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Enclosure 1
List of Changes in Palo Verde Nuclear Generating

Station License Renewal Application Amendment No. 16

Overall

1. Incorporated changes to conform LRA Sections 4.3.2, 4.3.3, 4.3.4, 4.3.5, A2.1,
and B3.1 to the LRA Section 4.3.1 changes in Amendment No. 14 submitted in
letter no. 102-06175, dated April 28, 2010.

2. Incorporated miscellaneous clarifications, consistency, and editorial changes.

In addition, the following changes are provided in LRA Amendment No. 16:

Section 4.3.1

1. Revised scope to include non-fatigue analyses based on cycle counts.

2. Revised Table 4.3-4 to include NUREG/CR- 6260 location nomenclature as well
as the corresponding PVNGS-specific location name.

Section 4.3.2

1. Conformed aging management methods to Amendment No. 14 changes in 4.3.1.

2. Revised Table 4.3-5 to include NUREG/CR-6260 location nomenclature as well
as the corresponding PVNGS-specific location name.

3. Revised Table 4.3-6 to reflect the usage factors for the reactor vessel
replacement heads and associated components.

4. Revised subsection 4.3.2.1 and 4.3.2.2 to reflect information related to the
reactor vessel replacement head and associated components.

5. Revised Table 4.3-7 to remove an out-of scope component that had been
included in error.

6. Revised Subsection 4.3.2.5 to add the Steam Generator Tube Integrity Program
(B2.1.8) as the means of aging management for the steam generator tubes and
state that the Unit 1 and 3 replacement steam generators will also be
dispositioned under aging management.

7. Revised Subsection 4.3.2.6 to change the disposition to aging management for
affected valves.

8. Revised Subsection 4.3.2.10 to change the discussion to clarify which transients
were considered in the regenerative heat exchanger and letdown heat exchanger
fatigue analyses.
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Enclosure 1
List of Changes in Palo Verde Nuclear Generating

Station License Renewal Application Amendment No. 16

9. Revised Subsection 4.3.2.11 to change the event category to match LRA
Amendment No. 14, and changed the disposition from 10 CFR 54.21(c)1(i),
validation, to 10 CFR 54.21(c)l(iii), aging management.

Section 4.3.3

Revised the event category title to match the UFSAR.

Section 4.3.4

1. Changed "CUF" to "EAF" to eliminate confusion of when reactor coolant
environmental effects are being applied.

2. Included NUREG/CR-6260 location nomenclature as well as the corresponding
PVNGS-specific location name.

3. Conformed aging management methods to Amendment 14 changes in 4.3.1.

4. Incorporated a discussion of the latest surge line elbow analysis results.

5. Revised Table 4.3-11:

a. Corrected the material for item 6.
b. Provided EAF results for both design and projected cycles where

applicable.
c. Incorporated the results of the latest surge line elbow fatigue analysis

6. Changed aging disposition from 10 CFR 54.21(c)1(i), validation, to 10 CFR
54.21 (c)1 (ii), revision for three locations and noted that they will be monitored by
the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1).

Section 4.3.5

Provided additional details of the stress range reduction factor (SRRF) reanalysis of
the reactor coolant hot leg sample lines and the steam generator downcomer and
feedwater recirculation lines.

Section 4,7

Subsection 4.7.2 added a reference to subsection 4.3.2.2.

Section A2.1

Provided updated summary descriptions, Metal Fatigue of Reactor Coolant Pressure
Boundary.
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Enclosure 1
List of Changes in Palo Verde Nuclear Generating

Station License Renewal Application Amendment No. 16

Table A4-1, Item 39

Revised the Metal Fatigue of Reactor Coolant Pressure Boundary commitment to
conform to the changes in Sections A2.1 and B3.1.

Section B3.1

Provided updated TLAA support activities, Metal Fatigue of Reactor Coolant
Pressure Boundary.
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ENCLOSURE 2

Palo Verde Nuclear Generating Station
License Renewal Application Amendment No. 16 -

Clean Pages

LRA Section Page Nos.
4.3* 4.3-1 to 4.3-103

4.7.2 4.7-5

A2.1* A-21 to A-23A
Item No. 39 in Table A-54

A4-1
B2.1" B-114 toB-119A

The complete Sections 4.3, A2.1, and B2.1 are provided for reviewer
convenience, including pages that are unchanged in this amendment.



Section 4
TIME-LIMITED AGING ANALYSES

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 describes fatigue in the containment vessel.

Section 4.7.4, 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 I 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
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.

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".

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3-1
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Section 4
TIME-LIMITED AGING ANALYSES

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. 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.

Fatigue cycles are currently tracked in a PVNGS surveillance test procedure, 73ST-9RC02
"Reactor Coolant System Transient and Operational Cycles," as required by PVNGS
Technical Specification 5.5.5 "Component Cyclic or Transient Limit." In the text of this
discussion the activities governed by 73ST-9RC02 will be referred to as the "current fatigue
monitoring program." The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program (See LRA Appenbix B section B3.1) will continue to 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 Section 4.3.1.5.

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

4.3.1 Enhanced Fatigue Aging Management Program (B3.1)

The current fatigue monitoring program is a cycle counting program with one. location-
specific cumulative usage factor (CUF) calculation (Pressurizer Spray Nozzle). No later
than two years prior to the period of extended operation, the current fatigue monitoring
program governed by 73ST-9RC02 will be enhanced to include additional location-specific
CUF calculations and an automated and computerized management software program for
cycle counting and fatigue usage factor tracking. The automated and computerized software
program will be used to supplement manual counting.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will use
cycle counting (CC), cycle based fatigue CUF calculations (CBF) and stress based fatigue
CUF calculations (SBF) (see methods discussion below) to monitor fatigue. FatiguePro® will

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3-2
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Section 4
TIME-LIMITED AGING ANALYSES

be used for cycle counting and cycle-based fatigue (CBF) monitoring methods. FatiguePro®
is an EPRI licensed product.

APS commits to the use of a fatigue monitoring software program that incorporates a three-
dimensional, six-component stress tensor method meeting ASME III NB-3200 requirements
for stress-based fatigue monitoring (SBF). APS also commits to the implementation of this
method for SBF monitoring at least two years prior to the period of extended operation.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
monitor plant transients as required by PVNGS Technical Specification 5.5.5. Cumulative
usage factors (CUFs) will be calculated for a subset of ASME III Class 1 reactor coolant
pressure boundary vessel and piping locations, and component locations with Class 1
analyses. The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will provide action limits on cycles and on CUF that will initiate corrective actions
before the licensing basis limits on fatigue effects at any location are exceeded.

Scope

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will include all ASME Section III Class 1 components and components with Class 1
fatigue analysis and will monitor their fatigue usage by a combination of cycle counting and
CUF monitoring. Cycle counting will also be used to ensure the continued validity of non-
fatigue analyses based on cycle design limits.

Methods

The Cycle Counting (CC) monitoring method in Table 4.3-4 means that the enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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. Cycle counting is the method used by the current fatigue monitoring program for
all monitored components except the pressurizer spray nozzle. Cycle counting ensures
fatigue usage does not exceed 1.0. It is employed as the preferred method of monitoring
due to its simplicity.

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. The component CUF contributions due to each cycle are
determined from the component Class I fatigue analysis. CBF is a more complex and
resource intensive method than CC because it goes beyond counting of cycles to evaluate
the CUF contributions of each cycle. Three CBF methods will be used, 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

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3-3
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Section 4
TIME-LIMITED AGING ANALYSES

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.

Stress-based fatigue (SBF) monitoring will compute a "real time" stress history for a given
component from actual temperature, pressure, and flow histories. SBF monitoring uses
data collected from existing plant instruments to calculate local pressure and temperature,
and the corresponding stress history at the critical location in the component. The stress
history is analyzed to identify stress cycles, and then a CUF is computed using the formulas
defined in ASME Code Section III sub-article NB-3200. SBF is the most complex and
resource intensive method of fatigue monitoring, but it is the most accurate method and
requires fewer conservative assumptions than CC or CBF methods.

Corrective Action Limits

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
corrective actions will be initiated whenever an action limit is reached, for either the number
of transient cycles or calculated fatigue usage factor. In the current fatigue monitoring
program cycle action limits are set at 90% of the allowed cycles for each transient, and a
CUF action limit of 0.65 is set for the pressurizer spray nozzle. In the enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) corrective action limits will
be set to 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. These conservatisms are
discussed below.

Fatigue Design Curve with Margin 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

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3-4
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Section 4
TIME-LIMITED AGING ANALYSES

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 a factor of 20 on cycles, whichever produced the lower, more conservative
allowable for the data set.

Boundinq Parameters for Transients: Fatigue analyses assume a given number of cycles of
each of a set of transient events. 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.

Use of Stress Based Fatigue: Since an automated six-element stress tensor fatigue
calculation will calculate stresses from the actual event severity, usage factors reported by
the software program at locations for which the stress-based method is used will be more
realistic than values predicted by the code analysis for the same number of cycles, or which
would be determined by cycle-count monitoring.

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

Action limits in the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will be set below the cycle count assumed by the analysis to ensure that actual
component usage 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 enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) will ensure that there is ample margin to the CUF limit
of 1.0.

4.3.1.1 Licensing Basis of the PVNGS Component Cyclic or Transient Limit Program

The "Component Cyclic or Transient Limit" program is required by Technical
Specification 5.5.5, which states: "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 UFSAR sections and tables, which represent conservative estimates for design
purposes (see Table 4.3-1). The UFSAR 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. These transients are
listed in Table 4.3-2.

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3-5
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Section 4
TIME-LIMITED AGING ANALYSES

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

UFSA SecionApplicable:.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
Section 5.4.3 Reactor Coolant Piping
Section 5.4.10 Pressurizer

4.3.1.2 Enhanced PVNGS Fatigue Management Program (B3.1)

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) differs
from the current fatigue monitoring program in the following two respects:

1. The current fatigue monitoring program is a manual cycle counting program. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
include an automated and computerized software program to support safe operation
of PVNGS for the period of extended operation.

2. The current fatigue monitoring program is cycle based and includes only one specific
location for CUF monitoring (pressurizer spray nozzle). The enhanced Metal Fatigue
of Reactor Coolant Pressure Boundary program (B3.1) will continue to count cycles
and will also monitor CUF values as specified in Table 4.3-4 for locations subject to
environmentally assisted fatigue (locations identified through implementation of
NUREG/CR-6260). Usage factor monitoring will include environmental effects at
NUREG/CR-6260 locations.

Palo Verde Nuclear Generating Station
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Section 4
TIME-LIMITED AGING ANALYSES

Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

12 3, 4 5: 6 78
Row Transient Title Limiting UFSAR UFSAR Other UFSAR - Notes

No._ý .(Shaded items Value -. Table Table3.9A-1 --.,.UFSARA . Category ..
are not counted) 139.1-1 (Sheet No. Reference

I-Item No.)

1 Reactor Coolant System 500 (The Sheet 1 1-I.A.l.a Normal
(excluding pressurizer) heatup reactor 13-11.B.1.a
from 70F to hot standby vessel studs 21-Note *

conditions at a rate of shall be
<100F/hr. limited to

250
occurrences)

2 Reactor Coolant System 500 (The Sheet 1 1-I.A. 1.d Normal
(excluding pressurizer) reactor 13-ll.B.1 .a
cooldown from hot standby vessel studs 21-Note*
conditions to 70F at a rate of shall be
<10OF/hr limited to

250
occurrences)

3 5%/minute power ramp 15000 Sheet 1 1-I.A.1.b Normal To reach this number the plant would
increase, from 15% to 100% 13-11.B.1.b have to experience a power increase on

1p ower.-,-- the average of once every 31.5 hours of
operation in 60 years with a 90%
capacity factor. Since the PVNGS units
operate as base loaded plants this is
not credible. This item is not counted.

4 5%/minute-power ramp 15000 Sheet 1 1-1.A.1.c Normal To reach this number the plant would
"decrease, from 100% to 15%." 13-11.B.11.b have to experience a power decrease
power - - on the average of once every 31.5

hours of operation in 60 years with a
90% capacity factor. Since the PVNGS
units operate as base loaded plants this
is not credible. This item is not
counted.

Palo Verde Nuclear Generating Station
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Section 4
TIME-LIMITED AGING ANALYSES

Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

"2 3 4 .5 6- 7
Row Transient Title Limiting UFSAR UFSAR FSOther .AR. Notes,
No. .(Shaded items - Value Table Table 3.9-1 UFSAR:,, Category

are not counted) 3.9:1-1 (SheetNo:. Reference.

-Item No.)

5 10% power step increase, 2000 6-I.C.1.a Normal
from 90% to 100% power 15-11.D.1.a

6 10% power step decrease, 2000 6-1.C.l.b Normal

from 100% to 90% power 15-1I.D.1.a

7 Normal cyclic Variationsato 1_00 1.E+06 Sheet 1 6-I.C.1.c Normal Per UFSAR Table 3.9.1-1 "This

% power;-+/-80'psi, +l-10F 7-I.C.1 .d condition is selected based on 1 million
cycles approximating an infinite number
of cycles so that the limiting stress is
the endurance limit." Therefore the

transient does not impact fatigue usage.
This item is not counted.

8 Startup of one reactor coolant 1000 1-I.A.1 .e Normal
pump at hot standby
conditions

9 Coastdown of one reactor 1000 1-I.A. 1 .f Normal
coolant pump at hot standby
conditions

10 Adding 40F feedwater at 875 15000 5.4.2.1.C Normal
gpm to the steam generator
through the downcomer
feedwater nozzle when at hot
standby conditions

11 Pressurizer heatup from 70F 500 Sheet 1 1-I.A.1.a Normal
to 653F at a rate of <200F/hr

Palo Verde Nuclear Generating Station
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Section 4
TIME-LIMITED AGING ANALYSES

Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

1 2 3 4 5 6 7 8
Row-, Transient Title Limiting UFSAR UFSAR Other UFSAR Notes
No (Shaded items - Value Jable Table 3.9-1 UFSAR-.' ---Category

are not counted) 3.9.1-1 (Sheet No. Reference'
-Item No.)

12 Pressurizer cooldown from 500 Sheet 1 1-I.A.l.d Normal
653F to 70F at a rate of
<200F/hr

13 Shift from normal to maximum 1000 8-I.D.l.a Normal
purification flow at 100% 1 1-ll.A.1 .a
power

14 Standby to SI cold leg 160 9-I.E.l.a Normal
injection check valve stroke 18-I11.A.1.e
test to standby (using
charging pumps)

15 High-pressure safety injection 40 11-II.A.1.b Normal
header check valve test

16 Turbine roll test at hot standby 10 7-I.C.1.e Normal

17 Initiation of auxiliary spray 500 12-11.A.1.c Normal This transient is tracked by pressurizer
during cooldown cooldown events.

18 Startup of SDC system from 500 18-1I1.A.1.b Normal
standby to shutdown cooling
(RCS >200F) to shutdown
cooling (RCS <200F) to
standby

Palo Verde Nuclear Generating Station
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Section 4
TIME-LIMITED AGING ANALYSES

Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

1 2,,: . 3 4 5 .. .7 8
Row TransientTitle Limiting .UFSAR -UFSAR Other UFSAR Notes

No. . ,(Shadeditems - Value Table Table 3.9-1 UFSAR Category
are not counted) 3.9.1-1 (Sheet No.-' Referen ce

-Item No.

19 Startup of safety injection 10 18-I11.A.1.a Normal
system from standby to
injection to short term
recirculation to long term
recirculation to shutdown
cooling to standby

20 Standby to LPSI pump test to 500 18-111.A.1.d Normal
standby

21 Standby to HPSI pump test to 500 18-111.A.1.c Normal
standby

22 Adding 40F feedwater at 875 500 5.4.2.1.D Normal
gpm to the steam generator
through the downcomer
feedwater nozzle during
loading conditions

23 Adding 11OF feedwater at 875 500 5.4.2.1.E Normal
gpm to the steam generator
through the downcomer
feedwater nozzle during
loading conditions

24 Pressure transients of 85 psi 4000 5.4.2..1.H Normal
across the primary divider
plate in either direction caused
by starting and stopping
reactor coolant pumps

Palo Verde Nuclear Generating Station
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Section 4
TIME-LIMITED AGING ANALYSES

Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

Row Transient Title Limiting UFSARj ,UFSAR, Other LUFSAR Notes
No.-- .(Shaded item's Value Table. Table,3.9-1 ... UFSAR Category .

are not counted) 3.9.1-! (Sheet No:. Reference:
Stm No.)

25 'Standby to SI hot leg-injection- 30 9- I.E.1.b Normal This is conducted during refueling
-lcheck valve'stroke test to: 18-I1l.A. 1 .f outages. It is not currently being
sfrndby (using thle HPSI counted because it was recently
,pump) identified and added to UFSAR Table

3.9-1. It will be added to the cycle
counting surveillance procedure 73ST-
9RC02 by August 25, 2010, as shown

____________,_______,__,____ _______,___ in Commitment No. 55 in Table A4-1.

26 Low-low volume control 80 9-1.D.2.d Upset
tank/charging pump suction 12-11.A.2.b
diversion to RWT

27 Pressurizer level control, 100 9-I.D.2.e Upset
failure to full open

28 Coastdown of one reactor 10 2-I.A.2.a Upset This transient is not counted in
c:oolant pump at 100% power surveillance procedure 73-ST-9RC02,

-(no reactor trip). but its affect would be assessed in the
corrective action program since it would
be an Anticipated Transient Without

.... _______.. . _____-_• ____ _________ _Scram (ATWS) event.
29 Spurious reactor trips 50 (RCS) 3-1.A.2.h Upset

(including operator error) at 240 (CVCS) 13-11.B.2.d
100% power

30 Loss of reactor coolant system 40 13-11.B.2.a Upset
flow

31 Arbitrary load rejection, from 40 7-I.C.2.a Upset
100% to 15% power 16.1l.D.2.a

Palo Verde Nuclear Generating Station
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TIME-LIMITED AGING ANALYSES

Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

.. Row Transient- Title Limiting UFSAR UFSAR Other UFSAR, -Notes
No., (Shaded items - .Valuei. Table Table 3.9-1 UFSAR Category:

are not counted) 3.9.1-1 (Sheet No.' Reference,
- tem No.)

32 OBE Condition - Full-load 200 Sheet 2 3.7.3.2 Upset
cycles about a mean value of
zero and with an amplitude
equal to the maximum
response produced during the
entire OBE event

33 Inadvertent control element 40 2-I.A.2.c Upset
assembly drop, at 100% 13-11.B.2.b
power ',

34 Inadvertent control element 40 2-I.A.2.d Upset
assembly withdrawal from 0% 13-11.B.2.c
power

35 Loss of charging and recovery 200 8-I.D.2.b Upset

at 100% power 12-11.A.2.d

36 Loss of letdown and recovery 300 8-1.D.2.a Upset
at 100% power 12-11.A.2.a

37 Charging cycles (on/off) 800 9-I.D.2.f Upset.
during an extended loss of 12-11.A.2.e
letdown

38 Depressurization by spurious 40 2-I.A.2.e Upset
actuation of pressurizer spray 13-11.B.2.e
control valve(s) at 100%
power (normal and auxiliary
spray valves are considered)

39 Partial loss of condenser 40 5-I.B.2.e Upset
cooling at 100% power 15-11.C.2.b

Palo Verde Nuclear Generating Station
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

.- :2 -3 .4 5 - 6 78
Row, :.Transient Title-::: Limiting UFSAR: UFSAR Other. UFSAR . Notes
No ,(Shaded items -.Value- Table"- Table3.9-1 UFSARo Category

,arenot counted) 3.9.1-i (Sheet No.. Reference
-Item No.)

40 Excess feedwater flow due to 40 5-I.B.2.d Upset
control system malfunction at 15-I1.C.2.c
100% power

41 Turbine trip without 40 (RCS) 7.I.C.2.d Upset
accompanying reactor trip at 120 (CVCS) 16.11.D.2.b
100% power

42 Inadvertent actuation of one 5 (RCS) 7.I.C.2.c Upset
main steam line isolation valve 40 (CVCS) 16.11.D.2.c
at 100% power

43 Inadvertent actuation of one 40 7.I.C.2.b Upset
turbine bypass valve or 16.11.D.2.d
atmospheric dump valve at
100% power

44 Seismic Event up to & 2 10-I.F.2.a Upset
including One-Half of the Safe 17-11.E.2.a
Shutdown Earthquake, at
100% Power

45 Inadvertent isolation of one 5 4-I.B.2.c- Upset
main feedwater heater at
100% power

46 Loss of Feedwater Flow (to 85 15.11.C.2.a Upset
S/G)

47 Inadvertent initiation of 5 8-I.D.2.c Upset
auxiliary spray at 100% power 12-11.A.2.c
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

I2 *3 4 .'5 6.7
Row Transient Title Limiting UFSAR UFSAR Other UFSAR ,Ntes
No. (Shaded items' blealue Table T Cable.3.91 -S.Ca.egory,

Eare not counted) 3.9.1-1 (SheetNo.• Reference :
.Item No.

48 System leak due to rupture of 40 3-I.A.2.i Upset
largest instrument or sampling
connection at 100% power

49 Inadvertent closure of one 40 4-1.B.2.a Upset
main feedwater valve at 100%
power

50 Inadvertent trip of one main 40 4-I.B.2.b Upset
feedwater or one main
condensate pump at 100%
power

51 Inadvertent closure of all main 5 5-I.B.2.f Upset
feedwater valves (due to loss
of pressure in compressed air
system) at 100% power

52- Start'up of One reactor- 6o6lant 10 2-1.A.2.b Upset The plant design will not allow the
pump at 50% power * reactor to be critical without all four

reactor coolant pumps operating. This
item is not counted.

53 Loss of an electrical bus 40 2-I.A.2.g Upset
supplying two reactor coolant
pumps at 100% power

54 Standby to spurious startup of 40 10-1.E.2.a Upset
a normally secured 19-I11.A.2.a
pump/spurious stopping of a
normally running
pump/spurious valve
opening/spurious valve
closure
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

_1 23, 4-67 .8
Row -Transient Title Limiting UFSAR UFSAR -Other UFSAR Notes
No. ý:.(Shaded items Value Table. Table 3.9-1 UFSAR Category

are-not counted) 3.9.1-1 (Sheet No. Reference
- Item No.)

55 Rx Trips, Turbine Trips and 480 Sheet 2 Upset
Loss of RCS Flow

56 Adding 40F feedwater at 1750 280 5.4.2.1.G Upset
gpm to the steam generator
through the downcomer
feedwater nozzles with the
flow initiated 30 seconds after
a loss of normal feedwater

57 Pressurization by spurious 10 2-i.A.2.f Upset
actuation of all pressurizer 14-11.B.3.c Emergency
heaters at 100% power

58 Depressurization due to 10 7-I.C.3.a Emergency Emergency and faulted events are not
inadvertent actuation of one fatigue cycles in Class 1 fatigue
secondary safety valve at analyses. Item is counted, but is not
100% power required to be counted.

59 Loss of offsite and onsite ac 5 1 1-I.F.3.a Emergency Emergency and faulted events are not
power, with retention of onsite 17-I1.E.3.a fatigue cycles-in Class 1 fatigue
emergency ac and dc power analyses. Item is counted, but is not
at 100% power required to be counted.

60 Depressurization of the SIS, 5 19-I11.A.3.a Emergency Emergency and faulted events are not
CSS, SCS by full opening of a fatigue cycles in Class 1 fatigue
safety or relief valve without analyses. Item is counted, but is not
reseating required to be counted.

