used as the basis for developing large steam and feedwater
line break IE frequencies.

D.2.4.3 CEOG PSA STANDARD: EVALUATION OF THE INITIATING
EVENT FREQUENCY FOR STEAM GENERATOR TUBE
RUPTURE

The CEOG standard is used as the basis for calculating the PVNGS SGTR
frequency.

D.2.4.4 CEOG PSA STANDARD: SUCCESS CRITERIA FOR THE MINIMUM
NUMBER OF SAFETY INJECTION (SI) PATHWAYS FOLLOWING
LARGE AND SMALL BREAK LOCAS FOR COMBUSION
ENGINEERING PWRS

The CEOG standard is used.

D.2.4.5 CEOG PSA STANDARD: BEST ESTIMATE ATWS SCENARIOS AND
SUCCESS CRITERIA

The CEOG standard is used.

D.2.4.6 CEOG PSA STANDARD: EVALUATION OF THE MECHANICAL
SCRAM FAILURE FOR ATWS OCCURRENCE FREQUENCY

The CEOG standard is used.
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D.2.4.7 CEOG PSA STANDARD: REACTOR COOLANT PUMP (RCP) SEAL

FAILURE PROBABILITY GIVEN A LOSS OF SEAL INJECTION

The CEOG standard was used in the development of reactor coolant pump (RCP)
seal failure probability. Modeling showed that RCP seal failure is not a significant
contributor to CDF or LERF under any circumstances. It was subsequently removed
from the model

D.2.4.8 CEOG PSA STANDARD: EVALUATION OF THE INITIATING EVENT
FREQUENCY FOR REACTOR VESSEL RUPTURE

Reactor vessel rupture is not explicitly modeled in the PVNGS PRA. Its frequency is
less that 1 E-7 per year allowing it to be screened. It is not possible to mitigate the
event, so modeling it provides no insight. Palo Verde's reactor vessel is less
susceptible to brittle fracture due to a lower than typical copper content in the steel
alloy used for the vessel.

D.2.5 INDEPENDENT EXTERNAL REVIEWS

o Combustion Engineering Owners Group performed a review of the
overall PRA modeling as part of the industry-wide PRA quality
initiative in November 1999. All F&Os are addressed in PRA's
Impact Database, as well as by the station's Corrective Action
Program (CRDR 113787).

0 Erin Engineering performed a review of Large Early Release Frequency
methodology and results in December 2000.

* In early 2001 Erin Engineering reviewed all Category A and B Facts and
Observations (F&Os) from the CEOG peer review. The results are as
follows:

" Category A - 8 F&Os. 4 were closed and the responses deemed
satisfactory. The remaining 4 were later closed.

* Category B - 26 F&Os. The one remaining open item is lack of
flooding analysis. This is addressed in Section D.5.1.6.7 for the
SAMA analysis.

D.2.6 INTERNAL EVENTS CDF RESULTS

Figure D.2-1 provides a graphic display of the CDF contributors by initiator for the
PVNGS Rev 15 PRA model (CDF = 5.07E-06/yr).

Table D.2-1 provides a list of the top 40 events by Fussell-Vesely ranking (based on
CDF).

D.2.7 PRA LEVEL 2 SUMMARY

The quantification results show that the total frequency for all Level 2 endstates is
5.24-06/yr, which is slightly larger than the Level 1 CDF. The small increase in the
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Level 2 frequency total compared to the Level 1 CDF is partly due to the lower
truncation values utilized; the Level 2 model uses a value of 1.OE-13 while the Level
1 model uses 1.OE-12. Another contributing factor is the generation of additional
cutsets that are valid on a sequence and release category basis, but are non-
minimal in the combined Level 2 results. The table below lists the total for each
endstate. Most of the frequency comes from the damage class LATE, which is 91 %
of the total Level 2 frequency. LERF is a distant second with about 5%.,

Endstate Frequency Totals

Endstate Frequency Percent-
Total

INTACT 1.72E-07 3.3%

LATE 4.79E-06 91.4%

LERF 2.77E-07 5.3%

SERF 0.00E+00 0.0%

5.24E-06 100.0%

Figure D.2-2 shows the base case results using the refined release category
grouping, which allows for the the more detailed evaluation of containment
response characteristics required in the SAMA analysis.. Table D.2-2 provides
summary level descriptions of these release categories and identifies the
contributing level 2 sequences.

D.2.8 CONCLUSION

The PVNGS PRA model is currently suitable for risk-informed applications that can
support power uprate, license renewal, on-line risk assessments, and other
regulatory risk-informed applications.
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D.3 LEVEL 3 PRA ANALYSIS

The MACCS2 code (NRC 1998a) was used to perform the level 3 PRA for PVNGS. The
input parameters given with the MACCS2 "Sample Problem A," which included the
NUREG-1 150 food model (NRC 1989), formed the basis for the present analysis.
These generic values were supplemented with parameters specific to PVNGS and the
surrounding area. Site-specific data included population distribution, economic
parameters, and agricultural production. Parameters describing the costs of
evacuation, relocation and decontamination were escalated from the time of their
formulation (1986) to more recent (March 2007) costs. Plant-specific release data
included the time-activity distribution of nuclide releases and release frequencies. The
behavior of the population during a release (evacuation parameters) was based on
plant- and site-specific set points (i.e., declaration of a General Emergency) and
evacuation time estimates (Maricopa 2005). These data were used in combination with
site specific meteorology to simulate the probability distribution of exposure and
economic impact risks from the 11 evaluated accident sequences at PVNGS to the
surrounding population within 50 miles.

D.3.1 POPULATION

The population distribution was based on the 2000 census as accessed by
SECPOP2000 (NRC 2003). The baseline population was determined for each of 160
sectors, consisting of sixteen compass directions for each of ten concentric distance
rings with outer radii at 1,2, 3, 4, 5, 10, 20, 30, 40 and 50 miles surrounding the site.
The year 2000 total residential population was 1,572,110 No significant transient
populations were identified (Maricopa 2005). Individual county growth rates (Arizona
2006, USCB 2000) were applied to estimate the population in the year 2040; all
counties indicated a positive growth rate for the period of interest. The estimated year
2040 total population, used in the Level 3 risk analysis, was 3,588,726.

D.3.2 ECONOMY AND AGRICULTURE

MACCS2 requires the spatial distribution of certain agriculture and economic data
(fraction of land devoted to farming, annual farm sales, fraction of farm sales resulting
from dairy production, and property value of farm and non-farm land) in the same
manner as the population. This was done by applying the data from the 2002 National
Census of Agriculture (USDA 2004) for each of the five counties surrounding the plant,
to a distance of 50 miles. The value used for each of the 160 sectors was the data from
each of the surrounding counties multiplied by the fraction of that county's area that lies
within that sector. The land fraction (i.e., one minus water fraction) was analogously
calculated for each sector as the sum of the individual county component areas divided
by the sector area. Crop production parameters (e.g., fraction of farmland devoted to
grains, vegetables, etc.) for the 50-mile region were also calculated from the county
production data. Non-farm land property values were taken from state and local
analyses (Arizona 2003, GPEC 2005). No economic parameters were derived using
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the SECPOP2000 code and, therefore, the problems recently identified with that portion
of the code have no impact on this analysis.

In addition, generic economic data that apply to the region as a whole were revised from
the MACCS2 sample problem input in order to account for cost escalation since 1986,
the year that input was first specified. A factor of 1.86 (USDL 2007), representing cost
escalation from 1986 to March 2007, was applied to parameters describing cost of
evacuating and relocating people, land decontamination, and property condemnation.
Region-wide wealth data (i.e., farm wealth and non-farm wealth) was calculated for the
50 miles surrounding the site. Farm wealth was determined from the 2002 National
Census of Agriculture county data describing the value of farm lands, buildings and
machinery (USDA 2004); the portion of each county within 50 miles of the site was*
considered. Non-farm wealth was derived from 2002 property tax valuations (Arizona
2003, GPEC 2005). Both of the region-wide wealth descriptors were escalated to
March 2007. Those escalated values are $1,320.97 per hectare (farm wealth) and
$70,099.67 per person (non-farm wealth).

D.3.3 NUCLIDE RELEASE

The core inventory is that used in Chapter 15 of the Updated Final Safety Analysis
Report (UFSAR) (APS 2005). All core nuclides included there but not included in the
extensive (825 nuclide) MACCS2 decay data base have half-lives less than 4 minutes
and were not modeled. Table D.3-1 gives the estimated PVNGS core inventory at a
core thermal power of 3990 megawatts thermal (MWt) (APS 2007a) as used in the
present analysis.

Release frequencies, nuclide release fractions (of the core inventory), shown in Table
D.3-2, and the time distribution of the release (described in the table for noble gases
and cesium [Cs]) were analyzed to determine the sum of the exposure (50-mile dose)
and economic (50-mile economic costs) risks from 11 accident sequences (also given in
Table D.3-2). Each accident frequency was chosen to represent the set of similar
accidents. PVNGS nuclide source term categories, as determined by the MAAP
computer code, were related to the MACCS categories as shown in Table D.3-3.
Multiple release duration periods were defined which represented the time distribution of
each category's releases. Release inventories of each of the multiple chemical forms of
the Cs and tellurium (Te) releases, as given by the MAAP code output, were
incorporated into the nuclide release fractions.

The containment building dimensions, 47 meters in diameter and 64 meters high (APS
2007a), were used to specify building wake parameters. Releases were modeled as
occurring at ground level except that sequence LERF-SGTR, a steam generator tube
rupture event, release was modeled from the top of the 42-meter-wide, 17-meter-high
auxiliary building (APS 2007a). The thermal content of each of the releases was
assumed to be the same as ambient thermal content, i.e., buoyant plume rise was not
modeled. Each of these assumptions was considered in sensitivity analyses, presented
in Section D.7.2.
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D.3.4 EVACUATION

Reactor trip for each sequence was taken as time zero relative to the core containment
response times. A General Emergency is declared when plant conditions degrade to
the point where it is judged that there is a credible risk to the public; it was assumed
here that the declaration would coincide with the onset of core damage. Table D.3-4
shows the resulting declaration times.

The MACCS2 User's Guide input parameters of 95% of the population within 10 miles
of the plant (the Emergency Planning Zone, [EPZ]) evacuating and 5% not evacuating
were employed. These values are conservative relative to the NUREG-1150 study,
which assumed evacuation of 99.5% of the population within the EPZ (NRC 1989).
The evacuees are assumed to begin evacuation 75 minutes after a general emergency
has been declared (Maricopa 2005) at a base evacuation radial speed of 3.40 m/sec
(7.6 mph). This base speed is derived from the time to evacuate the entire EPZ for
2005, the year of the evacuation study (Maricopa 2005). The base evacuation speed
was projected to year 2040 conditions by conservatively assuming that all of the roads
in 2005 transported traffic at their maximum throughput and that no new roads would be
constructed (although the roads would be maintained at 2005 conditions). The 2040
evacuation speed was then the 2005 speed multiplied by the ratio of 2005 EPZ
population (Maricopa 2005) to 2040 EPZ population. That estimated 2040 evacuation
speed, 2.93 m/sec (6.6 mph), was used in the risk analysis. The evacuation speed was
considered further in the sensitivity analyses presented in the last subheading in this
section.

D.3.5 METEOROLOGY

Annual, sequential, hourly, meteorology on-site data sets from 2003 through 2005 were
investigated for use in MACCS2. Of the hourly data points of interest, 0.03% of 10-
meter wind speed, 0.02% of 10-meter wind direction, and 0.006% of multi-level
temperatures used to simulate stability class and precipitation were missing for 2003-
2005. Data gaps were filled in by (in order of preference): using corresponding data
from another level (taking the relationship between the levels as determined from
immediately preceding hours), interpolation (if the data gap was less than 4 hours), or
using data from the same hour and a nearby day of a previous year.

The 2003 data set was found to result in the maximum economic cost and dose risks
(see subsequent discussion of sensitivity analysis in Section D.7.2). The 2003 hourly
sequential meteorology was used to create the one-year sequential hourly data set
used in the baseline MACCS2 runs. Data for 10-meter wind speed and direction were
combined with precipitation and atmospheric stability data (specified according to the
vertical temperature gradient as measured between the 60- and 10-meter levels) to
create the hourly data. Hourly stability was classified according to the scheme used by
the NRC (NRC 1983).
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Atmospheric mixing heights were specified for AM and PM hours for each season of the
year. These values ranged from 250-300 meters throughout the year for AM hours to
3000 meters for Summer PM (EPA 1972).

D.3.6 MACCS2 RESULTS

The resulting annual risk from the analyzed PVNGS releases is provided in Table D.3-5.

Almost one-half of the total baseline dose risk and two-thirds of the cost risk is from the
LATE-CHR-NOAFW release category. Most of that category's risk is a result of its
cesium release.

The largest consequences (i.e., assuming the event takes place) are from the LERF- -

ISO (dose) and LERF-BYPASS (cost) categories. All of the noble gases and a
significant fraction (almost all for the latter sequence) of the iodine and cesium are
released shortly after a general emergency is declared for these categories. As such,
they represent close to bounding accident scenarios. Any scenario (e.g., beyond
design basis external event initiators) not encompassed by the categories analyzed
here would be expected to have dose and cost impacts not significantly greater than
these. Although the risk from these categories is ameliorated by their small frequency
of occurrence, beyond design basis external events will likely have similar frequencies.
The annual baseline population dose risk within 50 miles of PVNGS is calculated to be
13.62 person-rem. The total annual economic risk was calculated to be $14,929.
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D.4 BASELINE RISK MONETIZATION

This section explains how PVNGS calculated the monetized value of the status quo
(i.e., accident consequences without SAMA implementation). PVNGS also used this
analysis to establish the maximum benefit that could be achieved if all risk for reactor
operation were eliminated.

D.4.1 OFF-SITE EXPOSURE COST

The baseline annual off-site exposure risk was converted to dollars using NRC's
conversion factor of $2,000 per person-rem, and discounted to present value using
NRC standard formula (NRC 1997):

Wpha CX Zpha

Where:

Wpha = monetary value of public health rsk after discounting

C = [1 -exp(-rtf)]/r

tf = years remaining until end of facility life = 20 years

r = real discount rate (RDR) (as fraction) = 0.03 per year

Zpha = monetary value of public health (accident) risk per year before
discounting ($ per year)

The Level 3 analysis showed an annual off-site population dose risk of 13.62 person-
rem, as documented in Table D.3-5. The calculated value for C using 20 years and a
3% discount rate is 15.0396. Therefore, calculating the discounted monetary equivalent
of accident dose-risk involves multiplying the dose (person-rem per year) by $2,000 and
by the C value (15.0396). The calculated off-site exposure cost is estimated to be
$409,679 (13.62 * 15.0396 * $2000 = $409,679).

D.4.2 OFF-SITE ECONOMIC COST RISK

The Level 3 analysis showed an annual Off-site Economic Cost Risk (OECR) of
$14,929, as documented in Table D.3-5. Calculated values for off-site economic costs
caused by severe accidents must be discounted to present value as well. This is
performed in the same manner as for public health risks and uses the same C value.
The resulting value is $224,526 (15.0396 * $14,929 = $224,526).

D.4.3 ON-SITE EXPOSURE COST RISK

Occupational health was evaluated using NRC methodology that involves separately
evaluating immediate and long-term doses (NRC 1997).
For immediate dose, NRC recommends using the following equation:
Equation 1:

W = R{(F Djo)s -(F Djo)A} {[1 - exp(-rtf)]/r}
Where:

W10 = monetary value of accident risk avoided due to immediate doses,
after discounting
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R = monetary equivalent of unit dose ($2,000 per person-rem)

F = accident frequency (5.07E-06 events per year)

D1o = immediate occupational dose [3,300 person-rem per accident (NRC
estimate)]

s = subscript denoting status quo (current conditions)

A = subscript denoting after implementation of proposed action

r = RDR (0.03 per year)

tf = years remaining until end of facility life (20 years).

Assuming FA is zero, the best estimate of the immediate dose cost is:

W1o = R (FDio)s {[1 - exp(-rtf)]/r}

= 2,000*5.07E-06 *3,300*{[1 - exp(-0.03*20)]/0.03}

= $503

For long-term dose, NRC recommends using the following equation:
Equation 2:

WLTO - R{(FDLTO)S -(FDLTO)A} {[1 - exp(-rtf)]/r}{[1 - exp(-rm)]/rm}

Where:

WLTO = monetary value of accident risk avoided long-term doses, after
discounting, ($)

DLTO = long-term dose [20,000 person-rem per accident (NRC estimate)]

m = years over which long-term doses accrue (as long as 10 years)

Using values defined for immediate dose and assuming FA is zero, the best estimate of
the long-term dose is:

WLTO = R (FDLTO)S {[1 - exp(-rtf)]/r} {[1 - exp(-rm)]/rm}

= 2,000*5.07E-06 *20,000*{ [1 - exp(-0.03*20)]/0.03} {[1 -exp(-
0.03* 10)]/0.03*10}

= $2,635

The total occupational exposure is then calculated by combining Equations 1 and 2
above. The total accident related on-site (occupational) exposure risk (Wo) is:

Wo= W1o + WLTO = ($503 + $2,635) = $3,138

D.4.4 ON-SITE CLEANUP AND DECONTAMINATION COST

The total undiscounted cost of a single event in constant year dollars (CcD) that NRC
provides for cleanup and decontamination is $1.5 billion (NRC 1997). The net present
value of a single event is calculated as follows. NRC uses the following equation to
integrate the net present value over the average number of remaining service years:
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PVCD = [CcD/mr][1-exp(-rm)]
Where:

PVcD = net present value of a single event
CCD = total undiscounted cost for a single accident in constant dollar years
r = RDR (0.03)
m = years required to return site to a pre-accident state

The resulting net present value of a single event is $1.3E+09. The NRC uses the
following equation to integrate the net present value over the average number of
remaining service years:

UCD - [PVcg/r][1 -exp(-rtf)]
Where:

PVcD = net present value of a single event ($1.3E+09)

r = RDR (0.03)

tf = 20 years (license renewal period)

The resulting net present value of cleanup integrated over the license renewal term,
$1.95E+10, must be multiplied by the total CDF (5.07E-06) to determine the expected
value of cleanup and decontamination costs. The resulting monetary equivalent is
$98,814.

D.4.5 REPLACEMENT POWER COST

Long-term replacement power costs were determined following NRC methodology in
NUREG/BR-0184 (NRC 1997). The net present value of replacement power for a
single event, PVRP, was determined using the following equation:

PVRP = [$1.2x 108 /r] * [1 - exp(-rtf)]2

Where:

PVRP = net present value of replacement power for a single event, ($)

r = RDR (0.03)

tf = 20 years (license renewal period)

To attain a summation of the single-event costs over the entire license renewal period,
the following equation is used:

URP = [PVRP /r] * [1 - exp(-rtf)]2

Where:

URP = net present value of replacement power over life of facility ($-year)

After applying a correction factor to account for PVNGS size relative to the generic
reactor described in NUREG/BR-0184 (i.e., 1338 megawatt electric/910 megawatt
electric) the replacement power costs are determined to be 8.12E+09 ($-year).
Multiplying this value by the CDF (5.07E-06) results in a replacement power cost of
$41,190.
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D.4.6 MAXIMUM AVERTED COST-RISK

The PVNGS MACR is the total averted cost-risk if all internal and external events risk
associated with on-line operation were eliminated. This is calculated by summing the
following components for all units:

* Maximum Internal Events Averted Cost-Risk
" Maximum External Events Averted Cost-Risk

As described in Section D.5.1, the MACR is used in the SAMA identification process to
determine the depth of the importance list review. In addition, the MACR is used in the
Phase I analysis as a means of screening SAMAs.
The following subsections provide a description of how each of these components are
calculated and used together to obtain the PVNGS MACR.

D.4.6.1 INTERNAL EVENTS MAXIMUM AVERTED COST-RISK

The maximum internal events averted cost-risk is the sum of the contributors calculated
in Sections D.4.1 through D.4.5:

Maximum Averted Internal Events Cost-Risk

Off-site exposure cost = $409,679

Off-site economic cost = $224,526

On-site exposure cost = $3,138

On-site cleanup cost = $98,814

Replacement Power cost = $41,190

Total cost = $777,347

This total represents the monetary equivalent of the risk that could be eliminated if all
on-line internal events based events could be eliminated for a single PVNGS unit. The
internal events MACR is rounded to next highest thousand ($778,000) for SAMA
calculations. It should be noted that the Phase II cost benefit calculations account for
the difference between the rounded MACR and the actual MACR by adding the
difference to the averted cost-risk calculated for each SAMA.

D.4.6.2 EXTERNAL EVENTS MAXIMUM AVERTED COST-RISK

The maximum averted cost-risk for external events must be quantified for the cost
benefit calculations; however, this cost-risk must be estimated based on information in
the IPEEE given that complete, current, quantifiable external events models are not
available. As described in Sections D.5.1.5 and D.5.1.6, these models have not been
updated to reflect recent plant changes or current PRA techniques. Therefore, the
absolute CDF values that are included in the IPEEE are not considered to be directly
comparable to the results of the internal events PRA model. As a result, an alternate
method of accounting for the external events contributions must be established.
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The method chosen to account for external events contributions in the SAMA analysis is
to use a multiplier on the internal events results. In previous SAMA analyses, it has
been assumed that the risk posed by external events and internal events is
approximately equal. This assumption is not unreasonable unless available analyses
indicate that there are external events contributors that present a disproportionate risk
to the site. Based on a review of the PVNGS external events results, no such
contributors have been identified.
The contributions of the external events initiators are summarized in the following table:

IPEEE Contributor Summary

External Event Initiator Group CDF

Seismic Not Applicable (seismic margins analysis
performed)

Internal Fire (current model) 2.72E-06 per yr

High Winds 4.10E-10/yr (quantitative screening
information used to develop a CDF for

SAMA; refer to section D.5.1.6.3.)

External Floods Not Applicable (progressive screening
method used)

Accidental Aircraft < 3.OOE-08 per yr Impact (refer to section
D.5.1.6.5)

Others Not Applicable (progressive screening
method used)

Total (for initiators with CDF 2.75E-06 per yr
available)

The lack of detailed quantitative analyses makes it difficult to establish a meaningful
CDF for many of these initiator groups; however, some assumptions can be made about
the non-quantified initiator groups that could be used to further develop a total external
events CDF.

The PVNGS IPEEE methodology implies that if the plant licensing bases are met, the
plant and facilities design meets the 1975 Standard Review Plan (SRP) criteria, and the
site walkdown does not reveal any potential vulnerabilities not already considered in the
design basis analysis, then the CDF posed by an initiator is less than the 1.OE-06 per yr
screening criterion. As described in Section D.5.1.6, these conditions are met for
PVNGS and no contributions of greater than 1.OE-06 per yr are expected for any of the
non-fire external events. Given that, a CDF of 1.OE-06 per yr could be assumed for
each of the contributors for which no quantitative basis exists to obtain a more complete
estimate of the external events CDF. If this is done, the external events contributions
could be summarized as follows:
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Modified IPEEE Contributor Summary

External Event Initiator Group CDF

Per year

Seismic 1.0E-06

Internal Fire (current model) 2.72E-06

High Winds 4.1E-10

External Floods 1.OE-06

Transportation and Nearby Facility Accidents 1.OE-06
(including accidental aircraft impact)

Others 1.OE-06

Total 6.72E-06

Even when the screening threshold of 1.OE-06 is used for the non-quantified external
event initiator groups, the total is 6.72E-06 per yr, which is comparable to the current
internal events CDF of 5.07E-06 per yr. No conditions exist that would indicate an
external events multiplier of greater than two should be used.
While it is possible to assume larger external events multipliers to compensate for the
uncertainty associated with undeveloped external events models, overemphasizing
external events contributions can be detrimental to the SAMA process in that:

* Over predicting the averted cost-risk of internal events based SAMAs through
the use of an inflated multiplier could divert site resources to issues that are not
important to the plant.

* Over predicting the averted cost-risk of an external events based SAMA could
change the prioritization of addressing cost effective SAMAs away from
important issues identified by the internal events model to highly uncertain
issues identified by the external events analyses.

" Use of a larger multiplier impacts the MACR, which forces the identification of
internal events based SAMAs that are not important to plant risk (refer to
Sections D.5.1.1 and D.5.1.2) and consequentially reduces the credibility of the
analysis.

For these reasons, a multiplier of two has been chosen to account for the PVNGS
external events contributions. This implies that the contribution to the MACR from the
external events is the same as the contribution from the internal events model
($778,000).
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D.4.6.3 PVNGS MAXIMUM AVERTED COST-RISK

As stated in Section D.4.6, the MACR is the total of these two components:
Internal Events - $778,000

External Events

Single Unit Maximum Averted Cost-
Risk

$778,000

$1,556,000

Finally, the single unit MACR is multiplied by three to obtain the site MACR of
$4,668,000 ($1,556,000-3=$4,668,000). The MACR and implementation costs are
considered on a site scale for consistency and to clearly account for any "economy of
scale" that may exist in the implementation costs.
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D.5 PHASE I SAMA ANALYSIS

The Phase I SAMA analysis, as discussed in Section D.1, includes the development of
the initial SAMA list and a coarse screening process. This screening process eliminates
those candidates that are not applicable to the plant's design, have already been
implemented at APS, would achieve results that APS has already achieved by other
means, or are too expensive to be cost beneficial even if the risk of on-line operations
were completely eliminated. The following subsections provide additional details of the
Phase I process.

D.5.1 SAMA IDENTIFICATION

The initial list of SAMA candidates for PVNGS was developed from a combination of
resources including:

PVNGS PRA results
Industry Phase II SAMAs
PVNGS IPE (APS 1992)
PVNGS IPEEE (APS 1995)

These resources are judged to provide a list of potential plant changes that are most
likely to reduce risk in a cost-effective manner for PVNGS.
In addition to the "Industry Phase II SAMA" review identified above, an industry based
SAMA list was used in a different way to aid in the development of the PVNGS plant-
specific SAMA list. While the industry SAMA review cited above was used to identify
SAMAs that might have been overlooked in the development of the PVNGS SAMA list
due to PRA modeling issues, a generic SAMA list was used as an idea source to
identify the types of changes that could be used to address the areas of concern
identified through the PVNGS importance list review. For example, if long term direct
current (DC) power availability was determined to be an important issue for PVNGS, the
industry list would be reviewed to determine if a plant enhancement had already been
conceived that would address PVNGS's needs. If an appropriate SAMA was found to
exist, it would be used in the PVNGS list to address the DC power issue; otherwise, a
new SAMA would be developed that would meet the site's needs. This generic list was
compiled as part of the development of several industry SAMA analyses and is
available in NEI 05-01 (NEI 2005).

D.5.1.1 LEVEL I PVNGS IMPORTANCE LIST REVIEW

The importance list review was performed to identify the failure scenarios most
important to PVNGS risk and to develop methods to mitigate those scenarios. For each
event on the importance list, the reasons for the event's importance are determined
through cutest and systems analysis. Strategies to mitigate the relevant failures are
developed based on accident sequence analysis, plant knowledge, and industry
insights.
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The importance list itself is developed from the PVNGS PRA cutest file and is
comprised of the model's basic events sorted according to their risk reduction worth
(RRW) values. The top events in this list are those events that would provide the
greatest reduction in the CDF if the failure probability were set to zero. The events were
reviewed down to the 1.010 level, which was chosen because it corresponds to the
definition of a risk significant event, as defined in the PRA Applications Guide. (EPRI
1995)

An alternate method of establishing the lower review threshold would be to correlate the
minimum expected SAMA implementation cost to an RRW value. For PVNGS, the
minimum expected cost of implementation is believed to be a procedure change. The
cost of procedure changes can vary depending on the type of procedure being modified
and the scope of the changes, but previous industry analyses have estimated $50,000
to $100,000 for minor procedure modifications (CPL 2004). This estimate was provided
for changes to system level, abnormal operating procedures at a dual unit site. While
there may be a minimal cost associated with expanding the actual procedure changes
to a third unit, the upper bound of this cost range ($100,000) is used for PVNGS to
account for the additional training resources that would be required for implementation
at a third unit. It should be noted that the scope of the procedure based improvements
identified as SAMAs for PVNGS is greater than the scope corresponding to the types of
changes used to establish the minimum expected cost of implementation. This is the
reason that the PVNGS implementation costs for the procedure based SAMAs are
larger than the estimates cited above.

For PVNGS, the RRW value corresponding to $100,000 is slightly over 1.02. This can
be demonstrated by reducing the CDF, dose-risk and OECR by a factor of 1.02, which
corresponds to an event with Level 1- and Level 2-based RRW values of 1.02. The
corresponding internal events based averted cost-risk would be $15,242: Applying a
factor of 2 to estimate the potential impact of external events (refer to Section D.4.6)
results in a cost-risk of $30,484 and multiplying this product by 3 to account for 3 units
results in a cost-risk of $91,452. This is approximately equal to the assumed minimum
expected cost of implementation of $100,000. While the RRW value of 1.02 is not
exactly equal to the 1.010 established by the PSA Applications Guide definition of risk
significance, the RRW threshold values are consistent and the use of 1.010 is
considered to be conservative for this analysis.

Table D.5-1 documents the disposition of each event in the Level 1 PVNGS RRW list
with RRW values of 1.010 or greater. Note that the review of each event involves a
detailed evaluation of the cutsets including the event to identify the factors that make
the event important.

D.5.1.2 LEVEL 2 PVNGS IMPORTANCE LIST REVIEW

A similar review was performed on the importance listings from the Level 2 results. In
this case, a composite importance file based on the following release categories was
used to identify potential SAMAs:
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" LATE-BMMT-NOAFW
* LATE-CHR-AFW
* LATE-CHR-NOAFW
* LATE-CHR-PDS2
" LERF-SGTR

This method was chosen to prevent high frequency-low consequence events from
biasing the importance listing. While the remaining release categories contribute about
2.6% of the dose-risk, that small contribution depends on over 22% of the Level 2
frequency. For PVNGS, this is not a highly important factor because the consequences
are largely driven by the LATE-CHR-NOAFW release category, but this strategy was
implemented for completeness.

The Level 2 RRW values were also reviewed down to the 1.010 level. As described for
the Level 1 RRW list, events below the 1.010 threshold value are not "risk significant"
and are not expected to yield cost beneficial SAMAs.

Table D.5-2 documents the disposition of each event in the Level 2 RRW list with RRW

values greater than 1.010.

D.5.1.3 INDUSTRY SAMA ANALYSIS REVIEW

The SAMA identification process for PVNGS is primarily based on the PRA importance
listings, the IPE, and the IPEEE. In addition to these plant-specific sources, selected
industry SAMA submittals were reviewed to identify any Phase II SAMAs that were
determined to be potentially cost beneficial at other plants. These SAMAs were further
analyzed and included in the PVNGS SAMA list if they were considered to address
potential risks not identified by the PVNGS importance list review.

While many of the industry SAMAs reviewed are ultimately shown not to be cost
beneficial, some are close contenders and a small number have been estimated to be
cost beneficial at-other plants. Use of the PVNGS importance ranking should identify
the types of changes that would most likely be cost beneficial for PVNGS, but review of
selected industry Phase II SAMAs may capture potentially important changes not
identified for PVNGS due to PRA modeling differences or SAMAs that represent
alternate methods of addressing risk. Given this potential, it was considered prudent to
include a review of selected industry Phase II SAMAs in the PVNGS SAMA
identification process.

Phase II SAMAs from the following United States nuclear power sites have been
reviewed:

* Calvert Cliffs (BGE 1998)

* Fort Calhoun (OPPD 2002)

" ANO, Unit 2 (Entergy 2003)
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* Millstone Unit 2 (Dominion 2004)

* Palisades (NMC 2005)

* Wolf Creek (WCNOC 2006)

One Westinghouse PWR and five Combustion Engineering PWR sites were chosen
from available documentation to serve as the Phase II SAMA sources. Only one of the
Phase II SAMAs from these sources was included in the initial PVNGS SAMA list.
Many of the industry Phase II SAMAs were already represented by other SAMAs in the
PVNGS list, were known not to impact important plant systems, or were judged not to
have the potential to be close contenders for PVNGS. These SAMAs were not
considered further. The following provides a summary of some of the issues considered
during the review of the industry SAMAs.

D.5.1.3.1 Calvert Cliffs

" Phase II SAMA 05 - Improve Ability to Cool residual heat removal (RHR) Heat
Exchangers: Because the PVNGS design does not provide for the feed and
bleed capability, the use of RHR is limited in accident sequences and has a low
potential for risk reduction. This SAMA is not included on the PVNGS SAMA list.

" Phase II SAMA 34 - Incorporate an Alternate Battery Charging Capability:
PVNGS can currently prevent core damage for up to 16 hours in an SBO with at
least one gas turbine generator (GTG) available. For complete loss of AC cases,
improvements to only secondary side cooling operation would be of limited
benefit without providing makeup to the primary side to address inventory losses
due to RCP seal LOCA issues. PVNGS SAMA 4 addresses the need to provide
power to both the battery chargers and the charging pumps for long term SBO
coping. No additional SAMAs are required.

* Phase II SAMA 48a - Change UV, AFAS Block, and Reactor Protective System
Actuation Signals to 3-out-of-4 Logic, instead of 2-out-of-4: Loss of an entire
division of power does not prevent signal actuation at PVNGS nor does it actuate
a signal. The logic design is such that loss of a single division of power causes
the leg of the logic to trip, but not to actuate and the remaining division of logic is
used to govern the actuation signals. This SAMA is not applicable to PVNGS.

D.5.1.3.2 Fort Calhoun

SAMA 4 - Implement Procedures and Operator Training Enhancements for
Support System Failure Sequences, with Emphasis on Anticipating Problems
and Coping with Events that Could Lead to Loss of Cooling to the RCP Seals:
Due to the current RCP seal design, the PVNGS charging pumps are capable of
providing makeup for any inventory loss and HPSI is not required. This greatly
reduces the importance of RCP seal LOCAs and no additional SAMAs are
required for non-SBO conditions. SBO cases are addressed by PVNGS SAMA
4.
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* SAMA 92 - Conserve/Makeup Borated Water Storage Tank Inventory Post
Accident: PVNGS has several means of refilling the RWT, the fastest being the
use of the boric acid makeup pumps to transfer water to the RWT from the spent
fuel pool. No SAMA required.

* SAMA 181 - Add Accumulators or Implement Training on SIRWT Bubblers and
Recirculation Valves: For Fort Calhoun, loss of instrument air results in depletion
of the SIRWT bubblers. This causes a failure of SIRWT level indication, which
may generate a recirculation signal when adequate inventory does not exist in
the sump. This failure mechanism does not exist for PVNGS; no SAMA required.

" SAMA 184 - Add Capability to Flash the Field on an emergency diesel generator
(EDG) to Enhance SBO Recovery: Some EDG start failures are related to a loss
of magnetism in the generator electromagnets such that no electricity is delivered
from the generator even if the engine is running. If a DC current is passed
through the electromagnet coils, the system can be re-magnetized and a field will
be present to allow for power generation. A small DC power supply and
procedures would be required to provide PVNGS with this capability; however,
this enhancement would only address a fraction of the EDG start failures.
Because the EDG start failures have RRW values below the review threshold of
1.010 at PVNGS, this SAMA is not included on the SAMA list.