61 - Depressurization due to 1 3-I.A.3.a Emergency Emergency and faulted events are not
ina-vertent actuation of one fatigue cycles in Class 1 fatigue
pressurizer:safety valve at- analyses. Item is not required to be
1 00%power counted.
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

1 2- 3 - 4-. 5 6 .7 8
Row. Transient Title Limiting UFSAR UFSAR Other -, UFSAR Notes
No. I(Shaded items Value. Table Table-3.9-1 UFSAR Category

-.•-are not counted) 3.9.1 -1 (Sheet No. Referehcb".
-Item No.)

62 Depressiurization due to 5 14-11.B.3.a Emergency Emergency and faulted events are not
inadvertent actuation of one . fatigue cycles in Class 1 fatigue
pressurizer safety valve analyses. Item is not required to be

counted.

63 Ope.ing of one primary safety 5 14-11.B.3.d Emergency Emergency and faulted events are not
,valve at 100%. fatigue cycles in Class 1 fatigue

analyses. Item is not required to be
counted.

64 Adding 40F feedwater at 1750 1 MSLB 5.4.2.1.F Faulted Emergency and faulted events are not
gpm to the steam generator event with 7 fatigue cycles in Class 1 fatigue
through the downcomer feedwater analyses. Item is counted, but is not
feedwater nozzles during a addition required to be counted.
steam line break cycles

65 Single reactor coolant pump 1 3-I.A.4.b Faulted Emergency and faulted events are not
shaft seizure at 100% power fatigue cycles in Class 1 fatigue

analyses. Item is counted, but is not
required to be counted.

66 Major loss of coolant incident 1 3-I.A.4.c Faulted Emergency and faulted events are not
(system operating mode fatigue cycles in Class 1 fatigue
dependent upon design analyses. Item is counted, but is not
application for worst case required to be counted.
conditions)

67 Single reactor coolant pump 4-I.A.4.d Faulted Emergency and faulted events are not
sheared shaft at 100% power fatigue cycles in Class 1 fatigue

analyses. Item is counted, but is not
required to be counted.

68 Class 2 line break 1 12-I1.A.4.a Faulted Emergency and faulted events are not
fatigue cycles in Class 1 fatigue
analyses. Item is counted, but is not

I I_ I required to be counted.
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

,.:1 , 3 4' 5 6 7 8.
Row Transient Title. Limiting UFSAR UFSAR Other UFSAR Notes
No. (Slhaded items -Value z- - -'-Table''.',; Table,3.9- .;UFSAR Category

'are notcOunted) 3.9.1-1 (Sheet No. Reference
-Item No.)

69 Seismic event up to and 1 11-I.F.4.a Faulted Emergency and faulted events are not
including the safe shutdown 17-II.E.4.a fatigue cycles in Class 1 fatigue
earthquake (system operating analyses. Item is counted, but is not
mode dependent upon design required to be counted.
application for worst case
conditions)

70 Major rupture ofthe Safety,.- 19-II.A.4.a Faulted Emergency and faulted events are not
injection system at the highest fatigue cycles in Class 1 fatigue
system pressure encountered analyses. Item is not required to be
during a normal operating. counted.
mode; namely, rupture during
the, first phase-of thei-' e

-,preoperational hydrostatic test

71 The concurrent loading 1 Sheet 2 Faulted Emergency and faulted events are not
produced by normal operation fatigue cycles in Class 1 fatigue
at full power, plus the design analyses. Item is counted, but is not
basis earthquake, plus loss-of- required to be counted.
coolant accident (pipe rupture)
are used to determine the
faulted plant loading condition.

72 Major rupture in the main 1 5-I.B.4,a Faulted Emergency and faulted events are not
feedwater piping (system 15-Il.C.3.a Emergency fatigue cycles in Class 1 fatigue
operating mode dependent analyses. Item is counted, but is not
upon design application for required to be counted.
worst case conditions)
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

31 2 -3 4 5 6 7 -8
Row Transient Title,., Limiting UFSAR, UFSAR' Other 'UFSAR, --'Notes
No. (Shaded items Value Table Table 3i- U4FSARW 'Category

are not counted) 3.9.1-1 (Shet No. 'Reference
ý- ItemNo.

73 Major rupture in the auxiliary 1 6-l.B.4.b Faulted Emergency and faulted events are not
feedwater piping (system 15-I1.C.3.b Emergency fatigue cycles in Class 1 fatigue
operating mode dependent analyses. Item is counted, but is not
upon design application for required to be counted.
worst case conditions)

74 Major rupture in the main 1 8-I.C.4.a Faulted Emergency and faulted events are not
steam piping (system 16.1l.D.3.a Emergency fatigue cycles in Class 1 fatigue
operating mode dependent analyses. Item is counted, but is not
upon design application for required to be counted.
worst case conditions)

75 Control element assembly 1 3-1.A.4.a Faulted Emergency and faulted events are not
ejection at 0% power .14-11.B.3.b - Emergency fatigue cycles in Class 1 fatigue

analyses. Item is counted, but is not
required to be counted.

76 Loss of Secondary Pressure:' Not Credible Sheet 2 Faulted This item is not counted because per
One cycleof a postulated loss UFSAR Table 3.9.1-1 "These are not
of secondary pressure due,to considered credible events in forming
a complete double ended , the design basis of the reactor coolant
severance of one steam system. However, they are included to
.generator or:feedwater nozzle, demonstrate that the reactor coolant
but not simultaneously. These!' system'components will not fail

sare not considered credible structurally in the unlikely event that one
ýevents inforning the design ' of these events occur."
basis of the reactor coolant
system. However, they are
included to demonstrate that:
'the reactor coolant system
'components',will not fail,s trUcdturallylin~the unlikely: i

event that one of these even ts.
occur. -' • ' -
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Table 4.3-2 - PVNGS Units 1, 2, and 3 Licensing Basis Transients

. 2 - 3 4 5 6 7 8
Row• Transient Title Limiting UFSAR UFSAR Other UFSAR: Notes

,,No ... _(Shaded items ------ 'Value- Table Table 3.9-1 .. UFSAR Category
are not counted) 3.9.1-1 (Sheet No. Reference

-Item No.)

77 Reactor Coolant System 10 Sheet 3 4-I.A.5.a Test
hydrostatic test 14-Il.B.5.a

78 Secondary system hydrostatic 10 6-1.B.5.a 5.4.2.1.A Test
test

79 Reactor Coolant System leak 200 Sheet 3 4-I.A.5.a Test
test 14-11.1B.5.b

80 Secondary system leak test 200 6-1.B.5.b 5.4.2.1 .B Test

81 CVCS System Hydrostatic 40 13-I1.A.5.a Test
Test

82 Standby to preoperational 10 20-111.A.5.a Test
hydrostatic testto standby

83 Standby to inservice 10 20-111.A.5.b Test
hydrostatic test to standby
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4.3.1.3 Seismic History

Design analyses that compare seismic stresses against allowable stresses, 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. The site seismic history can
therefore affect the disposition of TLAAs. However, no significant earthquakes have
occurred at PVNGS since construction.

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 the 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 as
of 2008, 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 current fatigue monitoring 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 UFSAR Section 3.9.1.1 because, prior to implementation of Improved Technical
Specifications in 1998, the Technical Specifications required monitoring only transients that
are now in UFSAR Section 3.9.1.1.1. In 1995 (after 10 years of Unit 1 operation), the cycle
count procedure was revised to include the 48 remaining UFSAR 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 1995 revision of the cycle count procedure, transients were
recorded 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.
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Scope

The scope of the cycle count verification included all transients required to be monitored

by PVNGS Technical Specifications 5.5.5.

Recount Method

Several APS employees and contractor personnel were designated based on their
long-term familiarity with PVNGS to perform document reviews. The reviewers
examined the microfilmed control room logs, NRC Monthly Operating Reports and
LERs for the period prior to January 1996 for all three PVNGS units. The personal
recollections and records of unit personnel were used to supplement the record review,
and a best-source total was determined for each monitored transient. The best-source
total was added to the actual count of events following 1995 to obtain a best-source
total as of the end of 2005. These best-source totals as of the end of 2005 are
reported in Table 4.3-3, Columns 4, 5, and 6.

Transient Projections

Transient totals were projected to the end of the PEO for information only. The
projections predict that 10 CFR 54.21(c)(1)(iii) aging management will be successful and
that in most cases future corrective actions will not be necessary. However, the projections
are not intended to justify 10 CFR 54.21(c)(1)(i) validations, or to provide revised design
bases for 10 CFR 54.21(c)(1)(ii) analysis revisions. The projections are based on a linear
extrapolation as follows:

1. The shortest period of operation as of the end of 2005 was 18 years in Unit 3
and the longest was 20 years in Unit 1, so a scaling factor of 3.33 (60 years
extended life divided by 18 years shortest operation) was used to project totals
to the end of the PEO. In a few special cases a scaling factor of 6.66 was used
when the available data covered a ten year period. These exceptions are noted and
explained in Table 4.3-3.

2. The highest total accumulation for an event was selected without regard to
which unit it occurred in.

3. A highest unit 60 year projection (column 7) as of the end of the PEO was
obtained by multiplying the highest total accumulation for each event by the
scaling factor.

Example:

Event #1 RCS Heatup highest unit total was in Unit 2 (64 heatups). 64 X 3.33=213.
The highest unit 60 year projection (column 7) is 213.
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It should be noted that only a few events such as recurring test events lend
themselves to projection with well defined assumptions, so the projections presented
in Table 4.3-3 are only best-estimates. Early plant history involved a number of first-
of-a-kind issues that may make the projections artificially high, and end of life issues
may make the projections artificially low. Therefore, consistent with aging
management, no attempt has been made to reanalyze or implement other corrective
actions based on these projections. Corrective actions will be triggered by the action
limits that will be established in the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1)
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatigue Cycle Cout and Projections
2 .3 4; 5 6 7, 8'

* Row, Transient Title Limiting Unit 1 Unit 2 Unit 3 Highest . Notes
No. (Shaded. items Value Accumulation-- Accumulation- Accumulation.' Unit. 60 yr

-are not counted) as of January: as of 'January as of January• Projection
2006, " .2006 2006 (Highest.

Unit Total

Reactor Coolant System 500 (The 62 64 59 213
(excluding pressurizer) heatup reactor vessel
from 70F to hot standby studs shall be
conditions at a rate of <lOOF/hr. limited to 250

occurrences)

2 Reactor Coolant System 500 (The 61 63 58 212
(excluding pressurizer) cooldown reactor vessel
from hot standby conditions to studs shall be
70F ata rate of <10OF/hr limited to 250

occurrences)

3 5%/minute power ramp 15000 Not Counted Not Counted Not Counted Not This item is not counted. To reach
increase,from 15% to 100% i Counted this number the plant would have
•power to experience a power increase on

the average of once every 31.5
hours of operation in 60 years with
a 90% capacity factor. Since the
PVNGS units operate as base loaded
plants this is not credible.

4 5%/minute power ramp , . 15000 Not Counted Not Counted Not Counted Not This item is not counted. To reach this
decreasejfrom 100% to 15% .. Counted number the plant would have to
power experience a power decrease on the

average of once every 31.5 hours of
operation in 60 years with a 90% capacity
factor. Since the PVNGS units operate as
base loaded plants this is not credible.

5 10% power step increase, from 2000 264 248 .206 879
90% to 100% power
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections

Row 2iiig 4.i 6 Uni 2.
Row .Transient Title Limiting Unit1 Unit 2 Unit3 Highest , .Notes
No.' • (Shaded items' Value Accumulation, Accumulation :Accumulation Unit 60yr.

are notcounted) asof January'. as of January, as of January Projection,
02 06 .. 2006. (Highest

UnitTotal

6 10% power step decrease, from 2000 142 144 98 480

100% to 90% power

* 7 -Normal cyclic variations at 100% 1.E+06 Not Counted Not Counted Not Counted Not This item is not counted. Per UFSAR Table

power; +/-80 psi, +/-1OF. Counted 3.9.1-1 "This condition is selected based on

1 million cycles approximating an infinite
number of cycles so that the limiting stress

is the endurance limit." Therefore the
transient does not impact fatigue usage.

8 Startup of one reactor coolant 1000 273 281 275 936

pump at hot standby conditions

9 Coastdown of one reactor 1000 269 275 268 916

coolant pump at hot standby

conditions

10 Adding 40F feedwater at 875 15000 0* 0* • 0" 13* * Note that per UFSAR 5.4.2.1 this is a SG

gpm to the steam generator .. transient. SGs were replaced in the fall

through the downcomer outages of 2003, 2005 and 2007 for U2, Ul

feedwater nozzle when at hot and U3 respectively resetting this event to

standby conditions zero. Therefore, the Ul and U3 totals are

reported as zero. Two events were counted

in U2 between 1995 and 2005. Although

both occurred prior to SGR they were

assumed to apply to the replacement SG's

to calculate a projection for conservatism.

Since the accumulation period was 10 years
versus 20 years the scaling factor was
doubled to 6.66
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
3 4 5 6 7 8

Row, Transient Title., Limiting UUnit 1, Unit 2 Unit 3 : Highest Notes
No. _(Shaded itemrrs,_:' Value-,. Accumulation Accumulation Accumlationl Unit 60 yr'

are.not counted)-as of January as of January as of January Irojectio"
2006 2006 2006 (Highest

Unit Total

11 Pressurizer heatup from 70F to 500 86 83 77 286
653F at a rate of <200F/hr

12 Pressurizer cooldown from 653F 500 85 82 76 285
to 70F at a rate of <200F/hr

13 Shift from normal to maximum 1000 250 250 250 833
purification flow at 100% power

14 Standby to SI cold leg injection 160 0 0 0 0 PVNGS has never done this ASME Section
check valve stroke test to XI test under hot conditions and has no
standby (using charging pumps) plans to do it at temperature.

15 High-pressure safety injection 40 0 0 0 0 PVNGS has never done this ASME Section
header check valve test Xl test under hot conditions and has no

plans to do it at temperature.

16 Turbine roll test at hot standby 10 3 3 2 10 Recount activities did not identify this test
in U2 logs. However, since it is part of
initial plant testing a value of 3 was
assumed to equal the highest actual count.

17 Initiation of auxiliary spray 500 85 82 76 285 This transient is tracked by pressurizer
during cooldown - cooldown events.

18 Startup of SDC system from 500 136 148 145 493
standby to shutdown cooling
(RCS >200F) to shutdown cooling
(RCS <200F) to standby
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatiue Cycle Cout and Projections

1 2 3 4''5> 678
Row Transient Title Limiting, Unit1 Unit2 Unit 3 Highest , Notes
NO." (Shaded items: Value-: Accumulation Accumulation,' :Accumulati6n Unit 60 yr.

-arenot counted)o asof. January as of,'January- as of January .Projecio,
2006; '2006 2006 ý(Highe~st.

-Unit Total-
____________ _3.33), __________________

19 Startup of safety injection 10 0 0 0 0
system from standby to injection
to short term recirculation to
long term recirculation to
shutdown cooling to standby

20 Standby to LPSI pump test to 500 239 228 252 839 The original assumption of a monthly run

standby has shown to be an underestimation. This
surveillance is run 10% more frequently
than required to ensure test intervals are
not exceeded, and it is conducted for post.
maintenance testing. Due to the
predictable nature of this transient it is
probable that the cycle counting action

limit will be reached prior to the end of the
PEO.

21 Standby to HPSI pump test to 500 246 222 243 819 The original assumption of a monthly run

standby has shown to be an underestimation. This
surveillance is run 10% more frequently
than required to ensure test intervals are
not exceeded, and it is conducted for post
maintenance testing. Due to the
predictable nature of this transient it is
probable that the cycle counting action
limit will be reached prior to the end of the
PEO.
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Prolections
1 2 . . 3 45 4ý5 6 " 7 8

Row Transient Title', Limiting Unit 1 Unit 2, Unit 3 Highest Notes
No., (Shaded items Value -Accumulation,: Accumulation, Accumulation' Unit-.60 yr

are not counted) as of January as of January: as of January' Projection
2006 2006 (Highest

Unit Total
_____________________~~ ___________ 3.33)

22 Adding 40F feedwater at 875 500 0* 0 0* 0 * Note that per UFSAR 5.4.2.1 this is a SG
gpm to the steam generator transient. SGs were replaced in the fall
through the downcomer outages of 2003, 2005 and 2007 for U2,;U1
feedwater nozzle during loading and U3 respectively resetting this event to
conditions zero. Therefore, the Ul and U3 totals are

reported as zero. U2 count is actual data.
23 Adding 10OF feedwater at 875 500 0* 0 0* 0 * Note that per UFSAR 5.4.2.1 this is a SG

gpm to the steam generator transient. SGs were replaced in the fall
through the downcomer outages of 2003, 2005 and 2007 for U2, Ul
feedwater nozzle during loading and U3 respectively resetting this event to
conditions zero. Therefore, the Ul and U3 totals are

reported as zero. U2 count is actual data.

24 Pressure transients of 85 psi 4000 0* 224** 0* 2238** * Note that per UFSAR 5.4.2.1 this is a SG
across the primary divider plate transient. SGs were replaced in the fall
in either direction caused by outages of 2003,,2005 and 2007 for U2,'U1
starting and stopping reactor and U3 respectively resetting this event to
coolant pumps zero. Therefore, the Ul and U3 totals are

reported as zero.
** The U2 total is based on assuming all
RCP starts and stops reported between '95
- '05 in transients 8 & 9 apply to the RSG.
The sum (56) was multiplied by 6 assuming
all 4 RCPs experienced a start and stop for
each Mode 3 start and stop plus 2 pump
start/stop cycles for sweeps. This was
multiplied by 6.66 to account for the 336
being accumulated in a 10 year period
versus 20 years.
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
I2 ý3 4- 5 6 7-8.

Row LmTransient Title"miting Unit 1 Unit 3 -Highest

No. ' (Shaded items Value Accumulation Accumulation Accumulation udit 60yri
1_are not counted) as of January as of January' as of January Projection

2006, 2006 2006 (Highest

Unit'Total
____________.____•__ __ _ _ _ __ _ _ _ ___ ___ _ _ ____, X3.33) ____ ___ ____ ___ ____ __.

25 Standby to SI hot leg injection 30 16 17 16 57 This transient is conducted during refueling

check valve stroke 'test to outages. It is not currently being counted
standby (using'the 'HPSI pump) because it was recently identified and

added to UFSAR Table 3.9-1. It will be
counted when added to the cycle counting
surveillance procedure 73ST-9RC02. Totals
are estimated and reflect one performance
per refueling through the end of 2005 plus

a margin of five events.

26 Low-low volume control 80 20 20 20 67
tank/charging pump suction
diversion to RWT

27 Pressurizer level control, failure 100 25 25 25 83
to full open

28 Coastdown of one reactor 10 0 0 0 0 T This transient is not counted in
coolant p1ump at 100% power surveillance procedure 73-ST-9RC02,
(no rea ctor trip) but its affect would be assessed in the

corrective action program since it would
be an Anticipated Transient Without

__Scram (ATWS) event.

29 Spurious reactortrips (including 50 (RCS) 33 32 26 110

operator error) at 100% power 240 (CVCS)

30 Loss of reactor coolant system 40 4 2 2 13
flow
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Table 4.3-3, PVNGS Units 1, 2, and 3 Faue Cycle Cout and Projections
-12 3- 4 56 7' 8

Row Transient Title Limiting Unit 1 Unit 2 Unit.3 Highest Notes
No.- .(Shaded. items ' Value Accumulation -Accumulation -Accumulation ýUnit`60-yr

are not counted) as of January as of January as of January -Projection
2006, 2006 2006 (Highest

- -. -Unit-Total

31 Arbitrary load rejection, from 40 6 7 14 47
100% to 15% power

32 OBE Condition - Full-load cycles 200 0 0 0 0
about a mean value of zero and
with an amplitude equal to the
maximum response produced

during the entire OBE event

33 Inadvertent control element 40 3 0 17
assembly drop, at 100% power

34 Inadvertent control element 40 0 000

assembly withdrawal from 0%
power

35 Loss of charging and recovery at 200 7 0 2 23
100% power

36 Loss of letdown and recovery at 300 17 18 10 60
100% power

37 Charging cycles (on/off) during 800 64 1 2 213
an extended loss of letdown

38 Depressurization by spurious 40 0 1 1 3
actuation of pressurizer spray
control valve(s) at 100% power
(normal and auxiliary spray
valves are considered)
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
71 2 3 4 '5 . 6 7 8

Row . Transient Title Limiting Unit 1, 'Unit 2 Unit 3 Highest . Notes
Now. (Shaded items- va ue Accumulation Accumulation ,Accumulation, Unit60yr

•~r~lto ý'cunuain ' : Unit,~ al yr; - " ... .'. .. , .a-re not counted) *,asoqf January ýas of January' as'of, January -Prjojction'
2006 ' 2066 ' 2006 '(Highest,-

Unit Total

39 Partial loss of condenser cooling 40 1 0 0 3
at 100% power

40 Excess feedwater flow due to 40 2 0 1 7
control system malfunction at
100% power

41 Turbine trip without 40 (RCS) 14 7 6 47

accompanying reactor trip at 120 (CVCS)
100% power

42 Inadvertent actuation of one 5 (RCS) 0 1 1 3
main steam line isolation valve at 40 (CVCS)
100% power

43 Inadvertent actuation of one 40 2 1 0 7
turbine bypass valve or
atmospheric dump valve at 100%
power

44 Seismic Event up to & including 2 0 0 0 0
One-Half of the Safe Shutdown
Earthquake, at 100% Power

45 Inadvertent isolation of one 5 0 0 0 0
main feedwater heater at 100%
power

46 Loss of Feedwater Flow (to S/G) 85 9 8 11 37

47 Inadvertent init iation of auxiliary 5 0 0 1 3
spray at 100% power
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
1 2 ~3 . .4- 5 :6 7 8

RoW Trnsient Title, Limiting Unit 1 Unit 2.. Unit 3 Highest Notes
No .(Shadeditems -Value, AccUmulation . Accumulation_. Accumulation.. Unit:.60.yr.

-,arenot counted) as of January as of January: asof January' Projection':
2006 2006 . . 2006 (Highes

Unit Total

48 System leak due to rupture of 40 0 0 0 0
largest instrument or sampling
connection at 100% power

49 Inadvertent closure of one main 40 1 0 0 3
feedwater valve at 100% power

50 Inadvertent trip of one main 40 7 8 11 37
feedwater or one main
condensate pump at 100%
power

51 Inadvertent closure of all main 5 1 0 0 3
feedwater valves (due to loss of
pressure in compressed air
system) at 100% power

52 startup of onereactor coolant 10 0 0 0 0 The plant design will not allow the
ipump at 50%-power reactor to be critical without all four

reactor coolant pumps operating. This
"___ ,____________- ________ __item is not counted.