• SAMA 186 - Add Manual Steam Relief Capability and Associated Procedures:
PVNGS has the capability to use local, manual action to open the atmospheric
dump valves and depressurize the steam generators. No SAMAs required.

D.5.1.3.3 ANO Unit 2

No SAMAs appear to have been identified as potentially cost beneficial for ANO Unit 2
based on the Environmental Report submittal (Entergy 2003); however, some
candidates were close contenders and were considered for PVNGS:

* SAMA AC/DC-1 6 - Emphasize steps in plant recovery following a station
blackout event: Based on some of the sensitivity cases performed for ANO-2, this
SAMA would have been considered cost effective, however, the calculations
assumed instantaneous recovery of AC power after onset of an SBO. Such an
assumption is not consistent with actual LOOP events. Attempts could be made
to enhance on-site AC power recovery procedures for PVNGS, but no reliable
means of measuring the benefit of such changes has been identified. No
additional SAMAs are suggested related to loss-of-coolant (LOOP) LOOP/SBO
sequences based on ANO-2 SAMA AC/DC-1 6.

" SAMA CB-1 0 - Direct steam generator flooding after a steam generator tube
rupture, prior to core damage: PVNGS procedures do not direct SG flooding
prior to core damage in SGTR scenarios with the specific intent of ensuring any
radionuclide releases are scrubbed. While scrubbing may occur as a
consequence of the existing guidance that directs SG level to be maintained for
heat removal, no credit is taken in the PRA for this evolution. A potential
enhancement would be to expand the existing guidance to explicitly direct SG
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flooding to ensure that water level remains high in the SGs even after core
damage such that all releases would be scrubbed when an injection source is
available. This enhancement has been included on the SAMA list (SAMA 23).

SAMA CC-20 - Make containment sump recirculation outlet valve motor
operated valves 2CV-5649-1 and 2CV-5650-2 diverse from one another: For
PVNGS, failures of the sump suction valves are not large contributors to sump
failure and this change would not provide a significant benefit to the plant. No
additional SAMAs are suggested.

D.5.1.3.4 Millstone Unit 2

Based on the cost estimates provided in the Millstone SAMA analysis, only Millstone
Unit 2 SAMA 3 appeared to be potentially cost beneficial. This SAMA suggested
modifying plant procedures so that they directed RCS cooldown on loss of RCP seal
cooling in order to preclude an RCP seal LOCA. The current PVNGS RCP seal design
and charging pump makeup capabilities make RCP seal LOCAs low contributors to the
plant risk profile and no RCP seal based SAMAs would be cost effective for PVNGS for
non-SBO conditions. PVNGS SAMA 4 addresses RCP seal LOCA concerns for SBO
evolutions. No additional SAMAs are suggested.

D.5.1.3.5 Palisades

* SAMA 10 - Power independent Turbine driven AFW operation: This SAMA
allows for long term AFW operation in SBO evolutions. Improvements to only
secondary side cooling operation would be of limited benefit without providing
makeup to the primary side to address inventory losses due to RCP seal LOCA
issues. PVNGS SAMA 4 addresses the need to provide power to both the
battery chargers and the charging pumps for long term SBO coping. No
additional SAMAs are required.

* SAMA 13 - Nitrogen Station for Automatic backup to CV-2010 Air Supply: The
Condensate Storage Tank (CST) makeup configuration for PVNGS is different
than Palisades and the importance of the action to. transfer to the alternate
suction source is not a highly important action for the site. No additional SAMAs
are required.

* SAMA 16 - Insulate EDG Exhaust Ducts: The Palisades EDG design includes
uninsulated EDG exhaust ducts that result in rapid EDG room heatup after start.
The PVNGS EDGs do not require room cooling for success and no SAMAs are
required.

D.5.1.3.6 Wolf Creek (WCGS)

SAMA 4 - ISLOCA isolation: Providing procedures to improve interfacing system
LOCA (ISLOCA) recovery actions could potentially be implemented at PVNGS,
but ISLOCA is a low contributor for PVNGS and no SAMAs are suggested. The
long time available for diagnosis of the dominant ISLOCA event results in a very
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low human error probability (HEP) (8.OE-05) for isolation of the ISLOCA and
procedure enhancements would not result in'any measurable improvement in
reliability. No SAMAs suggested.

" SAMA 3: AC Cross-tie Capability - The major issue related to loss of an AC
division for PVNGS is the loss of the AFN-P01 pump, which is addressed with an
automatic power transfer switch (PVNGS SAMA 5). No additional SAMAs are
suggested.

* SAMA 1: Permanent, Dedicated Generator for the NCP with Local Operation of
the turbine-driven auxiliary feedwater (TD AFW) after 125V Battery Depletion -
For PVNGS, the function addressed by this SAMA is covered by PVNGS SAMA
4. The use of a dedicated diesel generator (DG) was suggested for WCGS in
order to preclude RCP seal LOCAs on loss of cooling. For PVNGS, this is not as
important an issue and the expense of a permanent DG that can be quickly
aligned from the main control room (MCR) is not required. No additional SAMAs
suggested.

D.5.1.3.7 Industry SAMA Identification Summary

The important issues for PVNGS are considered to be addressed by the SAMAs
developed through the PRA importance list review. Further, the plant changes
suggested as part of that review were developed to meet the specific needs of the plant
such that those SAMAs are more likely to provide effective means of risk reduction than
SAMAs taken from other sites. However, effort was made to review other industry
SAMA analyses to determine if other sites identified plant changes that could be cost
beneficial for PVNGS. While it was found that other plants had developed SAMAs that
addressed areas of concern for PVNGS, the SAMAs developed based on the plant
specific PRA results were considered to represent the most appropriate risk reducing
strategies for PVNGS and only one additional industry SAMA was added to the list
based on this review (SAMA 23).

D.5.1.4 PVNGS IPE

The PVNGS IPE generated a list of risk-based insights and potential plant
improvements. Typically, changes identified in the IPE process are implemented and
closed out; however, there are some items that are not completed within the industry
due to high projected costs or other criteria. Because the criteria for implementation of
a SAMA may be different than what was used in the post-IPE decision-making process,
these recommended improvements are re-examined in this analysis.

As a result of the IPE, three potential plant improvements were identified and
considered for implementation at the plant. The following table summarizes the status
of these plant improvements.

Description of Potential Status of Disposition
Enhancement Implementation
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Description of Potential Status of Disposition
Enhancement Implementation

Change the source of power for Implemented. No further review required.
the Main Steam and Feedwater
Isolation Valve Logic Cabinets

Change the loss of power failure Implemented. No further review required.
mode of the Train A Steam
Generator Downcomer
Containment Isolation Valves to
Fail Open

Provide a backup source of Implemented. No further review required.
control power for the Train N aux
FW pump circuit breaker

Install temp detectors in the DC Implemented. No further review required.
Equipment Rooms, with an alarm
in the MCR

All of the plant changes suggested in the IPE have been implemented at PVNGS and

no further review of these items is required.

D.5.1.5 PVNGS IPEEE

Similar to the IPE, any proposed plant changes that were previously rejected based on
non-SAMA criteria should be re-examined as part of this analysis. In addition, any
issues that are in the process of being resolved should be examined because their
resolutions could be important to the disposition of some SAMAs. The IPEEE was used
to identify these items.

The following table summarizes the status of the potential plant enhancements resulting
from the IPEEE processes and their treatment in the SAMA analysis. As can be seen,
no outstanding changes have been identified:

Description of Potential Enhancement Status of Disposition
Implementation

Improve anchorage on bookshelves behind U3 control Implemented. No further review
cabinets required.

Add remote disconnect switch to allow removal of Implemented. No further review
control of the Train B DC Essential Air Cooling Unit from required.
the MCR

Modify the fire damper control panels for the essential Implemented. No further review
Switchgear rooms so that the Train A and B circuits are required.
separated

Eliminate use of common fuses for the control circuits of Implemented. No further review
safe shutdown and non-safe shutdown equipment required.
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An effort was also made to use the IPEEE to develop new SAMAs based on a review of
the original results. However, other than the fire model, the PVNGS IPEEE was not
maintained as a "living" analysis. This limits the capability of the models that make up
the IPEEE as they do not include the latest PRA practices nor do they necessarily
represent the current plant configuration or operating characteristics. The fact that the
models, other than fire, cannot be "quantified" presents further difficulty because the
results are limited to what has been retained from the original analysis. These factors
limit the qualitative insights and quantitative estimates that can be made with regard to
external events contributors. Therefore, the external events models are considered to
be useful tools for identifying important accident sequences and mitigating equipment,
but any quantitative results should not be directly combined with those from the internal
events models due to the differences in the modeling characteristics. In this analysis,
external events contributions are estimated for the reasons described above.

D.5.1.5.1 Post IPEEE Site Changes

In addition to performing a review of the IPEEE results, it was necessary to review the
changes to the site and surrounding area that were implemented after the completion of
the IPEEE to determine if the changes could impact the conclusions of the external
events analyses. The PVNGS staff identified three major changes with the potential to
impact the IPEEE results:

" Installation of two GTGs,
* Addition of dry cask storage units for spent fuel (Independent Spent Fuel Storage

Installation [ISFSI]),
* Installation of security enhancements.

These changes are discussed in further detail below.

D.5.1.5.1.1 Gas Turbine Generators

The two GTGs that were installed on the site were deliberately located over a half a mile
from the plant to greatly reduce the likelihood that one tornado would eliminate the
offsite power supply, the EDGs, and the GTGs. The remote location of the GTGs also
precludes it from negatively impacting the internal fire, external flooding, or seismic risk.
It is likely that that the additional AC power generating capacity from the GTGs would
reduce plant risk, but no credit is taken for such reductions in the SAMA analysis
beyond what is reflected through the use of the external events multiplier on the internal
events results. In summary, the presence of the GTGs does not impact the conclusions
of the IPEEE.

D.5.1.5.1.2 Independent Spent Fuel Storage Installation

Palo Verde evaluated the potential external events impacts of the ISFSI and identified
only minimal concerns related to the addition of the facility (APS 2002a).
External flooding is not an issue for PVNGS, in general. With respect to the addition of
the cask storage area, the PVNGS flooding characteristics were reviewed as part of the
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cask storage site selection criteria. Consequently, the cask storage area does not
negatively impact the PVNGS external flood risk.

The IPEEE demonstrated that the seismic risk for PVNGS is low. The plant was
designed for 0.25g peak ground acceleration and the systems on the safe shutdown list
are robust enough to withstand the site's 0.3g Review Level Earthquake. As a result,
the potential improvements identified in the study were limited to minor issues such as
improving anchorages on bookshelves to prevent seismically-induced equipment
interaction. The risk related to the ISFSI is also expected to be low; however, study 13-
NS-C062 indicates that the addition of the ISFSI and the related activities did introduce
some un-analyzed conditions. These conditions include:

" Seismic events during transfer of a Vertical Concrete Cask (VCC) with the cask
handling crane

* seismic events during periods when a VCC is near the spent fuel pool for fuel
loading

* Seismic events when a VCC is being transported on a rail car in the Rail Bay
Area

While there is a small probability that one of these events could occur and result in the
failure of a VCC or damage the spent fuel pool, neither of these endstates are
considered in the SAMA analysis. The focus of the SAMA analysis is on damage to the
operating core and the corresponding consequences; therefore, because these
scenarios are outside the scope of the analysis, they are screened from further review.
With respect to high wind events, the wind loading design basis for the ISFSI bounds
the PVNGS site design basis and no SAMAs are required to address wind loading
effects for the ISFSI. Study 13-NS-C062 states that it should be confirmed that the
design basis tornado-generated missile spectrum from the PVNGS site bounds the
ISFSI missile spectrum. The implication is that the ISFSI could be vulnerable to
tornado-generated missiles that would not pose a threat to other site structures that
contain safety equipment; however, as with the seismic issues, the probabilities of these
events are small and the related endstates are not included in the scope of the SAMA
analysis.

No ISFSI fire-related issues have been identified that would impact the internal fire
analysis for PVNGS.

D.5.1.5.1.3 Security Changes

Discussions with site personnel indicate that the security additions do not have a
significant impact on access to critical plant components and that the site is evaluated
for potential tornado-generated missiles quarterly. Based on these factors, the security
changes are considered to have a negligible impact on the conclusions of the IPEEE.
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D.5.1.6 USE OF EXTERNAL EVENTS AND INTERNAL FLOODING IN THE PVNGS

SAMA ANALYSIS

The IPEEE was used in the PVNGS SAMA analysis primarily to identify the highest risk
accident sequences and the potential means of reducing the risk posed by those
sequences. The types of events considered in the PVNGS external events analysis
were identified by Supplement 4 of Generic Letter 88-20 (NRC 1991a) and included:

" Internal Fires (Section D.5.1.6.1)

" Seismic Events (Section D.5.1.6.2)

" High Wind Events (Section D.5.1.6.3)

* External Flooding and Probable Maximum Precipitation (Section D.5.1.6.4)

* Transportation and Nearby Facility Accidents (Section D.5.1.6.5)

The generic letter also required that a review be performed to identify other types of
potential hazards that could impact the plant to confirm that no plant specific issues
were excluded by the IPEEE that could initiate severe accidents at PVNGS. The
PVNGS IPEEE indicates that the guidance in NUREG-1407 and NUREG/CR-5042 was
used to identify other potential IE types that could impact safe operation of site, which
included:

Avalanche
Biological Events
Coastal Erosion
Drought
Fire
Fog
Forest Fire
Frost
High Tide/High Lake
Ice Cover
Landslide
Low Lake or River Water Level
Pipeline Accident
River Diversion
Seich Flooding
Storm Surge
Tsunami
Toxic Gas
Turbine-Generated missiles
Waves
Severe temperature transients (extreme heat, extreme cold)
Severe storm (ice, hail, snow, dust, and sand storms)
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Lightning
External Fires
Extraterrestrial Activity (meteor strikes, satellite falls)
Volcanic activity
Soil Shrink-Swell Consolidation

Based on the PVNGS review, three additional IE types were included in the IPEEE
analysis: Sand Storms, Lightning, and Extreme Heat. Section D.5.1.6.6 describes how
these analyses were included in the SAMA identification process for PVNGS.

The type of information available for the initiators that were evaluated by PVNGS varied
due to the manner in which they were addressed in the IPEEE. For instance, the fire
analysis used an approach that combined the deterministic evaluation techniques from
the EPRI Fire Induced Vulnerability Evaluation (FIVE) methodology with classical PRA
techniques. The PVNGS seismic analysis was performed using the EPRI Seismic
Margins Assessment methodology (NP-6041-SL) and no CDF information was
produced as part of that evaluation. Due to limitations of the Fire and Seismic modeling
processes, the results of these kinds of analyses are not necessarily compatible with
those of the internal events analysis. As a result, each of the external event
contributors must be considered in a manner suiting the type of analysis performed. A
summary of the review process used to identify SAMAs is provided for each of the
external event types listed above followed by a description of the method used to
quantitatively incorporate external events contributions into the SAMA analysis.

In addition, Section D.5.1.6.7 discusses the treatment of Internal Flooding for the SAMA
analysis.

D.5.1.6.1 Internal Fires

As discussed above, the techniques used to model external events vary according to
the type of initiator being analyzed. The PVNGS Fire Model shares many of the same
characteristics as the internal events model and for PVNGS, it is integrated with the
internal events Level 1 model. While this is true, limitations on the state of technology
produce results that are potentially more conservative than the internal events model.

The following summarizes the fire PRA topics where quantification of the CDF may
introduce different levels of modeling uncertainty than the internal events PRA.
The PVNGS modeling strategy makes use of the most recent level 1 internal events
model and PRA techniques. As a result, the pedigree of the fire result is more
consistent with the current internal events results that the fire analyses that were
performed to support the IPEEE programs. However, there are some factors that make
it undesirable to quantify the PVNGS fire model with the internal events model. The first
is that that the fire model is not integrated with the most recent Level 2 analysis that was
developed to support the SAMA analysis. The only post-core damage fire evaluation is
a LERF model that does not address release categories that have been shown to be
large contributors to PVNGS risk. In addition, there are still some areas where the
PVNGS modeling may yield overly conservative results such that a direct comparison

Palo Verde Nuclear Generating Station Page D-38
Environmental Report for License Renewal



Attachment D
Severe Accident Mitigation Alternatives Analysis

with the internal events results may not be appropriate. These areas are identified as
follows:

PRA Topic Comment

Initiating Events:

System Response:

Sequences:

Fire Modeling:

HRA:

The frequency of fires and their severity are likely conservatively overestimated.
While PVNGS performs Bayesian updates on the EPRI fire events database to
obtain the fire initiating event frequencies used in the PRA, it is an area of
continuing improvement. A revised NRC fire events database indicates the trend
toward lower frequency and less severe fires. This trend reflects the improved
housekeeping, reduction in transient fire hazards, and other improved fire
protection (FP) steps at plants.

While credit is taken for automatic fire suppression systems when they can
prevent the spread of a fire to safety equipment, manual fire suppression is
credited in limited ways outside the MCR.

Sequences in the PVNGS fire model are defined in detail. The consequences of
any sequence collapsing is likely minor.

Fire damage and fire spread are conservatively characterized. Fire modeling
presents bounding approaches regarding the immediate effects of a fire (e.g.,
failure of suppression results in the loss of all equipment in the fire compartment)
and fire propagation.

There is little industry experience with crew actions under conditions of the types
of fires modeled in fire PRAs. This has generally led to conservative
characterization of crew actions in fire PRAs. For PVNGS, a detailed
assessment of the impact of fires on the HEPs was performed. Loss of
instrumentation, crew loading factors, action location, confusion from additional
alarms/indications, and environmental factors were included in the assessments.
The effects of fire events on the operators were typically incorporated into the
HEP calculations through the use of multipliers.

Such detailed treatment is an indication that an effort has been made to remove
unnecessary conservatism; however, the methods for assessing the impact of
fire events on HRA is less developed and detailed than other factors in HRA and
the pedigree of results may not be comparable to evaluations that are only used
in the internal events model.

Finally, a fire HRA standard has not yet been finalized for the industry and it is
not clear how the PVNGS methodology will compare to the forthcoming industry
standard.

Many fire PRAs may have reduced level of detail in the mitigation of the initiating
event and consequential system damage; however, the PVNGS model includes
a detailed assessment of the impacts of the initiating events, consequential fire
damage, and the subsequent response of the plant.

The peer review process for fire PRAs is not as developed as internal events
PRAs. For example, no industry standard, such as NEI 00-02, exists for the
structured peer review of a fire PRA. This may lead to less assurance of the
realism of the model.

Level of Detail:

Quality of Model:

The approach taken to identify potential fire-related SAMAs was to review the top 10
contributing fire compartments, which represent over 92% of the Fire CDF (2.51 E-06
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out of a total of 2.72E-06). Review of additional fire compartments is possible, but it is
unlikely that any potentially cost beneficial SAMAs would be identified. As a point of
reference, the eleventh largest contributing fire compartment has a CDF of only 2.53E-
08, which is less than 1% of the total Fire CDF. If this compartment's CDF were
converted to a fire-based RRW value, it would be 1.009 (2.72E-06 / (2.72E-06 - 2.53E-
08 = 1.009), which is below the RRW threshold used for the internal events model,
which has a larger base CDF. The implication is that no SAMA impacting the risk of a
single fire compartment below the top 10 would be cost effective. There is some
potential that a single, low-cost change could impact multiple fire compartments, but
even if such a SAMA were found, the benefit would be very low. Consequently, the
review effort for this analysis is limited to the top 10 contributing fire compartments.

For each fire compartment, the list of equipment lost due to fire was reviewed to
determine how the loss of equipment impacted accident progression. These cases
were then analyzed to determine what measures could be taken to mitigate the fire
event and the corresponding core damage sequences. The following table summarizes
the top fire compartment CDF contributions and the equipment that could be failed for
each fire compartment. For each compartment, all of the fire scenarios were reviewed
and the worst case fire damage states (FDS) were identified. Other FDSs were also
identified if they provided unique consequences.

Fire CDF Major Equipment Failed (multiple damage states
Compartment/initiator (per year) possible depending on scenario)

FZ 17/IEFIRE-17: Main MCR evacuation. FDS-AFA-1 and FDS-AFB-1 are possible

Control Room - 140 ft 7.21 E-07 worst case scenarios. AFA-1: Loss of AFA-PO1 control power

Control Building or feed control (local operation possible). AFB-1: Loss of
control power to AFB-P01 or the pump's feed valves.

FZ TB9/IEFIRE-TBO9: Worst case is FDS TB-2: Loss of MFW, normal HVAC, AFN-
Main Turbine Bearings 5.74E-07 P01, reactor instrumentation.
Areas - 176 ft

FZ 5A/IEFIRE-05A: Train Worst case is F-TRNA-2: All train A safety equipment and
A Essential Switchgear 3.53E-07 ALT FW main steam isolation valve (main steam isolation
Room - 100 ft Control valve (MSIV and FISV close)). This includes both AFA-PO0
Building and AFN-PO1.

Worst case is FDS F-LOP-2: LOOP with normal OSP
FCOR2A R CorioBiligrecoveries not available. Also AFN-P01 is not available due
120 ft to loss of downcomer feedwater regulator valve bypass and

isolation valves. (Loss of control breakers for NAN-S01-6)

FZ TB1/IEFlRE-TBO1: Worst case is FDS TB-2: Loss of MFW, normal HVAC, AFN-
Turbine Building - 100 ft 2.26E-07 P01, reactor instrumentation.
West

FZ TB5/EF I RE-TB05: Worst case is FDS TB-2: Loss of MFW, normal HVAC, AFN-
Turbine Building: West 140 1.80E-07 P01, reactor instrumentation.
ft
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Fire CDF Major Equipment Failed (multiple damage states
Compartment/Initiator (per year) possible depending on scenario)

FZ TB3B/IEFIRE•-TB03:FZ e PumpsFreT - 1.10E07 Worst case is FDS TB-2: Loss of MFW, normal HVAC, AFN-
Feedwater Pumps Area - 1 .10E-07 P1,ratrisumnton
100 ft Turbine Building P01, reactor instrumentation.

Multiple fire damage states are possible, including:

FZ TB4B/IEFIRE-TB04B: - F-NBA: Loss of Train A engineered safeguard feature (ESF)
Fire in Station DC service transformer due to fire,
Equipment Room - 110 ft 3.28E-08 - F-LOP-i: Loss of off-site power and switchyard due to fire,
Turb Bldg - F-NK-1: Loss of station battery F17 or DCCC M45 due to

fire

FZ 5B/IEFIRE-05B: Train Multiple fire damage states are possible, including:
B Essential Switchgear 3.28E-08 -FDS-TRNB-2: complete loss of train B.
Room - 100 ft Control -FDS-AFB-1: fails AFA-PO1 and/or its steam supply valves.
Building -FDS-PBB-1: fails B ESF bus.

FZ 42AIIEFIRE-042A: The worst case is F-BOP-3: Loss of SG feed regulator valve
Electrical Penetration 2.93E-08 bypass and isolation valves, L25, MFW, Normal HVAC,
Room - Train A, Channel A Nonclass instrument AC, and Seal Injection.
- Aux Bldg 100 ft

The table above demonstrates that the total fire CDF of 2.72E-6 is not dominated by
any one fire compartment; the largest contributor is only about 27% of the total CDF. In
addition, while fires in each of these areas can result in the loss of a wide range of
equipment, the losses are typically limited to a single division. As a result, redundant
equipment is often available to mitigate the fire events. Further discussion is provided
for each of the fire area/scenarios below.

FZ 17: Main Control Room - 140 ft Control Building

There are many ignition sources in the MCR and the consequences of a fire in this
compartment are diverse. Many of the top contributors to the fire CDF include MCR
fires in which manual suppression fails and fire propagation occurs. Fires that
propagate from the source are all considered to result in a control room evacuation. No
plant enhancements have been identified that could improve the operators' abilities to
manually suppress MCR fires or perform a shutdown from the remote shutdown panel
(RSP) in a measurable way. Automatic suppression systems are not viable in areas
that are frequented by plant personnel and the installation of these types of systems is
not a practical means of improving suppression ability. Also, potential changes to
include the opposite division's controls on the RSP to improve functionality are not
suggested given that it would provide an area where a single fire could damage two
divisions of equipment. No SAMAs have been identified for this fire compartment.
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FZ TB9: Main Turbine Bearings Areas - 176 ft

The fire initiator of concern in this area is a lube oil fire. Fire suppression in this
compartment is of the "wet pipe pre-action" type actuated by heat detectors at the
turbine and bearings. Automatic suppression is credited for this compartment and no
enhancements to the suppression system have been identified. For the lube oil fires
that do propagate, the entire building is assumed to be affected, which includes AFN-
P01. The PVNGS fire analysis indicates that this treatment is conservative as it is very
unlikely that AFN-PO1 would be impacted by such a fire evolution. While damage to
AFN-P01 would be rare for these fires, precautions could be taken by installing
protective wrap on all cables required to support AFN-PO1 operation (SAMA 18).

FZ 5A: Train A Essential Switchgear Room - 100 ft Control Building

This fire compartment includes an automatic fire suppression system, but the heat
sensors responsible for system initiation are located on the ceiling. Because of the
large distance between the heat sensors and the potential fire ignition sources, the
current fire analysis assumes that the heat load at the sensors would not be large
enough to actuate the suppression system until after the fire has propagated from the
ignition source. While the fire suppression system may, in reality, be capable of
preventing propagation in some cases, moving the existing sensors or installing
additional heat sensors near the potential ignition sources would be required to ensure
the suppression system could actuate in time to prevent the spread of fires away from
their ignition sources (SAMA 19). Given that most of the more severe fire
consequences for this compartment are the result of damage to non-initiator targets,
enhancing the automatic suppression system could provide a large risk reduction for
this compartment.

FZ COR2A: Corridor Building - 120 ft

No fixed initiators were identified for this compartment; therefore, the entire frequency is
associated with transient sources. In this case, the only transient source considered to
be credible was an extension cord. While there is a large uncertainty associated with
the fire scenarios including extension cord fires that damage the target cables in this
compartment, the consequences are non-negligible. A potential enhancement would be
to protect the most important equipment in the area. In this case, the potential targets in
this area include cables that allow operation of the high voltage switchgear breakers
and AFN-POI. These cables could be protected to increase the post-fire availability of
AFN-PO1 (SAMA 18). Control cables for the high voltage switchyard breakers could
also be protected to facilitate re-alignment of off-site power, but manual operation of
these breakers is possible and currently not credited in the model. No additional
SAMAs are considered to be required.
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FZ TB1: Turbine Building - 100 ft West

Most fires in this compartment result in limited equipment damage, with the loss of AFN-
P01 being one of the most significant consequences. The openness of the areas
containing the equipment and the enclosed nature of the electrical cabinets preclude the
propagation of most of the initiating fires. Automatic suppression systems are located
throughout the building, but they are not credited for individual component fires or for
transient fires given that equipment damage would have occurred by the time of
actuation. Similar to other fire compartments including AFN-P01 cables/equipment, a
potential means of reducing the fire risk is to install protective wrap on all cables
required for AFN-P01 operation (SAMA 18).

FZ TB5: Turbine Building: West 140 ft

This compartment is located above FZ TB1 and fires can propagate to that
compartment and damage to AFN-P01, Load Center L01, or Load Center L25. In
addition, actuation of the fire suppression system could cause damage to the equipment
in FZ TB1 because the floor is an open grate design that would allow water to pass
through it to FZ TB1. A potential enhancement would be to provide barriers between FZ
TB5 and FZ TB1 that would prevent fire propagation and water damage after
suppression actuation in FZ TB5 (SAMA 20).

FZ TB3B: Feedwater Pumps Area - 100 ft Turbine Building

Most fires in this compartment result in limited equipment damage, with the loss of AFN-
P01 being one of the most significant consequences. The openness of the areas
containing the equipment precludes the propagation of most of the initiating fires.
Automatic suppression systems are located throughout the building, but they are not
credited for individual component fires or for transient fires given that equipment
damage would have occurred by the time of actuation. Similar to other fire
compartments including AFN-P01 cables/equipment, a potential means of reducing the
fire risk is to install protective wrap on all cables required for ANF-P01 operation (SAMA
18).

FZ TB4B: Station DC Equipment Room - 110 ft Turb Bldg

The equipment of concern in this compartment includes non-essential DC control center
NKNM45 along with the cables to the distribution panels it feeds, battery chargers
NKNH17 and H21, breaker control cables for NANS03 and NANS04, and the power
cable from NBNX03.

Other than a fire in NKNM45, fixed source fires that fail to propagate do not have a
direct impact on plant operation because loss of a single battery charger does not cause
a loss of non-essential DC power. In the case of a fire in NKNM45, a plant shutdown
will be required as a significant amount of required BOP equipment is fed from this DC
panel. Other than causing a trip, the impact of losing non-essential DC power in the
PRA is limited to potentially impacting the Normal Chillers and the control breakers that
are required to align off-site power to the plant. While local breaker operation is
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typically not required to align off-site power at PVNGS, the site has procedures to
manually restore off-site power to the Units in the event that non-essential DC is
unavailable. With respect to the Normal Chillers, they are responsible in the PRA for
providing cooling flow to the HVAC system for the MCR and ESF Switchgear Rooms.
In the event that a fire fails NKNM45, DC control power will be lost to the Normal
Chillers; however, DC control power is not required if the Normal Chillers are already
running. Given that the Normal Chillers are normally running and would only be tripped
off with a LOOP or a SI signal, the Normal Chillers would not be impacted by TB4B fire
scenarios as they would not result in an SI signal and induced LOOPs are low
frequency contributors. No SAMAs are required to address loss of NKNM45.

Fires that propagate from fixed or transient sources have the potential to impact multiple
components and/or components that are not themselves ignition sources. The only
components that were identified as potentially vulnerable to a common fire were the
NKNH17 and H21 battery chargers. The loss of these chargers has a similar impact to
the loss of NKNM45 and no SAMAs are required to mitigate fires that fail the chargers.
In addition, a swing charger is available in the event that NKNH17 and H21 are
destroyed; it is currently not credited because the alignment action was not developed
for the PRA and because environmental conditions may complicate the action. There
are two specific cases in which transient fires could propagate to overhead cable trays:

" Case 1: Fire impacts trays carrying cables for the NAN-S03 and NAN-S04 buses,
which results in loss of the switchyard.

" Case 2: Fire impact trays carrying cables from NBNX03, which results in loss of
the Train A ESF service transformer.

These scenarios could potentially be mitigated by installing protective wrap on these
cables (SAMA 21).

FZ 5B: Train B Essential Switchgear Room - 100 ft Control Building

This fire compartment includes an automatic fire suppression system, but the heat
sensors responsible for system initiation are located on the ceiling. Because of the
large distance between the heat sensor and the potential fire ignition sources, the
current fire analysis assumes that the heat load at the sensors would not be large
enough to actuate the suppression system until after the fire has propagated from the
ignition source. While the fire suppression system may, in reality, be capable of
preventing propagation in some cases, moving the existing sensors or installing
additional heat sensors near the potential ignition sources would be required to ensure
the suppression system could actuate in time to prevent the spread of fires away from
their ignition sources (SAMA 19). Given that most of the more severe fire
consequences for this compartment are the result of damage to non-initiator targets,
enhancing the automatic suppression system could provide a large risk reduction for
this compartment.
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FZ 42A: Electrical Penetration Room - Train A, Channel A -.Aux Bldg 100 ft

There are several fire scenarios for this compartment, but only the transient fires have
potentially serious consequences. In the event that a transient fire does not self-
extinguish, it may actuate the fire suppression system in the compartment. This is
assumed to result in a reactor trip 10% of the time if the fire does not propagate. No
SAMAs are suggested for these cases.

If the fire does propagate, however, MCC M71 is assumed to be failed. This results in
the loss of the SG feed regulator valve bypass and isolation valves, which fails AFN-
P01. While the risk from this fire compartment is relatively low and the cost of installing
fire barriers can be high, a potential means of preventing the loss of MCC M71 would be
to improve the MCC's fire barriers so that it could better withstand transient fires (SAMA
22).

If the suppression system fails, MCC M71 is failed along with LC L25, MFW, Normal
HVAC, Non-class instrument AC, and Seal Injection. The consequences of fire
suppression failures are diverse and while all of the targets could be protected with
better fire barriers, protecting MCC M71 would impact cases with both fire suppression
success and failure and is considered to be a better choice for this fire compartment
(SAMA 22).

Fire SAMA Identification Summary

Based on the review of the PVNGS fire area results, five SAMAs have been identified
as potentially cost beneficial methods of reducing fire risk:

* Fire Proof All Cables and Equipment Required for AFN-P01 Operation in the
Four Fire Areas Important to Pump Operation (SAMA 18)

" Install Heat Sensors Near Potential Fire Ignition Sources to Allow Activation of
Automatic Fire Suppression in Time to Prevent Fire Propagation (SAMA 19)

• Install Fire Barriers Between Fire Zone TB01 and TB05 (SAMA 20)
* Install Fire Resistant Cable Wrap on Selected Cables in Fire Compartment TB4B

(SAMA 2 1)
" Enhance the MCC M71 fire barriers (SAMA 22)

D.5.1.6.2 Seismic Events

The IPEEE (APS 1995) indicates that the EPRI seismic margins methodology was used
to identify the minimal set of equipment required to safely shut the reactor down and to
determine if that equipment is capable of surviving the Review Level Earthquake (RLE).
Equipment that is not capable of withstanding the RLE is identified and required to be
addressed. While methods exist for using this information to develop a seismically
induced core damage frequency, this was not performed as part of the PVNGS IPEEE.
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It should also be noted that even in a seismic analysis developed to yield a CDF, the
pedigree of information is not equivalent to what is used in the internal events models.
Given that there is a limited amount of seismic response information available for
nuclear power plants, analysis techniques developed to model the plant response often
compensate by ingraining a conservative bias in their methodologies to prevent
overestimating the capabilities of the plants. While seismic risk evaluations are helpful
in the identification of potential plant weaknesses, the methodologies have not evolved
to a point where the results can be directly compared with the internal events models.
With these limitations in mind, the PVNGS IPEEE seismic results and history were
reviewed in order to determine if there were any unresolved issues that could impact
PVNGS risk. The issues of potential interest included:

* Unfinished plant enhancements that were determined to be required to ensure
the equipment on the Safe Shutdown List would be capable of withstanding the
RLE.

" Additional plant enhancements that were identified as means of reducing seismic
risk but were not implemented at the plant.

An effort was also made to use the results of the equipment and structural screening
documentation to determine if any outlier issues that were screened in the IPEEE could
impact seismic risk at PVNGS. In this case, all of the equipment on the safe shutdown
equipment list, including relays and equipment associated with containment
performance, were seismically qualified for a level exceeding the RLE. Therefore, there
were no seismic plant enhancements suggested in the IPEEE that could have been left
unresolved or unimplemented and no additional enhancements have been identified
that could be included on the SAMA list.