53 Loss of an electrical bus 40 2 4 4 13
supplying two reactor coolant
pumps at 100% power

54 Standby to spurious startup of a 40 0 1 0 3
normally secured pump/spurious
stopping of a normally running
pump/spurious valve
opening/spurious valve closure
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fa ue Cycle Count and Projections
2 3 4 5 . 6 .- 7 . 8

Row Transient Title - Limiting Unit 1 . .Unit-2 Unit 3 Highest Notes
No.. (Shaded items Value- Accumulation Accu mýulation' Accumulation _ Unit 60 yr,

are not- counted) as of- January as of January as of January- Projection
2006 2006 .2006 ,(Highest

Unit Total
. . .. .. .. ... . -" '"' i /. X 3.33). _._

55 Rx Trips, Turbine Trips and Loss 480 104 81 63 346
of RCS Flow

56 Adding 40F feedwater at 1750 280 0* 0* 0*.. 13* * Note that per UFSAR 5.4.2.1 this is a SG
gpm to the steam generator transient. SGs were replaced in the fall
through the downcomer outages of 2003, 2005 and 2007 for U2, U1,
feedwater nozzles with the flow and U3, respectively, resetting this event to
initiated 30 seconds after a loss zero. Therefore, the Ul and U3 totals are
of normal feedwater reported as zero. Two events were counted

in U2 between 1995 and 2005. Although
'both occurred prior to SGR they were
assumed to apply to the replacement SG's
to calculate a projection for conservatism.
Since the accumulation period was 10 years
versus 20 years the scaling factor was
doubled to 6.66

57 Pressurization by spurious 10 2 2 2 7
actuation of all pressurizer
heaters at 100% power

58 Depressurization due to 10 5 2 0 17 Item is not required to be counted.
inadvertent actuation of one Emergency and faulted events are not
secondary safety valve at 100% fatigue cycles in Class 1 fatigue analyses.
power

59 Loss of offsite and onsite ac 5 1 2 2 7 Item is not required to be counted.
power, with retention of onsite Emergency and faulted events are not
emergency ac and dc power at fatigue cycles in Class 1 fatigue analyses.
1100% power
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PVNGS !Jnih~ 1 2 qnd .~ F~tinu~ flvck~ flrnmnt ~nd Prni~.ctinn~Table 43-3.

I- 3 4 56 78
Row 4Transient Title Limiting Unit 1 Unit 2 unit3 HigheSt Notes

-No. (Shaded items . .VaIue>• -Accumulation Accumulation.- Accumulation Unit..60Y I yr.
, , are-not counted) as of January -asof January- ,as of January Projection

2006 2006. 2006 (Highest.
Unit-Total'

60 Depressurization of the SIS, CSS, 5 1 1 3 Item is not required to be counted.
SCS by full opening of a safety or Emergency and faulted events are not
relief valve without reseating fatigue cycles in Class 1 fatigue analyses.

61 Depressurization due to 0 0 0 0 Item is not required to be counted.
inadvert~ent actuation of one Emergency and faulted events are not
pIressurizer safety valve at 100% fatigue cycles in Class 1 fatigue analyses.
power,

62 Depre ssurization due to :5 0 0 0 0 Item is not required to be counted.
inadverte-nt actuation of one, Emergency and faulted events are not
press-urizer safetyvalve fatigue cycles in Class 1 fatigue analyses.

63 Olpen ingof one'primary safety 5 1 0 0 3 Item is not required to be counted.
Valve at 100% - Emergency and faulted events are not

fatigue cycles in Class 1 fatigue analyses.

64 Adding 40F feedwater at 1750 1 MSLB event 0* 0 0* 0 *Note that per UFSAR 5.4.2.1 this is a SG
gpm to the steam generator with 7 transient. Since the U1 and U3 SGs. were
through the downcomer feedwater replaced after January 2005 the total is
feedwater nozzles during a addition reported as zero here. Item is not required
steam line break cycles to be counted.

Emergency and faulted events are not
fatigue cycles in Class 1 fatigue analyses.

65 Single reactor coolant pump 1 0 0 0 0 Item is not required to be counted.
shaft seizure at 100% power Emergency and faulted events are not

fatigue cycles in Class 1 fatigue analyses.
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
'1 2. 3 4578

Row Transient Title. Limiting .. Unit 1 -Unit 2.. Unit 3... Highest Notes,
NO., (Shaded items Value Accumulation Acicumulation Accumulation Unit 60 yr

are not counted)--' as of January as of .January as of January Projection

2006 2006 -2006 (Highest.

Unit Total,
X3.33) ___________________

66 Major loss of coolant incident 1 0 0 0 0 Item is not required to be counted.

(system operating mode Emergency and faulted events are not

dependent upon design fatigue cycles in Class 1 fatigue analyses..

application for worst case

conditions)

67 Single reactor coolant pump 1 0 0 0 0 Item is not required to be counted.

sheared shaft at 100% power Emergency and faulted events are not

fatigue cycles in Class 1 fatigue analyses.

68 Class 2 line break 1 0 0 0 0 Item is not required to be counted.

Emergency and faulted events are not

fatigue cycles in Class 1 fatigue analyses.

69 Seismic event up to and 1 0 0 0 0 Item is not required to be counted.

including the safe shutdown Emergency and faulted events are not

earthquake (system operating fatigue cycles in Class 1 fatigue analyses.

mode dependent upon design

application for worst case

conditions)

70 Major rupture' of fthe safety 0 0 0 0 Item is not required to be counted.

injection System at tte'highest Emergency and faulted events are not

system pressure encountered fatigue cycles in Class i fatigue analyses.

during-a normal operating m od'e;

namely,.rupture during the fit.st

phase of thepreoperational -

hydrostatic test
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
I3 4 5 67 8-

Transient Title Limiting Unit1 unit 2 Unit3 Highest Notes.
:No_. '(Shadeditems Value .Accumulation' Accumulation Accumulation Unit 60yr".

'are not counted) as of January as of January.1 as of January Projection
2006 .2006 . ,'2006 (Highest

Unit Total,

71 The concurrent loading produced 1 0 0 0 0 Item is not required to be counted.
by normal operation at full Emergency and faulted events are not
power, plus the design basis fatigue cycles in Class 1 fatigue analyses.
earthquake, plus loss-of-coolant
accident (pipe rupture) are used
to determine the faulted plant
loading condition.

72 Major rupture in the main 1 0 0 0 0 Item is not required to be counted.
feedwater piping (system Emergency and faulted events are not
operating mode dependent upon fatigue cycles in Class I fatigue analyses.
design application for worst case
conditions)

73 Major rupture in the auxiliary 1 0 0 0 0 Item is not required to be counted.
feedwater piping (system Emergency and faulted events are not,
operating mode dependent upon fatigue cycles in Class I fatigue analyses.
design application for worst case
conditions)

74 Major rupture in the main steam 1 0 0 0 0 Item is not required to be counted.
piping (system operating mode Emergency and faulted events are not
dependent-upon design fatigue cycles in Class 1 fatigue analyses.
application for worst case-
conditions)

75 Control element assembly 1 0 0 0 0 Item is not required to be.counted.
ejection at 0% power Emergency and faulted events are not

fatigue cycles in Class 1 fatigue analyses:
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Table 4.3-3, PVNGS Units 1, 2, and 3 Faiue Cycle Count and Projections
2 .4 56 7 8r

,Row' Transient Title.' Limiting Unit 1. ,Unit2i: :2 :.. Unit3' Highest Notes
No.,, (Shaded items Value --ý'Accumulation Accumulation -Accumulatn U t yr

are not counted) ,as of.January as of January :as of Januay: Projection

2006 2006 2006 (Highest
Unit Total

76 Loss of Secondary Pressure: One Not Credible Not Counted* Not Counted* Not Counted* Not This item is not counted because per

cycle of a postulated loss of Counted UFSAR Table 3.9.1-1 "These are not

secondary pressure due to a considered credible events in forming the
ýcomplete double ended" design basis of the reactor coolant system.

severance of one steam . However, they are included to demonstrate

g enerat6r orfeedwater nzizle, that the reactor coolant system
but not simultaneously; These-, components will not fail structurally in the

are r0ot"considered credible, unlikely event that one of these events
events in forming the design occur."
'basis of the reactor coolant
system. However,th.•yare
.included td-den d-stjrtbethat-the
reactor coolant'system .
components Will'not fail
structurally intithe Unlikely event

,,that one of these events occur.

77 Reactor Coolant System 10 1 1 1 3
hydrostatic test

78 Secondary system hydrostatic 10 1 1 1 3 The U2 RSG was subject to one preservice

test hydrostatic test prior to receipt. The
associated piping experienced one
hydrostatic test during original

construction. The leak test following
replacement was done at normal operating
pressure. The U1 and U3 reflect the same
sequence of events.

79 Reactor Coolant System leak test 200 5 4 2 17
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Table 4.3-3, PVNGS Units 1, 2, and 3 Fatue Cycle Count and Projections
1 2 3 4 ý5 678

Row .. Transient Title Limiting. Unit 1 Unit 2 Unit 3 Highest-- Notes
-No. ;.- "--•iJ4(Shaded items -• Value-. - Accumulation Accumulat ion.A cm t I'.t 60..r - •

, arenotcounted) 1as of January as of January as of January Projection-
2006 2006 2006 (Highest"

Unit Total

80 Secondary system leak test 200 50 50 50 167

81 CVCS System Hydrostatic Test 40 1 1 1 3

82 Standby to preoperational 10 2 2 2 7
hydrostatic test to standby

83 Standby to inservice hydrostatic 10 2 2 2 7
test to standby
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4.3.1.5 Enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) Scope, Action Limits, and Corrective Actions

Scope

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will include all ASME Section III Class 1 components and components with Class 1
fatigue analysis and will monitor their fatigue usage by a combination of cycle counting and
CUF monitoring as noted in Table 4.3-4.

Method

The "Fatigue Management Method" column of Table 4.3-4 indicates the method the
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 CC. The CC method will be used for components whose cumulative usage
can be shown to be satisfactory with this highly conservative monitoring approach. Most of
the NUREG/CR-6260 locations and the pressurizer spray nozzle require more sophisticated
CBF or SBF algorithms to periodically calculate accumulated fatigue usage and
demonstrate that component usage remains less than one. Transient event cycles that are
required to be monitored by PVNGS Technical Specifications 5.5.5 will continue to be
tracked to ensure that the numbers of transient events assumed by the design basis
calculations will not be exceeded. This cycle counting monitoring method will demonstrate
design, basis compliance for the components using CC monitoring. See Table 4.3-2 for the
list of tracked transients.

Corrective Action Limits and Corrective Actions

The PVNGS current fatigue monitoring program is based on cycle counting with one
location tracked by a CUF calculated using CBF-PC (pressurizer spray nozzle), and it
incorporates a cycle based action limit of 90% of the design event occurrences and a CUF
based action limit of 0.65 for the pressurizer spray nozzle usage. The current fatigue
monitoring program requires this evaluation at least once per fuel cycle. The current
action limits are established to allow action to be taken in time to prevent exceeding the
maximum number of allowed cycles or a pressurizer spray nozzle CUF of 1.0, as
applicable, and should provide at least one fuel cycle of warning.

During the period of extended operation, projections indicate that certain allowable cycles
and fatigue limits may be approached. Therefore, specific and targeted action limits will be
necessary to ensure actual fatigue limits are not exceeded. Those action limits have not yet
been developed. As the transition to the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) and FatiguePro® is implemented, there are. certain
embedded administrative tools in FatiguePro® that will allow for specification of action limits
based on projected fatigue usage at specific locations that account for actual cumulative
fatigue. The action limits can be based on the time required to implement expected or
projected mitigating actions (such as component replacements or revisions to ASME Code
Fatigue Analyses of Record) prior to actual fatigue limits being exceeded.
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Action Limit Margins

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
corrective action limits will ensure that corrective actions are taken before the design limits
are exceeded. Corrective action limits will 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 thecode 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

Cycle Counting monitoring (CC) action limits for the enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) will be established based on the design-
specified number of cycles. Since sufficient margin must be maintained to accommodate
any design transient regardless of probability, the enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) corrective actions will be taken before the
remaining number of allowable occurrences for any specified transient becomes less than
one. Corrective actions will be required when the cycle count for any of the significant
contributors to usage factor is projected to reach the action limit defined in the enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) before the end of the next
fuel cycle.

Cycle Counting Corrective Actions to be incorporated into the enhanced Metal Fatigue of
Reactor Coolant Pressure Boundary program (B3.1): If a cycle count action limit is reached,
the following actions will be considered, and those deemed appropriate will be taken:

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 high-energy line break (HELB)
locations are maintained.

To ensure that the analytical bases of the 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 and other similar
repairs/analyses are maintained.

2. Evaluation of remaining margins on CUF based on cycle-based or stress-based CUF
calculations using the PVNGS fatigue management 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.
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These actions are designed to determine how close the usage is to 1.0, and from those
determinations, set new action limits. Further actions for cumulative fatigue usage action
limits may be invoked if good engineering judgment determines that is necessary.

Cumulative Fatigue Usage Action Limits and Corrective Actions

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will use
an automated three-dimensional, six-element stress tensor, stress-based fatigue
management software module (the SBF module, meeting ASME III NB-3200 requirements)
to 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 for
the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will be
established to provide two to three fuel cycles of warning prior to exceeding a CUF of 1.0.

CUF Action Limit Marqins: To provide adequate time for corrective actions and adequate
margin to permit continued operation, corrective actions for the enhanced Metal Fatigue of
Reactor Coolant Pressure Boundary program (B3.1) will be required 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 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 be
established to permit completion of corrective actions before the usage factor reaches 1.0.

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 will be 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, the following actions will
considered, and those deemed appropriate will be taken:

1. Determine whether the scope of the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) 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. Adjust fatigue monitoring methods to confirm continued conformance to the code
limit.

3. Repair/modify 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.
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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 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
Program

3
Maximum 5

Design Basis 4 Fatigue
1 2 CUF Reason For Management

Number Component (40 year Method
Analysis unless Monitoring (See Section 4.3.1 for

otherwise description)
noted)

1 RPV Inlet 0.07308 NUREG/CR-6260 CBF-C
Nozzle

2 RPV Outlet 0.309574 NUREG/CR-6260 CBF-C
Nozzle

3 RPV Shell and 0.0012 NUREG/CR-6260 CC
Lower Head
(RPV Wall and
Bottom Head
Juncture)

4 Surge Line 0.937 SBF
(Elbow) NUREG/CR-6260

5 Charging Inlet 0.9205 CBF-EP
Nozzle NUREG/CR-6260

6 Shutdown 0.1118 NUREG/CR-6260 CBF-EP
Cooling Line
Elbow

7 Safety 0.3409 NUREG/CR-6260 CBF-PC
Injection
Nozzles
(Loop 1

_and Loop 2)
8 Pressurizer 0.9923 High CUF CBF-PC

Spray Nozzle

9 All other CC
locations (Locations not
subject to specifically called out
fatigue in this table will be
monitoring monitored by

counting design
transients.)
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4.3.2 ASME III Class 1 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 ASME Ill Class I Components and Piping

.comPonent Application

Subsection

Reactor Pressure Vessel, Head, Studs, and Supports 4.3.2.1

Control Element Drive Mechanism (CEDM) and Reactor Vessel Level 4.3.2.2
Monitoring System (RVLMS) Pressure Housings

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

Reactor Coolant Pump Pressure Boundary Components 4.3.2.3

Pressurizer and Pressurizer Nozzles 4.3.2.4

Steam Generator ASME III Class 1, Class 2 Secondary Side, and Feedwater 4.3.2.5
Nozzle Fatigue Analyses

Pressure-Retaining Bolting (Included with the Reactor Vessel, Steam See Relevant
Generators, Reactor Coolant Pumps, Pressurizer, and Valves, as Component
Applicable) Section

Valves 4.3.2.6

Piping and Piping Nozzles 4.3.2.7

Main Reactor Coolant Loop Piping Nozzles and Thermowells 4.3.2.7

Supports for Class 1 Pipingand Valves (See Section 4.3.2.7) Not a TLAA
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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.

See Section 4.3.2.2 for the attached control element drive mechanism (CEDM) and reactor
vessel level monitoring system (RVLMS) pressure housings.

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 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 in the original reactor
vessel design reports.

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

Worst-Case Notes-
Component• . " DesignKBasis CUF Notes

CUF applies to new closure heads. Reactor
Closure Head and Vessel 0.1142 vessel closure heads and associated piping will
Flange be replaced in all three units by December 31,

2010

Vessel Wall and Bottom 0.0012

Head Juncture

0.0035, The replacement head analysis recalculated

Vessel Wall Transition 0.0748 recalculated the vessel transition CUF for the original 40-
for. replacement year design life.

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

i. Component~l •Worst-Case NotesDesign Basis CUF' Notes

Inlet Nozzle 0.073080

Outlet Nozzle 0.309574

Ul = 0.68 The Unit 1 calculated CUF is higher than Unit 2
U2&3 = 0.14 and 3 due to assumptions made by the analyst.

Core Stabilizer Lugs 0.06

Flow Baffle 0.003

Surveillance Holder 0.0714

Reactor Vessel Support, 0.29
Integral Attachment

Reactor Vessel Support 0.060
Pad Flange

Bottom Head These lugs are external to the reactor vessel
0.9536 and not subject to the effects of reactor coolantSupport/Shear Lugs. environment.

CUF applies to replaced piping. Reactor vessel
closure heads and associated piping will bereplaced in all three units by December 31,

2010

The replacement head analysis recalculated
0.8236, the stud CUF for the original 40-year design

Reactor Vessel Studs 0.8929 recalculated life. The design life of the reactor vessel
for replacement closure studs is 250 heatup and cooldown

heads cycles which is one half the assumed cycles for
other RPV components.

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.
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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

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 revised
cumulative fatigue usage factor, with the new heatup and cooldown pressures and reduced
number of transients, was 0.8236. The studs and nuts were not replaced with the
replacement heads (described below), but were reanalyzed by the code analysis for the
replacement heads, for the original design basis set of transients. The analysis for the new
heads calculated a new design basis maximum CUF of 0.8929 (in the studs, from
installation of the studs and nuts at initial plant startup), which is not substantially different
from the previous analysis of record value of 0.8236.

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

This subsection has been superseded by the replacement of the reactor vessel closure
head vent pipe in Unit 2. As of May 1, 2010 the Unit 1 and 2 heads and vent lines have
been replaced. (The Unit 3 head and vent line are scheduled to be replaced by
December 31, 2010. See LRA Appendix A, Table A4-1, Commitment 51.) The fatigue
analyses of the replacement components are sufficient for a 40 year design life, based on
the design basis transient events specified for the original heads. The design life of these
replacement heads, vent lines, and related components therefore extend beyond the end of
the period of extended operation. The fatigue analyses of these replacement components
are therefore dispositioned by revision (10 CFR 54.21 (c)(1)(ii).

Replacement Reactor Closure Vessel Heads and Nozzles

The replacement reactor vessel closure heads (the replacement heads) were designed to
ASME I11, 1998 Edition up to and including the 2000 Addenda, for a 40-year operating
period.

The design specification for the replacement heads includes design transients and seismic
loads consistent with those for the original vessel and head.

The design report for the replacement heads reported a maximum calculated fatigue usage
factor in the replacement head and head flange of 0.1142; a maximum calculated usage
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factor in the studs and nuts (from initial plant startup) of 0.8929; and a maximum calculated
usage factor in the existing vessel upper shells (from initial plant startup) of 0.0748.

Control element drive mechanisms (CEDMs) and their pressure housings are mounted on
89 of the 97 reactor vessel head "CEDM" nozzles. Reactor vessel level monitoring system
(RVLMS) pressure housings are mounted on two of the nozzles. The remaining six are
capped spares. Since CEDMs are the largest attachments to these nozzles the limiting
nozzles are those with attached CEDMs.

The design report for the replacement heads reported a maximum calculated fatigue usage
factor in the CEDM nozzles of 0.0610; and a calculated usage factor in the guide cones
(inside the head, below the nozzles) of zero, with S, less than endurance limit.

The design report for the replacement heads reported a maximum usage factor in the
capped CEDM nozzles of 0.0033 in the CEDM nozzle upper end.

Control element drive mechanisms (CEDMs) and their pressure housings, and reactor
vessel level monitoring system (RVLMS) pressure housings, attached to the replacement
head CEDM nozzles, are being replaced with the heads. The analysis of the CEDM and
RVLMS pressure housings is described in Section 4.3.2.2.

Summary of Fatigue Analyses in Reactor Vessel Components not Replaced

The maximum calculated CUF in the reactor pressure vessel pressure boundary and its
supports is in the bottom head support lugs with a usage factor of 0.9536. Other
components of the reactor pressure vessel pressure boundary and its supports are affected
by similar loads and transients. The closure flanges, studs, and nuts are also subject to
boltup cycles. The maximum 40-year usage factor in the studs, including effects of the
Combustion Engineering Infobulletin 88-09 revised heatup and cooldown transients, is
0.8929. The studs fully bound all RPV components even though the CUF of the bottom
head support lugs is higher. The RPV head studs will experience more severe stresses
during each event, but are limited to a lower number of heatup and cooldown events, which
results in a calculated CUF that is slightly lower than that for the bottom head support lugs.

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

Revision:, Replacement of the Reactor Vessel Closure Heads, Head Nozzles, Vent
Pipes; and revision of the Reactor Vessel Primary Coolant Inlet and Outlet Nozzles
and Reactor Vessel Shell and Lower Head Analysis

The fatigue analyses of the replacement reactor vessel closure heads, their CEDM and
instrument nozzles, and the attached head vent pipes extend beyond the end of the period
of extended operation. The fatigue analyses of these replacement components have
therefore been projected beyond the end of the period of extended operation (PEO), in
accordance with 10 CFR 54.21(c)(1)(ii).
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The reactor vessel primary coolant inlet and outlet nozzles and the reactor vessel shell and
lower head (juncture) are evaluated for effects of the reactor coolant environment on fatigue
behavior of these materials, consistent with NUREG/CR-6260. These components have
been evaluated and found to have a usage less than 1.0 through the PEO when the effects
of reactor coolant environment are considered. See Section 4.3.4.

Aging Management

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
track the transients listed in Table 4.3-2 to ensure that appropriate reevaluation or other
corrective action will be 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 be established to
permit completion of corrective actions before the design basis number of transients 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).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion:of its action limits
and corrective actions.

4.3.2.2 Control Element Drive Mechanism (CEDM) and Reactor Vessel Level
Monitoring System (RVLMS) Pressure Housings

CEDMs and their pressure housings are mounted on 89 of the 97 reactor vessel head
"CEDM" nozzles. RVLMS pressure housings are mounted on two of the nozzles. The
remaining six are capped spares.

The analysis of the capped CEDM nozzles is described in Section 4.3.2.1.

Summary Description

Palo Verde is replacing reactor vessel heads. for all three units, including their nozzles,
CEDM pressure housings, RVLMS pressure housing, and caps for the spare nozzles. As of
May 1, 2010 the Unit I and 2 heads have been replaced. (The Unit 3 head is scheduled to
be replaced by December 31, 2010. See LRA Appendix A, Table A4-1, Commitment 51.)
The fatigue analyses of the replacement components are sufficient for a 40 year design life,
based on the design basis transient events specified for the original heads. The design life
of these replacement heads, nozzles, and CEDM and RVLMS pressure housings therefore
extends beyond the end of the period of extended operation.

Analysis

CEDM Pressure Housings

The replacement CEDM pressure housings are designed to ASME Ill, Subsection NB
(Class 1), 1998 Edition up to and including the 2000 Addenda, for a 40-year operating
period.
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The design specification for the replacement CEDM pressure housings includes design
transients and seismic loads consistent with those for the original vessel, head, and CEDM
pressure housings.