D.5.1.6.3 High Wind Events

The approach taken to analyze the high wind, flood, and "other" external event risk in
the PVNGS IPEEE was to implement a progressive screening approach. The first three
steps included 1) a review of PVNGS specific hazard data and licensing basis, 2)
identification of significant changes since Operating License issuance, and 3)
verification that the PVNGS design met the 1975 SRP criteria. The next three steps
consisted of determining the hazard frequency and consequences. These steps were
optional and could be bypassed provided that the first three steps were satisfied and
any identified vulnerabilities were demonstrated to be insignificant. The last step was to
document the process.

For the SAMA analysis, this process is considered adequate for screening events that
do not pose a credible threat to plant operations. However, any issues that could
impact plant safety are reconsidered to determine if the development of a SAMA.is
appropriate to address the vulnerability.

The PVNGS licensing bases and plant specific hazard data were reviewed as part of
the IPEEE High Wind analysis. The IPEEE stated that because the PVNGS Seismic
Category I structures were designed for the Design Basis Tornado's 360 mph wind
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speed (300 mph rotational speed, 60 mph translational speed), these buildings and the
equipment housed within were screened from further consideration for tornado threats.
This would be considered adequate to screen tornado risk for the SAMA analysis;
however, it was determined that the Design Basis Tornado identified in the IPEEE is not
consistent with what is documented in the PVNGS UFSAR. In that document, the
Design Basis Tornado is described as having a maximum wind speed of 300 m.p.h.
(240 mph rotational speed, 60 mph translational speed).

The implication of this discrepancy is that PVNGS was assumed to be protected against
higher wind speeds than dictated by the actual plant design. While the conclusion of
the IPEEE that tornadoes do not pose a threat to the structural integrity of the Seismic
Category I structures at the site is not expected to be impacted, an additional review of
the PVNGS high wind risk has been performed for the SAMA analysis using information
from an existing PVNGS evaluation and the SAMA cost benefit methodology.

In order to address high wind events for the SAMA analysis, the total cost-risk
associated with tornadoes was calculated and compared to the minimum expected
SAMA implementation cost (established as $100,000 in Section D.5.1.1) to determine if
any cost beneficial SAMAs might exist. Based on the information provided in Table 6-3
of the PVNGS Equipment Hatch Missile Shield analysis (WEST 2004), which is taken
from the NRC Standard Review Plan, the frequency of an F5 tornado in the region in
which PVNGS is located is 7.32E-9 per square mile per year. Tornadoes of this
magnitude have winds in the range of 260 to 318 mph, which includes wind speeds that
exceed the PVNGS design basis. For this analysis, it is assumed that all F5 tornadoes
that strike the site cause core damage and result in a release equivalent to those
defined for the "LERF ISO" release category.

While table 6-3 does not provide information about tornadoes with wind speeds above
318 mph, the F5 tornado frequency it is treated as an exceedence frequency such that it
accounts for those tornadoes with winds above 318 mph, as well. While this may
appear to be potentially non-conservative, note that the majority of the F5 tornado wind
spectrum is below the 300 m.p.h. design limit of the PVNGS Seismic Category I
structures and that use of the F5 tornado frequency counts a large part of the wind
spectrum that would not pose a threat to those structures.

Consistent with the PVNGS Equipment Hatch Missile Shield analysis, a tornado is only
considered to be a threat to the plant when it passes within 0.5 miles of the plant. Using
this assumption and the regional F5 tornado frequency, a tornado strike frequency for
PVNGS can be obtained:

Site Strike Frequency = Regional F5 Tornado Frequency * PVNGS Threat Area
Site Strike Frequency = 7.32E-9 per square mile per year * 3.14 * 0.52 = 5.75E-09 per
year.

If, as discussed above, all of these tornado strikes are assumed to cause core damage
and containment bypass, a tornado based cost-risk can be developed using the
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methodology described in Section D.4. In summary, the input to the cost benefit
calculation is:

* CDF = 5.75E-09/yr
* LERF-ISO = 5.75E-09/yr

o 0.10 person-rem/yr (50-mile Population Dose-Risk)
o $142/yr (50-mile Economic Cost-Risk)

In this case, no "external events" multipliers are used given that this is an external event
itself. The resulting cost-risk is $15,921:

Maximum Tornado Cost-Risk

Off-site exposure cost = $3,008

Off-site economic cost = $2,136

On-site exposure cost = $4

On-site cleanup cost = $112

Replacement Power cost = $47

Total single unit cost = $5,307

Total site cost (single unit * 3) = $15,921

Based on the costs APS developed for procedure changes for other SAMAs ($350,000 -
$400,000), a procedure update that eliminated all tornado risk would not be cost
effective even if the averted cost-risk was many times greater. Even with the low end
procedure change estimates of $50,000 to $100,000 that have been used in other
SAMA analyses (CPL 2002), credible procedure changes would not be cost effective.
As a result, no SAMAs designed to mitigate tornado risk on Seismic Category I
structures were pursued for this analysis.

The effects of extreme wind loads (other than tornadoes) on structures, systems, and
components important to safety are bound by those generated by the Design Basis
Tornado and were not considered separately in the analysis.

The only safety-related structure which was found to be not protected from the possible
effects of a tornado was the ultimate heat sink (UHS). By the nature of its design, the
spray pond nozzles were found to be susceptible to tornado missile strikes and a
quantitative screening method was required to eliminate them from consideration in the
IPEEE. The analysis estimated that the upper-bound 95% confidence level estimate for
high wind-induced loss of the UHS was 1.9E-07 per year for Unit 1, 4.OE-07 per year for
Unit 2, and 2.9E-09 per year for Unit 3. Because these frequencies were well below the
1.OE-06 per year IPEEE screening frequency, high wind-induced loss of the UHS was
screened from further review. For the SAMA analysis, the PRA can be used in
conjunction with these frequencies to preclude the inclusion of High Wind-based
SAMAs on the SAMA list. The Risk Increase Factor value for the CCF of the spray
pond pumps (1SP-CC1MPCFS-ALL) is 136.4, which implies that the CDF would be
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6.92E-04/year if the spray pond were lost (5.07E-06 per yr*136.4=6.92E-04). If this
"conditional" CDF is used in conjunction with the wind-based loss of UHS frequencies
and a plant trip is assumed to occur with the high wind event, the CDF contribution
would only be 4.1E-10 per yr (6.92E-04 per yr*(1.9E-07 per yr+4.OE-07 per yr+2.9E-09
per yr)=4.1E-10 per yr). This is over 6600 times smaller than the current internal fire
CDF of 2.72E-06 per yr and 14 times smaller than the CDF estimated above for
tornadoes strikes on Seismic Category I structures, which implies that there are no
potentially cost effective SAMAs to address this specific area of risk.
It should also be noted that PVNGS performs an annual evaluation of the UHS damage
frequency to confirm that it is within the parameters established in section 2.2.3
supplement #5, section 9.2.5 of the SRP.

Given the relatively low risk of a high wind-induced core damage event, no further
efforts were made in the SAMA analysis to develop plant enhancements related to high
wind protection.

D.5.1.6.4 External Flooding and Probable Maximum Precipitation

Site flooding at PVNGS is addressed by the probable maximum precipitation event,
which was determined not to be a threat to safe plant operations in the IPEEE. Roof
ponding was also examined for the PVNGS and found to be not applicable to the site
due to the pitched roofs and drain designs.
Given the low potential for identifying cost beneficial SAMAs to mitigate risk posed by
external flooding, no further efforts were made in the SAMA analysis to develop SAMAs
related to external flooding events.

D.5.1.6.5 Transportation and Nearby Facility Accidents

Transportation and nearby facility accidents were included in the PVNGS IPEEE to
account for human errors or equipment failures that may occur in events not directly
related to the power generation process at the plant. The types of hazards identified for
analysis included:

Transportation Accidents
- Aircraft Activity
- Road and Rail
Fixed Facility Accidents
- Industrial Facilities
- Military Facilities
- Pipeline Accidents

It is recognized that the types of credible threats to nuclear facilities by aircraft have
changed since the time the IPEEE was published. While this is true, efforts are
underway within the industry to address this issue in conjunction with other forms of
sabotage. Based on the fact that this topic is currently being analyzed in another forum
and due to the complexity of the issue, aircraft impact events are considered to be out
of the scope of the SAMA analysis. Accidental aircraft impact was reviewed in the
IPEEE and the likelihood of impact was estimated to be 3.OE-08 per yr. Even if the
conditional CDF is assumed to be 1.0 after an aircraft impact, the CDF is over 90 times
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less than the current internal fire CDF of 2.72E-06 per yr. Given the relatively low risk of
aircraft impact compared with fire risk, no further efforts were made in the SAMA
analysis to develop plant enhancements related to accidental aircraft protection.

The roadway loading around PVNGS was analyzed for the IPEEE and it was
determined that transportation accidents on the roadways did not pose a threat to safe
operation of the plant. Given that the transportation route for any hazardous material
with 10 miles of the site is Interstate 10 and that distance between the site and
Interstate 10 is greater than 5 miles, no credible hazardous material accidents on the
route could impact safety related structures at PVNGS. No SAMAs are required to
address this type of event.

The railway system near PVNGS was also examined in the IPEEE to identify potential
threats to plant safety. Comparison of the contemporary configuration to that of the
design basis showed that no additional rail systems had been built near the plant, no
additional hazardous chemicals have been identified on the rail line, and that the
frequency of hazardous material shipments had gone down from 12,562 cars per year
in 1978 to 1497 cars per year in 1992. Given the low potential for identifying cost
beneficial SAMAs to mitigate risk posed by the railway system, no further efforts were
made in the SAMA analysis to develop SAMAs related to these hazards.

The fixed facility accidents, including pipeline breaks, industrial accidents, and aircraft
accidents from nearby military bases, were reviewed in the IPEEE and it was
determined that none of these elements posed credible threats to safe plant operation.
There were no industrial facilities located within a 10-mile-radius of the site, no pipeline
breaks that could negatively impact plant operations, and the military aircraft
movements were all below the limits included in the design basis. Given the low
potential for identifying cost beneficial SAMAs to mitigate risk posed by the fixed facility
accidents, no further efforts were made in the SAMA analysis to develop SAMAs related
to these hazards.

D.5.1.6.6 "Other" Events

Based on the external events review performed by APS using the guidance in NUREG-
1407 and NUREG/CR-5042, it was concluded that lightning strikes, sand storms, and
periods of extreme heat were potentially relevant lEs for the PVNGS site. It was
determined in the IPEEE that these initiators posed no credible threat to plant
operations other than those already addressed by the internal events model (i.e., Loss
of off-site Power due to lightning strike). Given that the internal events LOOP frequency
already quantitatively accounted for the lightning-initiated LOOP events, no additional
modeling was required. In addition, none of these potential lEs were found to present
an undue threat to the operation of any risk-significant equipment. As a result, no
additional SAMAs are considered to be required to address lightning strikes, sand
storms, or periods of extreme heat.
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D.5.1.6.7 Internal Flooding

The current PVNGS PRA does not include an Internal Flooding analysis. The IPE
included a screening assessment and the results showed that this IE posed very little
risk for the site. As such, the integration of other initiators into the PRA was assigned a
higher priority (for example, internal fires). In order to address Internal Flooding events
for the SAMA analysis, the screening analysis from the IPE was reviewed to determine
if any Internal Flooding related SAMAs could be cost beneficial for the site.

The IPE Internal Flooding analysis was performed in stages of increasing detail. For
example, the first stage was based on reviewing flood sources, critical component
locations, and flood/spray paths. Those flood zones that posed no risk to the site due to
lack of flood sources, critical equipment, or inter-flood zone interactions could be
screened. Flood zones that could not be screened were examined to determine if
equipment losses would impact plant operation and then those cases that could impact
plant operation were quantitatively analyzed. Most flood zones were eliminated in the
most general screening phase. Only a few flooding scenarios required a frequency
analysis and those that were evaluated showed CDF contributions below 1.00E-08 per
yr. Contributions of this magnitude are well below the threshold of review for PVNGS.
For PVNGS, it can be shown that even a SAMA capable of eliminating all Internal
Flooding risk would not be cost effective. If it is assumed that Internal Flooding events
contribute a CDF as high as 1.OOE-07 per yr and that the frequency is distributed
among the Level 2 release categories in the same proportion as for the existing internal
events initiators, elimination of this contribution would correlate to only $67,791. This
estimate includes the effect of applying the "external events multiplier" to the averted
cost-risk, which results in an increase by a factor of 2 over the Internal Flooding results
alone. Based on the costs APS developed for procedure changes for other SAMAs
($350,000 - $400,000), a procedure update that eliminated all Internal Flooding risk
would not be cost effective even if the averted cost-risk was 5 times greater. Even with
the low end procedure change estimates of $50,000 to $100,000 that have been used in
other SAMA analyses (CPL 2002), credible flooding procedure changes would not be
cost effective. As a result, no Internal Flooding SAMAs were pursued for this analysis.

D.5.2 PHASE I SCREENING

The initial list of SAMA candidates is presented in Table D.5-3. The process used to
develop the initial list is described in Section D.5.1.
The purpose of the Phase 1 analysis is to use high-level knowledge of the plant and
SAMAs to preclude the need to perform detailed cost-benefit analyses on them. The
following screening criteria were used:

Applicability to the Plant: If a proposed SAMA does not apply to the PVNGS
design, it is not retained. Similarly, any SAMAs that have already been
implemented by APS or achieve results that APS has achieved by other means
can be screened as they are not applicable to the current plant design. The use
of this criterion is not often explicitly used in the Phase I analysis because the
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SAMA methodology generally precludes inclusion of such SAMAs; however, this
criterion is listed as a possible screening method given that there may be
circumstances in which a SAMA would be included in the list even if it is not
relevant to the site. An example may be the inclusion of a high profile SAMA that
is well known in the industry, but not applicable to the specific site design. Such
a SAMA may be included for documentation purposes. Another example may be
an unimplemented SAMA from the IPE that has been superceeded by another
plant enhancement.
Implementation Cost Greater than Screening Cost: If the estimated cost of
implementation is greater than the modified MACR (refer to Section D.4.6), the
SAMA cannot be cost beneficial and is screened from further analysis.

Table D.5-3 provides a description of how each SAMA was dispositioned in Phase 1.
Those SAMAs that required a more detailed cost-benefit analysis are passed to the
Phase 2 analysis and evaluated in Section D.6. Table D.5-4 contains the Phase 2
SAMAs.
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D.6 PHASE II SAMA ANALYSIS

Not all of the Phase 2 SAMA candidates, which are listed in Table D.5-4, require
detailed analysis. The Phase 2 process allows for the screening of SAMAs known to be
related to non-risk significant systems or to components/functions with low importance
rankings. Due to the nature of the PRA-based process used to develop the PVNGS
SAMA list, there are limited avenues for SAMAs of this type to be included in the list.
However, potential pathways do exist:

" Inclusion of unresolved proposed plant changes from previous PVNGS risk

analyses

* Inclusion of SAMAs based on the results of conservative modeling methods.

While no calculations are required for eliminating a SAMA that is linked to a non-risk
significant system or components, some quantitative efforts are usually required to
screen SAMAs that are developed to address risk contributors based on conservative
modeling techniques. For PVNGS, no cases were identified in which a SAMA was
derived due to conservative modeling techniques.

For the SAMAs requiring detailed analysis, a more detailed conceptual design was
prepared along with a more detailed estimated cost. This information was then used to
evaluate the effect of the candidates' changes upon the plant safety model.
The final cost-risk based screening method is defined by the following equation:

Net Value = Averted cost-risk - Cost of implementation
Where:

Averted cost-risk = (baseline cost-risk of site operation (MACR) - cost-risk of site
operation with SAMA implemented)

If the net value of the SAMA is negative, the cost of implementation is larger than the
benefit associated with the SAMA and the SAMA is not considered beneficial. The
baseline cost-risk of plant operation was derived using the methodology presented in
Section D.4. The cost-risk of plant operation with the SAMA implemented is determined
in the same manner with the exception that the revised PRA results reflect
implementation of the SAMA.

The quantitative methods available to evaluate external events risk at PVNGS are
limited, as discussed in Section D.5.1.6. In order to account for the external events
contributions in the SAMA analysis, a multi-faceted process has been implemented to
provide estimates of the benefits related to reducing external events risk.

The primary basis of the external events quantification strategy is the assumption that
the risk posed by external and internal events is approximately equal. As described in
Section D.4.6.2, if the IPEEE CDF quantification screening threshold of 1.OE-06 per yr
is assigned to the non-quantified external event initiator groups for which no quantitative
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basis has been developed, the total external events CDF would be 6.72E-06 per year.
Given that this conservative estimate of the external events CDF is comparable to
internal events CDF and that no specific external events vulnerabilities have been
identified at PVNGS, the assumption that the external events risk is equal to (but not
more than) the internal events risk appears to be reasonable.

The assumption that the internal and external events risks are equal is often used in
SAMA analyses as a basis for doubling the internal events averted cost-risk to account
for external events contributions (WCNOC 2006) (CPL 2004) (CPL 2006). The same
approach could be used for PVNGS, but because a quantifiable fire model exists,
additional steps have been taken to integrate the fire model's capabilities into the
quantification process. In this case, the fire model quantification is used to evaluate fire
risk while a constant multiplier on the internal events results is used to account for the
non-fire external events contributors. To accommodate this strategy, the external
events contributions to each SAMA specific cost-risk are calculated in two parts, one for
fire and one for non-fire:

* The fire contribution is equal to the base fire contribution multiplied by the ratio of
the SAMA-specific fire CDF to the base fire CDF, which takes advantage of the
quantifiable Level 1 fire model.

" The non-fire contribution would be equal to the SAMA-specific internal events
cost-risk multiplied by the fraction of the external events risk attributed to non-fire
external events.

In order to implement this quantification strategy, it is necessary to define how the
external events risk is distributed between fire and non-fire external events for PVNGS.
In this case, two viable approaches have been identified, which are described below.
For the first approach, the initial step would be to translate the assumption that the
external and internal events risks are equal into its monetary equivalent. For PVNGS,
the internal events cost-risk is $2,334,000 (site). It follows that if the internal and
external events risks are equal, the external events cost-risk is also $2,334,000. In
order to determine the fire and non-fire contributions, this quantity could then be
assumed to be distributed among the external events initiator groups in proportion to
CDF. The external events CDF distribution developed in Section D.4.6.2, which is
reproduced below, could be used for this task:

Modified IPEEE Contributor Summary

External Event Initiator Group CDF

(per year)

Seismic 1.QQE-06

Internal Fire 2.72E-06

High Winds 4.10E-10
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External Floods (progressive screening method 1.OOE-06

used)

Transportation and Nearby Facility Accidents 1.OOE-06
(including accidental aircraft impact)

Others 1.OOE-06

Total 6.72E-06

Based on this distribution, internal fires account for 40.5% of the external events CDF.
The non-fire external events contributors would, therefore, account for the balance of
the risk (59.5%).

A second approach is available that places more emphasis on the internal fire CDF.
The initial assumption for this approach is the same as that for the approach described
above, which is that the internal events and external events risks are equal. The
assumption that the external events cost-risk is proportional to CDF is also shared with
the previous approach, but in this case, the percent contribution from fire initiators is
based on the ratio of the fire CDF to the internal events CDF. The complement is
assumed to represent the contributions from the remainder of the external events.

Specifically, the fire CDF of 2.72E-06 per yr is 53.6% of the internal events CDF
(2.72E-06 per yr / 5.07E-06 per yr * 100 = 53.6%), so the fire-based cost-risk is
assumed to be equal to 53.6% of the internal events cost-risk and the balance is
attributed to the non-fire external events contributors. In this case, the baseline fire
cost-risk is $1,251,024 (0.536 * $2,334,000 = $1,251,024). The non-fire external events
would, therefore, be $1,082,976 (0.464 * $2,334,000 = $1,082,976).
While either of the approaches above could be used, the latter is considered to be
better suited to PVNGS because:

* It emphasizes the importance of the fire risk, which appears to be the dominant
external events contributor based on the results of the IPEEE.

" The fire model is fully developed and integrated with the Level 1 internal events
model, which implies that the relative risk of the fire and internal events initiators
is better defined by a comparison of the PRA CDFs than by a comparison of the
fire CDF to a set of assumed CDFs for the non-quantified external events.

It should be noted that while the PVNGS fire model can be quantified, this approach to
estimating the fire based cost-risk is required due to the fact that the recent Level 2 PRA
update did not extend to the fire model and a full spectrum of release category results is
not available for the fire model.

For the non-fire external events initiator groups, no quantifiable models are available
and a multiplier on the internal events cost-risk is used to approximate the external
events cost-risk for a given SAMA.
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in order to clarify how the above process is used to support a SAMA's net value
calculation, consider the following simplified example:

The cost of implementation for SAMA "A" is $500,000. After implementation of
SAMA "A", the internal events cost-risk for the site was determined to be
$2,000,000 (using the process defined in Section D. 4) and the fire CDF was
determined to be 2.OOE-06 per yr. The net value for SAMA "A" can be calculated
from this information.

The fire cost-risk for the site, given SAMA implementation, is the product of the
baseline fire cost-risk and the ratio of the SAMA specific fire CDF to the base fire
CDF:

Cost-Riskfire = (0. 536 * $2,334,000) * (2. OOE-6 per yr / 2. 72E-06 per yr)
Cost-Riskfire = $1,251,024 * 0.735 = $919,503

The non-fire external events contribution is the product of the SAMA specific
internal events cost-risk and the fraction of external events risk attributed to non-
fire external events (the non-fire external events multiplier). The non-fire external
events multiplier of 0.464 was developed above and is a constant for all SAMA
quantifications:

Cost-RiSkEE, non-fire = 0.4 64 * $2,000,000 = $928,000
The cost-risk of site operation with the SAMA implemented is the sum of the
internal events, fire events, and non-fire external events cost-risks:

Total Cost-RiSksAMA = $2,000,000 + $919,503 + $928,000
Total Cost-RisksAMA = $3,847,503

The averted cost-risk for SAMA "A" is the difference between the baseline MACR
and the total cost-risk with the SAMA implemented:

Averted Cost-Risk = $4,668,000 - $3,847,503 = $820,497
Finally, the net value can be obtained by subtracting the cost of implementation
from the averted cost-risk:

Net Value = $820,497 - $500,000 = $320,497
For this example, the net value is positive.

Finally, a unique situation exists for SAMAs that are developed to specifically address
external events risk. For these cases, IPEEE insights, the fire PRA, and the internal
events PRA are used, as appropriate, to estimate the total benefit associated with
SAMA implementation. The internal events modeling approach is the same as for
SAMAs identified in the internal. events models with the caveat that there may be no
measurable impact on the internal events model for SAMAs specifically addressing
external events risk. For PVNGS, the fire SAMAs that were quantified had no impact on
internal events CDF and all of the assessments were made based on fire area CDF
information. The changes in fire CDF were assumed to result in proportionate changes
to the fire cost-risk. The reduction in the fire cost-risk is the averted cost-risk for these
SAMAs.

Given that no non-fire external events SAMAs were identified for PVNGS, quantification
strategies were not developed for those cases.
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The implementation costs used in the Phase 2 analysis include both PVNGS-specific
estimates developed by plant personnel and estimates taken from other SAMA
submittals for those SAMAs that were determined to be similar. It should be noted that
the PVNGS-specific implementation costs do include margin to account for unforeseen
difficulties, but they do not account for any replacement power costs that may be
incurred due to consequential shutdown time.

Sections D.6.1 - D.6.13 describe the detailed cost-benefit analysis that was used for
each of the remaining candidates.

D.6.1 SAMA NUMBER 4: SBO MITIGATION (GTGS NOT AVAILABLE)

SBO scenarios lead to core damage once the station batteries deplete at three hours.
In the event that AC power is not recovered, a 480V AC generator could be used to
power the division 1 station batteries to support continued use of the turbine-driven
AFW pump from the MCR. Given that the 480V AC generator is sized appropriately, it
could also be used to power at least two charging pumps such that a primary side
makeup source is available to mitigate any RCP seal LOCAs or leakage. The RCP
seals at PVNGS are not highly susceptible to seal LOCAs, but primary side injection is
assumed to be required for long term makeup for the expected inventory loss through
the RCP seals after an SBO event. As a result, a primary side makeup capability has
been included in the design.

In order to represent this SAMA, the GTG system logic was modified to include logic
that would credit the 480V AC generator. While the 480V AC system would not be
physically connected to the GTG system, the SAMA 4 logic can be included with the
GTG system logic given that both systems would primarily be used in SBO cases. As a
result, the SAMA 4 logic was "ANDed" with the failure of the GTGs to supply power to
an ESF bus so that whenever the GTGs fail to supply power to the ESF buses, credit is
also given to SAMA 4. The primary contributors to the SAMA 4 failures were
considered to be:

" Operator action to align the portable generator
" Hardware failure of the generator
* Charging pump and failures
* Charging pump discharge pulsation dampener failure
" AFW pump A failure

A lumped event for the operator action to align the portable generator and for the
generator to start and run has been assigned a value of 5.OE-2. Given that a standard
PVNGS EDG has a failure-to-run probability of about 3.70E-02 for a 24-hour mission
time and the start failure contributes another 3.8E-03, 5.OE-02 may be optimistic given
that the alignment HEP would also have to be included. This action would likely have to
be completed within 1 hour and requires local, manual actions in SBO conditions. The
remaining failure contributors were represented by existing events from the PVNGS
PRA. The following table summarizes the changes that were made:
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SAMA 4 Model Changes

Gate and I or Basic Event ID and
Description

Description of Change

GGTG-1GTG: Power to ESF Bus from Either GTG

Unavail; i.e. Both GTGs Fail Modified for SAMA 4

Changed gate type from "OR" to "AND".

Deleted following transfer gates:

" GGTG-2

" GGTG-2-1GTG-OOS

Added new OR gates:

" SAMA4

" GGTG-1GTG-1A

New "OR" gate including the following events:

* SAMA4-OP-PORTGEN

" 1CHAP01---MP-FR

" 1CHAX07---PDDEL.

" 1CHEP01---MP-FR

* 1CHEX07---PDDEL

* 1AFAP01---TPAFR

SAMA4: Failure of Port Gen or Major Hardware

Failures for AFW and Charging

SAMA4-OP-PORTGEN: Lumped Event for Generator

Hardware Failure and Op Error

GGTG-1GTG-1A: Power to ESF Bus from Either GTG

Unavail; i.e. Both GTGs Fail

New basic event. Assigned failure probability of 5.OOE-02.

New "OR" gate including the following events:

GGTG-2

GGTG-2-1GTG-OOS

D.6.1.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 4 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

( per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.04E-06 8.94 $11,204 2.67E-06

Percent Change -20.3% -34.4% -25.0% -1.8%

A further breakdown of this information is provided below according to release category
for the internal events quantification:
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SAMA 4 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual Risk

AFW NOAFW PDS2

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 O.OOOE+O0 2.530E-07 5.24E-06

(per yr)BAsE

Freq.
1.720E-07 4.40E-07 1.84E-06 5.010E-07 4.88E-07 3.78E-07 1.21E-07 1.49E-08 6.17E-09 0.OOE+00 2.25E-07 4.19E-06

(per yr)sAmA

Dose- 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62
RiskeAsE

Dose- 0.00 0.00 0.45 0.06 1.51 4.35 0.30 0.14 0.11 0.00 2.02 8.94
RiSkskA

OECResE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3,947 $14,929

OECRAM $0 $0 $9 $1 $49 $7,031 $11 $441 $152 $0 $3,510 $11,204

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $552,127
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 4 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$552,127 0.464 $256,187

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 4 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.67E-06 $409,342

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:
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SAMA 4 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk (Site,
Cost-Risk Events Cost-Risk Three Units SAMA Implemented)

Cost-Risk

$552,127 $256,187 $409,342 3 $3,652,968

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 4 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $3,652,968 $1,015,032

D.6.1.2 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $1,832,954 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $5,498,862.
While this cost of implementation exceeds the MACR of $4.67 million, it has been
retained for analysis due to the high profile nature of the case.

D.6.1.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 4 Net Value

Total Averted Cost of Net Value

Cost-Risk Implementation

$1,015,032 $5,498,862 -$4,483,830

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.2 SAMA NUMBER 6: DEVELOP PROCEDURES TO GUIDE RECOVERY
ACTIONS FOR SPURIOUS ELECTRICAL PROTECTION FAULTS

Loss of bus initiators are potentially recoverable in accident scenarios, but procedures
are not currently available to provide guidance for those evolutions. The recovery
process may be enhanced if guidance is developed for the site. Recovery of the initially
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locked out bus will restore power to an entire division of equipment and provide
significant recovery options.

The spurious bus lockout events are represented in the PRA model by two basic
events, one for the "A" division and one for the "B" division. Procedure improvements
that would allow credit for recovery of the spurious bus lockout events can be modeled
through manipulation of the basic event probabilities of these events. While it is difficult
to assess the potential reliability of the recovery actions, the averted cost-risk for the
SAMA is not particularly sensitive to the credit taken for the action. Even if the failure
probability for the action was assumed to be as high as 0.1, this recovery would
eliminate 90% of the bus lockout risk. For this evaluation, it was assumed that the
recovery action is always successful, which maximizes the averted cost-risk for the
SAMA. The following table summarizes the changes that were made:

SAMA 6 Model Changes

Gate and/or Basic Event ID and
Description

Description of Change

1PBAS03LBKXCXAXX: spur Elect Prot on Train A ESF BE probability changed from 6.50E-06 to 0.0.

Bus Locks Out All Power Sources

1PBBS04KBLXCXAXX: spur Elect Prot on Train B ESF BE probability changed from 6.50E-06 to 0.0.

Bus Locks Out All Power Sources

D.6.2.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 6 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per year)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.56E-06 12.38 $13,025 2.72E-06

Percent Change -10.1% -9.1% -12.8% 0.0%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 6 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk
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Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.OOOE+00 2.530E-07 5.24E-06

(per yr)BASE

Freq. 1.35E-07 4.91E-07 1.47E-06 5.01E-07 1.28E-06 4.70E-07 1.21 E-07 1.51E-08 7.89E-09 0.OOE+00 2.24E-07 4.56E-06

(per yr)sAmA

Dose-RiskAsE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-Risks.• 0.00 0.00 0.36 0.06 3.96 5.41 0.30 0.14 0.14 0.00 2.01 12.38

OECRBASE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRsA.e $0 $0 $7 $1 $128 $8742 $11 $447 $195 $0 $3494 $13,025

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $697,669.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 6 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$697,669 0.464 $323,718

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 6 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.72E-06 $417,008

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:

SAMA 6 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$697,669 $323,718 $417,008 3 $4,315,185
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The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 6 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,315,185 $352,815

D.6.2.2 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $363,374 (APS 2008a). The estimate is
for a single unit, but it is assumed that the additional cost of implementing the procedure
across the other two units is minimal. The estimate does not address any training or
changes to training materials for the operators, but the cost provided is considered to be
representative of the SAMA and $363,374 is used as the cost of implementation.

D.6.2.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 6 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$352,815 $363,374 -$10,559

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.3 SAMA NUMBER 8: ADD AUTO START/LOAD CAPABILITY TO THE GTGS

This change requires the addition of logic and hardware that will be able to start and
load the GTGs when the EDGs fail to start or run. Currently, the operators must identify
the EDG failures and manually align the GTGs for alternate emergency power. While
the operator action to align the GTGs is considered to be reliable, further improvements
to reliability are possible through automation of the process. It is assumed that the
initiation logic will:

" Be capable of properly identifying bus undervoltage conditions
* Not interfere with the operation of the EDGs
* Govern the loading of the appropriate safety equipment after a successful GTG

start
" Be diverse from the existing EDG start logic
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In order to represent this SAMA, database changes were made to mimic an automatic
start function with an operator backup for cases when the AFW system initially
functions. Credit could be taken for operator starts in the early time frame, but crediting
this action would not provide much additional benefit and doing so is complicated by the
additional need to diagnose the failure of the automatic start signal.

Automation of the GTG start signal was modeled by reducing the failure probability of
the operator action to start the GTG to a probability consistent with an automated signal.
Based on a review of the major contributors to the EDG start logic, a failure probability
of 5.OE-04 was assumed. The model also includes an event that modifies the overall
probability of a manual GTG start failure for cases when AFW A initially functions. This
event always appears with the term for the early start failure so that the early/late "event
pair" provides the late start failure probability. Retaining the late term's original failure
probability is considered to represent a manual GTG start when the automatic function
fails; this is only credited when additional time is available for action due to the initial
operation of the AFW system. In addition, a fire model specific event for manual GTG
generator start was reduced to 5.OOE-04 to capture the contribution in the fire model.

The following table summarizes the changes that were made:

SAMA 8 Model Changes

Gate and / or Basic Event ID and Description of Change
Description

AGT-FAILSTRT-2HR: R Operators Fail to Direct WRF Failure probability changed from 1.6E-01 to 5.OE-04.

Operator To Start GTGs

HE-GTGSTRT--2HR: Adjustment Factor - Additional Failure probability of 2.5E-02 retained.

1 Hour to Start GTGs Given AFA Initially Runs

AGT-FAILSTRT-FHR: XE CR Operators Fail to Direct FIRE MODEL CHANGE ONLY - Failure probability

WRF Operators to Start GTGs - Post Fire changed from 4.80E-01 to 5.OOE-04.

D.6.3.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 8 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.68E-06 10.60 $10,442 2.52E-06

Percent Change -7.7% -22.2% -30.1% -7.4%
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A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 8 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE.CHR. LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06

(per yr)RASE

Freq.
1.71E-07 4.35E-07 1.83E-06 5.01E-07 1.20E-06 3.29E-07 1.21E-07 1.50E-08 8.61E-09 0.00E+00 2.26E-07 4.84E-06

(per yr)sm+

Dose-RisksASE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-RisksA, 0.00 0.00 0.44 0.06 3.71 3.78 0.30 0.14 0.15 0.00 2.02 10.60

OECRBASE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRs.MA $0 $0 $8 $1 $120 $6119 $11 $444 $213 $0 $3526 $10,442

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $608,669.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 8 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire Extemal Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$608,669 0.464 $282,4222

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 8 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.52E-06 $386,346

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:
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SAMA 8 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$608,669 $282,422 $386,346 3 $3,832,311

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 8 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $3,832,311 $835,689

D.6.3.2 COST OF IMPLEMENTATION

TMI-1 estimated the cost of modifying the SBO EDG so that it could auto-start and load
to be $3,125,000 (Exelon 2008). It is assumed that the cost of this type of modification
for a GTG is about the same. For PVNGS, only one GTG is required for SBO loads and
it is assumed that all three units can be addressed through the enhancement of one
GTG. The cost for implementing this SAMA for three units is $3,125,000.

D.6.3.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:
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SAMA 8 Net Value

Total Averted Cost of Net Value

Cost-Risk Implementation

$835,689 $3,125,000 -$2,289,311

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.4 SAMA NUMBER 10: PROVIDE A BACKUP AFW START SIGNAL ON A
LOWER SG LEVEL AND USE IT FOR ALL THREE AFW PUMPS

This enhancement would provide a diverse backup to the auto-start logic currently used
for safety related AFW pumps AFA-P01 and AFB-P01 and provide a primary start signal
for non-safety AFW pump AFN-P01. This enhancement improves the reliability of a
function that is critical to the mitigation of almost all accident scenarios.

This SAMA has two major modeling components, one for the AFN pump and one for the
AFW pumps. Given that the only start function for AFN-P01 is provided by operator
action, the basic events representing the operator actions can be manipulated to model
the installation of the automatic start function. Based on a review of the major
contributors to the EDG start logic, which is considered to adequately represent the
reliability of an automated start signal, a failure probability of 5.OE-04 was applied to the
two relevant basic events for AFN-P01 operator start failures. Additional credit could be
taken for backup manual starts, but the results would not change in a meaningful way,
so only the automated function is credited.

More complex model changes are required to credit a secondary start signal for the
class AFW pumps (1AFA-P01 and 1AFB-P01). For train "B", the automatic actuation
logic was "AND"ed with the modified basic events representing the automatic actuation
of AFN-P01. Train "A" does not have a similar structure for pump actuation; the only
ASFAS actuation signal used is linked to the valves that are required to realign on AFW
A start. The logic that governs these valve movements was "AND"ed with the same
modified basic events representing the automatic actuation of AFN-P01.
The following table summarizes the changes that were made:
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SAMA 10 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

GAF1A2: Train A Isol MOV UV36 Fails to Open

(no flow to SG 1)

SAMA1 0-AFWA1: Actuation for AFW A

AFN-ACTUATION-A: Op Actions from AFN

Modified to Serve as Independent Actuation for

AFW

1AFN-NOMFW--HR: CR Operator Fails to Align

AFN (MFW Lost)

1AFN-NOMFW-ND-HR: CR Operator Fails to

Align AFN (MFW Lost) - No Diagnosis

GAF1A30: Train A Regulator HV32 Fails to Open

(no flow to SG 1)

SAMA1I0-AFWA2: Actuation for AFW A

AFN-ACTUATION: Op Actions from AFN Modified

to Serve as Independent Actuation for AFW

1AFN-NOMFW---FHR: XE CR Operator Fails to

Align AFN (MFW Lost) - Post Fire

GAFBP01FS: AFW B Pump Fails to Start

Deleted following transfer gate:

* GAF-ACT-Al R2

Added new 'AND" gate:

* SAMA10-AFWA1

New "AND" gate including the following events:

" AFN-ACTUATION-A (new .OR" gate)

" GAF-ACT-A1R2 (existing gate)

New "OR" gate including the following events:

" 1AFN-NOMFW--HR (existing BE

modified for SAMA 10)

" 1AFN-NOMFW-ND-HR (existing BE
modified for SAMA 10)

Changed BE value from 3.20E-03 to 5.OOE-04.

Changed BE value from 2.20E-01 to 5.00E-04.

Deleted following transfer gate:

* GAF-ACT-Al R3

Added new "AND" gate:

0 SAMA10-AFWA2

New "AND" gate including the following events:

* AFN-ACTUATION (new "OR" gate)

* GAF-ACT-Al R3 (existing gate)

New "OR" gate including the following events:

" 1AFN-NOMFW---HR (existing BE

modified for SAMA 10)

" 1AFN-NOMFW-ND-HR (existing BE

modified for SAMA 10)

Changed BE value from 6.40E-03 to 5.00E-04.

Deleted following transfer gate:

0 GAF2B 18

Added new "AND" gate:

. SAMA1 0-AFWB
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SAMA 10 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

SAMA1 O-AFWB: Actuation for AFW B New "AND" gate including the following events:

" AFB-ACTUATIONBI (new "OR"

gate)

" GAF2B18 (existing gate for B

actuation)

AFB-ACTUATIONB1: Op Actions for AFW B New "OR" gate including the following events:

Modified to Serve as Independent Actuation for * 1AFN-NOMFW----HR (existing BE

AFW modified for SAMA 10)

* 1AFN-NOMFW-ND-HR (existing BE

modified for SAMA 10)

D.6.4.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 10 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF
(per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.60E-06 12.95 $13,915 2.58E-06

Percent Change -9.3% -4.9% -6.8% -5.2%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 10 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-4SO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 O.OOOE+00 2.530E-07 5.24E-06

(per Yr)OASE

Freq. 1.50E-07 3.20E-07 1.61E-06 5.01E-07 1.28E-06 5.10E-07 1.21E-07 1.51E-08 8.74E-09 0.OOE+00 2.32E-07 4.75E-06

(per yr)SAMA

Dose-RiskeAsE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-RisksAw, 0.00 0.00 0.39 0.06 3.96 5.87 0.30 0.14 0.15 0.00 2.08 12.95

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-69



Attachment D
Severe Accident Mitigation Alternatives Analysis.

SAMA 10 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

OECRBASE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRsAmA $0 $0 $7 $1 $128 $9486 $11 $447 $216 $0 $3619 $13,915

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $729,329.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 10 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$729,329 0.464 $338,409

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 10 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.58E-06 $395,544

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:

SAMA 10 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$729,329 $338,409 $395,544 3 $4,389,846

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):
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SAMA 10 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,389,846 $278,154

D.6.4.2 COST OF IMPLEMENTATION

The Farley SAMA analysis (SNC 2003) provides a cost of implementation of $1,000,000
to provide backup start signals for the standby CCW trains on loss of the running train.
A CCW system is different than a feedwater system, but the installation of sensors to
provide a start signal to a pump is common to both SAMAs and the changes are
considered to be similar. The Farley estimate of $1,000,000 per unit is used for this
SAMA. For three units, the cost of implementation is $3,000,000.

D.6.4.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 10 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$278,154 $3,000,000 -$2,721,846

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.5 SAMA NUMBER 11: ALTERNATE COOLING FLOW TO SDC HEAT
EXCHANGERS

For scenarios that require recirculation mode, if essential cooling water (EW) flow is lost
to the shutdown cooling (SDC) heat exchangers, there is no other means of removing
heat from the core/containment. Providing an alternate means of cooling the SDC heat
exchangers could address EW system failures. The existing Fire Protection system
may not be able to provide the required cooling flows, but if significant enhancements
were made (including an alternate suction alignment to the spray pond), it could be
connected to the SDC heat exchangers with a hard-piped connection and provide
backup cooling. This would also address some Emergency Spray Pond failures.

The approach taken to represent this SAMA in the PRA model was to modify the SDC
heat exchanger cooling logic to include additional logic for the alternate cooling
connection. The major failure contributors for this SAMA are considered to be the
alignment and hardware failure for the alternate cooling connection and failure of the fire
protection system itself. The alignment and hardware connection is represented by a
single event with a failure probability of 5.OOE-02. This probability is slightly more than
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an order of magnitude larger than the nominal SDC alignment HEP of 3.1OE-03.
Considering that the action is performed locally and that it does include a small potential
for hardware failures, 5.OOE-02 is considered to be reasonable. A lower value could be
assumed, but the results would not be greatly impacted. Additionally, further reductions
are not suggested given that dependence between the nominal SDC alignment action
and the alternate action is not addressed in the SAMA logic.

The fire protection system logic is already included in the PRA model for the fire model
and it was used to represent the availability of fire protection system flow for this SAMA.
For supplying flow to the SDC heat exchangers, it is assumed that both the North and
South headers are required for success. For actual implementation, the pumps and
some piping would likely have to be increased in size even if both headers are used, but
the failure probabilities for the components would be about the same, so any required
component changes are assumed not to impact the system reliability. The following
table summarizes the changes that were made:

SAMA 11 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

GDHR-HXlA: Fault in Systems Supplying Cooling

Water to Train A SDCHX

Changed gate type from "OR" to "AND".

Deleted following transfer gates:

* GDHR-HX1B

* 1ESS-cLG----1OP

* 1ESS-SPA----1OP

Added new OR gates:

" GDHRHX1A-S1 1

" SAMA-1 1-ALTCLGA

New "OR" gate with the following inputs:

*GDHR-HX1 B (existing gate)

1 1ESS-cLG--1 OP (existing gate)

1 1ESS-SPA--.-1 OP (existing gate)

New "OR" gate with the following inputs:

GDHRHX1A-S1 1: Original Cooling Water logic to HX

A

SAMA-1 1-ALTCLGA: Alt SDC A HX Cooling

*SAMAlI 1 -ALTcLGHR (new be)

* GFWTR-NHDR (existing gate)

* GFWTR-SHDR (existing gate)
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SAMA 11 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

GDHR-HX2A: Fault in Systems Supplying Cooling

Water to Train B SDCHX

Changed gate type from "OR" to "AND".

Deleted following transfer gates:

0 GDHR-HX2B

1ESS-CLGB---1OP

I 1ESS-SPB----1OP

Added new OR gates:

* GDHR-HX2A-S11

* SAMA 11-ALTCLGB

GDHR-HX2A-S1 1: Original Cooling Water logic to HX New "OR" gate with the following inputs:

B • GDHR-HX2B (existing gate)

" 1ESS-CLGB---1OP (existing gate)

" 1ESS-SPB----1OP .(existing gate)

SAMA 11-ALTCLGB: Alt SDC HX B Cooling New "OR" gate with the following inputs:

" SAMA1 1-ALTCLGHR (new be)

" GFWTR-NHDR (existing gate)

* GFWTR-SHDR (existing gate)

New basic event. Assigned failure probability of

5.OOE-02.

SAMA1 1-ALTCLGHR: Lumped Event for Operator

Alignment Failure and FP System Hardware

D.6.5.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 11 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.97E-06 13.07 $14,562 2.72E-06

Percent Change -2.0% -4.0% -2.5% 0.0%

A further breakdown of this information is provided below according to release category
for the internal events quantification:
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SAMA 11 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- .BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06

(per Yr)RASE

Freq.
1.73E-07 5.08E-07 1.86E-06 5.02E-07 1.19E-06 5.27E-07 1.01E-07 1.51E-08 9.24E-09 0.00E+00 2.530E-07 5.14E-06

(per yr)O

Dose-Riskýs 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-Risks., 0.00 0.00 0.45 0.06 3.68 6.06 0.25 0.14 0.16 0.00 2.27 13.07

OECRB,,sE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRs.,m $0 $0 $9 $1 $119 $9802 $9 $447 $228 $0 $3947 $14,562

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $753,114.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 11 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$753,114 0.464 $349,445

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 11 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.72E-06 $417,008

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:
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SAMA 11 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$753,114 $349,445 $417,008 3 $4,558,701

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 11 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,558,701 $109,299

D.6.5.2 COST OF IMPLEMENTATION

Two similar industry estimates are available for this type of enhancement, but the actual
cost will be highly subject to piping locations in the plant. As a result, the range of costs
has been reviewed and the lower end cost has been chosen as a bounding case for
PVNGS:

S

S

TVA: $500,000 per Hx (TVA 2003)
Calvert Cliffs $565,000, appears to equate to "per Hx" (BGE 1998)

For PVNGS, it is assumed that the cost is $500,000 per SDC HX, which equates to
$3,000,000 for the site.

D.6.5.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 11 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$109,299 $3,000,000 -$2,890,701

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.
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D.6.6 SAMA NUMBER 13: MITIGATE LOSS OF TCW EVENTS: PROVIDE
PERMANENT, HARD-PIPED CONNECTIONS BETWEEN THE FIRE
PROTECTION SYSTEM AND CRITICAL LOADS

Turbine building cooling water (TCW) provides cooling water to several loads, but those
that are most important to plant safety include the Instrument Air system and the
Condensate pump upper bearing oil coolers. If permanent, hard-piped connections
were installed between the Fire Protection system and those loads, a means of
recovering MFW and/or Condensate would be available for loss of TCW events. Long
term success is assumed to require the addition of an alternate suction path between
the Fire Protection system and the spray pond.

In the PRA model, The TCW system's logic is limited to two house events linked to the
initiating event for Loss of TCW and the initiating event itself. For the purposes of this
analysis, it was assumed that the alternate TCW cooling alignment proposed in this
SAMA was capable of both mitigating the loss of the system as well as preventing the
conditions that would cause a plant trip. The assumption that this SAMA could prevent
the initiating event is likely optimistic for multiple reasons, but performing a local action
to restore oil bearing cooling for the condensate pumps would be especially difficult due
to time constraints. However, the increase in this SAMA's benefit due to this
assumption is conservative and it has been included in the analysis. Specifically, it was
assumed that the operators are 90% effective in preventing a trip on Loss of TCW.
Given failure to prevent the Loss of TCW initiating event, a conditional failure probability
of 1.OOE-02 was assigned to the action to prevent loss of the oil bearing coolers or the
instrument air (IA) compressors during the accident response. In order to credit the
SAMA's ability to prevent loss of the IA compressors and the Condensate pumps, the
house events used to fail those components on Loss of TCW were "AND"ed with a
lumped event representing the human and hardware failures for the alternate cooling
alignment. The value of 1 E-02, which has a minimal impact on the results of this
quantification, was assigned based on judgment and the fact that the ASEP upper
bound diagnosis error ranges from 1.OOE-02 to 3.OOE-03 for diagnosis times from 30 to
60 minutes. The following table summarizes the changes that were made:

SAMA 13 Model Changes

Gate and I or Basic Event ID and Description of Change
Description

GIACOMP-HDR: Insufficient Air Flow From Receiver Deleted following house event:

IAN-XO1ES to Discharge Hdr 0 IE-PCW-TCW-IAS

Added new OR gate:

* SAMA1 3-ALTTCW (new "OR" gate)

SAMA13-ALTTCW: Initiator Impacts New "OR" gate including the following inputs:

0 SAMA13-ALTCL-1 (New "AND" gate)

0 SAMA1 3-ALTCL-2 (New "AND" gate)

* SAMA13-ALTCL-3 (New "AND" gate)
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SAMA 13 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

SAMA1 3-ALTCL-1: For Loss of TCW

SAMA1 3-ALTTCW: Lumped Event for Op Action and

Hdwr Failures for alt TCW Cooling Late (IE Prevention

Fails)

SAMA1 3-ALTCL-2: For Loss of IAS

SAMA1 3-ALTCL-3: For Loss of PCW

GALF-PUMP-IE: [Es Resulting in Loss of All Three

Condensate Pumps

SAMA13-CND-CL: No Alt Cooling with initiating

eventTCW Initiating Event

GGAN2BACKUP: IEs Leading to Automatic Backup of

Instrument Air by N2

SAMA1 3-TCW-CL: For Loss of TCW

SAMA1 3-IASFL: No Credit for IAS Initiating Event

SAMA1 3-PCWFL: No Credit for PCW Initiating Event

IETCW: Initiating Event - loss of Turbine cooling Water

New "AND" gate with the following inputs:

" SAMA1 3-ALTTCW (new basic event)

" IE-PCW-TCW-IAS (existing house event)

* IETCW (existing basic event)

New basic event with failure probability of 1.OOE-02.

New "AND" gate with the following inputs:

* IE-PCW-TCW-IAS (existing house event)

• IEIAS (existing basic event)

New "AND" gate with the following inputs:

* IE-PCW-TCW-IAS (existing house event)

IEPCW (existing basic event)

Deleted following house event:

0 IE-TCW

Added new OR gate:

, SAMA1 3-CND-CL (new "AND" gate)

New "AND" gate with the following inputs:

* IE-TCW (existing house event)

* SAMA13-ALTTCW (new basic event)

Deleted following house event:

. IE-PCW-TCW-IAS

Added new AND gates:

" SAMA1 3-TCW-CL (new "AND" gate)

" SAMA13-IASFL (new "AND" gate)

* SAMA1 3-PCWFL (new "AND" gate)

New "AND" gate with the following inputs:

" SAMA13-ALTTCW (new basic event)

" IE-PCW-TCW-IAS (existing house event)

" IETCW (existing basic event)

New "AND" gate with the following inputs:

* IE-PCW-TCW-IAS (existing house event)

IEIAS (existing basic event)

New "AND" gate with the following inputs:

IE-PCW-TCW-IAS (existing house event)

* IEPCW (existing basic event)

Changed frequency from 8.92E-03 to 8.92E-04.
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D.6.6.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 13 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.97E-06 13.53 $14,810 2.72E-06

Percent Change -2.0% -0.7% -0.8% 0.0%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 13 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06

(per yr)BISE

Freq.
1.660E-07 4.770E-07 1.780E-06 5.010E-07 1.280E-06 5.440E-07 1.210E-07 1.510E-08 9.24E-09 0.OOOE+00 2.480E-07 5.14E-06

(per yr)SA,

Dose-RiskeAsE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose- 0.00 0.00 0.43 0.06 3.96 6.26 0.30 0.14 0.16 0.00 2.22 13.53
Risk..

OECRBSE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRs.. $0 $0 $8 $1 $128 $10,118 $11 $447 $228 $0 $3869 $14,810

Using the methodology from Section D.4, these results were used to
unit internal events cost-risk contribution, which is $770,681.

calculate the single

The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the Single unit internal events cost-risk estimate:

SAMA 13 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk
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SAMA 13 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$770,681 0.464 $357,596

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 13 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.72E-06 $417,008

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:

SAMA 13 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$770,681 $357,596 $417,008 3 $4,635,855.

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 13 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,635,855 $32,145

D.6.6.2 COST OF IMPLEMENTATION

The cost estimate for SAMA 11 is used as the basis for this cost estimate. It is
assumed that the cost of each connection between Fire Protection and a critical load is
the same as the connection between Fire Protection and an SDC Hx ($500,000). In this
case, there are two critical loads per unit (condensate upper bearing oil coolers and IA
(1 train of each required)), which yields $1 million per unit, or $3 million for the site.
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D.6.6.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 13 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$32,145 $3,000,000 -$2,967,855

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.7 SAMA NUMBER 15: 100% CAPACITY BATTERY CHARGERS

The current battery chargers are capable of supplying the DC loads without the
batteries in the later stages of an accident scenario; however, it has been determined
that the loads in the first hours after a plant trip can exceed the output of the chargers
such that the batteries are required to supplement them. Enhancing the battery
chargers so that they can supply all DC loads without tripping when the battery is not
available in the circuit would increase the DC system's capabilities and provide greater
defense in depth.

The PVNGS model does not include the battery chargers in the logic that is used for
short term DC applications, which properly credits the batteries as being capable of
supplying DC loads without a charging source in that time frame. This approach also
breaks the circular logic that typically exists between the EDGs and the station
batteries. In order to represent this SAMA in the PRA, the logic was manipulated to
include the DC chargers as viable power sources for all loads except those that are
used to support alignment or recovery of an AC power source to mitigate a loss of the
normal ESF bus supplies. This exclusion is required given that the chargers would not
have power after a loss of the ESF buses. The following table summarizes the changes
that were made:

SAMA 15 Model Changes

Gate and / or Basic Event ID and Description of Change
Description

1PKAM41-125-1 PW: Loss of Power at DC Control Deleted following transfer gate:
Center PKA-M41 0 GPKA41-5

Added new AND gate:

0 @1PKAM41-125--1PW-1
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SAMA 15 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

@1PKAM41-125--lPW-1: Chargers and Batteries

Unavailable (A)

1PKBM42-125--1 PW: Loss of Power at DC Control

Center PKB-M42

New "AND" gate including the following inputs:

" GPKA41-5 (existing gate for battery

"A" power)

" GPKA41-4 (existing gate for charger

"A" power)

Deleted following transfer gate:

* GPKB42-5

Added new AND gate:

0 @1PKBM42-125--1PW-1

New "AND" gate including the following inputs:

* GPKB42-5 (existing gate for battery

"B" power)

@1PKBM42-125--1PW-1: Chargers and Batteries

Unavailable (B)

* GPKB42-4 (existing gate for charger

"B" power)

1PKCM43-125--1 PW: Loss of Power at DC Control Deleted following transfer gate:

Center PKC-M43 0 GPKC43-1

Added new AND gate:

0 @1PKCM43-125-1PW-1

@1 PKCM43-125--i PW-1: Chargers and Batteries

Unavailable (C)

New "AND" gate including the following inputs:

* GPKC43-1 (existing gate for battery

"C" power)

* GPKC43-4 (existing gate for charger
"C" power)

IPKDM44-125--1PW: Loss of Power at DC Control Deleted following transfer gate:

Center PKD-M44 * GPKD44-5

Added new AND gate:

* @1PKDM44-125--1PW-1

@1PKDM44-125--1PW-1: Chargers and Batteries
Unavailable (D)

New "AND" gate including the following inputs:

GPKD44-5 (existing gate for battery

"D" power)

GPKD44-4 (existing gate for charger

"D" power)

D.6.7.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:
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SAMA 15 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.89E-06 12.36 $13,150 2.64E-06

Percent Change -3.6% -9.2% -11.9% -2.9%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 15 Internal Events Results By Release Category

Release INTACT LATE- LATE. LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF. LERF4SO LERF-CFE LERF- Sum of
Category BMMT- BMMT. BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E.06

(per yr)BASE

Freq.
1.70E-07 4.83E-07 1.82E-06 5.OOE-07 1.23E-06 4.61E-07 1.20E-07 1.510E-08 9.11E-09 0.00E+00 2.41E-07 5.05E-06

(per yr)sAmA

Dose-RiskeWE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-
0.00 0.00 0.44 0.06 3.80 5.30 0.30 0.14 0.16 0.00 2.16 12.36

RisksA.A

OECRSASE $0 $0 $9 . $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRsAWA $0 $0 $8 $1 $123 $8575 $11 $447 $225 $0 $3760 $13,150

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $708,263.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:
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SAMA 15 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$708,263 0.464 $328,634

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 15 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.64E-06 $404,743

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:

SAMA 15 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$708,263 $328,634 $404,743 3 $4,324,920

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 15 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk

Cost-Risk (MACR) Risk

$4,668,000 $4,324,920 $343,080
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D.6.7.2 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $547,566 for a single unit (APS 2008a).

The site-wide implementation cost is assumed to be three times greater at $1,642,698.

D.6.7.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 15 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$343,080 $1,642,698 -$1,299,618

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.8 SAMA NUMBER 17: MODIFY THE PROCEDURES TO PRECLUDE RCP
OPERATIONS THAT WOULD CLEAR THE WATER SEALS IN THE COLD
LEG AFTER CORE DAMAGE

The probability of a temperature-induced SGTR event increases when the water seal in
the reactor coolant loop is not present. In these cases, an open pathway exists that will
allow circulation of the hot core gases through the SGs. Procedurally preventing
operation of the RCPs in conditions that would clear the loop water seal would improve
the probability that the RCS would remain intact.

The probability that a temperature-induced SGTR (TI SGTR) will occur at PVNGS after
core damage is based on event tree quantification. This event tree considers, among
other things, whether or not the RCP loop seal would be cleared during the time after
core damage. The Level 2 model uses the result of the event tree quantification as the
basis for a Level 2 basic event that represents the probability that a TI SGTR will occur
after core damage. This SAMA can be represented by modifying the probability that the
RCP loop seal will be cleared during the time after core damage and updating the
corresponding Level 2 basic event with the results. For this analysis, it is assumed that
providing explicit instructions in the procedures that direct the operators to avoid running
the RCPs will reduce the probability that the RCP loop seal will be cleared by a factor of
10. The following table summarizes the changes that were made:
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SAMA 17 Model Changes

Gate and I or Basic Event ID and Description of Change
Description

L2-LSCB-CLEARED: L2 Loop Seal & Core Barrel Probability changed from 1.40E-01 to 1.40E-02 for

Cleared TI SGTR event tree.

L2-LSCB-NOTCLEARED: : L2 Loop Seal & Core Probability changed from 8.60E-01 to 9.86E-01 for

Barrel Not Cleared TI SGTR event tree.

L2-TI-SGTR: L2 Temperature Induced SGTR Probability changed from 5.29E-02 to 4.12E-02

based on ti SGTR event tree quantification.

0.6.8.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the Dose-risk and OECR.
The results were used to calculate the averted cost-risk for this SAMA using the process
described in Section D.6. The following tables summarize the PRA results given
implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 17 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 5.07E-06 13.37 $14,492 2.72E-06

Percent Change 0.0% -1.8% -2.9% 0.0%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 17 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF4SO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.9201-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06

(per yr)BAsE

Freq. 1.72E-07 4.92E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+60 2.25E-07 5.21E-06

(per yr)sAmA

Dose-Risks.SE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62,

Dose- 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.02 13.37
Riskos.

OECRBAsE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929
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SAMA 17 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF4SO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

OECRsAW, $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3510 $14,492

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $763,908.

The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 17 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$763,908 0.464 $354,453

The fire cost-risk contribution is calculated differently for this case than for other cases.
Because the internal events quantification was based on modification of Level 2 model
components, an alternate approach is required to measure the fire impact given that a
comparable Level 2 model does not exist for internal fires. This was required because
TI SGTR scenarios can occur in fire scenarios and the fire initiators would be impacted
by this SAMA. For this analysis, it was assumed that the total fire cost-risk would be
reduced by the same factor as the internal events SGTR release category frequency.
The following table summarizes these results for a single unit:

SAMA 17 Fire Cost-Risk Contribution

Internal Events Fire Cost-Risk
SGTR Frequency

(per yr)

Base Results 2.53E-07 $41.7,008

SAMA Results 2.25E-07 $370,857

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:
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SAMA 17 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$763,908 $354,453 $370,857 3 $4,467,654

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 17 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,467,654 $200,346

D.6.8.2 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $410,473 (APS 2008a). The estimate is
for a single unit, but it is assumed that the additional cost of implementing the procedure
across the other two units is minimal. The estimate does not address any training or
changes to training materials for the operators, but the cost provided is considered to be
representative of the SAMA and $410,473 is used as the cost of implementation.

D.6.8.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 17 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$200,346 $410,473 -$210,127

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.9 SAMA NUMBER 19: INSTALL HEAT SENSORS AT LIKELY IGNITION
SOURCES TO ALLOW EARLY AUTOMATIC SUPPRESSION INITIATION

The heat sensors in fire compartments FZ 5A and FZ 5B, which are responsible for
automatic fire suppression initiation, are currently placed too far from the potential
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ignition sources to ensure actuation in time to prevent propagation of the initiating fire.
If heat sensors were installed near the potential ignition sources, it may be possible to
prevent the spread of the fire into other critical areas.

It is assumed that if the portion of the PVNGS CDF and release consequences related
to fire compartments FZ 5A and FZ 5B can be identified, then an averted cost-risk can
be calculated for this SAMA. The steps used to perform this calculation are provided
below:

* Determine the component of the total MACR attributable to external events

* Determine the component of the external events cost-risk attributable to fire
events

* Determine the component of the fire-based cost-risk attributable to fire
compartments FZ 5A and FZ 5B

* Calculate the percent reduction in fire compartment CDF that would occur for
each of the fire compartments if the SAMA is implemented and reduce the cost-
risk for the fire compartments by the same percent. The reduction in cost-risk is
the averted cost-risk for this SAMA.

The baseline assumption for external events contributions in the PVNGS SAMA is that
they are approximately equal to the internal events contributions. Given that the internal
events contribution to the MACR is $778,000 for a single unit, the same value is
assigned to external events.

The relative contribution of fire events to the total external events CDF can be estimated
in several ways, but the process established in Section D.6.0 to calculate the fire-based
contributions for the SAMAs requiring PRA model quantification is considered to be
appropriate for PVNGS and is used here. The single-unit fire contribution to the MACR
is, therefore, $417,008.

The cost-risk associated with each fire area can then be determined based on their
relative contributions to the total fire CDF and the assumption that the CDF is
proportional to cost-risk (Fire CDFs are provided in Section D.5.1.6.1):

Fire Compartment Percent of Fire Risk Corresponding Cost-Risk
(single unit)

FZ 5A 13.0% $54,211

FZ 5B 1.2% $5004

The risk reduction possible for each of these areas is a fraction of the total based on the
potential capabilities of the changes proposed in this SAMA. Due to the small cost-risk
contributions from each of these fire compartments, it was conservatively assumed that
this SAMA eliminates all risk associated with these compartments to simplify the
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calculations. The cost-risk calculation for this SAMA is straightforward and is equal to
the total cost-risk from fire compartments FZ 5A and 5Z 5B for all three units, or
$177,645 (($54,211 + $5004) * 3 = $177,645).

D.6.9.1 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $1,553,894 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $4,661,682.

D.6.9.2 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 19 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$177,645 $4,661,682 -$4,484,037

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.10 SAMA NUMBER 20: INSTALL FIRE BARRIERS BETWEEN FIRE ZONE
TB1 AND TB5

Fires in fire zone TB5 (Turbine Building 140 ft West)) do not pose a large risk to the
plant from equipment losses within that zone, but if the fire propagates to fire zone TB1
(Turbine Building 100 ft West), the consequences are more severe. Installing a fire
barrier between these two zones would prevent propagation of a fire from TB5 to TB1
and the consequential loss of AFN-P01, Alternative Feedwater, and load centers L01
and L25. In addition, the barrier must protect fire zone TB1 from the effects of
suppression system actuation in fire zone TB5 as the water can damage TB1
equipment.

It is assumed that if the portion of the PVNGS CDF and release consequences related
to fire compartment FZ TB5 can be identified, then an averted cost-risk can be
calculated for this SAMA. The steps used to perform this calculation are provided
below:

• Determine the component of the total MACR attributable to external events
" Determine the component of the external events cost-risk attributable to fire

events
* Determine the component of the fire based cost-risk attributable to fire

compartment FZ TB5
* Calculate the percent reduction in fire compartment CDF that would occur for

each of the fire compartments if the SAMA is implemented and reduce the cost-

Palo Verde Nuclear Generating Station Page D-89
Environmental Report for License Renewal



Attachment D
Severe Accident Mitigation Alternatives Analysis

risk for the fire compartments by the same percent. The reduction in cost-risk is
the averted cost-risk for this SAMA.

The baseline assumption for external events contributions in the PVNGS SAMA is that
they are approximately equal to the internal events contributions. Given that the internal
events contribution to the MACR is $778,000 for a single unit, the same value is
assigned to external events.

The relative contribution of fire events to the total external events CDF can be estimated
in several ways, but the process established in Section D.6.0 to calculate the fire-based
contributions for the SAMAs requiring PRA model quantification is considered to be
appropriate for PVNGS and is used here. The single unit fire contribution to the MACR
is, therefore, $417,008.

The cost-risk associated with each fire area can then be determined based on its
relative contribution to the total fire CDF and the assumption that the CDF is
proportional to cost-risk (Fire CDFs are provided in Section D.5.1.6.1):

Fire Compartment Percent of Fire Risk Corresponding Cost-Risk

(single unit)

FZ TB5 6.6% $27,523

The risk reduction possible for this area is a fraction of the total based on the potential
capabilities of the changes proposed in this SAMA. Due to the small cost-risk
contribution from this fire compartment, it was conservatively assumed that this SAMA
eliminates all risk associated with the compartment to simplify the calculations. The
cost-risk calculation for this SAMA is straightforward and is equal to the total cost-risk
from fire compartment FZ TB5 for all 3 units, or $82,569 ($27,523 * 3 = $82,569).

D.6.10.1 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $1,208,564 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $3,625,692.

D.6.10.2 NET-VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:
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SAMA 20 Net Value

Total Averted Cost of Net Value

Cost-Risk Implementation

$82,569 $3,625,692. -$3,543,123

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.11 SAMA NUMBER 21: INSTALL FIRE RESISTANT CABLE WRAP ON
SELECTED CABLES IN FIRE COMPARTMENT TB4B

Transient fires in FZ TB4B (Station DC Equipment Room - 110 ft Turbine Building) can
fail cables related to NAN-S03 and NAN-S04 (loss of switchyard) or NBNX03 (loss of
Train A ESF service transformer). Installing fire resistant cable wrap on these circuits in
the sections of the cable trays that are close enough to the floor to be impacted by
transient fires could prevent the loss of critical equipment in fire events.
It is assumed that if the portion of the PVNGS CDF and release consequences related
to fire compartment FZ TB4B can be identified, then an averted cost-risk can be
calculated for this SAMA. The steps used to perform this calculation are provided
below:

" Determine the component of the total MACR attributable to external events
• Determine the component of the external events cost-risk attributable to fire

events
• Determine the component of the fire based cost-risk attributable to fire

compartment FZ TB4B
• Calculate the percent reduction in fire compartment CDF that would occur for

each of the fire compartments if the SAMA is implemented and reduce the cost-
risk for the fire compartments by the same percent. The reduction in cost-risk is
the averted cost-risk for this SAMA.

The baseline assumption for external events contributions in the PVNGS SAMA is that
they are approximately equal to the internal events contributions. Given that the internal
events contribution to the MACR is $778,000 for a single unit, the same value is
assigned to external events.

The relative contribution of fire events to the total external events CDF can be estimated
in several ways, but the process established in Section D.6.0 to calculate the fire-based
contributions for the SAMAs requiring PRA model quantification is considered to be
appropriate for PVNGS and is used here. The single unit fire contribution to the MACR
is, therefore, $417,008.
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The cost-risk associated with each fire area can then be determined based on its
relative contribution to the total fire CDF and the assumption that the CDF is
proportional to cost-risk (Fire CDFs are provided in Section D.5.1.6.1):

Fire Compartment Percent of Fire Risk Corresponding Cost-Risk
(single unit)

FZ TB4B 1.2% $5004

The risk reduction possible for this area is a fraction of the total based on the potential
capabilities of the changes proposed in this SAMA. Due to the small cost-risk
contribution from this fire compartment, it was conservatively assumed that this SAMA
eliminates all risk associated with the compartment to simplify the calculations. The
cost-risk calculation for this SAMA is straightforward and is equal to the total cost-risk
from fire compartment FZ TB4B for all 3 units, or $15,012 ($5004 * 3 = $15,012).

D.6.11.1 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $1,121,838 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $3,365,514.

D.6.11.2 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 21 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$15,012 $3,365,514 -$3,350,502

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.12 SAMA NUMBER 22: ENHANCE THE MCC M71 FIRE BARRIERS

Transient fires in FZ 42A (Electrical Penetration Room - Train A, Channel C - Auxiliary
Building - 100 ft) can result in the loss of MCC M71, which results in the failure of AFN-
P01. Improving the MCC's barriers to better withstand fires could prevent the loss of the
equipment in certain fire scenarios.

It is assumed that if the portion of the PVNGS CDF and release consequences related
to fire compartment FZ 42A can be identified, then an averted cost-risk can be
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calculated for this SAMA. The steps used to perform this calculation are provided
below:

* Determine the component of the total MACR attributable to external events
* Determine the component of the external events cost-risk attributable to fire

events
" Determine the component of the fire based cost-risk attributable to fire

compartment FZ 42A
" Calculate the% reduction in fire compartment CDF that would occur for each of

the fire compartments if the SAMA is implemented and reduce the cost-risk for
the fire compartments by the same percent. The reduction in cost-risk is the
averted cost-risk for this SAMA.