The design report for the replacement CEDM pressure housings reports calculated fatigue
usage factors at the following two limiting locations: 0.4210 in the motor housing, and
0.2240 in the lower end of the upper pressure housing.

The design report for the replacement CEDM pressure housings also reports acceptable
results of a corrosion evaluation: "The loss of wall thickness = 0.0001 inch/year x 40 years
= 0.004 inch".

Since the design life of the replacement CEDM pressure housings extends beyond the end
of the period of extended operation, the fatigue and corrosion analyses have been projected
beyond the end of the period of extended operation, in accordance with
10 CFR 54.21(c)(1)(ii).

RVLMS Pressure Housings

The replacement RVLMS pressure housings were designed to ASME III, Subsection NB
(Class 1), 1998 Edition up to and including the 2000 Addenda, as ASME III NCA-1260 Code
Class 1 appurtenances; for a 40-year operating life.

The design specification for the replacement RVLMS pressure housings includes design
transients and seismic loads consistent with those for the original vessel, head, and RVLMS
pressure housings.

The design report for the replacement RVLMS pressure housings reports a calculated
fatigue usage factor of 0.000 and a thermal stress ratchet ratio of 0.14 in the lower end
fitting, and a usage factor of 0.654 and a thermal stress ratchet ratio of 0.28 in the upper
flange. The stress ratchet ratio is described in ASME III Subparagraph NB-3222.5 as the
ratio of actual over allowable with a limit of 1.0. The purpose of the calculation is to
demonstrate the ability to prevent ratcheting (increasing deformation) with each cycle.

Since the design life of the replacement RVLMS housings extends beyond the end of the
period of extended operation, the fatigue analyses have been projected beyond the end of
the period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(ii).

Effects of Power Uprate and Steam Generator Replacement on the CEDM and RVLMS
.Pressure Housing Analyses

The Palo Verde steam generator replacement and power uprate modifications (RSG and
PUR) included evaluation of the original CEDM nozzles. 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 analyses of the replacement CEDM and RVLMS pressure housings were based on
design specifications issued after the RSG and PUR modifications but based on the original
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set of design basis transient events, and were therefore also not affected by the RSG and

PUR modifications.

Effect of Combustion Engineering Infobulletin 88-09

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 original CEDMs. The conclusions of the analysis of the
replacement CEDM and RVLMS pressure housings, based on the original set of design
basis transient events, were therefore also not affected by the Infobulletin 88-09 evaluation.

Disposition: Replacement and Revision, 10 CFR 54.21(c)(1)(ii)

The fatigue analyses of the replacement CEDM and RVLMS pressure housings, and the
corrosion analysis of the replacement CEDM pressure housings, extend beyond the end of
the period of extended operation. The fatigue and corrosion analyses of the replacement
CEDM and RVLMS pressure housings have therefore been projected beyond the end of the
period of extended operation, in accordance with 10 CFR 54.21 (c)(1 )(ii).

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.
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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 studs. 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 and is under review for addition to the
UFSAR section 3.9.1.1.

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.

No Effect on Reactor Coolant Pumps of Combustion Engineering Infobulletin 88-09

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, and 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
track events to ensure that appropriate corrective action will be initiated if action limits are
reached. Action limits will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion of its action limits
and corrective actions.
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4.3.2.4 Pressurizer and Pressurizer Nozzles

Summary Description

The PVNGS pressurizers are designed to ASME III, 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 witli 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
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 I 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, steam generator replacement and modifications;
including:

. Effects of indications in a Unit 2 pressurizer support skirt forging weld
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* Effects on the pressurizer of NRC Bulletin 88-11 thermal stratification in the surge
line not included in the original analyses

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

0 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

0 Replacement heaters

* Replacement heater sleeves and their welds to the heaters

0 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

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09
"Nonconservative Calculation of Cumulative Fatigue Usagefound 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.
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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.

Absence of TLAAs in the Analysis of Thermal Fatigue Crack Growth in Original Heater
Sleeve Attachment Welds, in Support of ASME Section XI Inspection Relief, and of
Heater Sleeve Repairs

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.

A supporting Westinghouse fatigue crack growth analysis, for the Unit 3 MNSA repairs 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. These MNSAs were removed and all heater
sleeves in all three units were replaced, using half-nozzle repairs. The Westinghouse
analysis in support of this temporary MNSA modification was superseded by:

* A subsequent report and fatigue crack growth analysis in support of relief from
ASME Section XI inspection requirements, because the area of the postulated initial
cracks - at the original attachment J-welds - has not been removed.

" A subsequent report and fatigue crack growth analysis in support of the half-nozzle
repair of all 36 heater sleeves in each of Units 1, 2, and 3. This report and analysis
are included by reference in the Unit 1, 2, and 3 pressurizer code design reports.

The analyses are consistent. Both report a projected final flaw size at 60 years of 1.16 inch,
based on an initial flaw size of 0.6 inch, and cite supporting fracture mechanics analyses
permitting an allowable flaw size of 1.2 inch. Both of these currently-applicable fatigue crack
growth analyses apply to all three units. Both were performed for a 60-year operating life,
and are therefore not TLAAs.
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Effect of MNSA Anchor Holes on the Pressurizer Fatigue Analysis, in Support of
MNSA Repairs of Unit 3 Heater 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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Pad& J Weld

Figure 4-1: 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 1-1.0, 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-1 120
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 analyses which are TLAAs.

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
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assumed for 40 years, but do not support safety determinations for a defined design lifetime,
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 is monitored by
CBF-PC methodology in the current metal fatigue monitoring program and will continue to
be monitored by this method in the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) with appropriate action limits to prevent the fatigue usage from
exceeding 1.0.

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.
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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.

Table 4.3-7 - Summary of PVNGS Pressurizer ASME Ill Class I Analyses and Fatigue Usage
Factors

M~aximum CUF
Component Analysis:. TLAA?
(Date Replacementhor Basi I i Is if (U 40,: Unless-NotedOtherwise)' .

iReanalysis Initiated) : not. Unit 1 Unit 2 , .. Unit 3

1. Bottom Head and Support
Skirt - Worst Location,
Inside the Support Knuckle
(1993 reanalysis in response
to CE Infobulletin 88-09) See Yes 0.7223 0.7223 0.7223
also item 18 below for a
reanalysis of the Unit 3
bottom head.

2. LEFM Fatigue Crack
Growth Analysis of
Indications in a Unit 2
Pressurizer Support Skirt Yes NA Crack growth, NA
Forging Weld (1993) Crack no CUF
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

200 cycles 200 cycles 200 cycles6. Heaters, Support Plate, and BOEBE

Surge Screen - Natural Yes <En <En <En

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

Component Analysis TLAA? MaximumRCUF
(Date- Replacement or Basis if (U40, Unless Noted Otherwise)-
Reanalysis Initiated) not. Unit I Unit 2" Unit.•Unitl• -, .• .Urit U _•U it 3

8. [Deleted]

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

Yes, 1.0 for 560 cycles (Heatup +
15. Short Heater Sleeve Plugs qualified lifeus wthstckhetes)Reactor TriplLoss of Flow + Leak NA

(for use with stuck heaters) comparable Test)
to 40 years.
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Table 4.3-7 - Summary of PVNGS Pressurizer ASME IlI Class I Analyses and Fatigue Usage
Factors

C~omponent Analysis TLAPAX Maximum CUF'
(Date Replac ement or'.: Basis if (U40 , Unless Noted Ptherwise)' .

Rean alysisInitiated) not. 'Unit 1 Unit 2 Unit 3

No,
16. Replacement Heater Sleeve E08

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 No,

Mini/MNSA Pad OD U60 = 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 Y
with Overlay Repair Yes 0.9602(6) 0.9602(6) 0.9602(6)

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)

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.
2 [Line Deleted]
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 16.
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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 enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) will track these events and action limits will ensure that
appropriate corrective actions will be 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) 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 will ensure that
appropriate reevaluation or other corrective action will be initiated if an action limit is
reached. Action limits will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
in accordance with 10 CFR 54.21(c)(1)(iii).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion of its action limits
and corrective actions.
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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

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 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 Table4.3-8. 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. However, the Steam Generator Tube Integrity Program (B2.1.8) will be
credited for maintaining tube integrity for tube degradation mechanisms..

Table 4.3-8 - PVNGS Steam Generator Uprated Fatique Comparison
.: ..] .Maximum Desig n Basis CUF("

ComRonen Uprated)
..... . .. .. .... • Current 'Current

Design,, 1/3 ~Design, U2_
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 years(4 ) 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
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Table 4.3-8 - PVNGS Steam Generator Uprated Fatigue Comparison
.Maximum Design Basis CUF01 .

Copoen ~(RSGs, U2raecl)
- urrent Cuirent,'ý

Design;'U113i,ý Des~ignU2
Secondary Shell Instrument Nozzle Holes and Nozzles NB-3222.4(d) NB-3222.4(d)

Exemption Exemption

Small Nozzles NB-3222.4(d) NB-3222.4(d)
Exemption 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

1The 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.
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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.

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.

0 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
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will track
these events to ensure that appropriate reevaluation or other corrective action will be
initiated if an action limit is reached. Action limits will be established to 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 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.
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Disposition: Aging Management, 10 CFR 54.21(c)(1)(iii)

The Unit 1 and 3 steam generators were replaced after the 2 0 th year of operation and have
fatigue analyses extending beyond the -period of extended operation (PEO). 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. However, PVNGS has chosen to apply aging management to all the Unit 1, 2
and 3 steam generators to achieve uniformity in aging management practices. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will track
events to ensure that appropriate reevaluation or other corrective action will be 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. Although the steam generator tube fatigue analysis is not
considered a TLAA for the reasons stated above steam generator tube fatigue will be
managed by the Steam Generator Tube Integrity program (B2.1.8). Effects of fatigue in the
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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion of its action limits
and corrective actions. The Steam Generator Tube Integrity program is described in
Appendix B, Section B2.1.8.

4.3.2.6 ASME III Class 1 Valves

Summary Description

PVNGS Class 1 valves (pressurizer safety, control, motor- and air-operated, manual, check,
and solenoid) are designed to ASME Ill, 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:

Table 4.3 -9- Summary of PVNGS Class 1 Valve Fatigue Analyses
Calculated Maximum

De'sign Design
Basis Ops: Basis CUF

V"alve, Specification, and Analysis Descriptions NAfor 'I for
'13NB3545.3 NB3-3550

Normal Cyclic,"
_____________________________________ Duty~1  2od1, 1

1/2/3JSIAUVO651 and 1/2/3JSIBUV0652 Borg-Warner Model
77850/77850-1, 16" Shutdown Cooling Suction Isolation Valve
Reanalysis 0.702

Valve UV-651 was relocated closer to the RCS hot leg in all NA2  (Crotch)( 3
)

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.

1/2/3JSICUV0653, and 1/2/3JSIDUV0654 Borg-Warner Model
.77850/77850-1 16" Shutdown Cooling Suction Containment Isolation
Valves. > 2,000 0.194

The Borg Warner valves meet the normal duty fatigue
requirements of Articles NB-3522, NB-3545, and NB-3550 for
cyclic loading conditions.

1/2/3JSIAUV0634/644 and 1/2/3JSIBUV0614/624 Borg-Warner
Model 77840, 14" Safety Injection Tank Injection Discharge Isolation
Gate Valves. > 2,000 0.204

The Borg Warner valves meet the normal duty fatigue
requirements of Articles NB-3522, NB-3545, and NB-3550
for cyclic loading conditions.

1/2/3PSIEV215/217/225/227/235/237/245/247
Borg-Warner Model 77810, 14" Safety Injection Tank Injection
Discharge Check Valves. > 2,000 0.15 -

The Borg Warner valves meet the normal duty fatigue 0.661(4)
requirements of Articles NB-3522, NB-3545, and NB-3550 for
cyclic loading conditions.

1/2/3/PSIEV540/541/542/543 Borg-Warner Model 77790-1, 12" HPSI
and LPSI Header Injection Discharge Check Valves. 0.141 -

The Borg Warner valves meet the normal duty fatigue > 2,000 0.625(4)
requirements of Articles NB-3522, NB-3545, and NB-3550 for
cyclic loading conditions identified.
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Table 4.3 -9- Summary of PVNGS Class I Valve Fatique Analyses
Calculated' Maximum

Design . Design.,
Basis Ops" Basis CUF

Valve, Specification,'and AnalysisDescriptions NA for• Ilfor
NB-3545.3 NB-3550

'Normal Cyclic,
Duty~1 ~ Loads,1

3JCHAHV0205 and 3JCHBHV0203 Valcor Model V526-5631-9, 2"
Isolation Valves between the Unit 3 Regenerative Heat Exchanger
and Auxiliary Spray Line 0.151

A fatigue analysis of the crotch of the body used Subparagraph 10,000 (Crotch)
NB-3545.3 for the section in thermal cycles when the
temperature change rate is 100 °F/hr. Pipe and seismic load
stresses are treated as cyclic loads in the fatigue analysis.

1/2/3JRCEPSVO200/201/202/203 Dresser Model 6-31709NAX-1- > 106 < 0.002(5)
XNC045 Pressurizer Pressure Safety Valves (6" Inlet)
1/2/3JCHEPDVO240 FisherModel 667-DBQ/ 50B0617/ 54A6460, 2"
Isolation Valves for the Charging Line 000656

This analysis used Subparagraph NB-3545.3, "Fatigue 6,000 (Valve

Requirements," 1983 Body)

1,2,3JSIBPSVO169 and 1,2,3JSIAPSV0469 Crosby Model JMAK- 0.075
3/4X1, /" Safety Injection Line Thermal Relief Valves (Valve

The analysis confirms that these valves will withstand the > 2,000 Body
specified number of each of three thermal transients from the Bnlet) 6

valve specification as reported in UFSAR 5.2.2.4.4.2. Inlet)")

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.
3 "Crotch" is the region in the valve 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 A range of 40-year CUFs has been calculated. The higher value was arrived at by conservative
interpretation of the Code for combination of cycles that exceed 100'F/hr, whereas the smaller value
uses the actual 11 6°F/hr rate.
5 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).
6 Highest CUF calculated for the three analyzed locations; the inlet nozzle, valve inlet and valve
outlet.
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For the valves modeled with an NB-3545.3 normal duty operating cycle evaluation, the
allowed NB-3545.3 NA normal duty operations is much greater than the required minimum of
2000 cycles. The calculated cumulative usage factors It for NB-3550 cyclic loads are less
than the code limit of 1.0.

Effect of Combustion Engineering Infobulletin 88-09

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 analyses of Class 1 valves:

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

The calculated worst-case usage factors for the 16" Shutdown Cooling Suction Containment
Isolation Valves, the 14" Safety Injection Tank Injection Discharge Isolation Gate Valves, the
14" Safety Injection Tank Injection Discharge Check Valves, the 12" HPSI/LPSI check
valves, the ¾" Safety Injection Line Thermal Relief Valves, the pressurizer safety valves,
and the 2" isolation valves for the auxiliary spray indicate that the designs have large
margins, and therefore that the pressure boundaries would withstand fatigue effects for at
least 1.5 times the original design lifetimes.

The calculated worst-case usage factors, in the 16" shutdown cooling suction isolation
valves and 2" charging line isolation valves, are 0.702 and 0.7656, respectively. 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
track events to ensure that appropriate reevaluation or other corrective action will be
initiated if an action limit is reached. Action limits will be established to permit completion of
corrective actions before the design basis number of events is exceeded. 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).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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.
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4.3.2.7 ASME III Class 1 Piping and Piping Nozzles

Summary Description

Class 1 reactor coolant main loop piping designed and supplied-by Combustion Engineering
is designed to ASME 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 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.

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 enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) 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 edition with addenda through Summer 1974 and Winter
1975 and the 1977 edition with addenda through Summer 1979.) 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
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acceptability of the Class 1 piping system under the current licensing basis design number
of transients.

Charging Lines and Nozzles

The charging inlet nozzle is the critical component in each charging path. The enhanced
Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will monitor the
charging inlet nozzle environmentally assisted fatigue usage factor using cycle-based
fatigue methods . The CVCS charging inlet nozzle is a NUREG/CR-6260 location.

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 enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) described in Section4.3.1.

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
corrective action will be initiated if a cycle count action limit is reached and it 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 be established
to permit completion of corrective actions before the design basis number of events is
exceeded.
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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 Section4.3.2.4.

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
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 will be
tracked in the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1), 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 III.

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
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*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 tothe 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
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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
cycle count action limit for the RCS will be established to initiate corrective actions to
address this Unit 3-unique location. Action limits will be established to 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.
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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
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
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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.

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 Xl 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 determinationfor 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 Xl 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

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
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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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
continue to confirm that this is so, or that appropriate corrective action will be initiated if an
action limit is reached.

Cycle-Count Monitoring and Cycle-Based Fatigue Monitoring: The enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will count significant
transient events and thermal cycles and track usage factors in the locations listed in
Table 4.3-4. The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will track events to ensure that appropriate corrective action will be initiated if an
action limit is reached. Action limits will be established to permit completion of corrective
actions before the design basis number of events is exceeded.

Cycle-Based Fatigue Monitoring: The CVCS charging inlet nozzles are the limiting
components for fatigue in the Class I charging paths. These will be subject to cycle-based
fatigue monitoring under the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1). The automated software program will use event-pairing (CBF-
EP) to monitor the usage factor in these nozzles for each event, and maintain a record of
the cumulative usage factor. This record will be reviewed and evaluated at intervals to be
specified by the program, at a frequency sufficient to ensure that appropriate corrective
action will be initiated if an action limit is reached. Action limits will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion 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.
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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, PVNGS 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
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
(60°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]
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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.

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 III, 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
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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.

A preliminary shakedown 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.

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 for the third period of the
second ISI interval [Ref. 23]. The RI-ISI application was based on the EPRI RI-ISI program,
which explicitly considered NRC Bulletin 88-11 concerns in its application. The NRC
Bulletin 88-11 concerns were therefore addressed by the PVNGS RI-ISI program. However
the program was approved only for the third period of the second ISI interval, and no relief
request has been filed for the current, third interval.

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 elbow will be subject to stress-based fatigue monitoring under the enhanced
Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1). The program will
maintain a record of the cumulative usage factor. This record will be reviewed and
evaluated at intervals to be specified by the program, at a frequency sufficient to ensure that
appropriate corrective action will be initiated if an action limit is reached. Action limits will be
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established to permit completion of corrective actions before the code limit is exceeded.
The effects of fatigue in the Class I surge line will thereby be managed for the period of
extended operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary (B3.1) 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
discussion of its action limits and corrective actions.

4.3.2.10 Class I 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.

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 heat exchanger fatigue analysis was 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 that will
be used as cycle counting action limits in the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1), described in Section 4.3.1.5.

Letdown Heat Exchangers

The fatigue analysis for standard System 80 letdown heat exchanger was performed using
the original System 80 transients. The letdown heat exchanger for PVNGS was built to
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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. The numbers of events required by these specifications are
consistent with or are greater than the number of transients that will be used as cycle
counting action limits in the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program (B3.1), described in Section 4.3.1.5.

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

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
track events to ensure that appropriate corrective action will be initiated if an action limit is
reached. Action limits will be established to 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. Cycle counting will assure that the effects of aging in the
regenerative and letdown heat exchangers are managed for the period of extended
operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion of its action limits
and corrective actions.

4.3.2.11 Class I Fatigue Analyses of Class 2 High Pressure Safety Injection (HPSI)
and Low Pressure Safety Injection (LPSI) Pumps for Design Thermal
Cycles

The HPSI and LPSI 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

40°F to 300OF Transient - 10 Cycles

This thermal transient corresponds to the initiation of safety injection, which is classified in
UFSAR Table 3.9-1 as a "Normal" event. 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
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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 = Tx 2 x axE = 260 OF x 2 x (9.53 x 106 /°F) x (26.85 x 106 lbf/in2)

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,

Sa = SaltX E-,9. 2/E = 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
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.

70°F to 350'F 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: Aging Management, 10 CFR 54.21(c)(1)(iii)

Although there is sufficient margin in the design of these pumps for the projected operating
cycles listed in Table 4.3-4 aging management will be used to disposition this TLAA. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will track
events to ensure that appropriate corrective action will be initiated if an action limit is
reached. Action limits will be established to 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. Cycle counting will assure that the effects of aging in the
HPSI and LPSI pumps are managed for the period of extended operation, in accordance
with 10 CFR 54.21 (c)(1)(iii).
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The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) is
described in Section 4.3.1; and is summfarized in Appendix B, Section B3.1. See
Table 4.3-4 for details of the program, and Section 4.3.1.5 for a discussion of its action limits
and corrective actions.

4.3.2.12 Class I 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]:

Table 4.3-10 - PVNGS Main Steam Safety Valve Cyclic Design Criteria
Design
Basis

Type Description Number of
Cycles

Loss of secondary Temperature falls from 565 to 75 *F in 60 seconds 5
pressure

Pressure rises from 0 to 1375 psig, 200
Secondary side leak test Temperature rises from 100 to 200 'F
Normal plant variations Step change ±10 *F from 553 'F 10
Plant heatup and Temperature rises from 75 to 565 oF and returns to 500
cooldown' 75 0F at 100 °F/hr with pressures at saturation

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

Hydrostatic at 100 'F to 200 oF hydros before

I shipment

Turbine trip test Opening and closing cycles with full-range stem 480movement

1 Heatup and cooldown are separate transients, each beginning at steady state conditions.
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The analysis was performed on two critical areas of the valves, the inlet crotch and the disc.

The analysis of the inlet crotch did not include the 480 turbine trip tests, but determined that
the significant stress ranges were due to the 5 loss of secondary pressure plus 200
secondary side leak test events, for which a maximum stress range Sa enveloping both
events permits 2000 cycles. Hence

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

The analysis of the disc did not include the 480 turbine trip tests, but assumed that all of the
specified events except hydrostatic test and normal plant variations could impose significant
stress ranges, and added an assumed lifetime 40 assembly-disassembly operations, for a
total of 745 cyclic loads. For the worst of these events the maximum stress range Sa
permits 9500 cycles. Hence

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
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 indications on the 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.
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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.

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 enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) will ensure that appropriate corrective actions will be initiated if an
action limit is reached. Action limits for the HELB design basis will be established to 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).
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The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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.

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 J1c (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 J1c with crack extension. That is, if
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aJ_ < a
aa aa

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

T =J E
aa Oy2

-where E is Young's modulus and cyy 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.

The only phenomena that produce significant changes in the Kic, JIc, 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, J~c, nor Tmat depend on the design life. Similarly, KI, Jap, 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
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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.

Dynamic Response Analysis of Reactor Internals Under Operational Flow Transients and
Steady-State Conditions (UFSAR q 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.

Preorperational 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.
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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
"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 ofnormal, 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 enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) will ensure that appropriate corrective action will
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be initiated if an action limit is reached in any analyzed location in the reactor internals.
Action limits will be established to 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).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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.
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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-1800 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

In this section Environmentally Assisted Fatigue (EAF) is used to mean the product of a
cumulative usage factor (CUF) and an appropriate environmental factor (F.,).

NUREG/CR-6260 identifies seven sample locations for newer Combustion Engineering
plants:

* Reactor vessel shell and lower head (RPV wall and bottom head juncture)

* Reactor vessel inlet nozzles

* Reactor vessel outlet nozzles

* Surge line (hot leg elbow)

* Charging inlet nozzle
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* Safety injection system nozzle

" Shutdown cooling line (long radius elbow)

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 the initial screening of locations monitored for effects of environmentally-
assisted fatigue. The calculated EAF 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 cycle counting 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. See Table 4.3-11 for the resulting EAFs at
these 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 EAF can be reduced sufficient to meet the 1.0 allowable 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 EAF 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 EAF 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. However, the nine locations will be monitored
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by the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) as

listed in Table 4.3-4.