The baseline assumption for external events contributions in the PVNGS SAMA is that
they are approximately equal to the internal events contributions. Given that the internal
events contribution to the MACR is $778,000 for a single unit, the same value is
assigned to external events.

The relative contribution of fire events to the total external events CDF can be estimated
in several ways, but the process established in Section D.6.0 to calculate the fire-based
contributions for the SAMAs requiring PRA model quantification is considered to be
appropriate for PVNGS and is used here. The single unit fire contribution to the MACR
is, therefore, $417,008.

The cost-risk associated with each fire area can then be determined based on their
relative contributions to the total fire CDF and the assumption that the CDF is
proportional to cost-risk (Fire CDFs are provided in Section D.5.1.6.1):

Fire Compartment Percent of Fire Risk Corresponding Cost-
Risk (single unit)

FZ 42A 1.1% $4587

The risk reduction possible for this area is a fraction of the total based on the potential
capabilities of the changes proposed in this SAMA. Due to the small cost-risk
contribution from this fire compartment, it was conservatively assumed that this SAMA
eliminates all risk associated with the compartment to simplify the calculations. The
cost-risk calculation for this SAMA is straightforward and is equal to the total cost-risk
from fire compartment FZ 42A for all 3 units, or $13,761 ($4587 * 3 = $13,761).

D.6.12.1 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $1,090,700 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $3,272,100.
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D.6.12.2 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 22 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$13,761 $3,272,100 -$3,258,339

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.6.13 SAMA NUMBER 23: ENHANCE PROCEDURES TO DIRECT
STEAMGENERATOR FLOODING FOR RELEASE SCRUBBING

The existing PVNGS guidance governs SG levels for heat removal considerations,
which may consequently result in release scrubbing; however, the guidance is not
tailored to meet this need. Expanding the existing guidance to direct SG flooding prior
to core damage would potentially improve the probability that water would be available
above the break point in the SG and provide a mechanical means of scrubbing the
fission products during a release.

The impact of implementing this SAMA was estimated by reviewing the Level 1 and
Level 2 event trees to identify which sequences could benefit from directions to flood the
SGs before core damage and removing their contributions from the SGTR bin (no
model quantification required). The sequences that were chosen were those in which
makeup to the SGs was available to carry out the flooding action. The PI SGTR and TI
SGTR sequences were not credited because SG makeup is not available in those
cases.

This method is conservative in that it assumes that the flooding action is 100% reliable
and because it does not redistribute the frequency of the "scrubbed" events into a
representative release category (likely a small early release). This approach was
chosen given that the source term for the small early release was not immediately
available and because the results are not sensitive to reliability of the flooding action
over the range of reasonable failure probabilities for the action. The following table
summarizes the changes that were made:
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SAMA 23 :Model Changes

Gate and I or Basic Event ID and
Description

Description of Change

SGTR Release Category Frequency Eliminated the contributions from the following SGTR sequences:

" Sequence 4: 2.66E-10. In this sequence, Rx trip is
successful, HPSI is successful, SG heat removal is
successful, depressurization is successful, SG isolation
fails, sDc fails, and RWT makeup fails.

" Sequence 7: 7.67E-09. In this sequence, Rx trip is
successful, HPSI is successful, SG heat removal is
successful, depressurization fails, SG isolation fails, SDC
fails, and RWT makeup fails.

* Sequence 10: 2.20E-08. In this sequence, Rx trip is
successful, HPSI fails, SG heat removal is successful,
depressurization is successful, and SG isolation fails.

* Sequence 11: 2.07E-08. In this sequence, Rx trip is
successful, HPSI fails, SG heat removal is successful,
and depressurization fails.

D.6.13.1 AVERTED COST-RISK

The model changes identified above yielded a reduction in the Dose-risk and OECR.
The results were used to calculate the averted cost-risk for this SAMA using the process
described in Section D.6. The following tables summarize the PRA results given
implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 23 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 5.07E-06 13.19 $14,180 2.72E-06

Percent Change 0.0% -3.2% -5.0% 0.0%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 23 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR. LATE-CHR- LERF- LERF-4SO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq. 1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 O.OOOE+00 2.530E-07 5.24E-06
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(per yr)BsE

Freq. F 1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.05E-07 5.19E-06

(per yr)sýA

Dose-RiskBAsE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-RisksAMw 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 1.84 13.19

OECRASE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRsAMA $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3198 $14,180

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $753,802.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 23 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$753,802 0.464 $349,764

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. Note that special consideration for the benefit of this SAMA in
fire scenarios is not required as it was for SAMA .17; if flooding an SG were an option, a
pressure induced or temperature induced SGTR event would not occur. Normal SGTR
events, where water for flooding an SG may be available, are not included in the fire
model (no dual initiators).

The following table summarizes the fire results for a single unit:
SAMA 23 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.72E-06 $417,008

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-96



Attachment D
Severe Accident Mitigation Alternatives Analysis

SAMA 23 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$753,802 $349,764 $417,008 3 $4,561,722

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 23 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,561,722 $106,278

D.6.13.2 COST OF IMPLEMENTATION

PVNGS estimated an implementation cost of $415,620 (APS 2008a). The estimate is
for a single unit, but it is assumed that the additional cost of implementing the procedure
across the other two units is minimal. The estimate does not address any training or
changes to training materials for the operators, but the cost provided is considered to be
representative of the SAMA and $415,620 is used as the cost of implementation.

D.6.13.3 NET VALUE

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 23 Net Value

Total Averted Cost of Net Value
Cost-Risk Implementation

$106,278 $415,620 -$309,342

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.
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D.7 UNCERTAINTY ANALYSIS

Sensitivity cases were run for the following conditions to assess their impact on the
overall SAMA evaluation:

" Use the 95th percentile PRA results in place of the mean PRA results.
* Use alternate MACCS2 input variables for selected cases.
" Use of corrected Reactor Building wake height
" Use of a 7 Percent Real Discount Rate

D.7.1 95TH PERCENTILE PRA RESULTS

The results of the SAMA analysis can be impacted by implementing conservative values
from the PRA's uncertainty distribution. If the best estimate failure probability values
were consistently lower than the "actual" failure probabilities, the PRA model would
underestimate plant risk and yield lower than "actual" averted cost-risk values for
potential SAMAs. Re-assessing the cost benefit calculations using the high end of the
failure probability distributions is a means of identifying the impact of having consistently
underestimated failure probabilities for plant equipment and operator actions included in
the PRA model. This sensitivity uses the 9 5 th percentile results to examine the impact
of uncertainty in the PRA model.

For PVNGS, the Risk Spectrum software code was used to perform the Level 1 internal
events model uncertainty analysis. The results of the CDF calculation are provided
below:

PARAMETER VALUE PER YEAR

Mean 5.088E-06

5% 1.45E-06

50% 3.80E-06

95% 1.38E-05

The PRA uncertainty calculation identifies the 9 5 th percentile CDF as 1.38E-05 per year.
This is a factor of 2.7 greater than the CDF point estimate produced by the PVNGS
PRA (5.07E-06).

D.7.1.1 PHASE I IMPACT

For Phase I screening, use of the 9 5 th percentile PRA results will increase the MACR
and may prevent the screening of some of the higher cost modifications. However, the
impact on the overall SAMA results due to the retention of the higher cost SAMAs for
Phase II analysis is typically small. This is due to the fact that the benefit obtained from

Palo Verde Nuclear Generating Station Page D-98
Environmental Report for License Renewal



Attachment D
Severe Accident Mitigation Alternatives Analysis

the implementation of those SAMAs must be extremely large in order to be cost
beneficial.

The impact of uncertainty in the PRA results on the Phase I SAMA analysis has been
examined. The MACR is the primary Phase I criteria affected by PRA uncertainty.
Thus, this portion of this sensitivity is focused on recalculating the MACR using the 9 5th
percentile PRA results and re-performing the Phase I screening process.

As discussed above, the 9 5 th PRA results are approximately a factor of 2.7 greater than
point estimate CDF. The uncertainty analyses that are available for the Level 1 models
are not available for Level 2 and Level 3 PRA models. In order to simulate the use of
the 9 5 th percentile results for the Level 2 and Level 3 models, the same scaling factor
calculated for the Level 1 results was assumed to apply to the Level 2 and Level 3
models. Because the MACR calculations scale linearly with the CDF, dose-risk, and
off-site economic cost-risk, the 9 5 th percentile MACR can be calculated by multiplying
the base case MACR by 2.7. This results in a 9 5 th percentile MACR of $12,603,600.
The initial SAMA list has been re-examined using the revised MACR to identify SAMAs
that would be retained for the Phase 2 analysis. Those SAMAs that were previously
screened due to costs of implementation that exceeded $4.67 million are now retained if
the costs of implementation are less than $12.60 million. Of the SAMAs screened in the
baseline Phase 1 analysis, SAMAs 2, 5, 7, 12, and 14 would be retained based on the
use of the 9 5 th percentile MACR. As shown below, the lowest of the implementation
costs is equal to over 52% of the 9 5 th percentile MACR:

SAMA Cost of Implementation Percent of
9 5 th

Percentile
MACR

2: Replace one Low Pressure Condensate Pumps with $6,600,000 52.4%
a High Pressure Motor Driven Pump (or Add a
Booster Pump) and Add Hotwell Makeup Controls to
the MCR from a Non-CST Source

5: Install an Automatic Transfer Switch for the Non- $6,801,762 54.0%
Safety AFW Pump (AFN-P01) Power Supply

7: Add Auto Start Capability to AFN-P01 on Low SG $9,801,762 77.8%
Level and an Automatic Power Transfer Switch to
Address Loss of MFW Cases with Div 1 Power
Failures and Operator Start Errors

12: Install an Automatic Transfer Switch for the AFW $6,801,762 54.0%
Pump AFB-P01 Power Supply

14: Provide a Permanent, Hard-piped Suction Line from $6,647,190 52.7%
the RMWT to AFN-P01
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Based on a review of the scenarios that would not be impacted by the SAMAs, it was
possible to determine that SAMAs 2 and 7 would not eliminate enough plant risk to be
cost beneficial. For example, for SAMA 7 to be cost beneficial, it would have to
eliminate over 77% of the MACR; however, the SAMA would not impact 42.8% of the
CDF so it could not reduce the CDF by more than 57.2%. Given that the Level 2
contributions show a similar potential reduction of 59.3% (based on the importance
rankings developed in Section D.5.1.2), there is no way for SAMA 7 to yield enough of a
risk reduction to be cost effective. The case is similar for SAMA 2.

SAMA Limitations Potential Risk
Reduction
Estimate

2: Replace one Low
Pressure Condensate
Pump with a High
Pressure Motor Driven
Pump (or Add a
Booster Pump) and
Add Hotwell Makeup
Controls to the MCR
from a Non-CST
Source

5: Install an Automatic
Transfer Switch for the
Non-Safety AFW
Pump (AFN-P01)
Power Supply

7: Add Auto-Start
Capability to AFN-P01
on Low SG Level and
an Automatic Power
Transfer Switch to
Address Loss of MFW
Cases with Div 1
Power Failures and
Operator Start Errors

Not available for LOOP, which comprises
30.2% of CDF and 64.5% of the "composite"
Level 2 frequency.

Would not mitigate Loss of all. Condensate
Pumps: 7.5% of CDF and 8.2% of the
"composite" Level 2 frequency.

Would not mitigate ATWS with unfavorable
moderator coefficient: 7.3% of CDF.

Would not mitigate MLOCA: 2.5% of CDF.

Other smaller contributors

Detailed analysis described below

<52.5% of CDF

<27% of composite
Level 2 frequency

Not available for SBO, which comprises
23.3% of CDF and 30.5% of the "composite"
Level 2 frequency.

Would not mitigate ATWS with unfavorable
moderator coefficient: 7.3% of CDF.

Would not mitigate CCF of electric AFW
pumps to start: 6.1% of CDF and 7.2% of the
"composite" Level 2 frequency.

Would not mitigate MLOCA: 2.5% of CDF

Would not mitigate CCF of electric AFW
pumps to run: 2.5% of CDF and 3.0% of the
"composite" Level 2 frequency.

Other smaller contributors

Detailed analysis described below

<57.2% of CDF

<59.3% of
composite Level 2
frequency

12: Install an Automatic
Transfer Switch for
the AFW Pump AFB-
P01 Power Supply

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-100



Attachment D
Severe Accident Mitigation Alternatives Analysis

SAMA Limitations Potential Risk
Reduction
Estimate

14: Provide a Permanent, Detailed analysis described below
Hard-piped Suction
Line from the RMWT
to AFN-P01

For SAMAs 5, 12, and 14, detailed quantifications were considered to better
demonstrate that the proposed plant changes would not be cost effective. The following
subsections provide the results in the same format used for the Phase II quantifications
provided in Section D.6. Note that the impact of using the 9 5 th percentile results for
these cases is estimated by multiplying the base case averted cost risk by a factor of
2.7, which is consistent with the process established for estimating the 9 5 th percentile
MACR above.

D.7.2 SAMA NUMBER 5: INSTALL AN AUTOMATIC TRANSFER SWITCH FOR THE

NON-SAFETY AFW PUMP (AFN-P01) POWER SUPPLY

Loss of division 1 power currently results in the loss of both AFA-P01 and AFN-P01.
Providing an automatic power transfer capability would eliminate the need for operator
intervention to supply AFN-P01 with power and preclude the need to depressurize the
SGs for Alternate FW makeup. A subsequent manual transfer of DC control power
would also be required, but there would be abundant time to perform this action.
This SAMA could have been represented by editing all of the power sources for all
portions of the non-class AFW fault tree (for pump AFN-P01); however, this would be a
time consuming effort and would require great care to prevent crediting other systems
with the alternate power alignments intended for the non-class AFW system. As an
alternative, a simplified approach was taken in which the non-class AFW logic was
"AND"ed with the opposite division's power logic. In order to prevent crediting the
opposite power division for recovering non-power related AFW failures, the power logic
was "OR"ed with the major non-power related failures for the non-class AFW system.
The failures were identified through a review of the top 99.99% of the AFW system
cutsets. The following table summarizes the changes that were made:

SAMA 5 Model Changes

Gate and / or Basic Event ID and Description of Change
Description

GAFI: AFW System Fails to Provide Flow to Steam Deleted following transfer gate:

Generator 1 * GAF1R

Added new "OR" gate:

0 @AFI-1
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SAMA 5 Model Changes

Gate and I or Basic Event ID and
Description

Description of Change

@AFI -1: AFW Failure with Alt Power Supply

SAMA5-ALT-PWR-1: Failure of Alt Power Supply or

Major Non-Power AFW Failure

GAF2: AFW System Fails to Provide Flow to Steam

Generator 2

@AF2-1: AFW Failure with Alt Power Supply

New "AND" gate including the following events:

" GAF1R (existing gate)

" SAMA5-ALT-PWR-1 (New FT Top)

New FT Top "OR" gate with the following inputs:

0 GPBB-I-IGTG (existing gate for power to

ESF Bus B)

0 1AFNP01---MPAFR (existing AFN FTR

logic)

a 1CTAHV001-MV-FO (existing BE for AFN

suction valve failure)

0 1CTAHVo04-MV-FO (existing BE for AFN

pump supply valve failure)

0 1AFNPO1---MPAFS (existing AFN FTs

logic)

a 1AFNSYS---AFNCM (existing BE for AFN

maintenance)

* 1AFN--MFW--HR (existing BE for op

alignment failure for AFN (MFW avail)

* 1AFN-NOMFW---HR (existing BE for op

alignment failure for AFN (MFW not avail)

* 1AFNV01 3-NVNRM (existing BE for AFN

pump discharge vlv maintenance)

* 1AFNVO13--NV-RO (existing BE for AFN

pump discharge vlv fail closed)

* 1AFNV012--CVAFO (existing logic for AFN

pump discharge vlv fail to open)

* 1CTET01---TKAEL (existing BE for CST

failure)

Deleted following transfer gate:

* GAF2R

Added new "AND" gate:

0 @AF2-1

New "AND" gate including the following events:

" GAF2R (existing gate)

" SAMA5-ALT-PWR-1 (New FT Top)

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-102



Attachment D
Severe Accident Mitigation Alternatives Analysis

D.7.2.1 Averted Cost-Risk

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 5 PRA Model Results

IE CDF (per yr) Dose-Risk OECR Fire CDF

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.13E-06 11.39 $11,750 1.04E-06

Percent Change -18.5% -16.4% -21.3% -61.8%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 5 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.OOOE+00 2.530E-07 5.24E-06

(per YT)BASE

Freq. 1.18E-07 3.79E-07 1.26E-06 5.01E-07 1.23E-06 4.19E-07 1.21E-07 1.510E-08 6.91E-09 O.OOE+00 2.05E-07 4.26E-06

(per yr)sAmA

Dose-RiskeMsE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose-Risks,.,, 0.00 0.00 0.31 0.06 3.80 4.82 0.30 0.14 0.12 0.00 1.84 11.39

OECRBSýE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRsAMA $0 $0 $6 $1 $123 $7793 $11 $447 $171 $0 $3198 $11,750

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $636,573.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 5 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-103



Attachment D
Severe Accident Mitigation Alternatives Analysis

SAMA 5 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$636,573 0.464 $295,370

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 5 Fire Cost-Risk Contribution

CDF (peryr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 1.04E-06 $159,444

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:

SAMA 5 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$636,573 $295,370 $159,444 3 $3,274,161

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 5 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $3,274,161 $1,393,839

In order to convert this to the 9 5 th percentile averted cost-risk, it is multiplied by the 95th

percentile factor of 2.7 to yield $3,763,365.

D. 7.2.2 Cost of Implementation

PVNGS estimated an implementation cost of $2,267,254 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $6,801,762.
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D.7.2.3 Net Value

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 5 Net Value ( 9 5 th %)

Total Averted Cost of Net Value
Cost-Risk Implementation

$3,763,365 $6,801,762 -$3,038,397

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.7.3 SAMA NUMBER 12: INSTALL AN AUTOMATIC TRANSFER SWITCH FOR
THE AFW PUMP AFB-P01 POWER SUPPLY

Loss of division 2 power currently results in the loss of AFB-P01. Providing an
automatic power transfer capability would allow rapid recovery of AFB-P01 and
preclude the need to depressurize the SGs for Alternate FW makeup. A subsequent
manual transfer of DC control power would also be required, but there would be
abundant time to perform this action.

This SAMA could have been represented by editing all of the power sources for all
portions of the "B" division class AFW fault tree (for pump AFB-P01); however, this
would be a time consuming effort and would require great care to prevent crediting
other systems with the alternate power alignments intended for the "B" AFW system.
As an alternative, a simplified approach was taken in which the "B" AFW logic was
"AND"ed with the opposite division's power logic. In order to prevent crediting the
opposite power division for recovering non-power related AFW failures, the power logic
was "OR"ed with the major non-power related failures for the "B" AFW system. The
failures were identified through a review of the top 99.99% of the AFW system cutsets.
The following table summarizes the changes that were made:

SAMA 12 Model Changes

Gate and / or Basic Event ID and Description of Change
Description

GAFIAB: No Flow to SG 1 AFW Check Valve V079 Deleted following transfer gate:

From Either Train A or B AFW 0 GAFIB1

Added new "AND" gate:

0 @AFlAB-1
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SAMA 12 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

@AF1AB-1: AFW B with Additional, Alt Power Supply

Fails to Provide Flow

SAMA12-ALTPWR-1: Power Failures from Train A and

Major Non-Power AFW Faults

New "AND" gate including the following events:

" GAF1B1 (existing gate)

" SAMA12-ALTPWR-1 (New FT TOP)

New FT Top "OR" gate with the following inputs:

* GPBA-1-1GTG (existing gate for power to ESF Bus

A)

* 1AFBP01---MPAFR (existing AFB FTR logic)

* 1SABAF-K222RXAFT (relay failure for start logic)

* 1SAB-LOADSQSQ-CM (load sequencer

maintenance)

1AFBPOI--MPAFS (existing AFB FTs logic)

* 1AFBV025---NVNRM (existing BE for AFB pump

discharge vlv restoration failure)

* 1AFBV025--NV-RO (existing BE for AFB pump

discharge vlv fail closed)

* 1AFBV022--CVAFO (existing logic for AFB pump

discharge vlv fail to open)

Deleted following transfer gate:

* GAF2B1

Added new "AND" gate:

0 @AF2AB-1

GAF2AB: No Flow to SG 2 AFW Check Valve V080

From Either Train A or B AFW

@AF2AB-1: No Flow From AFW Train B with
Alternate Power Source Included

New "AND" gate including the following events:

0 GAF2B1 (existing gate)

SAMA12-ALTPWR-1 (New FT Top)

D. 7.3.1 Averted Cost-Risk

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and .the corresponding averted cost-risk calculations:

SAMA 12 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.32E-06 12.09 $12,882 2.09E-06

Percent Change -14.8% -11.2% -13.7% -23.2%
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A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 12 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq. 1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 O.000E+00 2.530E-07 5.24E-06

(per Yr)sýSE

Freq. 1.34E-07 3.47E-07 1.42E-06 5.01E-07 1.22E-06 4.75E-07 1.210E-07 1.510E-08 8.68E-09 O.OOE+00 2.08E-07 4.45E-06

(per yr)sArA

Dose-RisksAsE 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

Dose- 0.00 0.00 0.35 0.06 3.77 5.46 0.30 0.14 0.15 0.00 1.86 12.09
Risks.,A

OECRRASE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECRSAWA $0 $0 $7 $1 $122 $8835 $11 $447 $214 $0 $3245 $12,882

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $680,019.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 12 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$680,019 0.464 $315,529

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 12 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.09E-06 $320,422

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:
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SAMA 12 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$680,019 $315,529 $320,422 3 $3,947,910

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 12 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $3,947,910 $720,090

In order to convert this to the 9 5 th percentile averted cost-risk, it is multiplied by the 9 5 th

percentile factor of 2.7 to yield $1,944,243.

D.7.3.2 Cost of Implementation

This cost is assumed to be the same as that for SAMA 5 ($6,801,762).

D.7.3.3 Net Value

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 12 Net Value (9 5 th %)

Total Averted Cost of Net Value
Cost-Risk Implementation

$1,944,243 $6,801,762 -$4,857,519

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.7.4 SAMA NUMBER 14: PROVIDE A PERMANENT, HARD-PIPED SUCTION
LINE FROM THE RMWT TO AFN-P01

In the event that SG makeup capability has been lost and the failure of AFN-P01 is due
to a failure of the suction line valves, having an alternate suction source for the pump
would restore secondary side heat removal. Providing a permanent, hard-piped
connection from the reactor makeup water tank (RMWT) will improve the reliability of
the alignment action.
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This SAMA was represented in the PRA model by crediting an alternate suction path to
the RMWT for failures of the normal suction path (excluding pump suction valve
failures). It was assumed that the alternate suction path could be failed by either an
operator alignment failure or by the catastrophic failure of the RMWT. The operator
alignment failure probability was assigned based on the following assumption:

0

0

About one hour is available to core damage on loss of SG makeup
Alignment time is about 15 minutes, which leaves about a 45 minute diagnosis
time

• Two local valve manipulations are required.

If the median response curve is chosen in the nominal ASEP diagnosis curve, a 45-
minute diagnosis time would correspond to a failure probability of 2.6E-04. Assuming
the valves used for the alternate cooling alignment are clearly marked and identifiable,
the local valve manipulations are assumed to have a manipulation failure probability of
1.OOE-03 each. The total failure probability for the alignment action is 2.30E-03. The
RMWT failure probability was assumed to be the same as that for the existing CST
event. The following table summarizes the changes that were made:

SAMA 14 Model Changes

Gate and I or Basic Event ID and
Description

Description of Change

GAF5: No Flow to AFW Pump N Suction From CST

GAFHV4A: Credit for Alt Suction Recovering HV4
Faults

GAFHV1A: Credit for Alt Suction Recovering HV1

Faults

CST-RUPT-ALT: Credit for Alt Suction Recovering

CST Ruptures

Deleted following inputs:

* GAFHV4 (existing gate)

0 GAFHV1 (existing gate)

0 1CTET01---TKAEL (existing basic event)

Added new "AND" gates:

" GAFHV4A

" GAFHV1A

* CST-RUPT-ALT

New "AND" gate including the following inputs:

* GAFHV4 (existing gate)

* @AF5-1 (new "OR" gate)

New "AND" gate including the following inputs:

* GAFHVa (existing gate)

* @AF5-2 (new "OR" gate)

New "AND" gate including the following inputs:

* 1CTET01---TKAEL (existing basic event)

* @AF5-3 (new "OR" gate)
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SAMA 14 Model Changes

Gate and / or Basic Event ID and
Description

Description of Change

@AF5-1: Failure of RMWT or Alignment

@AF5-2: Failure of RMWT or Alignment

@AF5-3: Failure of RMWT or Alignment

1RWMT---TKAEL: RWMT Catastrophic Failure

ALT-AFN-H20: Operator Fails to Align AFW to RMWT

New "OR" gate including the following inputs:

0 1RWMT--TKAEL (new basic event)

0 ALT-AFN-H20 (new basic event)

New "OR" gate including the following inputs:

" 1RWMT---TKAEL (new basic event)

" ALT-AFN-H20 (new basic event)

New "OR" gate including the following inputs:

" 1RWMT---TKAEL (new basic event)

" ALT-AFN-H20 (new basic event)

New basic event. Assigned failure probability of 1.2E-08.

New basic event. Assigned failure probability of 2.3E-03.

D.7.4.1 Averted Cost-Risk

The model changes identified above yielded a reduction in the CDF, Dose-risk, and
OECR. The results were used to calculate the averted cost-risk for this SAMA using the
process described in Section D.6. The following tables summarize the PRA results
given implementation of the SAMA and the corresponding averted cost-risk calculations:

SAMA 14 PRA Model Results

IE CDF Dose-Risk OECR Fire CDF

(per yr) (per yr)

Base Results 5.07E-06 13.62 $14,929 2.72E-06

SAMA Results 4.91 E-06 13.37 $14,554 2.68E-06

Percent Change -3.2% -1.8% -2.5% -1.5%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

SAMA 14 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-tSO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq.
1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 O.OOOE+00 2.530E-07 5.24E-06

(per yr)BMSE

Freq.
1.62E-07 4.83E-07 1.73E-06 5.010E-07 1.280E-06 5.37E-07 1.210E-07 1.510E-08 9.21E-09 O.OOE+00 2.40E-07 5.08E-06

(per yr)sArA
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SAMA 14 Internal Events Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-SO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Dose- 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62
RiskBASE

Dose- 0.00 0.00 0.42 0.06 3.96 6.18 0.30 0.14 0.16 0.00 2.15 13.37
Risks.

OECRBAsE $0 $0 $9 $1 $128 $10,156 $11- $447 $230 $0 $3947 $14,929

OECRsu#, $0 $0 $8 $1 $128 $9988 $11 $447 $227 $0 $3744 $14,554

Using the methodology from Section D.4, these results were used to calculate the single
unit internal events cost-risk contribution, which is $760,324.
The non-fire external events contribution to cost-risk can be calculated using the 0.464
multiplier on the single unit internal events cost-risk estimate:

SAMA 14 Non-Fire External Events Cost-Risk Contribution

SAMA Case Single Non-Fire External Total Non-Fire
Unit Internal Events Events Multiplier Cost-Risk

Cost-Risk

$760,324 0.464 $352,790

The assumption that the Fire CDF reduction is directly proportional to the reduction in
the fire cost-risk contribution can be used to calculate the cost-risk contribution from fire
events for this SAMA. The following table summarizes these results for a single unit:

SAMA 14 Fire Cost-Risk Contribution

CDF (per yr) Fire Cost-Risk

Base Results 2.72E-06 $417,008

SAMA Results 2.68E-06 $410,876

The site cost-risk for the SAMA is the sum of the cost-risks for the internal events, fire,
and non-fire external events contributors times a multiplier of three to account for the
three units:
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SAMA 14 Total Cost-Risk

Internal Events Non-Fire External Fire Multiplier for Total Cost-Risk
Cost-Risk Events Cost-Risk Three Units (Site, SAMA

Cost-Risk Implemented)

$760,324 $352,790 $410,876 3 $4,571,970

The averted cost-risk for the SAMA is the difference between the total base case cost-
risk (MACR) and the total cost-risk with the SAMA implemented (provided on a site-
basis):

SAMA 14 Averted Cost-Risk

Base Case Total Total SAMA Cost- Averted Cost-Risk
Cost-Risk (MACR) Risk

$4,668,000 $4,571,970 $96,030

In order to convert this to the 9 5 th percentile averted cost-risk, it is multiplied by the 9 5 th

percentile factor of 2.7 to yield $259,281.

D.7.4.2 Cost of Implementation

PVNGS estimated an implementation cost of $2,215,730 for a single unit (APS 2008a).
The site-wide implementation cost is assumed to be 3 times greater at $6,647,190.

D.7.4.3 Net Value

The net value for this SAMA is the difference between the total averted cost-risk and the
cost of implementation:

SAMA 14 Net Value (95 th %)

Total Averted Cost of Net Value
Cost-Risk Implementation

$259,281 $6,647,190 -$6,387,909

Given that the cost of implementation is greater than the averted cost-risk for this
SAMA, the net value is negative.

D.7.5 PHASE I IMPACT SUMMARY

While SAMAs 2, 5, 7, 12, and 14 would be retained for Phase II quantification if the 9 5 th

percentile PRA results were used in place of the point estimate results, none of these
SAMAs would be cost beneficial.
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D.7.6 PHASE II IMPACT

As mentioned above, the 95th percentile PRA results are not available for the Level 2
and Level 3 models. In order to estimate the impact of using the 95th percentile PRA
results in the Phase 2 SAMA analysis, the same process used to calculate the revised
MACR was applied to each of the Phase 2 SAMAs (the averted cost-risk for each
SAMA was increased by a factor of 2.7 over the base case).

The following table provides a summary of the impact of using the 9 5 th percentile PRA
results in the detailed cost-benefit calculations that have been performed.

Results Summary for the 95th Percentile PRA Results

SAMA ID Cost of Averted Net Value Averted Net Value Change
Implement- Cost- Risk (Base) Cost- Risk (95th in Cost

ation (Base) (95th Percentile) Effective-
Percentile) ness?

SAMA 4 $5,498,862 $1,015,032 -$4,483,830 $2,740,586 -$2,758,276 No

SAMA 6 $363,374 $352,815 -$10,559 $952,601 $589,227 Yes

SAMA 8 $3,125,000 $835,689 -$2,289,311 $2,256,360 -$868,640 No

SAMA 10 $3,000,000 $278,154 -$2,721,846 $751,016 -$2,248,984 No

SAMA 11 $3,000,000 $109,299 -$2,890,701 $295,107 -$2,704,893 No

SAMA 13 $3,000,000 $32,145 -$2,967,855 $86,792 -$2,913,209 No

SAMA 15 $1,642,698 $343,080 -$1,299,618 $926,316 -$716,382 No

SAMA 17 $410,473 $200,346 -$210,127 $540,934 $130,461 Yes

SAMA 19 $4,661,682 $177,645 -$4,484,037 $479,642 -$4,182,041 No

SAMA 20 $3,625,692 $82,569 -$3,543,123 $222,936 -$3,402,756 No

SAMA 21 $3,365,514 $15,012 -$3,350,502 $40,532 -$3,324,982 No

SAMA 22 $3,272,100 $13,761 -$3,258,339 $37,155 -$3,234,945 No

SAMA 23 $415,620 $106,278 -$309,342 $286,951 -$128,669 No

Of the SAMAs classified as "not cost beneficial" in the baseline Phase 2 analysis, two
SAMAs (SAMAs 6 and 17) were found to be cost beneficial when the 9 5 th percentile
PRA results were applied. The use of the 9 5 th percentile PRA results is not considered
to provide the most realistic assessment of the cost effectiveness of a SAMA; however,
these additional SAMAs could be considered for implementation to address the
uncertainties inherent in the SAMA analysis.

D.7.7 MACCS2 INPUT VARIATIONS

The MACCS2 model was developed using the best information available for the PVNGS
site; however, reasonable changes to modeling assumptions can lead to variations in
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the Level 3 results. In order to determine how certain assumptions could impact the
SAMA results, a sensitivity analysis was performed on a group of parameters that has
previously been shown to impact the Level 3 results. These parameters include:

Meteorological data
Evacuation Speed
Release Height
Release Heat
Wake Effects
Surface Roughness
Rainfall variations

Among the parameters analyzed, release height, release heat, evacuation speed and
meteorological data year have been analyzed in previous SAMAs. In addition to these
sensitivities, the effect of building wake on the risk was also determined because the
proximity of site buildings introduces uncertainty as to local air flow around these
buildings. The base case surface roughness length of 10 cm, which represents terrain
roughness for suburban areas, was varied to 1 cm to represent some of the more
desert-like conditions surrounding the plant.

Also, severe meteorological conditions in the last spatial segment of the model domain
(40-50 miles) were chosen to assure conservatively high impacts and risks. Most
especially, perpetual rainfall was imposed on this segment so that a conservatively
large quantity of the nuclides released in each scenario were deposited (via wet
deposition) within the model domain.

The following table gives the sensitivity of the risk to the choice of these parameters.
The table also discusses the reason for considering that parameter and the result.

Case Input Description Pop. Dose Cost Risk Output Comments
Risk % of % of Base

Base

Annual Met Data
Set (2004)

Annual Met Data

Set (2005)

Evacuation Speed

Use of 2004 Met Data

Use of 2005 Met Data

Baseline updated 2005 study
with 2040 population, assumed
EPZ roads at saturation in
former.

86%

84%

100%

84% (2003 chosen as
baseline. Maximum
dose and cost risk.)

83% (2003 chosen as
baseline. Maximum
dose and cost risk.)

100% Faster 2005 evacuation
speed results in <0.3%
decrease in pop-dose.
0-10 mile dose is minor
contributor to 50-mile
dose.
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Case Input Description Pop. Dose Cost Risk Output Comments
Risk % of % of Base

Base

Release Height
(top of

containment)

Release Heat (1
MW per segment)

Release Heat (10
MW per segment)

Wake Effects
(50% of Baseline),

SIGYINIT,
SIGZINIT

Wake Effects
(200% of
Baseline),
SIGYINIT,
SIGZINIT

Surface
Roughness
Length, zo

Baseline assumed ground level
release except for tube rupture
(aux bldg roof). Ground level
releases changed to top of
containment building.

Baseline assumed no heat. Up
to 4 segments released per
scenario.

Baseline assumed no heat.
Large value to consider severe
effects.

Baseline determined from
release building dimensions.
Uncertainty due to proximity of
buildings.

Baseline determined from
release building dimensions.
Uncertainty due to proximity of
buildings.

Baseline assumed value
indicative of suburban areas.
Value simulating desert
considered.

107%

102%

107%

97%

104%

93%

108% Increase in release
height decreases close-
in deposition. Large
downwind population
affected by relatively
undepleted plume.

101% Effect of buoyant plume
rise is analogous to
increase in release
height.

108% Increase in buoyancy
increases downwind
pop-dose. See release
height notes above.

96% Change in
concentration/deposition
near release affects
larger downwind
population.

106% Change in
concentration/deposition
near release affects
larger downwind
population.

90% Smaller desert
roughness lengths result
in lesser downwind
effects.

Meteorology Rainfall imposed at all times 60% 51% Entire decrease is due to
specification in last from 40 to 50 miles from release removing perpetual

spatial segment, to force conservative population rainfall (wet deposition)
LIMSPA exposure. and specifying

measured meteorology
in ring from 40 to 50

miles from site.

D.7.7.1 IMPACT ON SAMA ANALYSIS

Several different Level 3 input parameters have been examined as part of the PVNGS
MACCS2 sensitivity analysis. The primary reason for performing these sensitivity runs
was to identify any reasonable changes that could be made to the Level 3 input
parameters that would impact the conclusions of the SAMA analysis. While the table in
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Section D.7.7 summarizes the changes to the dose-risk and OECR estimates for each
sensitivity case, it was necessary to determine if any of these changes would result in
the retention of the SAMAs that were screened using the baseline results.

Of all the MACCS2 sensitivity cases, the largest increase in either dose-risk or OECR
was 7% and 8%, respectively (for both cases "Release Height (top of containment)"
and"Release Heat (10 MW per segment)"). The PVNGS MACR was recalculated using
these results to determine the impact of using the worst case for each parameter
simultaneously. The resulting MACR was $4,872,843, which is less than $12,603,600
calculated in Section D.7.1 for the 9 5 th percentile PRA results. The 9 5 th percentile PRA
results sensitivity is considered to bound this case and no SAMAs would be retained
based on this sensitivity that were not already identified in Section D.7.1.

D.7.8 CORRECTION OF REACTOR BUILDING WAKE HEIGHT

During the internal review of the SAMA analysis, a minor error was identified in the
Level 3 analysis. It was determined that the Reactor Building wake height was based
on the total height of the building 210 feet rather than the height above grade 190 feet
(APS 2008b), which resulted in a small, overestimation of the accident consequences.
Rather than perform the extensive rework that would be required to update the analysis
to eliminate this bias, the impact of the error has been documented here.

When the corrected wake height is used in place of the original height of the total
50-mile dose-risk decreases by 0.3% and the economic cost-risk decreases by 0.8%:

Impact of Wake Height Correction on Level 3 Model

Results

Dose-Risk OECR

Base Results 13.62 $14,929

Revised Wake Height 13.58 $14,814
Results

Percent Change - -0.3% -0.8%

A further breakdown of this information is provided below according to release category
for the internal events quantification:

Impact of Wake Height Correction: Results By Release Category

Release INTACT LATE- LATE- LATE- LATE-CHR- LATE-CHR- LATE-CHR- LERF- LERF-ISO LERF-CFE LERF- Sum of
Category BMMT- BMMT- BMMT- AFW NOAFW PDS2 BYPASS SGTR Annual

AFW NOAFW PDS2 Risk

Freq. 1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06
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(per yr)BASE

Freq. 1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06

(per yr)X.

Dose- 0.00 0.00 0.45 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62
RiSkBASE

Dose-Risk, 0.00 0.00 0.45 0.06 3.92 6.28 0.30 0.14 .0.16 0.00 2.27 13.58

OECRBASE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929

OECR..k $0 $0 $8. $1 $127 $10,046 $11 $445 $229 $0 $3,947 $14,814

Using the methodology provided in Section D.4, a revised MACR can be calculated.
The internal events results are summarized in the following table:

Maximum Averted Internal Events Cost-Risk for Revised
Wake Height

Off-site exposure cost = $408,476

Off-site economic cost = $222,797

On-site exposure cost = $3,138

On-site cleanup cost = $98,814

Replacement Power cost = $41,190

Total cost $774,415

Rounding the total cost-risk to the next highest thousand results in a single unit internal
events contribution of $775,000. In order to account for external events contributions,
this number is doubled to $1,550,000. The site MACR is obtained by multiplying the
single unit value by 3 to obtain $4,650,000, which is 0.4 percent less than the base case
MACR of $4,668,000.

This small reduction in the MACR has no impact on the Phase I screening analysis.

The small reduction in the both the overall MACR and the individual release category
results imply that the impact on the Phase II calculations is also small and that the
averted cost-risks for the SAMAs will go down (apart from any rounding issues). The
potential impact of incorporating the wake height correction is that a borderline cost
effective SAMA would be redefined as "not cost effective". Given that SAMAs 6 and 17
are both cost effective by a substantial margin when the 9 5 th percentile PRA results are
used, use of the incorrect reactor building wake height in the MACCS2 model has no
impact on the conclusions of the SAMA analysis.
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D.7.9 USE OF A 7 PERCENT REAL DISCOUNT RATE

A sensitivity study has been performed in order to identify how the conclusions of the
SAMA analysis might change based on the value assigned to the real discount rate
(RDR). The original RDR of 3 percent, which could be viewed as conservative, has
been changed to 7 percent and the maximum averted cost-risk was re-calculated using
the methodology outlined in Section D.4. The Phase 1 screening against the MACR
was re-examined using the revised MACR to identify any SAMA candidates that could
be screened from further analysis based on the premise that their costs of
implementation exceeded all possible benefit. In addition, the Phase 2 analysis was re-
performed using the 7 percent RDR.

Implementation of the 7 percent RDR reduced the MACR by 26.2 percent compared
with the case where a 3 percent RDR was used. This corresponds to a decrease in the
MACR from $4,668,000 to $3,444,000. The Phase 1 SAMA list was reviewed to
determine if such a decrease in the MACR would impact the disposition of any SAMAs.
It was determined that only SAMA 20 could have been screened in the Phase 1 if an
RDR of 7 percent were used in place of the 3 percent value.
The Phase 2 SAMAs were dispositioned based on the results of a SAMA specific cost-
benefit analysis. This step has been re-performed using the 7 percent real discount rate
to calculate the net values for the SAMAs.

As shown below, the determination of cost effectiveness did not change for any Phase 2
SAMA when the 7 percent RDR was used in lieu of 3 percent.

Phase 2 Results Summary for 7 Percent RDR Sensitivity

Averted Averted Change in
Cost of Cost-Risk Net Value Cost- Risk (7 Net Value Cost

Implement- (3 percent (3 percent percent (7 percent Effective-
SAMA ID ation RDR) RDR) RDR) RDR) ness?

SAMA 4 $5,498,862 $1,015,032 -$4,483,830 $742,224 -$4,756,638 No

SAMA 6 $363,374 $352,815 -$10,559 $260,076 -$103,298 No

SAMA 8 $3,125,000 $835,689 -$2,289,311 $605,898 -$2,519,102 No

SAMA 10 $3,000,000 $278,154 -$2,721,846 $207,483 -$2,792,517 No

SAMA 11 $3,000,000 $109,299 -$2,890,701 $79,707 -$2,920,293 No

SAMA13 $3,000,000 $32,145 -$2,967,855 $24,'489 -$2,975,511 No

SAMA 15 $1,642,698 $343,080 -$1,299,618 $249,012 -$1,393,686 No

SAMA 17 $410,473 $200,346 -$210,127 $146,439 -$264,034 No

SAMA 19 $4,661,682 $177,645 -$4,484,037 $131,064 -$4,530,618 No

SAMA 20 $3,625,692 $82,569 -$3,543,123 $60,918 -$3,564,774 No

SAMA 21 $3,365,514 $15,012 -$3,350,502 $11,076 -$3,354,438 No

SAMA 22 $3,272,100 $13,761 -$3,258,339 $10,152 -$3,261,948 No

SAMA 23 $415,620 $106,278 -$309,342 $76,056 -$339,564 No
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D.8 CONCLUSIONS

The benefits of revising the operational strategies in place at PVNGS and/or
implementing hardware modifications can be evaluated without the insight from a
risk-based analysis. Use of the PRA in conjunction with cost-benefit analysis
methodologies has, however, provided an enhanced understanding of the effects of the
proposed changes relative to the cost of implementation and projected impact on off-
site dose and economic impacts. The results of this study indicate that of the identified
potential improvements that can be made at PVNGS, two are cost beneficial based on
the methodology applied in this analysis and the cost estimates that have been
developed for the SAMA analysis.

The baseline Phase II analysis indicates that none of the SAMAs have a positive net
value. However, when the 9 5 th percentile PRA results are considered, the following two
SAMAs are cost beneficial:

SAMA 6: Develop Procedures to Guide Recovery Actions for Spurious Electrical
Protection Faults

SAMA 17: Modify the Procedures to Preclude RCP Operations that Would Clear the
Water Seals in the Cold Leg After Core Damage

SAMA 6 requires the development of completely new procedures to provide explicit
guidance to address cases where spurious electrical protection faults preclude use of
the emergency buses. In reality, the plant staff members are trained to recover from
these events, but the credit that can be taken in the PRA for such action is extremely
limited. The implication is that the benefit shown for this SAMA may be somewhat
overstated, but at the same time, there is likely a real benefit related to formalizing the
recovery process for these types of events. This SAMA should be considered for
implementation.

SAMA 17 is another procedure-related SAMA. In this case, it is directed at providing
explicit guidance to aid operators in preventing TI SGTR after core damage.
Specifically, the procedures would be enhanced to direct the operators not to operate
the RCPs after core damage so that the water seal is not removed from the cold leg.
Without the water seal, high temperature gases from the core could flow into the steam
generators and degrade their integrity. This change would not impact the PVNGS CDF,
but it does have a meaningful impact of the plant's post core damage response. It is
suggested that this SAMA be considered for potential implementation.

SAMA 23 provided cost-risk analysis for procedure enhancements to direct steam
generator flooding for release scrubbing. Although SAMA 23 concluded with a negative
net value, follow-up discussions with Operations personnel and PVNGS Management
resulted in a decision to consider this SAMA for potential implementation
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In summary, three relatively low cost SAMAs (SAMAs 6, 17 and 23) have been
identified as cost beneficial and are suggested for potential implementation at PVNGS.
While these results are believed to accurately reflect potential areas for improvement at
the plant, APS notes that this analysis should not necessarily be considered a formal
disposition of these proposed changes as other engineering reviews are necessary to
determine the ultimate resolution. APS will consider the three SAMAs (6,17 and 23)
identified in the analysis using the appropriate PVNGS design process.
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Figure D.2-1
Internal Events CDF Distribution by Initiator

Palo Verde Nuclear Generating Station
Environmental Report for License Renewal

Page D-121



Attachment D
Severe Accident Mitigation Alternatives Analysis

r

1.00E-04

1.00E-05

I.00E-06

1.00E-07

I.OOE-08

I .OOE-09

% 0

Release Category

Figure D.2-2
Refined Release Category Frequency Summary
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D.1O TABLES

TABLE D.2-1
Top 40 internal event-importances by

Fussell-Vesely

NO Name FV

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1AFAP01 ---- TPAFR

IELOOP

SBO-SEQUENCE

1SPURMFWTRIP-20P

LOOP-RECOVR3-2PW

1AFA-RECOVERABLE

1ALFW-NOMFW---HR

IEPBA

1 PE-CC1 DGAFR-ALL

IEMISC

1ALFW---MFW---HR

1AFBP01 ---- MPAFR

1 RPS-RODDROP-2OP

1AFBV025---NVNRM

1PEAGO1 ---- DGAFR

1 PBAS03LBKXCXAXX

1AFN-NOMFW ---- HR

1PEBG02 ---- DGAFR

AGT-FAILSTRT-2HR

IECPST

I EATWS4

1MTC-UNFAV---20P

1AFNP01 ---- MPAFR

LOOP -....--- 2PW

1AF-CC1 MPAFS-ALL

IETT

ANANS07-138EXBPW

1AFBP01 ---- MPAFS

1ALFW-NOMFWND-HR

3.210E-001

3.018E-001

2.332E-001

1.897E-001

1.848E-001

1.711E-001

1.536E-001

1.420E-001

1.205E-001

1.171E-001

9.481 E-002

9.415E-002

9.042E-002

8.644E-002

8.091 E-002

8.068E-002

7.892E-002

7.843E-002

7.776E-002

7.534E-002

7.356E-002

7.351 E-002

7.118E-002

7.075E-002

6.114E-002

5.732E-002

5.576E-002

5.044E-002

5.012E-002
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TABLE D.2-1
Top 40 internal event-importances by

Fussell-Vesely

NO Name FV

30 IESLOCA 4.976E-002

31 1AFN-NOMFW-ND-HR 3.600E-002

32 IEPBB 3.414E-002

33 1PBAS03-416BSEPW 2.961E-002

34 1AFA-NOMFW ---- HL 2.756E-002

35 1AFNP01 ---- MPAFS 2.737E-002

36 IEMLOCA 2.531E-002

37 1AF-CC1MPAFR-ALL 2.505E-002

38 1AFNSYS---AFNCM 2.495E-002

39 1AF-CC2MV-FO-ALL 2.470E-002

40 1AF-CC1MV-F-ALL 2.470E-002
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TABLE D.2-2
REFINED RELEASE CATEGORY SEQUENCE FREQUENCY TOTALS

Release Category DESCRIPTION CONTRIBUTING FREQUENCY PERCENT
LEVEL 2

SEQUENCES

INTACT Containment remains intact PDS3:0005 1.72E-07 3.3%

LATE-BMMT-AFW Late containment failure due to base- PDS3:0002 4.92E-07 9.4%
mat melt-through with AFW available

LATE-BMMT-NOAFW Late containment failure due to BMMT PDS3:0009 1.85E-06 35.3%
with AFW not available PDS3:0014

LATE-BMMT-PDS2 LOCA or RCS depressurized case with PDS2:0019 5.00E-07 9.5%
late containment failure due to BMMT

LATE-CHR-AFW Late overpressure containment failure PDS3:0003 1.28E-06 24.4%
due to containment heat removal (CHR) PDS6:0003

unavailable, but with AFW available

LATE-CHR-NOAFW Late overpressure cdntainment failure PDS3:0006 5.46E-07 10.4%
due to CHR failure, and with AFW PDS3:0010

unavailable PDS3:0015
PDS6:0007
PDS6:0011
PDS6:0016

LATE-CHR-PDS2 Late overpressure containment failure PDS2:0020 1.21 E-07 2.3%
due to containment heat removal (CHR)

unavailable, but with AFW available

LERF-BYPASS LERF containment bypass scenarios PDS1A:0025 1.51 E-08 0.3%
that result from ISLOCA initiators

LERF-ISO LERF scenarios due to undetected pre- PDS2:0023 9.33E-09 0.2%
existing or subsequent containment PDS3:0023

isolation failure PDS6:0024
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TABLE D.2-2
REFINED RELEASE CATEGORY SEQUENCE FREQUENCY TOTALS

Release Category DESCRIPTION CONTRIBUTING FREQUENCY PERCENT
LEVEL 2

SEQUENCES

LERF-CFE LERF sequences with early N/A 0.00 0.0%
containment failure due to severe

accident phenomena at or near the time
of vessel failure

LERF-SGTR LERF bypass scenarios that result from PDS11B:0025 2.53E-07 4.8%
early SGTR scenarios PDS3:0012

PDS3:0017
PDS6:0013
PDS6:0018

SERF Early releases that have the source N/A 0.00 0.0%

term reduced from LERF due to some
phenomenological means

Total: Sum of all the contributing release categories. 5.24E-06 100.0%
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TABLE D.3-1
ESTIMATED PVNGS CORE INVENTORY

NUCLIDE

Kr-83m

Kr-85

Kr-85m

Kr-87

Kr-88

Br-84

Rb-88

Rb-89

Sr-89

Sr-90

Sr-91

Y-90

Y-91

Y-91m

Y-95

Zr-95

Nb-95

Mo-99

Tc-99m

Ru-103

Ru-106

Sb-129

Te-129

Te- 129m

Te-131m

Te-132

1-129

1-131

CORE
INVENTORY

(CURIES)

1.66E+07

1.38E+06

5.19E+07

8.58E+07

1.28E+08

3.05E+07

1.08E+08

1.40E+08

1.32E+08

1.10E+07

1.74E+08

1.15E+07

1.68E+08

1.02E+08

2.01 E+08

2.14E+08

2.36E+08

1.99E+08

1.74E+08

1.63E+08

5.75E+07

3.40E+07

3.34E+07

4.95E+06

1.53E+07

1.52E+08

4.19E+06

1.OOE+08

NUCLIDE

1-132

1-133

1-134

1-135

Xe-131m

Xe-1 33

Xe-133m

Xe-135

Xe- 135m

Xe-1 38

Sb-131

Te-131

Te-133

Te-1 33m

Te-1 34

Cs-1 34

Cs-135

Cs-136

Cs-137

Cs-1 38

Ba-1 37m

Ba-140

La-140

La-143

Ce-143

Ce-144

Pr-143

Pr-144

CORE
INVENTORY

(CURIES)

1.52E+08

2.24E+08

2.62E+08

2.03E+08

1.04E+06

2.24E+08

5.51 E+06

2.14E+08

7.26E+07

1.98E+08

8.98E+07

9.54E+07

1.31E+08

9.14E+07

2.12E+08

2.22E+07

5.47E+01

5.59E+06

1.47E+07

2.16E+08

1.40E+07

1.98E+08

2.11E+08

1.86E+08

1.85E+08

1.66E+08

1.76E+08

1.67E+08
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TABLE D.3-2
ACCIDENT RELEASE CATEGORY FREQUENCIES AND SOURCE TERMS

RELEASE INTACT LATE-BMMT- LATE-BMMT- LATE-BMMT- LATE-CHR- LATE-CHR-
CATEGORY AFW NOAFW PDS2 AFW NOAFW

FREQUENCY 1.72E-07 4.92E-07 1.85E-06 5.01 E-07 1.28E-06 5.46E-06

Release
Fraction by
Release and
Source Term

Category

Xe/Kr 9.41E-04 1.OOE+00 1.00E+00 1.00E+00 1.OOE+00 1.00E+00

I 1.60E-07 4.00E-06 1.10E-03 3.30E-04 1.20E-02 2.30E-01

Cs 1.23E-07 1.98E-06 2.56E-04 1.19E-04 3.92E-03 5.22E-02

Te 3.00E-10 1.70E-05 6.50E-09 9.00E-07 3.40E-04 1.00E-03

Sr 1.40E-08 3.00E-07 9.OOE-08 2.OOE-07 4.70E-06 1.40E-05

Ru 3.1OE-08 6.OOE-07 1.00E-07 2.30E-07 1.OOE-06 1.40E-05

La 1.40E-08 1.60E-07 5.00E-09 1.0OE-08 5.40E-07 1.30E-06

Ce 1.40E-08 2.20E-07 9.00E-08 1.50E-07 4.30E-06 2.30E-05

Ba 2.1OE-08 6.00E-07 2.60E-07 3.OOE-07 9.00E-06 2.50E-05

Sb 2.OOE-07 1.10E-05 7.20E-05 5.OOE-05 6.10E-02 1.70E-02

Release time (hr 2-48a / 2-4 34.9-72/ 21.6-40 / 21.6- 16.9-40 / 16.9- 44.8-46.8 / 23.1-25.1/
from scram) of 4-12 72 20 44.8-72 23.1-72
majority of noble
gas / Cs release

Sequence LATE-CHR- LERF-BYPASS LERF-ISO LERF-CFE LERF-SGTR
PDS2

Frequency 1.21E-07 1.51E-08 9.33E-09 0.OOE+00 2.53E-07

Release
Fraction by
Release and
Source Term

Category

Xe/Kr 1.00E+00 1.OOE+00 1.OOE+00 1.0OE+00 8.80E-01

I 8.80E-03 9.70E-01 3.30E-01 6.90E-02 1.60E-01

Cs 2.93E-03 9.70E-01 2.01 E-01 4.14E-02 9.58E-02

Te 1.70E-03 3.10E-03 1.20E-03 7.30E-04 2.30E-04

Sr 5.30E-04 7.60E-02 1.70E-02 6.80E-03 7.60E-04

Ru 1.70E-04 6.30E-02 1.30E-01 8.30E-03 3.60E-02

La 2.80E-05 2.90E-03 1.20E-02 3.00E-03 1.70E-04

Ce 6.70E-05 3.90E-02 1.50E-02 7.OOE-03 4.40E-04

Ba 4.90E-04 7.50E-02 4.OOE-02 6.91 E-03 1.60E-02

Sb 4.60E-03 5.O0E-01 3.40E-01 1.70E-01 2.1OE-01

Release time (hr 37.7-40/ 0.2-1.2/ 1.1-7/ 1.1-7 2.8-5/2.8-7 2.1-3.1/
from scram) of 37.7-72 0.2-1.2 2.1-4
majority of noble
gas / Cs release
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TABLE D.3-3
MACCS RELEASE CATEGORIES VS.

PVNGS RELEASE CATEGORIES

MACCS SOURCE TERM
CATEGORIES

PVNGS SOURCE TERM CATEGORIES

Xe/Kr

Cs

Te

Sr

Ru

La

Ce

Ba

Sb (supplemental category)

1 - noble gases

2 - Csl

2 & 6 - Csl and CsOH

3 & 11- TeO2 & Te 2

4 - SrO

5 - MoO 2 (Mo is in Ru MACCS category)

8 - La 2 03

9 - CeO2 & U0 2

7 - BaO

10-Sb

TABLE D.3-4
GENERAL EMERGENCY DECLARATION TIMES

(HOURS FROM REACTOR TRIP)

RELEASE LATE- LATE- LATE-
CATEGORY LATE- BMMT- BMMT- LATE- CHR-

INTACT BMMT-AFW NOAFW PDS2 CHR-AFW NOAFW

G.E. Time 2.1 1.1 1.7 0.5 7.9 2.1

RELEASE LATE-
CATEGORY CHR- LERF- LERF-

PDS2 BYPASS LERF-ISO LERF-CFE SGTR

G.E. Time 5.0 0.2 1.1 1.7 2.1

TABLE D.3-5
RESULTS OF PVNGS LEVEL 3 PRA ANALYSIS (ANNUAL RISK)

RELEASE INTACT LATE- LATE- LATE- LATE- LATE- LATE- LERF- LERF- LERF- LERF- SUM OF
CATEGORY BMMT- BMMT- BMMT- CHR- CHR- CHR- BYPASS ISO CFE SGTR ANNUAL

AFW NOAFW PDS2 AFW NOAFW PDS2 RISK

Freq. 1.720E-07 4.920E-07 1.850E-06 5.010E-07 1.280E-06 5.460E-07 1.210E-07 1.510E-08 9.330E-09 0.000E+00 2.530E-07 5.24E-06

(per Yr)SeSE

Dose-RiskSAsE 0.00 0.00 0.45' 0.06 3.96 6.28 0.30 0.14 0.16 0.00 2.27 13.62

OECRBAsE $0 $0 $9 $1 $128 $10,156 $11 $447 $230 $0 $3947 $14,929
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TABLE D.5-1
LEVEL 1 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1AFAP01----TPAFR 7.61E-02 1.473 #EOOS# AFW Pump A Fails to Run
24 Hours

IELOOP 2.13E-02 1.432 INITIATING EVENT - Loss of Off-Site
Power at Switchyard

SBO-SEQUENCE

1SPURMFWTRIP-20P

LOOP-RECOVR3-2PW

1.OOE+00

1.20E-01

2.OOE-01

1.304 FLAG: Station Blackout (SBO)
Sequence

1.234 Main FW Pumps Spurious Trip
Following Reactor Trip

1.227 Off-Site Power (via Switchyard) Non-
Recovery Within 3 Hours

The contributors to the importance of this event are diverse and while no
particular scenario dominates, there are multiple potential enhancements that
could mitigate the circumstances. One change that could impact most
accident scenarios would be enhancing the primary system such that it could
support feed and bleed cooling (SAMA 1), which is a general observation
about the plant. Others include: replace one low pressure condensate pump
with a high pressure motor driven pump and add hotwell makeup controls to
the MCR from a non-CST source (SAMA 2), install an independent AFW
system with a dedicated power supply (SAMA 3).

Almost 80% of the LOOP contributors are SBO sequences. These evolutions
can be addressed by using a 480V AC generator to provide power to the
class 1E battery chargers so that DC power is maintained to support long
term operation of the TD AFW pump from the MCR. Primary side makeup is
also required due to SBO induced seal LOCAs. Given that the 480V AC
generator is sized appropriately, it could be used to power the charging
pumps to provide makeup flow (SAMA 4).

These evolutions can be addressed by using a 480V AC generator to provide
power to the class 1 E battery chargers so that DC.power is maintained to
support long term operation of the TD AFW pump in the MCR. .Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

Approximately 75% of the contributors including this event are evolutions in
which MFW is not available and the operators fail to depressurize the SGs
and align AItFW for makeup. These cases could be mitigated by replacing
one of the LP condensate pumps with a high pressure motor driven pump in
conjunction with the addition of hotwell makeup controls located in the MCR
(SAMA 2). About 60% of the contributors including this event are evolutions
in which the "A" emergency bus fails. This could be mitigated by providing an
automatic power transfer switch to the AFN-P01 pump so that it could rapidly
transition to "B" division power in these cases (SAMA 5). Developing
procedures to address spurious electrical protection faults could enhance
power recovery (SAMA 6).

Over 97% of the cutsets including LOOP-RECOVR3-2PW are SBO
evolutions and use of a portable 480V AC generator to provide power to the
division 1 battery chargers and the charging pumps would provide a means
of maintaining long term primary and secondary side makeup (from the MCR)
(SAMA 4).

Attachment DSevere Accident Mitigation Alternatives Analysis
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TABLE D.5-1
LEVEL I IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1AFA-RECOVERABLE 1.00E+00 1.206 FLAG: Cutset is Recoverable by RE-
AFA-LCL*

About 65% of the cutsets including the this flag include failure of division 1
power (mostly ESF bus failure) such that the non-essential aux feed pump
(AFN-PO0) is unavailable due to lack of power. If an auto transfer switch
were installed such that loss of the normal power supply would result in auto
transfer of power to the remaining division, AFN-P01 could be used to
provide makeup to the SGs (SAMA 5). Alternatively, about the same
contribution could be addressed by replacing one of the low pressure
condensate pumps with a high pressure pump and the MCR could be
updated to include controls to allow remote alignment of Hotwell makeup
(SAMA 2). Given loss of MFW is a condition of many of the contributors that
include the "lAFA-RECOVERABLE" event, the effectiveness of this SAMA
would depend on the cause of the MFW failure in the some events may also
render Condensate unavailable. A potentially more cost effective solution
would be'to develop procedures to address the portion of the bus failures
caused by spurious electrical protection faults (SAMA 6).

1ALFW-NOMFW--HR

IEPBA

1 .70E-01

3.65E+02

1.181 CR Ops Fails to Depress SG &
Supply ALTFW (MFW Not Avail)

1.166 INITIATING EVENT - Loss of Train A
ESF Bus

Over 72% of the cutsets including this action include failure of division 1
power (mostly ESF bus failure). In these cases, SG makeup is available, but
the operator action to align it fails. As a result, providing additional SG
makeup sources alone would not be highly beneficial due to operator
dependence issues. If an auto start signal were provided for AFN-P01 in
conjunction with an automatic power transfer switch, a fully automated
backup SG makeup source would be available to mitigate these contributors
(SAMA 7).

Most of the contribution from the event is linked to the failure of the AFA-P01
and AFN-P01 AFW pumps due to power dependence and the subsequent
failure of AFB-P01. Installing an automatic transfer switch that could provide
alternate power to AFN-P01 without operator intervention would eliminate
most of these contributors (SAMA 5). A potentially more cost effective
solution would be to develop procedures to address the portion of the bus
failures caused by spurious electrical protection faults (SAMA 6).
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TABLE D.5-1

LEVEL 1 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1PE-CC1DGAFR-ALL 2.01E-03 1.137 Diesel Generator (DG) Group Fail to
Run - PEAGO0, PEBG02

IEMISC

1ALFW--MFW--HR

7.93E-01

2.50E-02

1.133 INITIATING EVENT - Miscellaneous
Transients (Uncomplicated Reactor
Trip)

1.105 CR Ops Fails to Depress SG &
Supply ALTFW (MFW Avail)

Over 70% of the EDG A/B common cause failure (CCF) contributors are SBO
sequences. These evolutions can be addressed by using a 480V AC
generator to provide power to the class 1 E battery chargers so that DC power
is maintained to support long term operation of the TD AFW pump from the
MCR. Primary side makeup is also required due to SBO induced seal
LOCAs. Given that the 480V AC generator is sized appropriately, it could be
used to power the charging pumps to provide makeup flow (SAMA 4). About
35% of the contributors include the failure to direct the start of the GTGs;
these failures could be addressed providing the GTGs with the capability to
auto start and load on ESF bus undervoltage. Inclusion of a time delay on
the start signal could be used to ensure that GTGs are not started until it is
clear that auto start of the EDGs has failed (SAMA 8).

The contributors including this event are comprised of a variety of AFW
hardware failures, AFW alignment errors, and AFW support system failures.
Failure of the AFA-P01 to run for 24 hours is included in 63% of the cutset
contribution, but the pump's importance is driven by a diverse set of AFB-
P01, AFN-P01, and ALTFW failures. Installing an independent AFW system
is an option that would address these cases (SAMA 3). A smaller portion of
the contribution (33%) is related to the failure to depressurize the SGs and
align ALTFW. These contributions could be reduced by maintaining MFW as
the primary source for SG makeup through establishment of SDC by
replacing one of the low pressure condensate pumps with a high pressure
pump and providing hotwell makeup (controlled from the MCR) (SAMA 2).

Over 80% of the contributors including this event also include a running
failure for AFA-P01. The reliability of steam driven pump AFA-P01 appears
to be an obvious area of attention that could be addressed by replacing it with
a more reliable motor driven pump. However, AFA-P01 provides diversity to
the AFW system and is the only pump that could operate for any time in an
SBO. For this reason alone, AFA-P01 should not be replaced by a motor
driven pump. A potential solution would be to replace one of the Condensate
pumps with a high pressure pump and provide the MCR with controls that
would allow the operators to align a long term suction source to the hotwell
(SAMA 2). A small portion of the contribution (35%) could be addressed by
installing an automatic power transfer switch on the AFN-P01 pump to
improve the operators ability to align the pump to the alternate power source
(SAMA 5).
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TABLE D.5-1
LEVEL 1 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1AFBP01 ---- MPAFR 3.1OE-03 1.104 AFW Pump B Fails to Run 24 Hours About 50% of the contributors include a failure of the operators to start AFN-
P01 or a power failure eliminates the normal power supply to the pump. If
AFN-P01 were provided with an automatic power transfer switch and an
automatic start signal on low SG level, these contributors would be greatly
reduced (SAMA 7). Alternatively, for the scenarios in which the Condensate
System remains available, one of the low pressure condensate pumps could
be replaced with a high pressure pump and the MCR could be updated to
include controls to allow remote alignment of Hotwell makeup (SAMA 2).
This would allow the plant to retain a normally running system through the
transition to SDC.

1 RPS-RODDROP-20P

1AFBV025---NVNRM

1PEAGO1 ---- DGAFR

1 PBAS03LBKXCXAXX

2.1 OE-06

1.96E-03

3.41 E-02

6.50E-06

1.099 #EOOS# Failure to Drop Sufficient
CEAs to Prevent RCS Over-pressure

1.095 AFW Pump B Discharge Isolation
Valve Not Restored After Mntc

1.088 #EOOS# DGA Fails to Run

1.088 Spur Elect Prot on Train A ESF Bus
Locks Out All Power Sources

Over 80% of the contribution for this event is related to event 1 MTC-UNFAV--
-20P, which represents the presence of an MTC that corresponds to an
anticipated transient without scram (ATWS) heat balance above the pressure
limits of the RCS. A potential solution would be to install a backup CEA drive
system to force the CEAs into the core when normal insertion fails (SAMA 9).

About 45% of the contributors including this event also include a failure to
depressurize the SGs and align Alternate FW. These events could be
mitigated by replacing a low pressure condensate pump with a high pressure
pump and retaining MFW as the primary SG makeup source after a plant trip
(SAMA 2). Cases where this SAMA would not be effective include LOOPs,
main steam isolation cases, and potentially some of those where MFW is
unavailable. Approximately 45% of the contribution is linked to the failure of
the AFA-P01 and AFN-P01 AFW pumps due to power dependence and the
subsequent failure of AFB-P01. Installing an automatic transfer switch that
could provide alternate power to AFN-POI without operator intervention
would eliminate most of these contributors (SAMA 5).

Over 83% of the EDG A failure contributors are SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

The cutsets including this event are characterized by power failures that
eliminate both AFA-P01 and AFN-P01. Providing an automatic transfer
switch on the AFN-P01 power supply would improve the reliability of the
power transfer after loss of division 1 power and greatly reduce the
contributions from these events (SAMA 5). Another potential option is to
proceduralize steps to recover from spurious trips such that power could be
restored in relatively short order (SAMA 6).
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TABLE D.5-1
LEVEL 1 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1AFN-NOMFW---HR 3.20E-03 1.086 CR Operator Fails to Align AFN The cases involving failure to manually start AFN-P01 could be mitigated by
(MFW Lost)

1PEBG02----DGAFR

AGT-FAILSTRT-2HR

IECPST

IEATWS4

1MTC-UNFAV--20P

3.41 E-02

1.60E-01

3.50E-02

8.11E-01

2.OOE-01

1.085 #EOOS# DGB Fails to Run

1.084 CR Operators Fail to Direct WRF
Operator To Start GTGs

1.081 INTIATING EVENT - Loss of All
Condensate Pumps

1.079 INTIATING EVENT - No Turbine Trip
with MFW - ATWS Category 4

1.079 MTC Unfavorable Regardless of
AFW or Turbine Trip

providing a signal that would auto start AFN-P01. The signal could be
established so that it would be generated at a point where it is clear that AFA-
P01 and AFB-P01 have failed to start. As this signal would be diverse from
the existing AFW start signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures (SAMA 10).

Over 86% of the EDG B failure contributors are SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

These failures could be addressed providing the GTGs with the capability to
auto start and load on ESF bus undervoltage. Inclusion of a time delay on
the start signal could be used to ensure that GTGs are not started until it is
clear that auto start of the EDGs has failed (SAMA 8). Alternatively, these
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

Loss of all condensate pumps eliminates MFW (and Alt FW) as a source of
SG makeup and different combinations of AFW pump failures remove the
remaining source of SG makeup. Installation of an independent AFW system
would provide a diverse means of supplying makeup to the SGs (SAMA 3).
A dedicated power source could be helpful in other scenarios, but loss of
power is not important for IECPST. In order to address those other important
scenarios, such as divisional power failures, an independent power supply is
included in the SAMA design.

Over 90% of the contributions including this initiating event are related to
event 1MTC-UNFAV--20P, which corresponds to an ATWS heat balance
above the pressure limits of the RCS. A potential solution would be to install
a backup CEA drive system to force the CEAs into the core when normal
insertion fails (SAMA 9).