Locations Re-evaluated with NB-3200 Methods

The remaining four locations have been evaluated using NB-3200 methods to reduce the
CUF values. Two 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 (Long 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. 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 EAFs 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 EAF 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 environmentally-assisted fatigue reevaluation used 6-component stress tensors and
plant-specific transient data, consistent with ASME III Subarticle NB-3200, for all
fatigue-significant design transients.

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
component. Multiplying the revised design CUF by the weighted average Fen value resulted
in a 40-year EAF less than the ASME code allowable fatigue limit of 1.0.
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This location will also be monitored using the cycle-based fatigue, event pairing (CBF-EP)
method described in Section 4.3.1.

Safety Injection 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 consistent with ASME III Subarticle NB-3200, for all fatigue-
significant design transients.

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 EAF 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. A preliminary shakedown 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. An initial simplified elastic-plastic
reanalysis produced a CUF of 1.9396, which is above the ASME code allowable fatigue limit
of 1.0. A refined analysis included thermal stratification and insurge/outsurge effects, and it
produced a CUF of 0.1872. The refined analysis used realistic plant specific
insurge/outsurge and stratification spectra which are more accurate than the bounding
spectra used in the analysis of record described in section 4.3.2.9. The CE plastic analysis
described in Section 4.3.2.9 that calculated a CUF of 0.937 remains the analysis of record.

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

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3-95
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

Fen values. Multiplying the re-evaluated CUF by the maximum Fen resulted in an EAF above
the ASME code allowable fatigue limit of 1.0, as shown in Table 4.3-11.

Actual fatigue usage without Fen (CUF) should be less than calculated because the design
basis transient events that contribute most to fatigue usage at this location are plant heatup
and plant cooldown (startup and shutdown). The design basis assumes 500 of these
events; but the actual number is projected to reach about 213 cycles in 60 years (see Table
4.3-3). Therefore, based on the actual cycle accumulation rate, the projected 60-year CUF
without environmental effects is expected to be no more than 0.4, based on the 0.937
analysis of record.

Fatigue usage at this location will be monitored by the enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) 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. Appropriate 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

Location Material CUF Basis CUF, U40  Fen EAF U40  EAF U60
L ia aF iF o with Fen with Fen

1. RPV Shell and Lower Head SA-533, Grade B, Class 1, 40-year design cycles
' and maximum Fen for low 0.0012 2.455 0.003 0.0045(")

Low Alloy Steel DO water

SA-508, Class 2, 40-year design cycles
2. RPV Inlet Nozzle and maximum Fen for low 0.072 2.455 0.177 0.177(2)

Low Alloy Steel DO water

SA-508, Class 2, 40-year design cycles
3. RPV Outlet Nozzle Low Alloy Steel and maximum Fen for low 0.289 2.455 0.710 0.710(2)

Low__AlloySteelDO water
4. Surge Line (Hot Leg) Elbow SA-376, Type 316, 40-year design cycles 0.1872 (3) 15.35 2.874 2.874 (2,4)

Stainless Steel and maximum Fen

5a. Charging System Nozzle SA-182, Type 316, 40-year design cycles 0.7978 15.35 12.24 12.24 (2,4)

(Safe End) Stainless Steel and maximum Fen

5b. Charging System Nozzle Plant-specific cycle

(Safe End) with credible SA-182, Type 316, projections, reduced
number of design 0.15534(') 6.391(6) NA 0.9927reduction in transient Stainless Steel taset n tan

cyclestransients and strain-
cycles _rate-dependent Fen

6. Safety Injection Nozzle SA-182, Grade F1, 40-year design cycles
and maximum Fen for low 0.0287 2.455 0.070 0.070(2)

(Forging Knuckle) Low Alloy Steel DO water I I
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Table 4.3-11 - Summary of Fatigue Usage Factors at NUREG/CR-6260 Sample Locations, Adapted to PVNGS
CUF Basis CUF, U40  Fen EAF U40 EAF U60

Location Material with Fen with Fen

7a. Safety Injection Nozzle SA-182, Type 316, 40-year design cyclesand strain-rate- 0.6930(7) 3.042(8) 2.108 2.108(24)(Safe End) Stainless SteeldeednFe _____________

dependent Fen

7b. Safety Injection Nozzle Plant-specific cycle

(Safe End) with credible SA-1 82, Type 316, projections, reduced
number of design 0.2147(9) 2.912(8) NA 0.625reduction in transient Stainless Steel taset n tan

cyclestransients and strain-
cycles rate-dependent Fen

8a. Shutdown Cooling Line SA-182, Type 316, 40-year design cycles 0.1118 15.35 1.716 1.716(2.4)
(Long Radius Elbow) Stainless Steel and maximum Fen

8b. Shutdown Cooling Line Plant-specific cycle
(Long Radius Elbow) with SA-1 82, Type 316, projections 0.0514(l0) 15.35 NA 0.789(l°)
credible reduction in Stainless Steel and maximum Fen

transient cycles
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 60 years; therefore the 40-year

environmentally-assisted fatigue CUF is sufficient for 60 years.
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 Action limits will prompt corrective actions before the limit of 1.0 is reached at this location.
5 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.
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6 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.
8 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.
9 The safety injection 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.
10 The shutdown cooling line elbow re-analysis determined that, based on the current rate of cycle accumulation, 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: Revision, 10 CFR 54.21(c)(1)(ii); 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 4.3-1.

Revision

The evaluation of environmental fatigue effects at the reactor vessel inlet nozzles, reactor
vessel outlet nozzles and RPV shell and lower head locations found that the EAF 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 been revised for
the environmental effects of reactor coolant for the period of extended operation, in
accordance with 10 CFR 54.21(c)(1)(ii). However, these locations will be monitored by the
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) as shown in
Table 4.3-4.

Aging Management

The remainder of these locations will also be monitored for fatigue usage including
environmental effects by the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) as shown in Table 4.3-4. 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 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. Appropriate 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 Amendment 16 Page 4.3-100
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 the 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 Error! Reference source not found. [Ref. Error! Reference
source not found.] 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 inTable 4.3-2. 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
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
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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:

Max. Calculated Stress Original Max. Allowed Stress Cycles f Revised Max Allowed Stress
per Eq. (11) Sh + SA Sh + 0.9 SA

(psi) (psi) (psi)

39,872 43,375 8,273 0.9 40,628

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 (PBA) were unaffected by the
reduced allowable stresses.

Max. Existing Cycles f Revised Max. Existing Max. Revised
Calculated Code Allowed Calculated Allowed PBA Allowed

Stress Allowed Stress PBA Stress Stress PBA Stress
Range Stress SA'=0.8 x SA (psi) (psi) (psi)

per Eq. (10) SA(for f=l) (psi)
(psi) -psi) _

14,364 23,263 15,336 0.8 18,610 20,286 32,578 28,856
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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.

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)(11)(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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4.7.2 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 4.3.2.2, 4.7.4,
and 4.7.5.



Appendix A
Updated Final Safety Analysis Report Supplement

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 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.

PVNGS Technical Specification 5.5.5 requires the establishment of a "Component Cyclic or
Transient Limit" program to track the occurrences specified in PVNGS UFSAR section
3.9.1.1 and states in total:

"5.5.5 Component Cyclic or Transient Limit

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."

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use cycle
counting (CC), cycle based fatigue cumulative usage factor (CUF) calculations (CBF) and
stress based fatigue CUF calculations (SBF) to monitor fatigue. FatiguePro® will be used for
cycle counting and cycle-based fatigue (CBF) monitoring methods. FatiguePro® is an EPRI
licensed product. The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program will use a fatigue monitoring software program that incorporates a three-
dimensional, six-component stress tensor method meeting ASME III NB-3200 requirements
for stress-based fatigue monitoring (SBF). The enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program will provide action limits on cycles and on CUF that will initiate
corrective actions before the licensing basis limits on fatigue effects at any location are
exceeded.

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
will include transient cycle counting required by the existing Metal Fatigue of Reactor
Coolant Pressure Boundary program and adds CUF monitoring for all but one of the PVNGS
NUREG/CR-6260 locations which are the leading indicators for monitoring the usage due to
environmentally assisted fatigue. The RPV shell and lower head (juncture) location will be
monitored by cycle counting. The usage factors calculated by the enhanced program for
NUREG/CR-6260 locations will include environmental effects of the reactor coolant
environment as determined by NUREG/CR-6583 and NUREG/CR-5704.
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No later than two years prior to the period of extended operation, the following
enhancements will be implemented:

" Cumulative usage factor tracking will be implemented for NUREG/CR-6260 locations
not monitored by cycle counting (the reactor vessel shell and lower head (juncture)
location will be monitored by cycle counting).

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to include a computerized program to track and manage both cycle counting and
fatigue usage factor. FatiguePro® will be used for cycle counting and cycle-based
fatigue (CBF) monitoring methods. FatiguePro® is an EPRI licensed product. A
fatigue monitoring software program that incorporates a three-dimensional, six-
component stress tensor meeting ASME III NB-3200 requirements will be used for
stress-based fatigue monitoring (SBF).

* The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will
monitor plant transients as required by PVNGS Technical Specification 5.5.5.
Cumulative usage factors (CUFs) will be calculated for a subset of ASME III Class 1
reactor coolant pressure boundary vessel and piping locations, and component
locations with Class 1 analyses. The enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program will provide action limits on cycles and on CUF that will
initiate corrective actions before the licensing basis limits on fatigue effects at any
location are exceeded.

* 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 will be established to permit completion
of corrective actions before the design limits are exceeded.

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to add CUF monitoring. The following methods will be used:

1) The Metal Fatigue of Reactor Coolant Pressure Boundary program will be
enhanced to use cycle based fatigue (CBF) and stress based fatigue (SBF)
CUF calculations to monitor fatigue. FatigueProo will be used for cycle
counting and cycle-based fatigue (CBF) monitoring methods. FatiguePro® is
an EPRI licensed product.

2) The SBF method will use a fatigue monitoring software program that
incorporates a three-dimensional, six-component stress tensor method
meeting ASME III NB-3200 requirements.
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Action limits will be established to require corrective action When the cycle count of
any of the monitored transients is projected to reach the action limit. 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, the following actions will be considered and
those deemed appropriate will be taken:

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 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 and other similar repairs/analyses 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.

For PVNGS locations identified in NUREG/CR-6260 and monitored by CUF, 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.
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Cumulative Fatigue Usage Action Limit and Corrective Actions

* Action limits will be established to require corrective action when the 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
will be taken while there is still sufficient margin to accommodate at least one
occurrence of the worst-case design transient event (i.e., with the highest fatigue
usage per event cycle).

If a CUF action limit is reached, the following actions will be considered and those
deemed appropriate will be taken:

1) Determine whether the scope of the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary 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) Adjust fatigue monitoring methods to confirm continued conformance to the code

limit.

3) Repair/modify 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 XI Appendices A or C (or their successors) and obtain
required approvals from the regulatory agency.
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Amendment No. 16

LRA Table A4-1 Commitment 39, page A-54, is revised to read as follows:

Table A4-1 License Renewal Commitments
Item Commitment LRA Section Implementation

o.. . . .Schedule
39 No later than two years prior to the period of extended operation, the following 4.3.1 No later than two

enhancements will be implemented Fatigue Aging years prior to the
• Cumulative usage factor tracking will be implemented for NUREG/CR- Management Program period of extended

6260 locations not monitored by cycle counting (the reactor vessel A2.1 operation1.
shell and lower head (juncture) location will be monitored by cycle B3.1
counting). For PVNGS locations identified in NUREG/CR-6260 and Metal Fatigue of
monitored by CUF, fatigue usage factor action limits will be required for Reactor Coolant
including effects of the reactor coolant environment. Pressure Boundary

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will
be enhanced to include a computerized program to track and manage
both cycle counting and fatigue usage factor. FatiguePro® will be
used for cycle counting and cycle-based fatigue (CBF) monitoring
methods. FatiguePro® is an EPRI licensed product.

* The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program will monitor plant transients as required by PVNGS Technical
Specification 5.5.5. Cumulative usage factors (CUFs) will be
calculated for a subset of ASME III Class 1 reactor coolant pressure
boundary vessel and piping locations, and component locations with
Class 1 analyses. The following methods will be used:
1) The Metal Fatigue of Reactor Coolant Pressure Boundary program

will be enhanced to use cycle based fatigue (CBF) and stress
based fatigue (SBF) CUF calculations to monitor fatigue.
FatiguePro® will be used for cycle counting and cycle-based fatigue
(CBF) monitoring methods. FatiguePro® is an EPRI licensed
product.

2) The SBF method will use a fatigue monitoring software program
that incorporates a three-dimensional, six-component stress tensor
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Item Commitment LRA Section ,Implementton

No. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Schedule

method meeting ASME III NB-3200 requirements.
* The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary

program will provide action limits on cycles and on CUF that will initiate
corrective actions before the licensing basis limits on fatigue effects at
any location are exceeded.

o In order to ensure sufficient cycle count 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.

o CUF action limits will be established to require corrective action
when the 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 will be taken while there
is still sufficient, margin to accommodate at least one
occurrence of the worst-case design transient event (i.e., with
the highest fatigue usage per event cycle).

(RCTSAI 3246934)
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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 Section III of the ASME Boiler and Pressure Vessel Code. An
equivalent term It is defined for valves in Subsubarticle NB-3550. The acceptance criterion
for systems and components designed to these requirements is that U or It 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.

PVNGS Technical Specification 5.5.5 requires the establishment of a "Component Cyclic or
Transient Limit" program to track the occurrences specified in PVNGS UFSAR section
3.9.1.1 and states in total:

"5.5.5 Component Cyclic or Transient Limit

This program provides controls totrack the UFSAR Section 3.9.1.1 cyclic and
transient occurrences to ensure that components are maintained within the design
limits."

The existing Metal Fatigue of Reactor Coolant Pressure Boundary program requires manual
review of the Control Room Logs and Post Trip Reviews. Any events, transients or trips are
recorded and added to those previously determined. A cycle-based fatigue partial cycle
(CBF-PC) 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 90% of the limits stated by the UFSAR, or if the pressurizer spray nozzle CUF
exceeds 0.65. The existing Metal Fatigue of Reactor Coolant Pressure Boundary program
will be superseded by the enhanced PVNGS fatigue management program.

As described in the Enhancements section below, the current fatigue monitoring program
will be enhanced to include additional location-specific CUF calculations and an automated
and computerized management software program for cycle counting and fatigue usage
factor tracking. The automated and computerized software program will be used to
supplement manual counting.

Palo Verde Nuclear Generating Station Amendment 16 Page B-1 14
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The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use cycle
counting (CC), cycle based fatigue CUF calculations (CBF) and stress based fatigue CUF
calculations (SBF) to monitor fatigue. FatiguePro® will be used for cycle counting and cycle-
based fatigue (CBF) monitoring methods. FatiguePro® is an. EPRI licensed product. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use a fatigue
monitoring software program that incorporates a three-dimensional, six-component stress
tensor method meeting ASME III NB-3200 requirements for stress-based fatigue monitoring
(SBF). The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will
provide action limits on cycles and on CUF that will initiate corrective actions before the
licensing basis limits on fatigue effects at any location are exceeded.

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.

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
will include transient cycle counting required by the existing Metal Fatigue of Reactor
Coolant Pressure Boundary program and adds CUF monitoring for all but one of the PVNGS
NUREG/CR-6260 locations which are the leading indicators for monitoring the usage due to
environmentally assisted fatigue. The RPV shell and lower head (juncture) location will be
monitored by cycle counting. The usage factors calculated by the enhanced program for
NUREG/CR-6260 locations will include environmental effects of the reactor coolant
environment as determined by NUREG/CR-6583 and NUREG/CR-5704.

The existing procedure will be enhanced to provide guidelines and requirements for tracking
both transient cycle counts and fatigue usage. The enhanced program will include tracking
of cumulative usage, counting of transient cycles, manual recording of selected transients,
and review of automatically acquired 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

No later than two years prior to the period of extended operation, the following
enhancements will be implemented in the following program elements:
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Scope of Program, Element I

" Cumulative usage factor tracking will be implemented for NUREG/CR-6260 locations
not monitored by cycle counting (the reactor vessel shell and lower head (juncture)
location will be monitored by cycle counting).

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to include a computerized program to track and manage both cycle counting and
fatigue usage factor. FatiguePro® will be used for cycle counting and cycle-based
fatigue (CBF) monitoring methods. FatiguePro® is an EPRI licensed product. A
fatigue monitoring software program that incorporates a three-dimensional, six-
component stress tensor meeting ASME III NB-3200 requirements will be used for
stress-based fatigue monitoring (SBF).

* The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will
monitor plant transients as required by PVNGS Technical Specification 5.5.5.
Cumulative usage factors (CUFs) will be calculated for a subset of ASME III Class 1
reactor coolant pressure boundary vessel and piping locations, and component
locations with Class 1 analyses. The enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program will provide action limits on cycles and on CUF that will
initiate corrective actions before the licensing basis limits on fatigue effects at any
location are exceeded.

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 will be established to permit completion
of corrective actions before the design limits are exceeded.

Cycle Count Action Limit and Corrective Actions

Action limits will be established to require corrective action when the cycle count if
any of the monitored transients is projected to reach the action limit. 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, the following corrective actions will be
considered and those deemed appropriate will be taken:

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 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 and other
similar repairs/analyses 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

Action limits will be established to require corrective action when the 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
will be taken while there is still sufficient margin to accommodate at least one
occurrence of the worst-case design transient event (i.e., with the highest fatigue
usage per event cycle).

If a CUF action limit is reached the following corrective actions will be considered
and those deemed appropriate will be taken:

1) Determine whether the scope of the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary 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.
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2) Adjust fatigue monitoring methods 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 and monitored by CUF, 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 Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to add CUF monitoring. The following methods will be used:

1) The Metal Fatigue of Reactor Coolant Pressure Boundary program will be
enhanced to use cycle based fatigue (CBF) and stress based fatigue (SBF) CUF
calculations to monitor fatigue. FatiguePro® will be used for cycle counting and
cycle-based fatigue (CBF) monitoring methods. FatiguePro® is an EPRI licensed
product.

2) The SBF method will use a fatigue monitoring software program that incorporates
a three-dimensional, six-component stress tensor method meeting ASME III
NB-3200 requirements.

Detection of Aging Effects - Element 4

The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to include a computerized program to track and manage both cycle.counting and
fatigue usage factor. FatiguePro® will be used for cycle counting and cycle-based
fatigue (CBF) monitoring methods. FatiguePro® is an EPRI licensed product.
A fatigue monitoring software program that incorporates a three-dimensional, six-
component stress tensor meeting ASME III NB-3200 requirements will be used for
stress-based fatigue monitoring (SBF).
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Operating Experience

The methods of the FatiguePro® software, used by the enhanced 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 PVNGS industry operating experience
program reviews industry experience, including experience that may affect fatigue
management, to ensure that applicable experience is evaluated and incorporated in plant
analyses and procedures. Any necessary evaluations are conducted under the plant
corrective action program.

The existing Metal Fatigue of Reactor Coolant Pressure Boundary program was
implemented in response to industry experience. The existing Metal Fatigue of Reactor
Coolant'Pressure Boundary 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 XI 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
to the 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.
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Unit I shutdown cooling suction line IA 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.

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, with enhancements, 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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Section 4
TIME-LIMITED AGING ANALYSES

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 describes fatigue in the containment vessel.

Section 4.7.4, 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 dIescribes 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
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.

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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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. 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.

Fatigue cycles are currently tracked in a PVNGS surveillance test procedure, 73ST-9RC02
"Reactor Coolant System Transient and Operational Cycles," as required by PVNGS
Technical Specification 5.5.5 ý"Component Cyclic or Transient Limit." In the text of this
discussion the activities governed by 73ST-9RC02 will be referred to as the "current fatigue
monitoring program." The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program (See LRA Appenbix B section B3.1) will continue to 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 Section 4.3.1.5.

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

4.3.1 Enhanced Fatigue Aging Management Program (B3.1)

The current fatigue monitoring program is a cycle counting program with one location-
specific cumulative usage factor (CUF) calculation (Pressurizer Spray Nozzle). No later
than two years prior to the period of extended operation, the current fatigue monitoring
program governed by 73ST-9RC02 will be enhanced to include additional location-specific
CUF calculations and an automated and computerized management software program for
cycle counting and fatigue usage factor tracking. The automated and computerized software
program will be used to supplement manual counting.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will use
cycle counting (CC), cycle based fatigue CUF calculations (CBF) and stress based fatigue
CUF calculations (SBF) (see methods discussion below) to monitor fatigue. FatiguePro® will
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be used for cycle counting and cycle-based fatigue (CBF) monitoring methods. FatiguePro®
is an EPRI licensed product.

APS commits to the use of a fatigue monitoring software program that incorporates a three-
dimensional, six-eleWetI4-component stress tensor method meeting ASME III NB-3200
requirements for stress-based fatigue monitoring (SBF). APS also commits to the
implementation of this method for SBF monitoring at least two years prior to the period of
extended operation.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
monitor plant transients as required by PVNGS Technical Specification 5.5.5. Cumulative
usage factors (CUFs) will be calculated for a subset of ASME III Class 1 reactor coolant
pressure boundary vessel and piping locations, and component locations with Class 1
analyses. The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will provide action limits on cycles and on CUF that will initiate corrective actions
before the licensing basis limits on fatigue effects at any location are exceeded.

Scope

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will include all ASME Section III Class 1 components and components with Class 1
fatigue analysis and will monitor their fatigue usage by a combination of cycle counting and
CUF monitoring. Cycle counting will also be used to ensure the continued validity of non-
fatigue analyses based on cycle design limits.

Methods

The Cycle Counting (CC) monitoring method in Table 4.3-4 means that the enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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. Cycle counting is the method used by the current fatigue monitoring program for
all monitored components except the pressurizer spray nozzle. Cycle counting ensures
fatigue usage does not exceed 1.0. It is employed as the preferred method of monitoring
due to its simplicity.

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. The component CUF contributions due to each cycle are
determined from the component Class I fatigue analysis. CBF is a more complex and
resource intensive method than CC because it goes beyond counting of cycles to evaluate
the CUF contributions of each cycle. Three CBF methods will be used, Per-Cycle CBF
(CBF-C), Per-Cycle CBF with partial cycles (CBF-PC), and Event-Pairing CBF (CBF-EP).
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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 Iil, 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.

Stress-based fatigue (SBF) monitoring will compute a "real time" stress history for a given
component from actual temperature, pressure, and flow histories. SBF monitoring uses
data collected from existing plant instruments to calculate local pressure and temperature,
and the corresponding stresshistory at the critical location in the component. The stress
history is analyzed to identify stress cycles, and then a CUF is computed using the formulas
defined in ASME Code Section III sub-article NB-3200. SBF is the most complex and
resource -intensive method of fatigue monitoring, but it is the most accurate method and
requires fewer conservative assumptions than CC or CBF methods.