This represents the presence of an MTC that corresponds to an ATWS heat
balance above the pressure limits of the RCS. A potential solution would be
to install a backup CEA drive system to force the CEAs into the core when
normal insertion fails (SAMA 9).
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1AFNP01---MPAFR 3.1OE-03 1.077 AFW Pump N Fails to Run for 24 Failure of AFN-P01 implies that MFW, AFA-P01, and AFB-P01 have also
Hours

LOOP ------- 2PW

1AF-CC 1MPAFS-ALL

IETT

ANANS07-138EXBPW

2.32E-03

2.94E-05

3.90E-01

1.16E-02

1.076 Loss of Off-Site Power to Switchyard
Post Trip

1.065 AF Electric Pumps Fail to Start -
AFBP01, AFNP01

1.061 INITIATING EVENT - Turbine Trip
(Load Rejection)

1.059 Buried Power Cables From GTGs to
Unit Fail

failed to provide SG makeup. The contributors to these failures are diverse
and apart from establishing an independent AFW system (SAMA 3), a single
plant change to address all of these failures has not been identified. Under
50% of the contributors could potentially be addressed by replacing one of
the low pressure condensate pumps with a high pressure pump so that MFW
could be maintained as the SG makeup source after a plant trip (SAMA 2).

Many of the evolutions with this even result in SBOs that can be addressed
by using a 480V AC generator to provide power to the class 1 E battery
chargers so that DC power is maintained to support long term operation of
the TD AFW pump in the MCR. Primary side makeup is also required due to
SBO induced seal LOCAs. Given that the 480V AC generator is sized
appropriately, it could be used to power the charging pumps to provide
makeup flow (SAMA 4). Alternatively, providing an auto start function for the
GTGs on low bus voltage would address over 55% of the risk for these cases
(SAMA 8).

Almost 90% of the contributors including 1AF-CC 1MPAFS-ALL also include
failure of AFA-P01 to run (1AFAP01----TPAFR). These cases could be
addressed by replacing one low pressure condensate pump with a high
pressure motor driven pump and adding hotwell makeup controls to the MCR
from a non-CST source (SAMA 2) (not effective for the cases with
Condensate failures), or by installing an independent AFW system with a
dedicated power supply (SAMA 3).

About 45% of the contributors that include this event could be mitigated if a
low pressure condensate pump were replace with a high pressure pump so
that MFW could be maintained as the primary source of SG makeup after a
trip (provided that the long term suction source is not the CST) (SAMA 2).
The remainder of the contributions are comprised mostly of various failure
combinations of AFW hardware that could be addressed by an independent
AFW system (SAMA 3).

Over 86% of the contributions including ANANS07-138EXBPW are SBO
evolutions and use of a portable 480V AC generator to provide power to the
"division 1 battery chargers and the charging pumps would provide a means
of maintaining long term primary and secondary side makeup (from the MCR)
(SAMA 4).
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1AFBP01---MPAFS 1.1 5E-03 1.053 AFW Pump B Fails to Start If an automatic transfer switch were installed such that loss of the normal
power supply would result in automatic transfer of power to the remaining
division, AFN-P01 could be used to provide makeup to the SGs (SAMA 5). A
potentially more cost effective solution would be to develop procedures to
address the portion of the bus failures caused by spurious electrical
protection faults (SAMA 6). Alternatively, one low pressure condensate
pump could be replace with a high pressure pump and the MCR could be
updated to include Hotwell makeup controls so that Main FW could be
retained as the primary source for SG makeup after a plant trip (SAMA 2).

1ALFW-NOMFWND-HR

IESLOCA

1AFN-NOMFW-ND-HR

3.50E-01

3.60E-04

2.20E-01

1.053 CR Operator Fails to Align AFN
(MFW Lost) - No Diagnosis

1.052 INITIATING EVENT - Small Loss of
Coolant Accident

1.037 CR Operator Fails to Align AFN
(MFW Lost) - No Diagnosis

The evolutions that include these events include the failure of MFW, by
definition, and various other failures that eliminate AFW, including CCF,
independent pump failures, and power failures. Providing more reliable
secondary side heat removal would require an additional SG makeup source
that depends less on operator intervention. This could be accomplished by
automating secondary side depressurization for ALT FW injection, but a more
credible choice may be to replace one of the low pressure condensate pumps
with a higher pressure pump such that FW could be maintained in operation
after a plant trip. Providing MCR controls for Hotwell makeup would improve
the reliability of maintaining FW in operation in the long term (SAMA 2).

The contributors for the SLOCA initiator are diverse with the largest single
contributor being the failure of the operator to depressurize the PCS at 28
percent. The remaining contributors include combinations of sensor
miscalibrations and hardware failures, including sump suction valve failures,
spray pond pump actuation relay failures, miscalibration of the RWT level
sensors, and miscalibration of the pressurizer sensors. As a group, failures
of Essential Cooling Water to the SDC heat exchangers contribute to about
20% of the SLOCA scenarios. These cases could be addressed by using
Fire Protection Water or a direct connection to the Essential Spray Pond as
an alternate means of cooling the SDC heat exchangers (SAMA 11).

The cases involving failure to manually start AFN-P01 could be mitigated by
providing a signal that would auto start AFN-P01. The signal could be
established so that it would be generated at a point where it is clear that AFA-
P01 and AFB-P01 have failed to start. As this signal would be diverse from
the existing AFW start signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures (SAMA 10).
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IEPBB 3.65E+02 1.035 INITIATING EVENT - Loss of Train B Just as an automatic power transfer switch could be used to improve the
ESF Bus

1 PBAS03-416BSEPW

1AFA-NOMFW----HL

1AFNP01 ---- MPAFS

2.40E-06

4.20E-02

1.15E-03

1.031 #EOOS# Train A ESF Bus Fault

1.028 AO Fails to Locally Align AFAP01
After Recoverable Start Failure -
MFW Unavailable

1.028 AFW Pump N Fails to Start

reliability of AFN-P01, an automatic power transfer switch could be used for
the AFB-P01 power source (SAMA 12). Alternatively, about 35% of the
contributors including this event could be mitigate by creating a backup auto
start signal on a lower SG level and use it to start AFN-P01. Additional
benefit could be obtained by using the backup signal for AFW pumps AFA-
P01 and AFB-PO1 (SAMA 10).

Most of the contribution from the event is linked to the failure of the AFA-P01
and AFN-P01 AFW pumps due to power dependence and the subsequent
failure of AFB-P01. Installing an automatic transfer switch that could provide
alternate power to AFN-P01 without operator intervention would eliminate
most of these contributors (SAMA 5). A potentially more cost effective
solution would be to develop procedures to address the portion of the bus
failures caused by spurious electrical protection faults (SAMA 6).

About 57% of the contributors including 1AFA-NOMFW---HL also include the
failure of the operators to direct the start of the GTGs. These cases could be
addressed through installation of a GTG auto start signal on low emergency
bus voltage (SAMA 8).

Failure of AFN-P01 implies that MFW, AFA-P01, and AFB-P01 have also
failed to provide SG makeup. The contributors to these failures are diverse
and apart from establishing an independent AFW system (SAMA 3), a single
plant change to address all of these failures has not been identified. Under
50% of the contributors could potentially be addressed by replacing one of
the low pressure condensate pumps with a high pressure pump so that MFW
could be maintained as the SG makeup source after a plant trip (SAMA 2).

Over 42% of the MLOCA contribution comes from a single cutset, which
represents the failure to initiate hot leg injection within 3 hours of accident
initiation. However, this cutset corresponds to an RRW of only 1.01, which
corresponds to a potential averted cost-risk of only about $46,000. This
implies that the only potentially cost effective changes to address this action
are procedure changes. No procedure changes have been identified that
would reduce this HEP in a meaningful way. The remainder of the
contributor's together represent an RRW of only 1.014 and consist mostly of
valve and pump failures. While this contribution is low, providing a feed and
bleed capability would mitigate may of the relevant failures by allowing the
operators to depressurize the RCS and use only the LPSI system for injection
(SAMA 1).

IEMLOCA 2.70E-05 1.026 INITIATING EVENT - Medium Loss
of Coolant Accident
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1AF-CC1MPAFR-ALL 1.21E-05 1.026 AF Electric Pumps Fail to Run - Over 40% of the contributors including CCF of the electric AFW pumps could
AFBP01, AFNP01

1AFNSYS----AFNCM

1AF-CC2MV-FO-ALL

1AF-CC1MV-FO-ALL

IECONDVAC

1.05E-03

5.17E-05

5.17E-05

4.40E-02

1.026 Train N Auxiliary Feedwater
Unavailable Due to Maintenance

1.025 AF Injection Gate Valves Fail to
Open - AFAUV37; AFBUV34,
AFBUV35, AFCUV36

1.025 AF Injection Globe Valves Fail to
Open - AFAHV32, AFBHV30,
AFBHV31, AFCHV33

1.023 INTIATING EVENT - Loss of
Condenser Vacuum

be mitigated by replacing one low pressure condensate pump with a high
pressure pump so that MFW/Condensate could be maintained for SG
makeup after a plant trip (SAMA 2). The remaining contributors are diverse
and no single change would have an impact on a large number of them
beyond an independent AFW system (SAMA 3).

Failure of AFN-P01 implies that MFW, AFA-P01, and AFB-P01 have also
failed to provide SG makeup. The contributors to these failures are diverse
and apart from establishing an independent AFW system (SAMA 3), a single
plant change to address all of these failures has not been identified. Under
50% of the contributors could potentially be addressed by replacing one of
the low pressure condensate pumps with a high pressure pump so that MFW
could be maintained as the SG makeup source after a plant trip (SAMA 2).

About 40% of the contributors that include this event also include the
operator failure to initiate AFN-P01. These contributors could be mitigated by
providing a signal that would auto start AFN-P01. The signal could be
established so that it would be generated at a point where it is clear that AFA-
P01 and AFB-P01 have failed to start. As this signal would be diverse from
the existing AFW start signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures (SAMA 10).

About 40% of the contributors that include this event also include the
operator failure to initiate AFN-P01. These contributors could be mitigated by
providing a signal that would auto start AFN-P01. The signal could be
established so that it would be generated at a point where it is clear that AFA-
P01 and AFB-P01 have failed to start. As this signal would be diverse from
the existing AFW start signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures (SAMA 10).

About 40% of the contributors that include this event also include the
operator failure to initiate AFN-P01. These contributors could be mitigated by
providing a signal that would auto start AFN-P01. The signal could be
established so that it would be generated at a point where it is clear that AFA-
P01 and AFB-P01 have failed to start. As this signal would be diverse from
the existing AFW start signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures (SAMA 10). About 30%
of the contributors include operator failure to initiate Alt FW. These cases
could be mitigated by replacing one of the LP condensate pumps with a high
pressure motor driven pump in conjunction with the addition of hotwell
makeup controls located in the MCR (SAMA 2).
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1PEAG01----DG-CM 6.74E-03 1.021 DGA Unavailable Due to
Maintenance

IETCW

RE-CT-HV14-MV

8.92E-03

2.1 OE-01

1.021 INITIATING EVENT - Loss of Turbine
Cooling Water

1.021 Operator fails to locally recover AFN
suction valves

Over 65% of the contributors including this failure are SB0 sequences, which
can be addressed by providing a 480V AC generator that could support a
battery charger for long term TD AFW support and primary side makeup
using at least two charging pumps (SAMA 4). Many of the non-SB0 cases
would also be addressed by SAMA 4 as power could be supplied to the
division 1 battery chargers to support long term AFW operation.

A potential solution to addressing loss of TCW events would be to provide a
means of aligning alternate cooling water to the critical loads supplied by
TCW. These loads include the Instrument Air system and the upper bearing
oil coolers for the Condensate pumps. If a permanent, hard-piped connection
were provided between Fire Protection and these loads, the contribution from
loss of TCW events would be reduced (SAMA 13).

The failure probability for this recovery action is high, which is reasonable
given that the causes of the valve failure that necessitated the action are not
known and may be difficult to resolve. The need to open a failed valve to
establish a suction source for AFN-P01 could be greatly reduced if a
permanent, alternate, hardpiped water source were made available to AFN-
P01. Just as the RMWT serves as a backup to the CST for the essential
AFW pumps (not credited in the PRA), this water source could also be used
as a reliable inventory supply for AFN-P01 (SAMA 14).

AFW failure, through a multitude of combinations, is the primary contributor to
core damage in SGTR evolutions for PVNGS. In many of these cases, MFW
would still be available if it could be used continuously from trip to SDC
initiation. These cases could be mitigated by replacing one of the LP
condensate pumps with a high pressure motor driven pump in conjunction
with the addition of hotwell makeup controls (non-CST source) located in the
MCR (SAMA 2).

The contributors that include this event are diverse and no single change has
been identified to mitigate these contributors beyond an independent AFW
system (SAMA 3). Developing procedures to address spurious electrical
protection faults is a potential low cost SAMA (SAMA 6), but it would only
address about 8% of the contributors that include AFA-PO1 maintenance
events. Installing a connection to an emergency power supply could be
suggested for an MFW train to address LOOP scenarios, but these
contributors account for under 40% of the contributors that include AFA-P01
maintenance and major hardware changes would not be cost effective. The
maintenance plan for AFW is considered to be addressed and governed
through the Maintenance Rule and no changes are suggested to the AFW
system's maintenance schedule.

IESGTR

1AFASYS---AFACM

6.25E-03

2.75E-03

1.021 INITIATING EVENT - Steam
Generator Tube Rupture

1.020 Train A Auxiliary Feedwater
Unavailable Due to Maintenance
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1PBBS04KBLXCXAXX 6.50E-06 1.020 Spur Elect Prot on Train B ESF Bus Developing procedures to address spurious electrical protection faults could
Locks Out All Power Sources

1PEBG02----DG-CM

1SAA--LDSHED-2SA

HE-GTGSTRT--2HR

LOOP-RECOVR1-2PW

1PKBF12---BXAFS

1PK-CC1BXAFS-12

1NANS03AB-XCYKFT

6.74E-03

1.47E-06

2.50E-02

5.20E-01

2.91 E-04

2.88E-06

3.53E-03

1.020 DGB Unavailable Due to
Maintenance

1.019 #EOOS# Load Sequencer or LOP/LS
Module Causes Spur Load Shed

1.018 Adjustment Factor - Additional 1
Hour to Start GTGs Given AFA
Initially Runs

1.018 Off-Site Power (via Switchyard) Non-
Recovery Within 1 Hour

1.018 Channel B Battery Fails on Demand

1.017 125VDC Class IE batteries fail on
demand - PKAF11, PKBF12,
PKCF13, PKDF14

1.017 GTG Supply Bkr to ESF Serv X-fmr
NBN-X03 Fail to Close (Cntrl Ckt
Fault)

enhance power recovery (SAMA 6).

Over 90% of the EDG B maintenance contributors are SBO sequences.
These evolutions can be addressed by using a 480V AC generator to provide
power to the class 1 E battery chargers so that DC power is maintained to
support long term operation of the TD AFW pump from the MCR. Primary
side makeup is also required due to SBO induced seal LOCAs. Given that
the 480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

Over 90% of the cutsets including this flag include failure of division 1 power
(ESF bus failure) such that the non-essential aux feed pump (AFN-PO1) is
unavailable due to lack of power. If an auto transfer switch were installed
such that loss of the normal power supply would result in auto transfer of
power to the remaining division, AFN-P01 could be used to provide makeup
to the SGs (SAMA 5).

These failures could be addressed providing the GTGs with the capability to
auto start and load on ESF bus undervoltage. Inclusion of a time delay on
the start signal could be used to ensure that GTGs are not started until it is
clear that auto start of the EDGs has failed (SAMA 8).

The evolutions that include LOOP-RECOVR1-2PW are mainly SBO
sequences that can be addressed by providing a 480V AC generator for AFW
instrumentation and charging pump support (SAMA 4). Alternatively, nearly
70% of the contributors include the operator error to start the GTGs. These
scenarios can be mitigated by automating the start of the GTGs (SAMA 8).

About 45% of these contributors include a form of the operator action to
depressurize the SGs and initiate Alternate FW, which could be addressed by
replacing a condensate pump with a high pressure pump (SAMA 2).
However, a more cost effective way to treat battery failures may be to ensure
the battery chargers can provide 100% of the DC system demands so that
the station batteries are not required for DC system success (SAMA 15).

A potentially cost effective way to treat battery failures is to ensure the battery
chargers can provide 100% of the DC system demands so that the station
batteries are not required for DC system success (SAMA 15).

The scenarios involving 1 NANS03AB-XCYKFT are essentially all SBO
evolutions that can be addressed by providing a 480V AC generator for AFW
instrumentation and charging pump support (SAMA 4).
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1AFAP01----TPAFS 6.79E-03 1.017 AFW Pump A Fails to Start About 60% of the contributors that include this event also include the
operator failure to initiate AFN-P01. These contributors could be mitigated by
providing a signal that would auto start AFN-P01. The signal could be
established so that it would be generated at a point where it is clear that AFA-
P01 and AFB-P01 have failed to start. As this signal would be diverse from
the existing AFW start signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures (SAMA 10).

1 SAA2-K204-RX-SE

ANANS07A---XMDPW

ANANS07A--FUHOC

ANHNU5607--CB-FT

ANANS07D---CBOFT

1.20E-06

3.07E-03

3.01 E-03

3.OOE-03

3.OOE-03

1.015 #EOOS# LOP Group 2 US Spurious
Actuation Signal Due to K204 Spur
Energize

1.015 GTG Auxiliary Power Stepdown
Transformer Fails

1.015 GTG Auxiliary Power Bkr High
Voltage Fuse Premature Open

1.014 Transfer Switch NHN-U5607 Fails to
Transfer to emerg source (credits
manual action)

1.014 GTG Bus Supply.Breaker to Unit 1
Fails to Close (Local Fault)

The 1 SAA2-K204-RX-SE event is closely linked to the loss of "Train A ESF
Bus" initiating event. Installing an automatic transfer switch that could
provide alternate power to AFN-P01 without operator intervention would
eliminate most of these contributors (SAMA 5)

The cutsets including this event are essentially all SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

The cutsets including this event are essentially all SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pumpjfrom the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

The cutsets including this event are essentially all SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers.so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

The cutsets including this event are essentially all SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).
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1NANS03AB--CBOFT 3.OOE-03 1.014 #EOOS# GTG Supply Bkr to ESF The cutsets including this event are essentially all SBO sequences. These
Serv X-fmr NBN-X03 Fail to Close
(Local Fault)

1 SABAF-K222RXAFT

1AFAV016--NVNRM

1AFBV025--NV-RO

1AFN-CPWR ----- HL

3.27E-04

1.96E-03

3.01E-04

3.50E-02

1.014 #EOOS# AF Pump B Fails to Start
Due to K222 Failure

1.014 AFW Pump A Discharge Isolation
Valve Not Restored After Mntc

1.013 #EOOS# AFW Pump B Discharge
Isolation Valve Fails Closed

1.013 AO Fails to Align Backup Control
Power to AF Pump N (MFW Lost)

evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

If an automatic transfer switch were installed such that loss of the normal
power supply would result in automatic transfer of power to the remaining
division, AFN-P01 could be used to provide makeup to the SGs (SAMA 5). A
potentially more cost effective solution would be to develop procedures to
address the portion of the bus failures caused by spurious electrical
protection faults (SAMA 6). Alternatively, one low pressure condensate
pump could be replace with a high pressure pump and the MCR could be
updated to include Hotwell makeup controls so that Main FW could be
retained as the primary source for SG makeup after a plant trip (SAMA 2).

There are multiple, diverse, contributors that cause failure of SG makeup
related to AFW Pump A discharge isolation valve failure events. Some
portion (about 10 percent) could be eliminated by providing an automatic
transfer switch for the AFB-P01 power supply (SAMA 12). An independent
AFW system is also means of addressing these cases (SAMA 3). Given that
the valve 1PAFAV016 is locked open and that the position of the valve is
independently verified and documented after maintenance, no procedure
changes have been identified that would reduce the misalignment probability
in any measurable way.

If an automatic transfer switch were installed such that loss of the normal
power supply would result in automatic transfer of power to the remaining
division, AFN-P01 could be used to provide makeup to the SGs (SAMA 5).
This would address about 50% of the 1AFBV025---NV-RO contributions.
Alternatively, one low pressure condensate pump could be replace with a
high pressure pump and the MCR could be updated to include Hotwell
makeup controls so that Main FW could be retained as the primary source for
SG makeup after a plant trip (SAMA 2).

These failures could be mitigated by providing an automatic power transfer
switch to the AFN-P01 pump so that it could rapidly transition to "B" division
power in these cases (SAMA 5).
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1RCS-DEPRES--2HR 2.70E-01 1.013 CR Operators Fail to Initiate RCS Adding pressurizer PORVs, block valves, and enhancing the reactor drain
Depressurization

1HLI-3HR-OP--2HR

1PK-CClBXAFS-123

1PK-CC 1BXAFS-124

IEFWP

1PEAGO1 ---- DGAFS

2.00E-03

2.1 OE-06

2.1 OE-06

2.74E-02

3.72E-03

1.013 CR Operators Fail to Initiate Hot Leg
HPSI Injection w/i 3 Hours

1.013 125VDC Class 1E batteries fail on
demand - PKAF11, PKBF12,
PKCF13, PKDF14

1.013 125VDC Class 1E batteries fail on
demand - PKAF11, PKBF12,
PKCF13, PKDF14

1.012 INITIATING EVENT - Loss of Both
Feedwater Pumps

1.012 DGA Fails to Start

tank (SAMA 1) would provide both a means of rapidly depressurizing the
RCS and heat removal. This would improve the reliability of the
depressurization action by simplifying the steps required to initiate
depressurization and by reducing the time required for depressurization.

While the reliabilities of some operator actions suffer from lack of procedures
or poor procedure quality, this action is reasonably reliable, is proceduralized,
contains guidance that can help the operators recover some potential errors,
and is performed by operators in the simulator. No procedure changes have
been identified that would improve the reliability of this action in any
meaningful way. In addition, the basis for the requirement to switch to hot leg
injection/recirculation is questionable based on the latest information (Fink
2006) and no SAMAs are suggested to address this issue.

A potentially cost effective way to treat battery failures is to ensure the battery
chargers can provide 100% of the DC system demands so that the station
batteries are not required for DC system success (SAMA 15).

A potentially cost effective way to treat battery failures is to ensure the battery
chargers can provide 100% of the DC system demands so that the station
batteries are not required for DC system success (SAMA 15).

About 50% of the contributors including this event could be mitigated by
creating a backup auto start signal on a lower SG level and using it to start
AFN-P01 (SAMA 10).

The cutsets including this event are essentially all SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

A potentially cost effective way to treat battery failures is to ensure the battery
chargers can provide 100% of the DC system demands so that the station
batteries are not required for DC system success (SAMA 15).

1PK-CC 1 BXAFS-ALL 1.57E-06 1.011 125VDC Class 1E batteries fail on
demand - PKAF11, PKBF12,
PKCF13, PKDF14
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TABLE D.5-1
LEVEL I IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1PEBG02--DGAFS 3.72E-03 1.011 DGB Fails to Start The cutsets including this event are essentially all SBO sequences. These
evolutions can be addressed by using a 480V AC generator to provide power
to the class 1 E battery chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the MCR. Primary side
makeup is also required due to SBO induced seal LOCAs. Given that the
480V AC generator is sized appropriately, it could be used to power the
charging pumps to provide makeup flow (SAMA 4).

1CTAHV001--MV-FO 1.53E-03 1.010 #EOOS# CST to AFW Pump N The cutsets including this event require the operators to perform a recovery
Supply Valve HVI Fails to Open action that is assigned a high failure probability, which is reasonable given

that the causes of the valve failure that necessitated the action are not known
and may be difficult to resolve. The need to open a failed valve to establish a
suction source for AFN-P01 could be greatly reduced if a permanent,
alternate, hardpiped water source were made available to AFN-P01. Just as
the RMWT serves as a backup to the CST for the essential AFW pumps (not
credited in the PRA), this water source could also be used as a reliable
inventory supply for AFN-P01 (SAMA 14).

1CTAHV004--MV-FO 1.53E-03 1.010 #EOOS# CST to AFW Pump N The cutsets including this event require the operators to perform a recovery
Supply Valve HV4 Fails to Open action that is assigned a high failure probability, which is reasonable given

that the causes of the valve failure that necessitated the action are not known
and may be difficult to resolve. The need to open a failed valve to establish a
suction source for AFN-P01 could be greatly reduced if a.permanent,
alternate, hardpiped water source were made available to AFN-P01. Just as
the RMWT serves as a backup to the CST for the essential AFW pumps (not
credited in the PRA), this water source could also be used as a reliable
inventory supply for AFN-P01 (SAMA 14).

1SAB-LOADSQSQ-CM 2.02E-04 1.010 Seqr B (Incl LOP/LS, DGSS The primary importance of this event is that it leads to failure of the B EDG to
Modules) Unavailable Due to Mntc start. In this case, the primary initiator to which it is linked is the loss of the

"A" ESF Bus (about 50%). These events result in the failure of both AFA-P01
and AFN-P01. Installing an automatic power transfer switch on the AFN-P01
would allow for a rapid transfer of power to the opposite division without
operator interface, which would greatly reduce these contributors (SAMA 5).
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TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

L2-NOCMNTFAILEARLY

L2-NOT-PI-SGTR

L2-NORCSDEPRESSEARLY

1 .OOE+00

9.92E-01

9.25E-01

1.454E+01 L2 no Containment failure early

2.733E+00 L2 no Pressure induced SGTR

2.404E+00 L2 no RCS depressurization early due to
Stuck PSV

This event marks sequences that do not include early
containment failures. Based on the WCAP Level 2
model guidance, early failures do not occur, so this
event is set to 1.0. Containment bypass sequences,
such as SGTR, do not include an event node for early
containment failure, which is why this event is not in
every cutset. No particular insight is gained from the
presence of this event and no SAMAs are suggested.

This event represents the probability that a pressure
induced SGTR does not occur even with the vessel at
high pressure. Limited insights are available based on
the presence of this event in the cutsets beyond the fact
that high pressure core melts are contributors to high
consequence core melt scenarios. Enhancing MFW
capabilities by replacing a low pressure condensate
pump with a high pressure pump in conjunction with the
addition of a long term suction source (non-CST) that
can be aligned from the MCR would address many of
the high pressure melt cases (SAMA 2). Alternatively,
the RCS could be enhanced to include PORVs so that
Feed and Bleed cooling could be used if secondary side
cooling has failed (SAMA 1).

This event represents the probability that the PSVs do
not stick open and depressurize the reactor, which
results in conditions that could lead to pressure induced
SGTRs. Limited insights are available based on the
presence of this event in the cutsets beyond the-fact
that high pressure core melts are contributors to high
consequence core melt scenarios. Enhancing MFW
capabilities by replacing a low pressure condensate
pump with a high pressure pump in conjunction with the
addition of a long term suction source (non-CST) that
can be aligned from the MCR would address many of
the high pressure melt cases (SAMA 2). Alternatively,
the RCS could be enhanced to include PORVs so that
Feed and Bleed cooling could be used if secondary side
cooling has failed (SAMA 1).
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TABLE D.5-2

LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

L2-RCSDEPRESSLATE 9.03E-01 2.178E+00 L2 Hot Leg/Surge Line fails or Late Stuck
Open PSV

This event represents the probability that the RCS will
be depressurized after core damage due to either a
stuck open PSV or due to overheating of the hot
leg/surge line. The presence of this event in the cutsets
provides limited insights beyond the fact that high
pressure melt cases are contributors to high
consequence scenarios. Enhancing MFW capabilities
by replacing a low pressure condensate pump with a
high pressure pump would address many of the high
pressure melt cases (SAMA 2). Alternatively, the RCS
could be enhanced to include PORVs so that Feed and
Bleed cooling could be used if secondary side cooling
has failed (SAMA 1).

L2-NOT-TI-SGTR 9.47E-01 2.139E+00 L2 not Temperature induced SGTR

L2-BMMT 1.00E+00 1.904E+00 L2 Basemat melt-through

This event represents the probability that a temperature
induced SGTR does not occur even with the vessel at
high pressure. Limited insights are available based on
the presence of this event in the cutsets beyond the fact
that high pressure core melts are contributors to high
consequence core melt scenarios. Enhancing MFW
capabilities by replacing a low pressure condensate
pump with a high pressure pump in conjunction with the
addition of a long term suction source (non-CST) that
can be aligned from the MCR would address many of
the high pressure melt cases (SAMA 2). Alternatively,
the RCS could be enhanced to include PORVs so that
Feed and Bleed cooling could be used if secondary side
cooling has failed (SAMA 1).

Prevention of core damage for scenarios leading to
basemat melt-through can be addressed by improving
the reliability of secondary side heat removal. An
effective enhancement is to replace a low pressure
condensate pump with a high pressure pump in
conjunction with the addition of a long term suction
source (non-CST) that can be aligned from the MCR
(SAMA 2). Alternatively, the RCS could be enhanced to
include PORVs so that Feed and Bleed cooling could be
used if secondary side cooling has failed (SAMA 1).
The probability of basemat failure could be reduced by
installing a reactor cavity.flooding system that would
ensure that the water is present on the containment
floor at the time of vessel failure and that a continuous
cooling supply would be available (SAMA 16).
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EVENT NAME

1AFAPO1---TPAFR

IELOOP

SBO-SEQUENCE

L2-NOT-CD-STOP

1SPURMFWTRIP-20P

LOOP-RECOVR3-2PW

1AFA-RECOVERABLE

1ALFW-NOMFW---HR

IEPBA

1 PE-CC1 DGAFR-ALL

IEMISC

1ALFW---MFVV--HR

PROBABILITY

7.61 E-02

2.13E-02

1.OOE+00

1.OOE+00

1.20E-01

2.OOE-01

1.OOE+00

1.70E-01

3.65E+02

2.01 E-03

7.93E-01

2.50E-02

TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

RED W DESCRIPTION

1.558E+00 #EOOS# AFW Pump A Fails to Run 24
Hours

1.549E+00 INITIATING EVENT - Loss of Off-Site Power
at Switchyard

1.440E+00 FLAG: Station Blackout Sequence

1.437E+00 Core Damage Not Arrested in Vessel Prior to
Vessel Breach

Attachment 

D

Severe 

Accident 

Mitigation 

Alternatives 

Analysis

POTENTIAL SAMAS

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

This event is used in SBO cases and represents the
probability that power cannot be recovered and injection
aligned in time to prevent core damage/vessel failure.
The available PVNGS procedural guidance directs
vessel flooding in these cases, but no credit is take for
this in the model as it does not place the plant in a
stable state. Preventing core damage in an SBO
sequence is considered to be the most appropriate
method of reducing the L2-NOT-CD-STOP contributors.
SAMA 4 proposes the use of a 480V AC generator to
power the charging pumps for primary side makeup and
the division 1 battery chargers to support long term
AFW operation.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

1.309E+00

1.307E+00

1.245E+00

1.230E+00

1.215E+00

1.187E+00

1.170E+00

1.127E+00

Main FW Pumps Spurious Trip Following
Reactor Trip

Off-Site Power (via Switchyard) Non-
Recovery Within 3 Hours

FLAG: Cutset is Recoverable by RE-AFA-
LCL*

CR Ops Fails to Depress SG & Supply
ALTFW (MFW Not Avail)

INITIATING EVENT - Loss of Train A ESF
Bus

Diesel Generator Group Fail to Run -
PEAGO1, PEBG02

INITIATING EVENT - Miscellaneous
Transients (Uncomplicated Reactor Trip)

CR Ops Fails to Depress SG & Supply
ALTFW (MFW Avail)
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TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION

1 PEAG01--DGAFR

1PBAS03LBKXCXAXX

1PEBG02--DGAFR

1AFBP01---MPAFR

1AFBV025---NVNRM

LOOP ------- 2PW

AGT-FAILSTRT-2HR

IECPST

1AFNP01---MPAFR

1AF-CC1 MPAFS-ALL

IETT

ANANS07-138EXBPW

1ALFW-NOMFWND-HR

1AFN-NOMFW----HR

1AFBP01---MPAFS

L2-RCSDEPRESSEARLY

IEPBB

1PBAS03-416BSEPW

3.41 E-02

6.50E-06

3.41 E-02

3.1 OE-03

1.96E-03

2.32E-03

1.60E-01

3.50E-02

3.1 OE-03

2.94E-05

3.90E-01

1.16E-02

3.50E-01

3.20E-03

1.15E-03

7.50E-02

3.65E+02

2.40E-06

1.1 12E+00

1.111E+00

1.111E+00

1.1 09E+00

1.1 03E+00

1.101E+00

1.096E+00

1.090E+00

1.090E+00

1.078E+00

1.077E+00

1.075E+00

1.064E+00

1.062E+00

1.058E+00

1.053E+00

1.045E+00

1.038E+00

#EOOS# DGA Fails to Run

Spur Elect Prot on Train A ESF Bus Locks
Out All Power Sources

#EOOS# DGB Fails to Run

AFW Pump B Fails to Run 24 Hours

AFW Pump B Discharge Isolation Valve Not
Restored After Mntc

Loss of Off-Site Power to Switchyard Post
Trip

CR Operators Fail to Direct WRF Operator
To Start GTGs

INTIATING EVENT - Loss of All Condensate
Pumps

AFW Pump N Fails to Run for 24 Hours

AF Electric Pumps Fail to Start - AFBP01,
AFNP01

INITIATING EVENT - Turbine Trip (Load
Rejection)

Buried Power Cables From GTGs to Unit Fail

CR Operator Fails to Align AFN (MFW Lost) -
No Diagnosis

CR Operator Fails to Align AFN (MFW Lost)

AFW Pump B Fails to Start

L2 RCS depressurization early due to Early
Stuck Open PSV

INITIATING EVENT - Loss of Train B ESF

Bus

#EOOS# Train A ESF Bus Fault

POTENTIAL SAMAS

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Cases with stuck open PSVs could be addressed by
enhancing the RCS so that Feed and Bleed heat
removal is possible (SAMA 1).

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.
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EVENT NAME

1AFNP01---MPAFS

L2-LERF

L2-TI-SGTR

IESLOCA

1AF-CC1 MPAFR-ALL

1AFNSYS----AFNCM

IESGTR

1AFN-NOMFW-ND-HR

1AFA-NOMFW--HL

1PBBS04KBLXCXAXX

RE-CT-HV14-MV

1PEAG01---DG-CM

PROBABILITY

1.15E-03

1.OOE+00

5.29E-02

3.60E-04

1.21E-05

1.05E-03

6.25E-03

2.20E-01

4.20E-02

TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

RED W DESCRIPTION

1.033E+00 AFW Pump N Fails to Start

1.032E+00 L2 Large and early release

1.032E+00 L2 Temperature induced SGTR

1.032E+00

1.031 E+00

1.030E+00

1.028E+00

1.027E+00

1.026E+00

1.025E+00

1.024E+00

1.024E+00

INITIATING EVENT - Small Loss of Coolant
Accident

AF Electric Pumps Fail to Run - AFBP01,
AFNP01

Train N Auxiliary Feedwater Unavailable Due
to Maintenance

INITIATING EVENT - Steam Generator Tube
Rupture

CR Operator Fails to Align AFN (MFW Lost).-
No Diagnosis

AO Fails to Locally Align AFAP01 After
Recoverable Start Failure - MFW Unavailable

Spur Elect Prot on Train B ESF Bus Locks
Out All Power Sources

Operator fails to locally recover AFN suction

valves

DGA Unavailable Due to Maintenance

POTENTIAL SAMAS

Event addressed in the Level 1 importance list.