Corrective Action Limits

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
corrective actions will be initiated whenever an action limit is reached, for either the number
of transient cycles or calculated fatigue usage factor. In the current fatigue monitoring
program cycle action limits are set at 90% of the allowed cycles for each transient, and a
CUF action limit of 0.65 is set for the pressurizer spray nozzle. In the enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) corrective action limits will
be set to 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. These conservatisms are
discussed below.

Fatique Design Curve with Margin for Uncertainties and Moderate Environmental Effects:
The ASME Section III fatigue S-N curves (allowable alternating stress intensity versus
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number of cycles) are based on regression analysis of a large number of fatigue data points
for samples strain-cycled in air, with adjustmerits 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 a factor of 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. 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.

Use of Stress Based Fatique: Since an automated six-element stress tensor fatigue
calculation will calculate stresses from the actual event severity, usage factors reported by
the software program at locations for which the stress-based method is used will be more
realistic than values predicted by the code analysis for the same number of cycles, or which
would be determined by cycle-count monitoring.

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

Action limits in the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will be set below the cycle count assumed by the analysis to ensure that actual
component usage 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 enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) will ensure that there is ample margin to the CUF limit
of 1.0.

4.3.1.1 Licensing Basis of the PVNGS Component Cyclic or Transient Limit Program

The "Component Cyclic or Transient Limit" program is required by Technical
Specification 5.5.5, which states: "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 UFSAR sections and tables, which represent conservative estimates for design
purposes (see Table 4.3-1). The UFSAR states that this information accounts for all
expected transients, and that the number and severity of the design transients exceeds
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those which may be anticipated during the 40-year life of the plant. These transients are
listed in Table 4.3-2.

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

UFSAra-. Sec . Applicable"Scope of Transient Data

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
Section 5.4.3 Reactor Coolant Piping
,Section 5.4.10 Pressurizer

4.3.1.2 Enhanced PVNGS Fatigue Management Program (B3.1)

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) differs
from the current fatigue monitoring program in the following two respects:

1. The current fatigue monitoring program is a manual cycle counting program. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
include an automated and computerized software program to support safe operation
of PVNGS for the period of extended operation.

2. The current fatigue monitoring program is cycle based and includes only one specific
location for CUF monitoring (pressurizer spray nozzle). The enhanced Metal Fatigue
of Reactor-Coolant Pressure Boundary program (B3.1) will continue to count cycles
and will also monitor CUF values as specified in Table 4.3-4 for bounding locations
subject to environmentally assisted fatigue (locations identified through
implementation of NUREG/CR-6260).. Usage factor monitoring will include
environmental effects at NUREG/CR-6260 locations.
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NO CHANGES TO TABLE 4.3-2
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4.3.1.3 Seismic History

Design analyses that compare seismic stresses against allowable stresses, 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. The site seismic history can
therefore affect the disposition of TLAAs. However, no significant earthquakes have
occurred at PVNGS since construction.

For design purposes the PVNGS safe shutdown earthquake (SSE) and operating basis
earthquake (OBE) are defined'las 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 the 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 as
of 2008, 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 current fatigue monitoring 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 UFSAR Section 3.9.1.1 because, prior to implementation of Improved Technical
Specifications in 1998, the Technical Specifications required monitoring only transients that
are now in UFSAR Section 3.9.1.1.1. In 1995 (after 10 years of Unit 1 operation), the cycle
count procedure was revised to include the 48 remaining UFSAR 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 1995 revision of the cycle count procedure, transients were
recorded 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.
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Scope

The scope of the cycle, count verification included all transients required to be monitored

by PVNGS Technical Specifications 5.5.5.

Recount Method

Several APS employees and contractor personnel were designated based on their
long-term familiarity with PVNGS to perform document reviews. The reviewers
examined the microfilmed control room logs, NRC Monthly Operating Reports and
LERs for the period prior to January 1996 for all three PVNGS units. The personal
recollections and records of unit personnel were used to supplement the record review,
and a best-source total was determined for each monitored transient. The best-source
total was added to the actual count of events following 1995 to obtain a best-source
total as of the end of 2005. These best-source totals as of the end of 2005 are
reported in Table 4.3-3, Columns 4, 5, and 6.

Transient Projections

Transient totals were projected to the end of the PEO for information only. The
projections predict that 10 CFR 54.21(c)(1)(iii) aging management will be successful and
that in most cases future corrective actions will not be necessary. However, the projections
are not intended to justify 10 CFR 54.21(c)(1)(i) validations, or to provide revised design
bases for 10 CFR 54.21(c)(1)(ii) analysis revisions. The projections are based on a linear
extrapolation as follows:

1. The shortest period of operation as of the end of 2005 was 18 years in Unit 3
and the longest was 20 years in Unit 1, so a scaling factor of 3.33 (60 years
extended life divided by 18 years shortest operation) was used to project totals
to the end of the PEO. In a few special cases a scaling factor of 6.66 was used
when the available data covered a ten year period. These exceptions are noted and
explained in Table 4.3-3.

2. The highest total accumulation for an event was selected without regard to
which unit it occurred in.

3. A highest unit 60 year projection (column 7) as of. the end of the PEO was
obtained by multiplying the highest total accumulation for each event by the
scaling factor.

Example:

Event #1 RCS Heatup highest unit total was in Unit 2 (64 heatups). 64 X 3.33=213.
The highest unit 60 year projection (column 7) is 213.

Palo Verde Nuclear Generating Station Amendment 14 Page 4.3-21
License Renewal Application



Section 4
TIME-LIMITED AGING ANALYSES

It should be noted that only a few events such as recurring test events lend
themselves to projection with well defined assumptions, so the projections presented
in Table 4.3-3 are only best-estimates. Early plant history involved a number of first-
of-a-kind issues that may make the projections artificially high, and end of life issues
may make the projections artificially low. Therefore, consistent with aging
management, no attempt has been made to reanalyze or implement other corrective
actions based on these projections. Corrective actions will be triggered by the action
limits that will be established in the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1)
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NO CHANGES TO TABLE 4.3-3
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4.3.1.5 Enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) Scope, Action Limits, and Corrective Actions

Scope

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will include all ASME Section III Class 1 components and components with Class 1
fatigue analysis and will monitor their fatigue usage by a combination of cycle counting and
CUF monitoring as noted in Table 4.3-4.

Method

The "Fatigue Management Method" column of Table 4.3-4 indicates the method the
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 CC. The CC method will be used for components whose cumulative usage
can be shown to be satisfactory with this highly conservative monitoring approach. Most of
the NUREG/CR-6260 locations and the pressurizer spray nozzle require more sophisticated
CBF or SBF algorithms to periodically calculate accumulated fatigue usage and
demonstrate that component usage remains less than one: Transient event cycles that are
required to be monitored by PVNGS Technical Specifications 5.5.5 will continue to be
tracked to ensure that the numbers of transient events assumed by the design basis
calculations will not be exceeded. This cycle counting monitoring method will demonstrate
design basis compliance for the components using CC'monitoring. See Table 4.3-2 for the
list of tracked transients.

Corrective Action Limits and Corrective Actions

The PVNGS current fatigue monitoring program is based on cycle counting with one
location tracked by a CUE calculated using CBF-PC (pressurizer spray nozzle), and it
incorporates a cycle based action limit of 90% of the design event occurrences and a CUF
based action limit of 0.65 for the pressurizer spray nozzle usage. The current fatigue
monitoring program requires this evaluation at least once per fuel cycle. The current
action limits are established to allow action to be taken in time to prevent exceeding the
maximum number of allowed cycles or a pressurizer spray nozzle CUF of 1.0, as
applicable, and should provide at least one fuel cycle of warning.

During the period of extended!, operation, projections indicate that certain allowable cycles
and fatigue limits may be approached. Therefore, specific and targeted action limits will be
necessary to ensure actual fatigue limits are not exceeded. Those action limits have not yet
been developed. As the transition to the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) and FatiguePro® is implemented, there are certain
embedded administrative tools in FatiguePro® that will allow for specification of action limits
based on projected fatigue usage at specific locations that account for actual cumulative
fatigue. The action limits can be based on the time required to implement expected or
projected mitigating actions (such as component replacements or revisions to ASME Code
Fatigue Analyses of Record) prior to actual fatigue limits being exceeded.
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Action Limit Margins

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
corrective action limits will ensure that corrective actions are taken before the design limits
are exceeded. Corrective action limits will 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

Cycle Counting monitoring (CC) action limits for the enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) will be established based on the design-
specified number of cycles. Since sufficient margin must be maintained to accommodate
any design transient regardless of probability, the enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) corrective actions will be taken before the
remaining number of allowable occurrences for any specified transient becomes less than
one. Corrective actions will be required when the cycle count for any of the significant
contributors to usage factor is projected to reach the action limit defined in the enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) before the end of the next
fuel cycle.

Cycle Counting Corrective Actions to be incorporated into the enhanced Metal Fatigue of
Reactor Coolant Pressure Boundary program (B3.1): If a cycle count action limit is reached,
the followinq G - -actions will be p•,,Fr•md as •no•"o..a.,considered. and those
deemed appropriate will be taken:

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 high-energy line break (HELB)
locations are maintained.

To ensure that the analytical bases of the 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 and other similar
repairs/analyses are maintained.

2. Evaluation of remaining margins on CUF based on cycle-based or stress-based CUF
calculations using the PVNGS fatigue management 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).
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4. Redefinition of the transient to remove conservatism in predicting the range of
pressure and temperature values for the transient.

These actions are designed to determine how closethe usage is to 1.0, and from those
determinations, set new action limits. Further actions for cumulative fatigue usage action
limits may be invoked if good engineering judgment determines that is necessary.

Cumulative Fatigue Usage Action Limits and Corrective Actions

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will use
an automated three-dimensional, six-element stress tensor, stress-based fatigue
management software module (the SBF module, meeting ASME III NB-3200 requirements)
to 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 for
the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will be
established 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 for the enhanced Metal Fatigue of
Reactor Coolant Pressure Boundary program (B3.1) will be required 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 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 be
established to permit completion of corrective actions before the usage factor reaches 1.0.

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 will be 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, the following eeGeetP•e-actions will
be pr•,,rmod as nocosa•ryconsidered, and those deemed appropriate will be taken:

1. Determine whether the scope of the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) 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. E-haR.e-Adiust fatigue monitoring methods to confirm continued conformance to the

code limit.

3. Repair/modify 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. 1

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 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
Program

3

Maximum 5

Design Basis 4 Fatigue
1 2 CUF Management

Number Component (40 year Method

Analysis unless Monitoring (See Section 4.3.1 for

otherwise description)

noted)

1 RPV Inlet 0.07308 NUREG/CR-6260 CBF-C
Nozzle

2 RPV Outlet 0.309574 NUREG/CR-6260 CBF-C
Nozzle

3 RPV Shell and 0.0012 NUREG/CR-6260 CC
Lower Head
(RPV Wall and
Bottom Head
Juncture)

4 Surge Line 0.937 SBF
(Elbow) NUREG/CR-6260

5 Charging Inlet 0.9205 CBF-EP
Nozzle NUREG/CR-6260

6 Shutdown 0.1118 NUREG/CR-6260 CBF-EP
Cooling Line
Elbow

7 Safety 0.3409 NUREG/CR-6260 CBF-PC
Injection
Nozzles
(Loop 1
and Loop 2)

8 Pressurizer 0.9923 High CUF CBF-PC
Spray Nozzle

9 All other CC
locations (Locations not
subject to specifically called out
fatigue in this table will be
monitoring monitored by

counting design
transients.)
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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 Ill,
1971 Edition with Addenda through Winter 1973. The PVNGS reactor vessel internals were
designed and fabricated to Subsection NG rules of ASME 11, 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 ASME Ill Class 1 Components and Piping

Component . plcto
-Subsect~ion-.,

Reactor Pressure Vessel, Head, Studs, and Supports 4.3.2.1

Control Element Drive Mechanism (CEDM) and Reactor Vessel Level •4.3.2.2
Monitoriingq System (RVLMS) Pressure Housings

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

Reactor Coolant Pump Pressure Boundary Components 4.3.2.3

Pressurizer and Pressurizer Nozzles 4.3.2.4
Steam G.. oratore (Primary Or Tube Side and.Sh.ll S ....... Generator

ASME III Class 1, Class 2 Secondary Side, and Feedwater Nozzle 4.3.2.5
Fatigue Analyses

Pressure-Retaining Bolting (included with the Reactor Vessel, Steam As notedSee
Relevant

Generators, Reactor Coolant Pumps, Pressurizer, and Valves, as Relevant

Applicable) CtionSection

Valves 4.3.2.6

Piping and Piping Nozzles 4.3.2.7

Main Reactor Coolant Loop Piping Nozzles and Thermowells 4.3.2.7

Supports for Class 1 Piping and Valves (See Section4.3.2.7) Not a TLAA
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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.

See Section 4.3.2.2 for the attached control element drive mechanism (CEDM) and reactor
vessel level monitoring system (RVLMS) pressure housincqs.

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
in the original reactor vessel design reports. The CE=DM prcs.ure housing nozzles. are
discussed in Section 4.3.2.2 below

Table 4.3 6 Fatigue Analysisl Resuft-s for Reactor- Pressure Vessel Compontents9

C nent Maximum Design Ba sis CUF

Closure Head and Vosssel Range 0.258

Vessel Wall and Bottom Head Ju-nctu-re 0.042-

Vessel Wall Transitien 0.0035

Wet Noie 0.6072080

Outlet-Nozzel 0.30957-4

Instrue•n• t Nozzles 1 - 4
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J m I
TaDbl 4_2 6i Fat~gue A'paA46i Reauwt roF ir~ea~ter- Hr-'rcsuroe ve,96e! LC'mpenenwv o

Cempene.~A"On Mx~inu Dign BscCF

Core Stabilizer Lugs 0Q.06

RewUBaffle- 0.00

Surveillance Holder 07-14

Reactor Vessel Support, (ntcgra

AttaehFRqBRt

RoactOr Ve636el Suppeot Pad Flange 06

Bottom Head Support/Shear Lugsc5911

WUi&3 - 0.1651

ReactOr Ve66el Studs.92&

[RFS1]

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

Cmponent Worst-Ca se
Desiln Basis CUF Notes

CUF applies to new closure heads. Reactor
Closure Head and Vessel 0.1142 vessel closure heads and associated piping will
FlanQe be replaced in all three units by December 31,

2010

Vessel Wall and Bottom 0.0012
Head Juncture
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Table 4.3-6 - Fatigue Analysis Results for Reactor Pressure Vessel Components

Component WrCa Notes-Desicin.Basis -CUF

0.0035,

plus-0.0748 frein The replacement head analysis recalculated
Vessel Wall Transition tim. of installaton the vessel transition CUF for the original 40-

ef-recalculated for year design life.
replacement heads

Inlet Nozzle 0.073080

Outlet Nozzle 0.309574

U1 = 0.68 The Unit 1 calculated CUF is higher than Unit 2
Instrument Nozzles U2&3 = 0.14 and 3 due to assumptions made by the analyst.

Core Stabilizer Lucqs 0.06

Flow Baffle 0.003

Surveillance Holder 0.0714

Reactor Vessel Support, 0.29
Integral Attachment

Reactor Vessel Support 0.060
Pad Flange

Bottom Head These lugs are external to the reactor vessel

Support/Shear Lugs 0.9536 and not subiect to the effects of reactor coolant
environment.

CUF applies to replaced piping. Reactor vessel
closure heads and associated piping will bereplaced in all three units by December 31,

2010

The replacement head analysis recalculated
0.8236, the stud CUF for the ori-ginal 40-year design

0.8929 recalculated life. The design life of the reactor vessel
for replacement closure studs is 250 heatup and cooldown

heads cycles which is one half the assumed cycles for
other RPV components.

Palo Verde Nuclear Generating Station Amendment 16
License Renewal Application

Page 4.3.2-4



Section 4
TIME-LIMITED AGING ANALYSES

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, "Nonconservati-e Calcu-lation of Cumulative Fatiguc
Usage"

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatigue Usagqe," 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 revised new-cumulative fatigue usage factor, with the new heatup and cooldown
pressures and reduced number of transients, is-was 0.8236. The studs and nuts were not
replaced with the replacement heads (described below), but were reanalyzed by the code
analysis for the replacement heads, for the original design basis set of transients. The
analysis for the new heads calculated a new design basis maximum CUF of 0.8929 (in the
studs, from installation of the studs and nuts at initial plant startup), which is not substantially
different from the previous analysis of record value of 0.8236. This CUF is loss than thc
0.9536 calcu1lated foir thee .•bttom head suppo. t lugs, but the RPV head .. tuds will be
mo.tro.i.tad as tho; mro l;-imiting RPV prosSUre boundar' componRents. The 250
heatup cooldoWn cycles used for the stud fatigue analysis is a conRservativeý estimate,bu
only half of the 500) from the standard Co)mbustion Engineering design specification usedfo
the lugs, and the lugs are no~t subject to the belting cycles. The studs will therefoee
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 4.3-27

Repair of the Unit 2 Reactor Vessel Closure Head Vent Pipe

This subsection has been superseded by the replacement of the reactor vessel closure
head vent pipe in Unit 2. As of May 1, 2010 the Unit 1 and 2 heads and vent lines have
been replaced. (The Unit 3 head and vent line are scheduled to be replaced by
December 31, 2010. See LRA Appendix A, Table A4-1, Commitment 51.) The fatig ue
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analyses of the replacement components are sufficient for a 40 year design life, based on
the design basis transient events specified for the original heads. The design life of these
replacement heads, vent lines, and related components therefore extend beyond the end of
the period of extended operation. The fatigue analyses of these replacement components
are therefore dispositioned bv revision (10 CFR 54.21 (c)(1)(ii).

Whilo pefl• •niRg preoanRned ine•rvccinpetinsdRing the Unit 2 1 2refuelihg outage, inr
order to address the oon f N.. RC B-.ulltin 2002 02 and NRC Ord..r A, 03-009 for
potential p vimar' water stres corroio nn cracking (PWSCC) Af the various AllOY 600

penetrations in thn reactor vesse1 hRad, twe axa•ii nictionsAr wr toctoA in tne vent pipe
from the reactor vessel head.

The axial indications_ were r~emoved by machining and confirmed by eddy
cu,.rrent testing (ET) ,xamninati;ns to be removed prior t resung pl4at
operations. EnRgineering confirme~d that sff, icient reactor vessel head' vent
line (i. e. Wall thickness) exist to supp plart onpeations for the remaining
40 yeaF design lifetime.

[LEFR 2005 001-00, June 20, 2005, Ref. 141

The calculation of fatigue usage in the repaired vent line assum1red a constant fatigue rate
over the 11.1 years of operation before the repair, based en the as as designed 40 year
vent pipe fatigue Usage factor. This w~xas Added to the fatigue expecte~d to accr.umulate
during the reaininR!g 25.6 years of operation, based on the as repaired vent pipe geemetr,'
with the reduced wall thickness. The comnbined fatigue usage factor for the as designed and
as-repaired vent. Pipe for the 10 year plant life is, therefore higher than originally calculated.

Similar flaws weediscovered during the Unit 2 13th refueling outage, Pnd were similarly
relpairedd and similarly~analyzed'.

This l•ocationis net includedin the fatigue management or ,Sn programs. However,
the inpciniPet required byASME Section Al The vessel head will be replaced
and the repaired vent line segment Wil•l , be replaced and reanalyzed, when the vessel
head is replaced, before the peiriod of extended operation. The revised fatigue

analy6i6 for the replaemenRt will extend- to the 6nd of the period of extended

operation, and will therefoere net be- a TLAA..

-Replacement Reactor Closure Vessel Heads and Nozzles

The replacement reactor vessel closure heads (the replacement heads) were designed to
ASME i11, 1998 Edition up to and includinq the 2000 Addenda,-- for a 40-year operating
period.

The design specification for the replacement heads includes design transients and seismic
loads consistent with those for the original vessel and head.

The design report for the replacement heads reported a maximum calculated fatigue usage
factor in the replacement head.and head flange of 0.1142: a maximum calculated usage
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factor in the studs and nuts (from initial plant startup) of 0.8929: and a maximum calculated
usage factor in the existing vessel upper shells (from initial plant startup) of 0.0748.

Control element drive mechanisms (CEDMs) and their pressure housings are mounted on
89 of the 97 reactor vessel head "CEDM" nozzles. Reactor vessel level monitoring system
(RVLMS) pressure housings are mounted on two of the nozzles. The remaining six are
capped spares. Since CEDMs are the largest attachments to these nozzles the limiting
nozzles are those with attached CEDMs.

The design report for the replacement heads reported a maximum calculated fatigue usage
factor in the CEDM nozzles of 0.0610: and a calculated usage factor in the guide cones
(inside the head, below the nozzles) of zero, with S% less than endurance limit.

The design report for the replacement heads reported a maximum usage factor in the
capped CEDM nozzles of 0.0033 in the CEDM nozzle upper end.

Control element drive mechanisms (CEDMs) and their pressure housings, and reactor
vessel level monitoring system (RVLMS) pressure housings, attached to the replacement
head CEDM nozzles, are being replaced with the heads. The analysis of the CEDM and
RVLMS pressure housings is described in Section 4.3.2.2.

Summary of Fatique Analyses in Reactor Vessel Components not Replaced

The maximum calculated CUF in the reactor pressure vessel pressure boundary and its
supports is in the bottom head support lugs with a usage factor of 0.9536. Other
components of the reactor pressure vessel pressure boundary and its supports are affected
by similar loads and transients. The closure flanges, studs, and nuts are also subject to
boltup cycles. The maximum 40-year usage factor in the studs, including effects of the
Combustion Engineering Infobulletin 88-09 revised heatup and cooldown transients, is
0.8929. The studs fully bound all RPV components even though the CUF of the bottom
head support lugs is higher. The RPV head studs will experience more severe stresses
during each event, but are limited to a lower number of heatup and cooldown events, which
results in a calculated CUF that is slightly lower than that for the bottom head support lugs.

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

Revision: Replacementepak of the Un-,it-2 Reactor Vessel Closure Heads Head
Nozzles, Vent Pipes; and revision of the Reactor Vessel Primary Coolant Inlet and
Outlet Nozzles and Reactor Vessel Shell and Lower Head Analysis

The fatigue analyses of the replacement reactor vessel closure heads, their CEDM and
instrument nozzles, and the attached head vent pipes extend beyond the end of the period
of extended operation. The fatigue analyses of these replacement components have
therefore been prowected beyond the end of the period of extended operation (PEO), in
accordance with 10 CFR 54.21 (c)(1)(ii).
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The reactor vessel primary coolant inlet and outlet nozzles and the reactor'vessel shell and
lower head (iuncture) are evaluated for effects of the reactor coolant environment on fatique
behavior of these materials, consistent with NUREG/CR-6260. These components have
been evaluated-and found to have a usacqe less than 1.0 throuqh the PEO when the effects
of reactor coolant environment are considered. See Section 4.3.4

The segment of the Unit 2 head vent line wAith wall thIckness reduced by the removal of
ndi•,atio.ns wO.ill be replaGed when the ves.el head is replaced, aRd its fatigue analysIs will b~e
revised. The repair and the revised fatigue analysis will demonstrate an adequate fatigue
life, prOjected to the end of th. period of extended operation, in.accordance.with
10 CFR 54.21 (c)(1 )(ii). This is a commitment for license renewl -

Aging Management

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.I) will
track eVeitS the transients listed in Table 4.3-2 to ensure that appropriate reevaluation or
other corrective action will beis 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 be
established to permit completion of corrective actions before the design basis number of
transientseVe.ts 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).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 desGr4!ti9e-discussion of its
action limits and corrective actions.The reactor .essel primary coolant iNlet and outlet

nozlsand- lower head to shell juncture are evaluated for effects of. the reac-toir coolant
envronment on fatigue behavior of these mnaterials, consistent with NUREG/CR-6260. See

Section 4.3.4.

41.3.11.2 Control Element Drivef M.echanism (CEDM) Nozzle Pressure Housings

4.3.2.2 Control Element Drive Mechanism (CEDM) and Reactor Vessel Level
Monitoring System (RVLMS) Pressure Housings

CEDMs and their pressure housings are mounted on 89 of the 97 reactor vessel head
"CEDM" nozzles. RVLMS pressure housings are mounted on two of the nozzles. The
remaining six are capped spares.

The analysis of the capped CEDM nozzles is described in Section 4.3.2.1.

Summary Description

Palo Verde is replacing reactor vessel heads for all three units, including their nozzles,
CEDM pressure housings, RVLMS pressure housing, and caps for the spare nozzles. As of
May 1, 2010 the Unit I and 2 heads have been replaced. (The Unit 3 head is scheduled to
be replaced by December 31, 2010. See LRA Appendix A, Table A4-1, Commitment 51.)
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The fatigue analyses of the replacement components are sufficient for a 40 year design life,
based on the design basis transient events specified for the original heads. The design life
of these replacement heads, nozzles, and CEDM and RVLMS pressure housings therefore
extends beyond the end of the period of extended operation.

Analysis

CEDM Pressure Housings

The replacement CEDM pressure housings are designed to ASME II1, Subsection NB
(Class 1), 1998 Edition up to and including the 2000 Addenda, for a 40-year operating
period.

The design specification for the replacement CEDM pressure housings includes design
transients and seismic loads consistent with those for the original vessel, head, and CEDM
pressure housinqs.

The design report for the replacement CEDM pressure housings reports calculated fatigue
usage factors at the following two limiting locations: 0.4210 in the motor housing, and
0.2240 in the lower end of the upper pressure housing.

The design report for the replacement CEDM pressure housings also reports acceptable
results of a corrosion evaluation: "The loss of wall thickness = 0.0001 inch/year x 40 years
= 0.004 inch".

Since the design life of the replacement CEDM pressure housings extends beyond the end
of the period of extended operation, the fatigue and corrosion analyses have been projected
beyond the end of the period of extended operation, in accordance with
10 CFR 54.21(c)(1)(ii).

RVLMS Pressure Housings

The replacement RVLMS pressure housings were desiqned to ASME III, Subsection NB
(Class 1), 1998 Edition up to and including the 2000 Addenda, as ASME III NCA-1260 Code
Class 1 appurtenances: for a 40-year operating life.

The design specification for the replacement RVLMS pressure housings includes design
transients and seismic loads consistent with those for the original vessel, head, and RVLMS
pressure housings.

The design report for the replacement RVLMS pressure housings reports a calculated
fatigque usage factor of 0.000 and a thermal stress ratchet ratio of 0.14 in the lower end
fitting, and a usage factor of 0.654 and a thermal stress ratchet ratio of 0.28 in the upper
flange. The stress ratchet ratio is described in ASME III Subparagraph NB-3222.5 as the
ratio of actual over allowable with a limit of 1.0. The purpose of the calculation is to
demonstrate the ability to prevent ratcheting (increasing deformation) with each cycle.
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Since the desiqn life of the replacement RVLMS housings extends beyond the end of the
.period of extended operation, the fatique analyses have been projected beyond the end of
the period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(ii).

Effects of Power Uprate and Steam Generator Replacement on the CEDM and RVLMS
Pressure Housing Analyses

The Palo Verde steam generator replacement and power uprate modifications (RSG and
PUR) included evaluation of the original CEDM nozzles. 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 analyses of the replacement CEDM and RVLMS pressure housings were based on
design specifications issued after the RSG and PUR modifications but based on the ori-ginal
set of design basis transient events, and were therefore also not affected by the RSG and
PUR modifications.

Effect of Combustion Envineering Infobulletin 88-09

The CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatique Usagqe," did not identify any effects on
the fatique analysis of the original CEDMs. The conclusions of the analysis of the
replacement CEDM and RVLMS pressure housings, based on the original set of design
basis transient events, were therefore also not affected by the Infobulletin 88-09 evaluation.

Disposition: Replacement and Revision, 10 CFR 54.21(c)(1)(ii)

The fatigue analyses of the replacement CEDM and RVLMS pressure housings, and the corrosion
analysis of the replacement CEDM pressure housings, extend beyond the end of the period of
extended operation. The fatigue and corrosion analyses of the replacement CEDM and RVLMS
pressure housings have therefore been proiected beyond the end of the period of extended
oDeration. in accordance with 10 CFR 54.21(c)(1)(ii).

Summ~ary Dcscr-iption

The 12VISGS CEDM0 nozzle pressure housings are designod to ASME= 111, SuibsectionN
(Class 1), 19474 Edition with addenda through Wintor 1974 IUFSAR, Tablo 5.2 1], andar
rconstrucrte~d from Alloy 6a_00 Material to the roguiro~montS, of the SB- 16_6 material spoci.fication
The reactorF vessel design roPotSinle the srcualpaalysis of the GCED nozzl
pressure housings. The analysis was reexamnined forF the power u1prate and steamn
qenerator replacemnent moEdific~ations.
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Analysis

The only location to be consRidereFAd_ in the fatigue analysis is, the pressure h6usinRg to cloSur
head weld. The calculated fatigue usage facterS in these;t_ CE-DM peressure heusing weld
are 0.0066, 0.0066, and 0.0018 for Units 1, 2, and 3 rOSPectiV8'ey. These fatigue- usage
factors are iGnERfificantlV less than 1 .0.

Effects of Power Uprate and Steam
Pr~essur-e Housinc Anlyi

Generator Rcplaccm, nt on the CE.DM Nozzl

The PVNGIS- steam generater replacement and power uprate modifications (RSG and PUR)
incGludedG eValuation Of the CEIDM no RZZlo. The roVised OBE and faulted leads on the Unit 1-,
2 ard 3 CED'hM nozzIs fo-llowing RSG and PUR are less tha-n th maximum allowed - load
which weFe evaluated in the aralyses' of recoerrd. The evaluati;n ideRtified noe changes t
design Fepo~t fatigue usage in the nozzl-es6.

Effcct of Combustion Engineering infobulletin 88-09 G.ocno-.aie alculIation oP
CuulatWAive F~atigue Usage"!

The CE O'wner's Group review of Com.bus.tio.n =n.gineering ,nfobulloti;n 98 09,
".NOnr.'Rrr;ative CalclaItion of Cumulative Fatigue Usage," did net ide;tif; any 8e4fetS on

the atige aalysis of the CEDMs.

Disposition: aiain 10 CFR 54.21(c)(1)(i)

The maximum cGal•lated usage factor in the CE ,-DM pr-essue hungfc, Ridicates tha the
design has significant margin to the limit of 1 .0, and therefore tha h eini adequatefo
150 timcs the number of specificd design transients; or for 150 40 yepr design lifetimes.
The evaluation of fatigue effects in the CEFDM Ipressure housings thereforG eremains Validfo
tihe p•eFid Of extended operatio, in accordance With 10 FI-,< 54.21(c)(1)iV).

4.3.1.3 Reactor Coolant Pump Pressure Boundary Components

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. .
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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 demonstratedI 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 Iusage factor for all components is 0.988 for the pump casing
closure-bhttsstuds. 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 and is under, review for addition to the
UFSAR section 3.9.1.1.

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.

No Effect on Reactor Coolant Pumps of, Combustion Engineering Infobulletin 88-09
"NonAcnservative Calculation ef C-umulatfivc Fatigu UsageNonconsorvative Calculation of
Cumulative Fatigue Usago" ý

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative ýFatigue Usacqe.Nonconsor-ativc Calculato•f, ,
C.m.ulativo Fatiguc Usago," 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 exceedclthe design basis number of cycles specified in the Design
Specification, UFSAR Table 3.9-1, r--and the RCP closure studs' more-restrictive number of
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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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (BL3.1) will
track events to ensure that appropriate roovaluation or other corrective action will beis
initiated if action limits are reached. Action limits will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 deGIspt.R!discussion of its
action limits and corrective actions.

4.3.2.4 Pressurizer and Pressurizer Nozzles

Summary Description

The PVNGS pressurizers are designed to ASME III, 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
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.
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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, steam -generator replacement and modifications;
including:

* 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

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 '.n.conscr'-.'ativ- Ca'culation oft
Cumulative Fatigue Usage. Nencon-scrAAatfixe Calculation of Cumulative Fatiu
Usage'

The 1991 CE Owner's Group review of Combustion Engineering Infobulletin 88-09
"Nonconservative Calculation of Cumulative Fatigue Usaqe. Nonconoervative Calculat-ion of
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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 belew.

Absence of TLAAs in the Analysis of Thermal Fatigue Crack Growth in Original Heater
Sleeve Attachment Welds, in Support of ASME Section X1 Inspection Relief, and of
Heater Sleeve Repairs

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.

A supporting Westinghouse fatigue crack growth analysis, for the Unit 3 MNSA repairs 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. These MNSAs were removed and all heater
sleeves in all three units were replaced, using half-nozzle repairs. The Westinghouse -this
analysis in support of this temporary MNSA modification was superseded by:
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* A subsequent report and fatigue crack growth analysis in support of relief
-from ASME Section XI inspection requirements, because the area of the
postulated initial cracks - at the original attachment J-welds - hasnot been
removed.

* A subsequent report and fatigue crack growth analysisin support of the half-
nozzle repair of all 36 heater sleeves in each of Units 1, 2, and 3. This report
and analysis are included by reference in the Unit 1, 2, and 3 pressurizer
code design reports.

The analyses are consistent. Both report a projected final flaw size at 60 years of
1.16 inch, based on an initial flaw size of 0.6 inch, and cite supporting fracture
mechanics analyses permitting an allowable flaw size of 1.2 inch. Both of these
currently-applicable fatigue crack growth analyses apply to all three units. Both were
performed for a 60-year operating life, and are therefore not TLAAs.

Effect of MNSA Anchor Holes on the Pressurizer Fatigue Analysis, in Support of
MNSA Repairs of Unit 3 Heater 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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pad&a J Woli

Figure 4-1: 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 a4 Table 1-1.0, Figure 1-9.1 material for which the highest temperature for
which design stress intensity values are given is 7000 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 7790 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 analyseis which are TLAAs.

.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
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assumed for 40 years, but do not support safety determinations for a defined design lifetime,
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 is monitored by
CBF-PC methodology in the current metal fatigue monitoring program and will continue to
be monitored by this method in the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) with appropriate action limits to prevent the fatigue usage from
exceeding 1.0.will ot xc..eod the code limit of 1.0 so long as the number of applied load
cycles dGoe ... t .... ed the number specified by the deigRn specification fo-F 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.
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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.

Table 4.3-7 - Summary of PVNGS Pressurizer ASME Ill Class I Analyses and Fatigue Usage
Factors

Compon.nt Analysis' TLAA? aximum CUF• ~ ~ ~ ~ ~ ~ ~ ý ... .... Ss i.... lss Noted Otherwise) , •
(Date Replacement or . Basis if 40 U eed'.Otherw... .

Reanalysis Initiated) nt.Ui Uit2nt3,~J .,n .nfC " , ', Unit 2, ..... ,Unit 3,

1. Bottom Head and Support
Skirt - Worst Location,
Inside the Support Knuckle
(1993 reanalysis in response,
to CE Infobulletin 88-09) See Yes 0.7223 0.7223 0.7223
also item 4-17-18 below for a
reanalysis of the Unit 3
bottom head.

2. LEFM Fatigue Crack
Growth Analysis of
Indications in a Unit 2
Pressurizer Support Skirt Crack growth,
Forging Weld (1993) Crack Yes NA CNAno CUE
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 Y
Location Yes 0.0067 0.0067 0.0067
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Table 4.3-7 - Summary of PVNGS Pressurizer ASME Ill Class I Analyses and Fatigue Usage
Factors

Component Analysis TLAA? MaximumCt0U

.(Date Replacement or Basis ife Otherwise)

Reanalysis Initiated) not. Unit I Unit2, Unit 3

8. [Deleted]Rep'acement
Lower HOrizontal No.-No
Teomp8raturo Nozzlo - afety 1.9-67 w~ith design 6pocification heatup rate-,
WOret Location, Outor dete8- 0.688 with Plant Technical Specification heatup rate
Sleovo and Clad Weld (19I
Unit 1, 1995 Units 2 and 3)

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 N5S
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

Component Analysis' TLAA? MaximumsCU
(Date Basis if Unless Noted Otherwise)t

.Reanalysis Initiated) not. Unit I Unit 2 -Unit 3

Yes, 1.0 for 560 cycles (Heatup +
15. Short Heater Sleeve Plugs qualified life Reactor Trip/Loss of Flow + Leak NA

(for use with stuck heaters) comparable Test}-Gye-es

to 40 years.

No,
16. Replacement Heater Sleeve E44

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 a0

Mini/MNSA Pad OD U60 = 0.551 NA U6 0 = 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 [Line Deleted]
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 16.
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 enhanced Metal Fatigue of Reactor Coolant
PressuFre Boundary program (B3.1) will track these events and action limits will ensure that
appropriate corrective actions afe-will be 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) 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 will ensure that
appropriate reevaluation or other corrective action iswill be initiated if an action limit is
reached. Action limits will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary programT (B3.1) in accordance with 10 CFR 54.21(c)(1)(iii).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 deerGiptkindiscussion of its
action limits and corrective actions.
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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 "N.onco..scr'-at- Calnulatin of
CumultiveFatiGwe Usa92 NonconcRseative Calculation of CumulWative 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 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 Table4.3-8. 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. However, the Steam Generator Tube Integrity Program (B2.1.8) will be
credited for maintaining tube integrity for tube degradation mechanisms.

Table 4.3-8 - PVNGS Steam Generator Uprated Fatigue Coparison
Maximum Design Basis CUF,.,,

(RSGs,, Uprated)
Compnn Current 'Current,

.... _________________________Desigh,zU1/3 Design, U2
Support Skirt 0.08331 0.155
Support Skirt Access Opening Region 0.75104 N (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 years(4) 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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Table 4.3-8 - PVNGS Steam Generator Uprated Fatigue Comparison
:.Maximum Desigh Basis CUF(1 !

":". . (RSGs, Uprated)Compone. .Current , QCurrent

Design, ~U1/3 Des ign, U2
Small Nozzles NB-3222.4(d) NB-3222.4(d)

Exemption 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

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
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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.

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
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will track
these events to ensure that appropriate reevaluation or other corrective action will beis
initiated if an action limit is reached. Action limits wil--per-fltwill be established to 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 gobal-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 •s suffici.Rt because the ...... r and
doWR...Me. feodwater nozzles, which are moitored using stress based fatigue, are mere

Rns~itivto pl pant operation-al behavior, aRd their m.onitoed fatigue usage factors will
therefore bo.ud these in the.e ether location..
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Disposition: Validation, 10 FR 54.21 (r.)(1)(1); and- Aging Management,

10 CFR 54.21 (c)(1)(iii).

Validation, Units 1 and 3

The fatigue analyses of the Unit 1 and 3 rplacem..nt steam generators arc for a period
SUfficient to cover their installed life, to the end of the period' of extended operation, an4
therefore will Fremain valid for the period of extended, operation inraccrdance mit
10 CFR 54.21 (c)(1)(i).

Aging Management, Unit

The Unit 1 and 3 steam generators were replaced after the 2 0 th year of operation and have
fatigue analyses extending beyond the period of extended operation (PEO). 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. However, PVNGS has chosen to apIly aging management to all the Unit 1, 2
and 3 steam generators to achieve uniformity in aging management practices. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will track
events to ensure that appropriate reevaluation or other corrective action will beis 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. Although the steam generator tube fatigue analysis is not
considered a TLAA for the reasons stated above steam generator tube fatigue will be
managed by the Steam Generator Tube Integrity program (B2.1.8). Effects of fatigue in the
Uit -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 enhanced Metal Fatigue of Reactor Coolant. Pressure Boundary program (B3.1) 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 desGPp#ioýdiscussion of its
action limits and corrective actions. The Steam Generator Tube Integrity program is
described in Appendix B, Section B2.1.8.

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 Ill, 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:

Table 4.3 -9- Summaty of PVNGS Class I Valve Fatigue Analyses
.Ca;lculated Maximum

Design' Design
.BasisOps Bas

Valve,:Specification, and Analysis Descriptions NB for, for
NB- ,354 5. 13 ýNB-355V

Normpal Cyclic.
y0) ', . 35.0.Loads.

1/2/3JSIAUV0651 and 1/2/3JSIBUV0652 Borg-Warner Model
77850/77850-1, 16" Shutdown Cooling Suction Isolation Valve
Reanalysis 0.702

Valve UV-651 was relocated closer to the RCS hot leg in all NA2  (Crotch0)(3
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.

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

The Borg Warner valves meet the normal duty fatigue 0.194
requirements of Articles NB-3522, NB-3545, and NB-3550 for
cyclic loading conditions.

1/2/3JSIAUV0634/644 and 1/2/3JSIBUVO614/624 Borg-Warner
Model 77840, 14" Safety Injection Tank Injection Discharge Isolation
Gate Valves. > 2,000 0.204

The Borg, Warner valves meet the normal duty fatigue
requirements of Articles NB-3522, NB-3545, and NB-3550
for cyclic loading conditions.

1/2/3PSIEV215/217/225/227/235/237/245/247
Borg-Warner Model 77810, 14" Safety Injection Tank Injection
Discharge Check Valves. > 2,000 0.15-

The Borg Warner valves meet the normal duty fatigue 0.661(4)
requirements of Articles NB-3522, NB-3545, and NB-3550 for
cyclic loading conditions.

1/2/3/PSIEV540/541/542/543 Borg-Warner Model 77790-1, 12" HPSI
and LPSI Header Injection Discharge Check Valves. 0.141 -

The Borg Warner valves meet the normal duty fatigue > 2,000 0.625(4)
requirements of Articles NB-3522, NB-3545, and NB-3550 for
cyclic loading conditions identified.
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Table 4.3 -9- Summary of PVNGS Class 1 Valve Fatigue Analyses
Calculated Maximum

Design Design
Basis Ops: Basis:CUFý;

Valve, Specification, and Analysis Descriptions NA for Itfor
NB-3545.3 NB-3550

Normal, Cyclic
________________________________________ Duty 1  Loads11

3JCHAHV0205 and 3JCHBHV0203 Valcor Model V526-5631-9, 2"
Isolation Valves between the Unit 3 Regenerative Heat Exchanger
and Auxiliary Spray Line 0.151

A fatigue analysis of the crotch of the body used Subparagraph 10,000 (Crotch)
NB-3545.3 for the section in thermal cycles when the

temperature change rate is 100 0F/hr. Pipe and seismic load
stresses are treated as cyclic loads in the fatigue analysis.

1/2/3JRCEPSVO200/201/202/203 Dresser Model 6-31709NAX-1- > 106  < 0.002(5)
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

This analysis used Subparagraph NB-3545.3, "Fatigue Body)

Requirements," 1983 Body)

1,2,3JSIBPSVO169 and 1,2,3JSIAPSV0469 Crosby Model JMAK- 0.075
3/4X1, " Safety Injection Line Thermal Relief Valves (Valve

The analysis confirms that these valves will withstand the > 2,000 Body
specified number of each of three thermal transients from the in)
valve specification as reported in UFSAR 5ý2.2.4.4.2. nle

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.
3 "Crotch" is the region in the valve 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 A range of 40-year CUFs has been calculated. The higher value was arrived at by conservative
interpretation of the Code for combination of cycles that exceed 100°F/hr, whereas the smaller value
uses the actual 1160F/hr rate.
5 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).
6 Highest CUF calculated for the three analyzed locations; the inlet nozzle, valve inlet and valve
outlet.
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For the valves modeled with an NB-3545.3 normal duty operating cycle evaluation, the
allowed NB-3545.3 NA normal duty operations is much greater than the required minimum of
2000 cycles. The calculated cumulative usage factors h for NB-3550 cyclic loads are less
than the code limit of 1.0.

Effect of Combustion Engineering Infobulletin 88-09 "Nonconsor-ativ-c Calc'ulatin t
Cumulative Fatrue Usage.-- NlRr-;ative C-lcultion of Cu Of mulativo Fatigue Usage"

The CE Owner's Group review of Combustion Engineering Infobulletin 88-09,
"Nonconservative Calculation of Cumulative Fatigue Usa-ge," -did not identify any effects on
the fatigue analyses of Class I valves.

Disposition: Validation, 10 CFR 51.21 G()(1)(0); a•d Aging Management,
10 CFR 54.21(c)(1)(iii)

Validation -Valves with larg• margin

The calculated worst-case usage factors for the 16" Shutdown Cooling Suction Containment
Isolation Valves, the 14" Safety Injection Tank Injection Discharge Isolation Gate Valves, the
14" Safety Injection Tank Injection Discharge Check Valves, the 12" HPSI/LPSI check
valves, the ¾" Safety Injection Line Thermal Relief Valves, the pressurizer safety valves,
and the 2" isolation valves for the auxiliary spray indicate that the designs have large
margins, and therefore that the pressure boundaries would withstand fatigue effects for at
least 1.5 times the original design lifetimes. The desigR of there valves for fatigue offocts is
thoroforo valid for the pGorGIo of oxtondod o)poration in AcrdAnco; wit
10 CFR 54.21 (c)(1)(i).

Aging Mana gement Shutdown Cooling Suvtion isolation Vaivo, andl Charging Line 16olato
The calculated worst-case usage factors in the 16" shutdown cooling suction isolation

valves and 2" charging line isolation valves, are 0.702 and these valves is 0.7656,
respectively. 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
track events to ensure that appropriate reevaluation or other corrective action will beis
initiated if an action limit is reached. Action limits will p xIF'Will be established to permit
completion of corrective actions before the design basis number of events is exceeded. T-he
charging line isolation valves are subjcct to similar but less severe cyclic effects than h
charging nozzles, whose fatigue usage is tracked by the stress based method.Th

FhutdowRnGEcolig • lu•cOto isolation valve is the limiting locati;n on the shutdowncorolig01ine• ,
and will be trFacked by the cycle 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).
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The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (33.1) 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 1 Piping and Piping Nozzles

Summary Description

Class 1 reactor coolant main loop piping designed and supplied-by Combustion Engineering
is designed to ASME 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
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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.

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 enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) 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 edition with addenda through Summer 1974 and Winter
1975 and the 1977 edition with addenda through Summer 1979.1974 S'74, W'75 to 1977
SL7-9) 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 charginq inlet nozzle is the critical component in each charging path. The enhanced
Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will monitor the
charginq inlet nozzle calc-l3tet 6#86. environmentally assisted fatigue usage factor using
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cyclebased fatigue methods4i, the ,VCS ch-,ging nozzle. The CVCS charging inlet nozzle
is a NUREG/CR-6260 location.

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 enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1)fatigue m•naglement•, ,
prgFam described in Section4.3.1.