The presence of this flag does not provide any particular
insight other than LERF events are contributors to high
consequence scenarios. No SAMAs suggested.

This event represents the probability that a temperature
induced tube rupture will occur after core damage.
Enhancing MFW capabilities by replacing a low
pressure condensate pump with a high pressure pump
would address many of the core damage scenarios
leading to TI-SGTR scenarios (SAMA 2). Alternatively,
the RCS could be enhanced to include PORVs so that
Feed and Bleed cooling could be used if secondary side
cooling has failed (SAMA 1). Finally,. procedures could
be modified to preclude any RCP operations that would
clear the water seals in the cold leg (SAMA 17).

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Attachment DSevere Accident Mitigation Alternatives Analysis
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TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1AF-CC1MV-FO-ALL 5.17E-05 1.024E+00 AF Injection Globe Valves Fail to Open - Event addressed in the Level 1 importance list.
AFAHV32, AFBHV30, AFBHV31, AFCHV33

1AF-CC2MV-FO-ALL 5.17E-05. 1.024E+00 AF Injection Gate Valves Fail to Open - Event addressed in the Level 1 importance list.
AFAUV37, AFBUV34, AFBUV35, AFCUV36

1PEBG02----DG-CM 6.74E-03 1.024E+00 DGB Unavailable Due to Maintenance Event addressed in the Level 1 importance list.

HE-GTGSTRT--2HR 2.50E-02 1.023E+00 Adjustment Factor - Additional 1 Hour to Start Event addressed in the Level 1 importance list.
GTGs Given AFA Initially Runs

1SAA--LDSHED-2SA 1.47E-06 1.023E+00 #EOOS# Load Sequencer or LOP/LS Module Event addressed in the Level 1 importance list.
Causes Spur Load Shed

1PK-CC1BXAFS-12 2.88E-06 1.023E+00 125VDC Class 1E batteries fail on demand - Event addressed in the Level 1 importance list.
PKAF11, PKBF12, PKCF13, PKDF14

IETCW 8.92E-03 1.022E+00 INITIATING EVENT - Loss of Turbine Event addressed in the Level 1 importance list.
Cooling Water

LOOP-RECOVR1-2PW 5.20E-01 1.022E+00 Off-Site Power (via Switchyard) Non- Event addressed in the Level 1 importance list.
Recovery Within 1 Hour

1AFASYS----AFACM 2.75E-03 1.022E+00 Train A Auxiliary Feedwater Unavailable Due Event addressed in the Level 1 importance list.
to Maintenance

1 NANS03AB-XCYKFT 3.53E-03 1.022E+00 GTG Supply Bkr to ESF Serv X-fmr NBN-X03 Event addressed in the Level 1 importance list.

Fail to Close (Cntrl Ckt Fault)

1PKBF12----BXAFS 2.91E-04 1.022E+00 Channel B Battery Fails on Demand Event addressed in the Level 1 importance list.
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TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

L2-NOT-TI-SGTR-SBO 9.60E-01 1.019E+00 L2 not Temperature induced SGTR (SBO) This event represents the probability that a temperature
induced SGTR does not occur even with the vessel at
high pressure in SBO sequences. Based on the
definition of the flag, all contributors are SBO cases,
which could be addressed with the addition of a portable
480V AC generator to support SG level instrumentation
and charging pump operation (SAMA 4). Another large
contributor is the failure to align the GTGs, which could
be addressed by automating GTG start (SAMA 8).
Enhancing MFW capabilities by replacing a low
pressure condensate pump with a high pressure pump
in conjunction with the addition of a long term suction
source (non-CST) that can be aligned from the MCR
would address many of the high pressure melt cases
(SAMA 2). Alternatively, the RCS could be enhanced to
include PORVs so that Feed and Bleed cooling could be
used if secondary side cooling has failed (SAMA 1).

ANANS07A---XMDPW

1 SAA2-K204-RX-SE

ANANS07A--FUHOC

ANANS07D---CBOFT

ANHNU5607--CB-FT

1 NANS03AB--CBOFT

IECONDVAC

3.07E-03

1.20E-06

3.01 E-03

3.00E-03

3.00E-03

3.00E-03

4.40E-02

1.019E+00 GTG Auxiliary Power Stepdown Transformer
Fails

1.019E+00 #EOOS# LOP Group 2 L/S Spurious
Actuation Signal Due to K204 Spur Energize

1.018E+00 GTG Auxiliary Power Bkr High Voltage Fuse
Premature Open

1.018E+00 GTG Bus Supply Breaker to Unit I Fails to
Close (Local Fault)

1.018E+00 Transfer Switch NHN-U5607 Fails to Transfer
to emerg source (credits manual action)

1.018E+00 #EOOS# GTG Supply Bkr to ESF Serv X-fmr
NBN-X03 Fail to Close (Local Fault)

1.017E+00 INTIATING EVENT - Loss of Condenser
Vacuum

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.
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TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

1PK-CC1BXAFS-123 2.1OE-06 1.017E+00 125VDC Class 1E batteries fail on demand - Event addressed in the Level 1 importance list.
PKAF11, PKBF12, PKCF13, PKDF14

1PK-CC1BXAFS-124

1SABAF-K222RXAFT

1AFAV016--NVNRM

1AFN-CPWR ----- HL

1PK-CC1BXAFS-ALL

1AFBV025--NV-RO

1AFAP01 --- TPAFS

1PEAG01 ---- DGAFS

1PEBG02----DGAFS

1SAB-LOADSQSQ-CM

1 CTAHV004--MV-FO

1CTAHV001--MV-FO

2.1OE-06

3.27E-04

1.96E-03

3.50E-02

1.57E-06

3.01E-04

6.79E-03

3.72E-03

3.72E-03

2.02E-04

1.53E-03

1.53E-03

1.017E+00 125VDC Class 1E batteries fail on demand -
PKAF11, PKBF12, PKCF13, PKDF14

1.016E+00

1.015E+00

1.015E+00

1.015E+00

1.014E+00

1.013E+00

1.013E+00

1.013E+00

1.012E+00

1.012E+00

1.012E+00

#EOOS# AF Pump B Fails to Start Due to
K222 Failure

AFW Pump A Discharge Isolation Valve Not
Restored After Mntc

AO Fails to Align Backup Control Power to
AF Pump N (MFW Lost)

125VDC Class 1 E batteries fail on demand -
PKAF11, PKBF12, PKCF13, PKDF14

#EOOS# AFW Pump B Discharge Isolation

Valve Fails Closed

AFW Pump A Fails to Start

DGA Fails to Start

DGB Fails to Start

Seqr B (Incl LOP/LS, DGSS Modules)
Unavailable Due to Mntc

#EOOS# CST to AFW Pump N Supply Valve
HV4 Fails to Open

#EOOS# CST to AFW Pump N Supply Valve
HV1 Fails to Open

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.

Event addressed in the Level 1 importance list.
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TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

AGT-CC1GTAFS-ALL 1.95E-03 1.012E+00 Gas Turbine Generator Group Fail to Start - The cutsets including this event are essentially all SBO
GTN-GO1, GTN-G02

1AFAP01-2H-TPAFR

L2-NORCSDEPRESSLATE

6.58E-03

9.70E-02

1.011 E+00 AFW Pump A Fails to Run 2 Hours

1.011 E+00 L2 Hot Leg/Surge Line not failed and no
stuck open PSV

sequences. These evolutions can be addressed by
using a 480V AC generator to provide power to the
class 1E battery chargers so that DC power is
maintained to support long term operation of the TD
AFW pump from the MCR. Primary side makeup is also
required due to SBO induced seal LOCAs. Given that
the 480V AC generator is sized appropriately, it could
be used to power the charging pumps to provide
makeup flow (SAMA 4).

The cutsets including this event are all SBO sequences.
These evolutions can be addressed by using a 480V AC
generator to provide power to the class 1 E battery
chargers so that DC power is maintained to support
long term operation of the TD AFW pump from the
MCR. Primary side makeup is also required due to
SBO induced seal LOCAs. Given that the 480V AC
generator is sized appropriately, it could be used to
power the charging pumps to provide makeup flow
(SAMA 4).

This event represents the probability that the PSVs do
not stick open and depressurize the reactor (after initial
success of secondary side heat removal), which results
in conditions that could lead to press/temp induced
SGTRs. Limited insights are available based on the
presence of this event in the cutsets beyond the fact
that high pressure core melts are contributors to high
consequence CD scenarios. Enhancing MFW
capabilities by replacing a low pressure condensate
pump with a high pressure pump in conjunction with the
addition of a long term suction source (non-CST) that
can be aligned from the MCR would address many of
the HP CD cases (SAMA 2). Alternatively, the RCS
could be enhanced to include PORVs so that Feed and
Bleed cooling could be used if secondary side cooling
has failed (SAMA 1).
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-2
LEVEL 2 IMPORTANCE REVIEW

EVENT NAME PROBABILITY RED W DESCRIPTION POTENTIAL SAMAS

ISPBSYS----SPSCM 2.02E-03 1.010E+00 Train B Spray Pond Unavailable Due to About 50% of the contributors are SBO cases, which
Maintenance can be addressed by SAMA 4, but a large portion of the

remainder are related to the failure to provide cooling
flow for heat removal. These could potentially be
addressed by providing alternate cooling flow to the
SDC heat exchangers using the Fire Protection System
(SAMA 11).

1 PSRV-WTRREL-2FC 5.80E-02 1.010E+00 #EOOS# Pressurizer Safety Valve Fails to Loss of all SG makeup leads to the situation in which
Reseat After Water Relief water is forced out of the pressurizer SVs. In this case,

about 40% is related to.the failure of the station
batteries, which could be addressed by ensuring the
battery chargers are capable of providing 100% of the
DC load (SAMA 15). Other highly expensive
alternatives, such as installation of an independent AFW
system (SAMA 3), would be effective SAMAs, but they
would not likely be as cost effective as providing DC
power without the batteries.

1AFN---MFW----HR 1.OOE-03 1.010E+00 CR Operator Fails to Align AFN (MFW The cases involving failure to manually start AFN-P01
Available) could be mitigated by providing a signal that would auto

start AFN-P01. The signal could be established so that
it would be generated at a point where it is clear that
AFA-P01 and AFB-P01 have failed to start. As this
signal would be diverse from the existing AFW start
signal, it could also be used as a backup start for AFA-
P01 and AFB-P01 to address control circuit failures
(SAMA 10).

1SPASYS----SPSCM 2.02E-03 1.010E+00 Train A Spray Pond Unavailable Due to The event 1SPASYS---SPSCM is contributes to two
Maintenance major types of failures; one is the failure to support

cooling for EDG operation and the other is the failure to
support containment heat removal. LOOP with EDG
cooling failures comprise about 70% of the total while
containment heat removal failures make up most of the
rest of the contributions. The lowest cost alternative for
addressing the SBO cases is likely the installation of a
portable 480V AC generator (SAMA 4). Cooling to the
SDC heat exchangers could be provided by a
connection to the Fire Protection system to address
cases where the Spray Pond is not available to remove
heat (SAMA 11).
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
.NUMBER DISPOSITION

1 Modify the Primary
RCS to Allow Feed
and Bleed Cooling

Adding power operated relief valve
(PORVs), block valves, and an
enhanced reactor drain tank to
support feed and bleed cooling would
provide the capability of removing
decay heat even if secondary side
heat removal fails.

General
Level 1
and 2 PRA
Insight

PVNGS estimated an
implementation cost of
$10,957,158 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$32,871,474.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-3
PHASE I SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

2 Replace one Low
Pressure
Condensate
Pumps with a High
Pressure Motor
Driven Pump (or
Add a Booster
Pump) and Add
Hotwell Makeup
Controls to the
MCR from a Non-
CST Source

MFW can be used as the primary SG
makeup source after a plant trip, but
loss of MFW cases or those with
AFW failures after SG makeup has
been transitioned to AFW can still be
problematic. Replacing a low press.
Condensate pump with a high press.
pump will allow the operators to
restore SG makeup with the
Condensate system without the
requirement to reduce secondary
side pressure to below 500 psig. If
flow requirements are an issue for a
high pressure pump, a booster pump
could be installed instead.
Enhancing the MCR to include the
capability to align a long term hotwell
makeup source is required (non-
CST). This ensures an inventory
source can easily be aligned that will
allow operation through the transition
to SDC.

PVNGS
Level 1
Importance
List

Addition of a Motor-driven
Feedwater Pump has been
estimated to be $5,000,000
(TVA 2003), but this cost is for a
BWR. The Farley SAMA
analysis (SNC 2003) includes a
cost of $2,200,000 for the
installation of a motor driven
feedwater pump to address
cases where MSIV closure fails
the turbine driven feedwater
pump. It is assumed that the
cost provided is for pump
replacement rather than the
addition of a pump. While the
PVNGS SAMA also requires the
addition of an MOV with MCR
controls, the Farley
implementation cost is used for
a lower bound estimate for this
SAMA for each unit and is
assumed to address either the
addition of a booster pump or
the replacement of an existing
pump with a high pressure
pump. The cost for 3 units
would be $6.6 million.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

3 Install an
Independent AFW
System with a
Dedicated Power
Supply

Loss of AFW due to hardware and
support failures in conjunction with
MFW/Condensate unavailability
leaves the plant without secondary
side cooling. Installation of an
independent AFW system could
mitigate those scenarios where no
secondary side makeup is available.
An independent power supply,
whether supplied by separate EDG or
by an generator on an engine driven
pump, should be available to provide
power to the system valves and
control functions. Alternatively, if the
power to the system could be aligned
to either division, most of the benefit
of the SAMA would be achieved as
the cases it has been developed to
addresses are not SBO events.

SBO scenarios lead to core damage
once the station batteries deplete at
three hours. In the event that AC
power is not recovered, a 480V AC
generator could be used to power the
division 1 station batteries to support
continued used of the turbine driven
AFW pump from the MCR. Given
that the 480V AC generator is sized
appropriately, it could also be used to
power at least two charging pumps
such that a primary side makeup
source is available to mitigate the
RCP seal LOCAs.

PVNGS
Level I
Importance
List

Calvert Cliffs estimated the cost
of installing an additional HPSI
pump with a dedicated diesel to
be between $5 million and $10
million (BGE 1998). This type of
enhancement is similar is scope
to the changes required for this
SAMA and the lower bound
estimate of $5 million is used for
the single unit cost for this
SAMA as the changes are not
required to be incorporated into
the primary system and use of
the existing emergency power
divisions is possible. The 3 unit
cost would be $15,000,000.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

The cost of
implementation is
greater than the
MACR, but this
SAMA has been
retained for Phase
II analysis given
that this is a high
profile issue.

4 SBO Mitigation
(GTGs not
available)

PVNGS
Level 1
Importance
List

PVNGS estimated an
implementation cost of
$1,832,954 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$5,498,862.
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

5 Install an
Automatic Transfer
Switch for the
Non-Safety AFW
Pump (AFN-P01)
Power Supply

6 Develop
Procedures to
Guide Recovery
Actions for
Spurious Electrical
Protection Faults

Loss of division 1 power currently
results in the loss of both AFA-P01
and AFN-P01. Providing an
automatic power transfer capability
would eliminate the need for operator
intervention to supply AFN-P01 with
power and preclude the need to
depressurize the SGs for Alternate
FW makeup. A subsequent manual
transfer of DC control power would
also be required, but it there would
be abundant time to perform this
action.

Loss of bus initiators are potentially
recoverable in accident scenarios,
but procedures are not currently
available to provide guidance for
those evolutions. The recovery
process may be enhanced if
guidance is developed for the site.

PVNGS
Level 1
Importance
List

PVNGS
Level 1
Importance
List

PVNGS estimated an
implementation cost of
$2,267,254 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$6,801,762.

PVNGS estimated an
implementation cost of
$363,374 (APS 2008a). The
estimate is for a single unit, but
it is assumed that the additional
cost of implementing the
procedure across the other two
units is minimal. The estimate
does not address any training or
changes to training materials for
the operators, but the cost
provided is considered to be
representative of the SAMA and
$363,374 is used as the cost of
implementation.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

7 Add Auto Start Loss of MFW cases include diverse PVNGS This cost is a combination of As the cost of
Capability to AFN- circumstances that also challenge Level 1 SAMAs 5 and 10. The total is, implementation is
P01 on Low SG AFW capabilities. Many AFW Importance therefore, $9,801,762. greater than the
Level and an failures are related to loss of division List MACR, this SAMA
Automatic Power 1 power or the failure to manually has been
Transfer Switch to initiate AFN-P01. This SAMA would screened from
Address Loss of address a majority of the cases by further analysis.
MFW Cases with providing a means automatically
Div 1 Power aligning either power division to AFN-
Failures and P01 and auto-starting the pump on a
Operator Start diverse low level signal.
Errors

8 Add Auto Automating the start and load of the PVNGS TMI-1 estimated the cost of As the cost of
Start/Load GTGs would improve the reliability of Level 1 modifying the SBO EDG so that implementation is
Capability to the the emergency ESF bus power Importance it could auto start and load to be less than the
GTGs alignment. List $3,125,000 (Exelon 2008). It is MACR, this SAMA

assumed that the cost of this has been retained
type of modification fora GTG is for Phase II
about the same. For PVNGS analysis.
only one GTG is required for
SBO loads and it is assumed
that all 3 units can be addressed
through the enhancement of one
GTG. The cost for implementing
this SAMA for 3 units is
$3,125,000.
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Severe Accident Mitigation Alternatives Analysis

TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

9 Install a Backup
Control Element
Assembly Drive
Mechanism

10 Provide a Backup
AFW Start Signal
on a Lower SG
Level and Use it
for All Three AFW
Pumps

For cases where sufficient CEAs do
not drop into the core to shut the
reactor down, a backup drive system
could be installed to force the CEAs
into the core. This would be of
particular use when the MTC is
unfavorable and the operability of the
CEAs is the only potential means of
preventing core damage.

This enhancement would provide a
diverse, backup to the auto-start logic
currently used for AFA-P01 and AFB-
P01 and provide a primary start
signal for AFN-P01. This
enhancement improves the reliability
of a function that is critical to the
mitigation of almost all accident
scenarios.

PVNGS
Level 1
Importance
List

PVNGS
Level 1
Importance
List

PVNGS estimated an
implementation cost of
$4,738,339 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$14,215,017.

The Farley SAMA analysis (SNC
2003) provides a cost of
implementation of $1,000,000 to
provide backup start signals for
the standby CCW trains on loss
of the running train. A CCW
system is different than a
feedwater system, but the
installation of sensors to provide
a start signal to a pump is
common to both SAMAs and the
changes are considered to be
similar. The Farley estimate of
$1,000,000 per unit is used for
this SAMA. For 3 units, the cost
of implementation is $3,000,000.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.
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TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

11 Alternate Cooling
Flow to SDC Heat
Exchangers

For scenarios that require
recirculation mode, if EW flow is lost
to the SDC heat exchangers, there is
no other means of removing heat
from the core/containment. Providing
an alternate means of cooling the
SDC HXs could address EW system
failures. The existing Fire Protection
system may not be able to provide
the required cooling flows, but if
significant enhancements were made
(including an alternate suction
alignment of the Spray Pond), it could
be connected to the SDC HXs with a
hard piped connection and provide
backup cooling. This would also
address some Emergency Spray
Pond failures.

Loss of division 2 power currently
results in the loss of AFB-P01.
Providing an automatic power
transfer capability would allow rapid
recovery of AFB-P01 and preclude
the need to depressurize the SGs for
Alternate.FW makeup. A subsequent
manual transfer of DC control power
would also be required, but it there
would be abundant time to perform
this action.

PVNGS
Level 1
Importance
List

Two similar industry estimates
are available for this type of
enhancement, but the actual
cost will be highly subject to
piping locations in the plant. As
a result, the range of costs has
been reviewed and the lower
end cost has been chosen as a
bounding case for PVNGS:
- TVA: $500,000 per Hx (TVA
2003)
- Calvert Cliffs $565,000,
appears to equate to "per Hx"
(BGE 1998)
For PVNGS, it is assumed that
the cost is $500,000 per SDC
HX, which equates to
$3,000,000 for the site.

PVNGS Assumed to be the same cost as
Level 1 SAMA 5 ($6,801,762).
Importance
List

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

12 Install an
Automatic Transfer
Switch for the
AFW Pump AFB-
P01 Power Supply
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TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

13 Mitigate Loss of
TCW Events:
Provide
Permanent, Hard
Piped Connections
Between the Fire
Protection System
and Critical Loads

TCW provides cooling water to
several loads, but those that are most
important to plant safety include the
Instrument Air system and the
Condensate pump upper bearing oil
coolers. If permanent, hard piped
connections were installed between
the Fire Protection system and those
loads, a means of recovering MFW
and/or Condensate would be
available for loss of TCW events.
Long term success is assumed to
require the addition of an alternate
suction path between the Fire
Protection system and the Spray
Pond.

In the event that SG makeup
capability has been lost and the
failure of AFN-P01 is due a failure of
the suction line valves, having an
alternate suction source for the pump
would restore secondary side heat
removal. Providing a permanent,
hardpiped connection will improve
the reliability of the alignment action.

Enhancing the battery chargers so
that they can supply all DC loads
without tripping, when the battery is
not available in the circuit would
prevent DC system failures when the
battery has failed or is unavailable.

PVNGS
Level 1
Importance
List

The cost estimate for SAMA 11
is used as the basis for this cost
estimate. It is assumed that the
cost of each connection
between Fire Protection and a
critical load is the same as the
connection between Fire
Protection and an SDC Hx
($500k). In this case, there are
two critical loads per unit
(condensate upper bearing oil
coolers and IA (1 train of each
required)), which yields $1
million/unit, or $3 million for the
site.

PVNGS estimated an
implementation cost of
$2,215,730 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$6,647,190.

PVNGS estimated an
implementation cost of $547,566
for a single unit (APS 2008a).
The site-wide implementation
cost is assumed to be 3 times
greater at $1,642,698.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.

14 Provide a
Permanent,
Hardpiped Suction
Line from the
RMWT to AFN-
P01

PVNGS
Level 1
Importance
List

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.

15 100 Percent
Capacity Battery
Chargers

PVNGS
Level 1
Importance
List
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TABLE D.5-3
PHASE I SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

16 Install a Reactor
Cavity Flooding
System

17 Modify the
Procedures to
Preclude RCP
Operations that
Would Clear the
Water Seals in the
Cold Leg After
Core Damage

Providing a system that could deliver
water to reactor pedestal area under
the reactor vessel before vessel
breach would help cool molten core
debris and prevent basemat failure.

The probability of a temperature
induced SGTR event is increased
when the water seal in the reactor
coolant loop is not present. In these
cases, an open pathway exists that
will allow circulation of the hot core
gases through the SGs. Procedurally
preventing operation of the RCPs in
conditions that would clear the loop
water seal would improve the
probability that the RCS would
remain intact.

PVNGS
Level 2
Importance
List

PVNGS
Level 2
Importance
List

PVNGS estimated an
implementation cost of
$6,014,882 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$18,044,646.

PVNGS estimated an
implementation cost of $410,473
(APS 2008a). The estimate is
for a single unit, but it is
assumed that the additional cost
of implementing the procedure
across the other 2 units is
minimal. The estimate does not
address any training or changes
to training materials for the
operators, but the cost provided
is considered to be
representative of the SAMA and
$410,473 is used as the cost of
implementation.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.
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TABLE D.5-3
PHASE I SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

18 Fire Proof All
Cables and
Equipment
Required for AFN-
P01 Operation in
Important Fire
Areas

Fire induced failure of AFN-P01 is
common to many of the largest
contributors to the fire CDF.
Wrapping all power and control
cables in the four important fire areas
for AFN-P01 would reduce the
probability that AFN-P01 would be
lost in a fire event, which would help
maintain the availability of a
secondary side cooling system. In
order for this SAMA to be effective, it
would also be necessary to identify
and protect all cables and equipment
required to support operation of AFN-
P01.

The heat sensors in fire
compartments FZ 5A and FZ 5B,
which are responsible for automatic
fire suppression initiation, are
currently placed too far from the
potential ignition sources to ensure
actuation in time to prevent
propagation of the initiating fire. If
heat sensors were installed near the
potential ignition sources, it maybe
possible to prevent the spread of the
fire into other critical areas.

PVNGS
Fire Model
Review

PVNGS estimated an
implementation cost of
$5,648,794 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$16,946,382.

As the cost of
implementation is
greater than the
MACR, this SAMA
has been
screened from
further analysis.

19 Install Heat
Sensors at Likely
Ignition Sources to
Allow Early
Automatic
Suppression
Initiation

PVNGS
Fire Model
Review

PVNGS estimated an
implementation cost of
$1,553,894 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$4,661,682.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.
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TABLE D.5-3
PHASE I SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

20 Install Fire Barriers
Between Fire Zone
TB01 and TB05

21 Install Fire
Resistant Cable
Wrap on Selected
Cables in Fire
Compartment
TB4B

Fires in fire zone TB05 (Turbine
Building 140 ft West)) do no pose a
large risk to the plant from equipment
losses within that zone, but if the fire
propagates to fire zone TB01
(Turbine Building 100 ft West), the
consequences are more severe.
Installing a fire barrier between these
two zones would prevent propagation
of a fire from TB05 to TB01 and the
consequential loss of AFN-P01, Alt
Feedwater, and load centers L01 and
L25. In addition, the barrier must
protect fire zone TB01 from the
effects of suppression system
actuation in fire zone TB05 as the
water can damage TB01 equipment.

Transient fires in FZ TB4B (Station
DC Equipment Room - 110 ft Turb
Bldg) can fail cables related to NAN-
S03 and NAN-S04 (loss of
switchyard) or NBNX03 (loss of Train
A ESF service transformer).
Installing fire resistant cable wrap on
these circuits in the sections of the
cable trays that are close enough to
the floor to be impacted by transient
fires could prevent the loss of critical
equipment in fire events.

PVNGS
Fire Model
Review

PVNGS
Fire Model
Review

PVNGS estimated an
implementation cost of
$1,208,564 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$3,625,692.

PVNGS estimated an
implementation cost of
$1,121,838 for a single unit
(APS 2008a). The site-wide
implementation cost is assumed
to be 3 times greater at
$3,365,514.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis.

As the cost of
implementation is
less than the
MACR, this SAMA
has been retained
for Phase II
analysis..
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TABLE D.5-3
PHASE 1 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE COST ESTIMATE PHASE I
NUMBER DISPOSITION

22 Enhance the MCC Transient fires in FZ 42A (Electrical PVNGS PVNGS estimated an As the cost of
M71 Fire Barriers Penetration Room - Train A, Channel Fire Model implementation cost of implementation is

C - Aux Bldg - 100 ft) can result in the Review $1,090,700 for a single unit less than the
loss of MCC M71, which results in (APS 2008a). The site-wide MACR, this SAMA
the failure of AFN-P01. Improving implementation cost is assumed has been retained
the MCC's barriers to better to be 3 times greater at for Phase II
withstand fires could prevent the loss $3,272,100. analysis.
of the equipment in certain fire
scenarios.

23 Enhance The existing PVNGS guidance Industry PVNGS estimated an As the cost of
Procedures to governs SG level for heat removal SAMA List implementation cost of $415,620 implementation is
Direct Steam considerations, which may Review (APS 2008a). The estimate is less than the
Generator consequently result in release (ANO 2) for a single unit, but it is MACR, this SAMA
Flooding for scrubbing; however, the guidance is assumed that the additional cost has been retained
Release Scrubbing not tailored to meet this need. of implementing the procedure for Phase II

Expanding the existing guidance to across the other two units is analysis.
direct SG flooding prior to core minimal. The estimate does not
damage would potentially improve, address any training or changes
the probability that water would be to training materials for the
available above the break point in the operators, but the cost provided
SG and provide a mechanical means is considered to be
of scrubbing the fission products representative of the SAMA and
during a release. $415,620 is used as the cost of

implementation.
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TABLE D.5-4
PHASE 2 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE BASELINE PHASE II
NUMBER DISPOSITION

4 SBO
Mitigation
(GTGs not
available)

6 Develop
Procedures to
Guide
Recovery
Actions for
Spurious
Electrical
Protection
Faults

8 Add Auto
Start/Load
Capability to
the GTGs

10 Provide a
Backup AFW
Start Signal on
a Lower SG
Level and Use
it for All Three
AFW Pumps

SBO scenarios lead to core damage once the station batteries
deplete at three hours. In the event that AC power is not
recovered, a 480V AC generator could be used to power the
division 1 station batteries to support continued used of the
turbine driven AFW pump from the MCR. Given that the 480V
AC generator is sized appropriately, it could also be used to
power at least two charging pumps such that a primary side
makeup source is available to mitigate the RCP seal LOCAs.

Loss of bus initiators are potentially recoverable in accident
scenarios, but procedures are not currently available to provide
guidance for those evolutions. The recovery process may be
enhanced if guidance is developed for the site.

PVNGS
Level 1
Importance
List

PVNGS
Level 1
Importance
List

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

Automating the start and load of the GTGs would improve the
reliability of the emergency ESF bus power alignment.

This enhancement would provide a diverse, backup to the auto-
start logic currently used for AFA-P01 and AFB-P01 and provide
a primary start signal for AFN-P01. This enhancement improves
the reliability of a function that is critical to the mitigation of almost
all accident scenarios.

PVNGS
Level 1
Importance
List

PVNGS
Level 1
Importance
List

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.
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TABLE D.5-4
PHASE 2 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE BASELINE PHASE II
NUMBER DISPOSITION

11 Alternate
Cooling Flow
to SDC Heat
Exchangers

13 Mitigate Loss
of TCW
Events:
Provide
Permanent,
Hard Piped
Connections
Between the
Fire Protection
System and
Critical Loads

15 100%
Capacity
Battery
Chargers

For scenarios that require recirculation mode, if EW flow is lost to
the SDC heat exchangers, there is no other means of removing
heat from the core/containment. Providing an alternate means of
cooling the SDC HXs could address EW system failures. The
existing Fire Protection system may not be able to provide the
required cooling flows, but if significant enhancements were
made (including an alternate suction alignment of the Spray
Pond), it could be connected to the SDC HXs with a hard piped
connection and provide backup cooling. This would also address
some Emergency Spray Pond failures.

TCW provides cooling water to several loads, but those that are
most important to plant safety include the Instrument Air system
and the Condensate pump upper bearing oil coolers. If
permanent, hard piped connections were installed between the
Fire Protection system and those loads, a means of recovering
MFW and/or Condensate would be available for loss of TCW
events. Long term success is assumed to require the addition of
an alternate suction path between the Fire Protection system and
the Spray Pond.

Enhancing the battery chargers so that they can supply all DC
loads without tripping, when the battery is not available in the
circuit would prevent DC system failures when the battery has
failed or is unavailable.

PVNGS
Level 1
Importance
List

PVNGS
Level 1
Importance
List

PVNGS
Level 1
Importance
List

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.
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TABLE D.5-4
PHASE 2 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE BASELINE PHASE II
NUMBER DISPOSITION

17 Modify the
Procedures to
Preclude RCP
Operations
that Would
Clear the
Water Seals in
the Cold Leg
After Core
Damage

19 Install Heat
Sensors at
Likely Ignition
Sources to
Allow Early
Automatic
Suppression
Initiation

20 Install Fire
Barriers
Between Fire
Zone TB01
and TB05

The probability of a temperature induced SGTR event is
increased when the water seal in the reactor coolant loop is not
present. In these cases, an open pathway exists that will allow
circulation of the hot core gases through the SGs. Procedurally
preventing operation of the RCPs in conditions that would clear
the loop water seal would improve the probability that the RCS
would remain intact.

PVNGS
Level 2
Importance
List

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

The heat sensors in fire compartments FZ 5A and FZ 5B, which
are responsible for automatic fire suppression initiation, are
currently placed too far from the potential ignition sources to
ensure actuation in time to prevent propagation of the initiating
fire. If heat sensors were installed near the potential ignition
sources, it may be possible to prevent the spread of the fire into
other critical areas.

Fires in fire zone TB05 (Turbine Building 140 ft West)) do no
pose a large risk to the plant from equipment losses within that
zone, but if the fire propagates to fire zone TB01 (Turbine
Building 100 ft West), the consequences are more severe.
Installing a fire barrier between these two zones would prevent
propagation of a fire from TB05 to TB01 and the consequential
loss of AFN-P01, Alt Feedwater, and load centers L01 and L25.
In addition, the barrier must protect fire zone TB01 from the
effects of suppression system actuation in fire zone TB05 as the
water can damage TB01 equipment.

PVNGS Fire
Model
Review

PVNGS Fire
Model
Review

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.

The cost of implementation is
greater than averted cost risk
and this SAMA's net value is
negative.
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TABLE D.5-4
PHASE 2 SAMA LIST

SAMA SAMA TITLE SAMA DESCRIPTION SOURCE BASELINE PHASE II
NUMBER DISPOSITION

21 Install Fire Transient fires in FZ TB4B (Station DC Equipment Room - 110 ft PVNGS Fire The cost of implementation is
Resistant Turb Bldg) can fail cables related to NAN-S03 and NAN-S04 Model greater than averted cost risk
Cable Wrap (loss of switchyard) or NBNX03 (loss of Train A ESF service Review and this SAMA's net value is
on Selected transformer). Installing fire resistant cable wrap on these circuits negative.
Cables in Fire in the sections of the cable trays that are close enough to the
Compartment floor to be impacted by transient fires could prevent the loss of
TB4B critical equipment in fire events.

22 Enhance the Transient fires in FZ 42A (Electrical Penetration Room - Train A, PVNGS Fire The cost of implementation is
MCC M71 Fire Channel C - Aux Bldg - 100 ft) can result in the loss of MCC M71, Model greater than averted cost risk
Barriers which results in the failure of AFN-P01. Improving the MCC's Review and this SAMA's net value is

barriers to better withstand fires could prevent the loss of the negative.
equipment in certain fire scenarios.

23 Enhance The existing PVNGS guidance governs SG level for heat removal Industry The cost of implementation is
Procedures to considerations, which may consequently result in release SAMA List greater than averted cost risk
Direct Steam scrubbing; however, the guidance is not tailored to meet this Review and this SAMA's net value is
Generator need. Expanding the existing guidance to direct SG flooding (ANO 2) negative.
Flooding for prior to core damage would potentially improve the probability
Release that water would be available above the break point in the SG
Scrubbing and provide a mechanical means of scrubbing the fission

products during a release.
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