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
reevaluato• n or other corrective action will beis initiated if a cycle count action limit is
reached and it 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 wil--pe-mitwill be established to 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
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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
repair consists of the total removal of allAlloy 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 will be is
tracked by-in the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary progrram
(3B3.1)meniteting 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
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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
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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)
cycle count action limit for the RCS will be established to initiate reevaluation Or othor
corrective actions to address this Unit 3-unique location. Action limits will be established to
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).
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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
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.
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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.

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 I Piping and Nozzles of Combustion Engineering
Infobulletin 88-09, ',I a o Cumula•iv, e ,
U~ggc.#oncon~se#*ative Calculation oef 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 piping and other Class 1 system piping or piping
nozzles,
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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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
continue to confirm that this is so, or that appropriate rc-'aluation or othor corrective action
iswill be initiated if an action limit is reached.

Cycle-Count Monitoring and Cycle-Based Fatigue Monitoring: The enhanced Metal
Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will count significant
transient events and thermal cycles and tracks usage factors in the bounding sot of sample
locations listed in Table 4.3-4. The enhanced Metal Fatique of Reactor Coolant Pressure
Boundary program (B3.1) will tracks events to ensure eitheF-that appropriate reevaluatien Gr
etheF-corrective action will beis initiated if an action limit is reached. Action limits will be
established to permit completion of corrective actions before the design basis number of
events is exceeded.

Stress-Cycle-Based Fatigue Monitoring: The CVCS charging inlet nozzles are the
limiting components for fatigue. in the Class 1 charging paths.- These 6nd the hot leg surge
line nozzlo and limiting surgo. line elo .. a..rowill be subject to s&te~socle-based fatigue
monitoring under the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program (B3.1). The automated software program will use event-pairing (CBF-EP)_leGords
the critical parameters of each operating event cycle that affects these nozzles. From that
data the program determines the contrbutio9n to monitor the usage factor in these nozzles
for each event, and maintains a Au-r-perecord of the weFst-ease-cumulative usage factor-few
eaGh-{eatie1. This record will be reviewed and evaluated at intervals specified intervals to
be specified by the program, at a frequency sufficient to ensure that appropriate corrective
action-is will be initiated if an action limit is reached. Action limits will4-R:Ri ill be
established to 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 enhanced Metal Fatigueof Reactor Coolant Pressure Boundary program (B3.1) 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 desrFPpteR- discussion' 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.
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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 PVNGS implemented
a temporary temperature monitoring program of the Unit 3 auxiliary spray line and tee during
operating Gcycles 3 and 5. The objective of this program was to determine the source of
the 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
(60°F to 115 0F) occurred under heatup and cooldown operation. Thermal
stratification (up to 900F) 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 151
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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 andjtangential 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.°F 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 TeeFlow Stratifi• ation Tho r _,al 4Graion i.nt Au. iliry .. ra Line

a.nd, TeeFloe St.ratif i c.atiom Thpermal Gradicnt iR tho Auxiliary Spray Line and Tee" in Section
4.3.2.7

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.
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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.

A preliminary shakedown 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.

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 XI, 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 for the third period of the
second ISI interval [Ref. 23]. The RI-ISI application was based on the EPRI RI-ISI program,
which explicitly considered NRC Bulletin 88-11 concerns in its application. The NRC
Bulletin 88-11 concerns were therefore addressed by the PVNGS RI-ISI program. However
the program was approved only for the third period of the second ISI interval, and no relief
request has been filed for the current, third interval.

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

The surge line elbow will beis subject to stress-based fatigue monitoring under the
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1). The
program will maintains a record of the WeFs4-ease-cumulative usage factors. This record will
be reviewed and evaluated at intervals to be specified by the program, at a frequency
sufficient to ensure that appropriate corrective action will beis initiated if anaction limit is
reached. Action limits wil-pexR-iwill be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary (B3.1) aging
management program is described in Section4.3.1; 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
deseiptiodiscussionn of its action limits and corrective actions.

4.3.2.10 Class I 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.

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 eotdewn -heat exchanger fatigue anal/se6--analysis. were--was
performed with transients specified in the CE general specification for System 80 plants.
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The numbers of events required by these specifications are consistent with or are greater
than the number of transients that will be used as cycle counting action limits in the
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1)-fatigue
management program with onhancemonts, described in Section 4.3.1.5.

The original assessment that fatigue the regenerative and letdown eat exhangr wasp
bounded by the fatigue Of the charging nozzle Or still valid. The aOst seveo r transients o
the letdown and regenerative heat exchanger alse affeict the chagrgig nozzle. The
charging nozzle has a higheur crlulte desiog basis usage facitof (ovr 0.9) and
moenitored by sress based fatigue. The monitored fatigue usage ir the charging neozl is
thwerefoe an appropriate and cOnser'.'ative indication that these heat exchangers mna" be
apprFoaching the code design limnit Of1.0

Letdown Heat Exchangers

The fatigue analysis for standard System 80 letdown heat exchanger 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. The numbers of events reguired by these specifications are
consistent with or are greater than the number of transients that will be used as cycle
counting action limits in the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
progiram (133.11). described in Section 4.3.1.5.

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

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will
track events to ensure that appropriate reevaluatiton or other corrective action will beis
initiated if an action limit is reached. Action limits willpefmitwill be established to 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
countintg and stress based fatigue m'GoitoFRig Of the charging nozzles Cycle counting will
assure that the effects of aging in the regenerative and letdown heat exchangers are
managed for the period of extended operation, in accordance with 10 CFR 54.21 (c)(1)(iii).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) is
described in Section 4.3.1; and is summarized in Appendix B, Section B3.1. See
Table 4.3-4Table-4.•-4 for details of the program, and Section 4,.3.1.54.3.1.5 for a
desGFipt;iofIdiscussion of its action limits and corrective actions.
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4.3.2.11 Class I Fatigue Analyses of Class 2 High Pressure Safety Injection (HPSI}
and Low Pressure Safety Iniection (LPSIl Safety Injection Safegu~rd
Pumps for Design Thermal Cycles

The HPSI and LPSI safoty 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

40°F to 300°F Transient - 10 Cycles

This thermal transient corresponds -to the initiation of safety injection, 'which is classified in
UFSAR Table 3.9-1 as a-,-a "Normal"upset-eventcndt4iH4n. Both-the HPSI and LPSI pumps
are designed for this transient, ýtherefore the analysis for this thermal transient is a TLAA for
both pumps.

The HPSI structural integritya'nd 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 ý'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 6Tx 2 x axE := 260 0F x 2 x (9.53 x 106/°F) x (26.85 x 106 lbf/in 2)

Sa/t= 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,

Sa = .Sat x EI-9.2/E = 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
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'ý usage factor of 0.000426 for 10 cycles. Therefore sufficient
margin exists to support the period of extended operation.
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70°F to 350°F 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: Aging Management, 10 CFR 54.21 (c)(1)(iii)

Although there is sufficient margin in the design of these pumps for the proiected operating
cycles listed in Table 4.3-4 aging management will be used to disposition this TLAA. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) will track
events to ensure that appropriate corrective action will be initiated if an action limit is
reached. Action limits will be established to 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. Cycle counting will assure that the effects of aging in the
HPSI and LPSI pumps are managed for the period of extended operation, in accordance
with 10 CFR 54.21 (c)(1)(iii).

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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 discussion of its action limits
and corrective actions.

Dicpsiton:Validation, 10 CFR 54.21 (G)(1)(0)

There is ufficient mnargin fin the design of these pumps for any possibleinraen
p•eFating yGcles a bve the original estimate. The design of the HPDI and LPSI pulmps i

thereforFe valid for the period of. extended operationR, in accor)dance with
10 CFR 5.21 (G)(1)(i).

4.3.2.12 Class I 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]:
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Table 4.3-10 - PVNGS Main ,Steam Safety, Valve Cyclic Design Criteria

- BasisType~ Des'cri ption -. Number of
S .<Cycles

Loss of secondary Temperature falls from 565 to 75 °F in 60 seconds 5pressure

Pressure rises from 0 to 1375 psig, 200Secondary side leaktest Temperature rises from 100 to 200 °F
Normal plant variations Step change ±10 °F-from 553 'F 10b
Plant heatup and Temperature rises from 75 to 565 'F and returns to 500
cooldown' 75 °F at 100 °F/hr with pressures at saturation

10, plus
System is pressurized to 1.5 times the set pressure number ofHydrostatic testI
at 100 'F to 200 *F hydros before

I , shipment
Opening and closing cycles with full-range stem 480Turbine trip test yo ement . . ...

_________________ 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.:

The analysis of the inlet crotch: did not include the 480 turbine trip tests, but determined
that the significant stress ranges were due to the 5 loss of secondary pressure plus 200
secondary side leak test evenf's. for which a maximum stress rancge S:, envelopingi both
events permits 2000 cycles. Hence

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

The analysis of the disc did not include the 480 turbine trip tests, but assumed that all of
the specified events except h'drostatic test' and normal plant variations could impose
significant stress ranges, and added an assumed lifetime 40 assembly-disassembly
operations, for a total of 745. cyclic loads. For the worst of these events the maximum
stress ranae S. permits 9500 cycles. Hence

Disc: U = 745/9500 = 0.08 < 1.0
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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 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 indications on the
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

Palo Verde Nuclear Generating Station Amendment 16 Page 4.3.2-49
License Renewal Application



. Section 4
TIME-LIMITED AGING ANALYSES

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 inaccordance 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.

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 determination's 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 enhanced Metal Fatigue of Reactor Coolant
'Pressure Boundary program (B3.1) will ensures that appropriate reevalua'ti-on or other
corrective actions will bear-e initiated if an action limit is reached. Action limits for the
HELB design basis will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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
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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.

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 < J1c), 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

aJa__ < 8J_ c
aa 9a

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

T aj E
aa oy)2
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-7where E is Young's modulus and oryis 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 0f 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.

The only phenomena that produce significan t changes in the Kic, JIG , 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, J~c, nor T'mat 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 Subsectionr 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.
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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.

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 ,S3.9.2.4)

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
,S 3.9.2.5 and UFSAR ,S 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.
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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
"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 analysisfor 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--e-atio;a^normal, 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
(B3.1) will ensure that appropriate ro-valuation or other corrective action is-will be
initiated if an action limit is reached in any analyzed location in the reactor internals.
Action limits will be established to 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 enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program (B3.1) 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.
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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-1800 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

In this section Environmentally Assisted Fatigue (EAF) is used to mean the product of a
cumulative usage factor (CUF)Y'and an appropriate environmental factor (F.o).

NUREG/CR-6260 identifies seven sample locations for newer Combustion Engineering
plants:

* Reactor vessel shell and lower head (RPV wWall and bBottom hWead 'Juncture)

* Reactor vessel inlet nozzles

* Reactor vessel outlet nozzles

* Surge line (hHot IL-eq eElIbow)

* Charging systeminlet nozzle
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0 Safety injection system nozzle

* Shutdown cooling line- (IL-ong rRadius eE-bow)

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 the initial screening of locations monitored for effects of environmentally-
assisted fatigue. The calculated EAFGUF- 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 tFessccle countin (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 "eViRn,,ntaI offect• OR fatigue," EAF). See
Table 4.3-11 for the resulting en'V-ronmontafIy assisted fatigue CUJFEAFs 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 GJUFEAF 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 CUFEAF 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 EAF 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
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the period of extended operation, and no monitoring will be required. However, the nine
locations will be monitored by the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) as listed in Table 4.3-4. The remaining eight NUREG/CR 6260
l.c.tion ..will be mon..itoed for eithor tranSi.nt cycle. or fatigue. Sce Table 4.3 .. f.
monitoriR~ ng mthods..

Locations Re-evaluated with NB-3200 Methods

The remaining four E-AF locations have been evaluated using NB-3200 methods to reduce
the CUF values. T-hIee-Two 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 (Longq 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
tran'ient -•yleS Will be use8d to Set limit's iR 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 envir..m.entally assisted . ftgue CUFEAFs 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, i ncluding eRnVironm•ental . . ffec ' tts,,EAF 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 environmentally--assisted fatigue reevaluationmethed useds 6-component stress
tensors and plant-specific transient data, consistent with ASME III Ssubarticle NB-3200, for
all fatigue-significant design transients. These stress intensities w.-ere used to cGacJulate a
r pi Qed ICU vaue.

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
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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
component. Multiplying the revised design CUF by the weighted average Fen value resulted
in a 40-year environmentally assistod fatigue-' CUF EAF 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 plantGpecific transient data, consistent with ASME III
Subarticle NB-3200, for all fatigue-significant design transients. Thoso stress intensities
were used to c.alc-ulate a r-i.ed CF 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 assistcd fatigue CUP EAF
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. A preliminary shakedown 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-An initial simplified elastic-plastic
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reanalysis produced a CUF of 1.9396, which is above the ASME code allowable fatigue limit
of 1 .0. :A refined analysis included thermal stratification and insurpqe/outsurge effects, and it
produced a CUF of 0.1872. The refined analysis used realistic plant specific
insurge/outsurge and stratification spectra which are more accurate than the bounding
spectra used in the analysis of record described in section 4.3.2.9. The CE plastic analysis
described in Section 4.3.2.9 that calculated a CUF of 0.937 remains the analysis of record.
i• mr~o• •p~-cs than thc APS r6evaluati.-; however, the APS hot leg elbow reevalu-tion will
not be9 refined furhe 'Wau~ fatigue- will bo monitored by the, Fatigue Management
Program, -and (2) actual fatigue u.age (Without Fm) should be less thaR calculated, fe
feGHllrg roeaser

The desigr basis transient events that contribute most to fatigue usage are plant heatup aRd
plant cooldoWn (startup and Gshu''t doAWn). The design basis assumes 500 Of these e-Vents;bu
the composit te - wo...st .case unimt 2005 accumunilation of the h.atup coo.d.IWn transf.ient
recorded in 723ST A-RC02 is only 64 cycles, projecGted toG re•Aah about 213 cycles in 60 Iea
Therefore, based On the actual cycle acc.lat..ion rate, the projected 60 ya CU , withou

Fenrnmental offsets is expected to be only about 0.83, based On the 1 .9396 elastic
reana ySis 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
en-vironmentally assisted CUFEAF above the ASME code allowable fatigue limit of 1.0, as
shown in Table 4.3-11.

Actual fatigue usacqe without Fen (CUF) should be less than calculated because the design
basis transient events that contribute most to fatigue usage at this location are plant heatup
and plant cooldown (startup and shutdown). The desigqn basis assumes 500 of these
events; but the actual number is projected to reach about 213 cycles in 60 years (see Table
4.3-3). Therefore, based on the actual cycle accumulation rate, the projected 60-year CUF
without environmental effects is expected to be no more than 0.4, based on the 0.937
analysis of record.

Fatigue usage at this location will be monitored by the enhanced Metal Fatigue of Reactor
Coolant Pressure Boundary program (B3.1) 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
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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.--T-he-same- Appropriate 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
LocaionEAF U40 _ýEAF U60

Loain ý'Material CUF Basis <CUF,. UR ~ , wihwtw______ith_ F_ _ withe Fnen

1. RPV Shell and Lower Head SA-533, Grade B, Class 1 40-year design cycles
Lo Alo Steel and maximum Fenfor low 0.0012 2.455 0.003 0.0045(l)
Low Alloy Steel DO water "_"

SA-508, Class 2, 40-year design cycles2. RPV Inlet Nozzle SAlloy Cl and maximum Fe, for low 0.072 2.455 0.177 0.177(2)
Low Alloy Steel DO water

3. RPVOutlet Nozzle SA-508,_Class 2, 40-year design cyclesLow Alloy Steel and maximum Fer forlow 0.289 2.455 0.710- 0.710(2)
DO water .. ..

40-year desigqn cycles
SA-376, Type 316, Plant sp..ifiG Gy•le 0.1872 2.87429-7 2.874

4. Surge Line (Hot Leg) Elbow Stainless Steel p1 p) 15.35 7-

and maximum Fen

40-year desigqn cycles

5a. Charging System Nozzle SA-1 82, Type 316, Pl.nt pi c.cle 0.7978 15.35 0.927-12. 12.24.... ;•'"F*;"ti9R and strain- 0 2_-,4
(Safe End) Stainless Steel Fae ee..... nd... -. 534 .9 24

maximum Fen

5b. Charging System Nozzle Plant-specific cycle
(Safe End) with credible- SA-182. Type 316. projections, reduced

number of desigqn 0.15534('1 6.391(6) NA 0.9927
reduction in transient Stainless Steel transients -and strain rate
cycles dependent Fen

6. Safety Injection Nozzle SA-182, Grade F1, 40-year design cycles
(Forging Knuckle) Low Alloy SteelStaiRIess S and maximum Fe, for l1w 0.0287 2.455 0.070 0.070(2)(ee DO water I
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Table 4.3-11 - Summary of Fatigue Usage Factors at NUREG/CR-6260 Sample Locations, Adapted to PVNGS

Lo Material CUF Basis CUF, U40  Fn EAF U40  EAF U60F
with Fen with Fen

7a. Safety Injection Nozzle SA-182, Type 316, 40-year design cycles
and strain-rate- 0.6930(•) 3.042(8) 2.108 2.108(2,4)(Safe End) Stainless SteeldenetFn
dependent Fen

7b. Safety Iniection Nozzle Plant-specific cycle

(Safe End) with credible SA-182, Type 316, projections, reduced
reduction in transient Stainless Steel number of design 0.2147(9) 2.912(8) NA 0.625
cycles transients and strain rate

dependent Fen

Plant speific cy
8a. Shutdown Cooling Line SA-182, Type 316, 0-0340118 153 1.7160-. 1.7160-78.

(Long Radius Elbow) Stainless Steel 40-year design cycles -4T2711 15.35
and maximum Fen

8b. Shutdown Cooling Line Plant-specific cycle
(Long Radius Elbow) with SA-182, Type 316, projections 0.0514(10) 15.35 NA 0.789(l)
credible reduction in Stainless Steel and maximum F
transient cycles n

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 60 years; therefore the 40-year

environmentally-assisted fatigue CUF. is sufficient for 60 years.
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 Action limits will prompt corrective actions before the limit of 1.0 is reached at this location..-.
5 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.
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6 The charging nozzle safe end re-analysis computed Fen values for load set pairs with a significant fatigue contribution; all remaining load set

airs 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.
8 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.
9 The safety injection 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.
10 The shutdown cooling line elbow re-analysis determined that, based on the current rate of cycle accumulation, the 40 year p•."jctiG, of cycGos
is 310% of the dcsign a66Wumption. Thereforo, the dosign CUE~ of 0.1118 was FedUcod to 31%0 then mul1tiplicd by the r- Value to doterminoethe
10 yea'r onv-ronmctally assistd• fatigu CUE,. 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: Ia '"dkatllw.Revision, 10 CFR 54.21(c)(1)(ii); 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 4.3-1.

iV!/adidaUnRevision

The evaluation of environmental fatigue effects in-at the Reactor vessel inlet nozzles,
Reactor vessel outlet nozzles and RPV shell and lower head locations found that the

4UF-EAF 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 theFeby-been validated-revised for the environmental effects of
reactor coolant for the period of extended operation, in accordance with
10 CFR 54.21(c)(1)(ii), including effocts of the reactor coolant en'Vronment. However,
these locations will be monitored by the enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program (B3.1) as shown in Table 4.3-4.

Aging Management

The remainder of these locations will also be monitored for fatigue usage including
environmental effects by the enhanced Metal Fatigue of Reactor Coolant Pressure
Boundary program (B3.1) as shown in Table 4.3-4. 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 n-ozz-l, RPV outlt Rozzle, ShUtdoWn cooling Ine long radius elbow, chargiRg
nozzlo safo end, safety injection nozzle forging knUckio, 6afety injection no)zzle Safe end,
and the, pr.essurizer heater penetrcatie&s 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. AppropriateT-he-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.
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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 the 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 Error! Reference source not found.Non Class I Mechanical
Implementation Guideline and Mohanicl.G -ool [Ref. Error! Reference source not found.1-6]
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-434Table 4.3-
2. 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 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.
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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:-

Max. Calculated Stress Origqinal Max. Allowed Stress Cycles f Revised Max Allowed Stress

per Eq. (11) _ "S +0.9 5
A

kpsi) (p i)(si)

39,872 43,375 18273 0.9 40,628

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 (PBA) were unaffected by the reduced allowable
stresses.
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UiSDO~i~3.fl: ':iiaaiion. :1W "IF-i 0'i.;AUIiciii:anA Kevisiofl. 1W 61--K 04.,d1tG4R*WI
• I• II •

Max. Existing Cycles f Revised Max. Existing Max. Revised
Calculated Code Allowed Calculated Allowed PBA Allowed

Stress Allowed Stress PBA Stress Stress' PBA Stress
Range Stress

SA'-0 .8 X SA (psil (P,1 . psD
per Eq. (10) S_(forf=l)

fpsi) (psi)

14-364 23,263 -5-336 0.8 18,610 20-286 32,578 28,856

Ma eaifietn %1-n1ie4-m+irn in trp RA Ille-1111fil nnrl Peaticien in rtrpl RA~lb-11r111MiiSva..~ot..J... * . *~ ,Fr. * ~fl * fl*Ig UA*flA *SV****g - -. tT. *~~t flI*~

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.

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 samlple 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 accordande with
10 CFR 54,21(c)(1)(ii).
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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 4.3.2.2,-4.7.4 and
4.7.5.



Appendix A
Updated Final Safety Analysis Report Supplement

A2 SUMMARY DESCRIPTIONS OF TIME-LIMITED AGING
ANALYSIS AGING MANAGEMENT PROGRAMS,

A2.1 METAL FATIGUE OF REACTOR COOLANT PRESSURE-
BOUNDARYi,

The Metal Fatigue of Reactor Coolant Pressure Boundary programwilluses cycle countingw
and usage factor tracking to ensure that actual plant experience remains boundedby the14
design assumptions used in the design and calculations, or that approp.rate co..ect.vo
moasures mnaintain the design a-nd licensing basis by eth acetbe me~anisj. Most Class
I1 locatfionA c--Rumua~tiVe- usa~go factor (C;UE) estimates support the supposition tha-t the nu~mbe
reflected in the PVNGS UFSAR.

PVNGS Technical Specification 5.5.5 requires the establishment of as
expeeted4hR-a 60 year life will no't produce fatigue usage factors significantly in exccss o.
those calculated by the analyses, that assumed a 40-year life; and should produ~e none
exceeding the code lim~it of 1.0.- Es6timates of the effects of the re;ac~tor cool-ant environment
as desc-ribhed by NUE!R66 niaetha;t CUE i;AnAsm of these affected locations
may however, exceed 1 .0. The"Component Cyclic or Transient Limit" program to track the
occurrences specified in PVNGS UFSAR section 3.9.1.1 and states in total:

"5.5.5 Component Cyclic or Transient Limit

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
lim its.",

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use cycle
counting (CC), cycle based fatigue cumulative usage factor (CUF) calculations (CBF) and
stress based fatigue CUF calculations (SBF) to monitor fatigue. Fati uePro® will be used for
cycle counting and cycle-based fatigue (CBF) monitoring methods. FatiquePro® is an EPRI
licensed product. The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program will track the number o-f tr.ansient cycles and cumulatiVe fatigud. If cycle cGounts 'o
CUEIF values increase to the program use a fatigue monitoring software program that
incorporates a three-dimensional, six-component stress tensor method meeting ASME III
NB-3200 requirements for stress-based fatigue monitoring (SBF). The enhanced Metal
Fatigue of Reactor Coolant Pressure Boundar program will provide action limits, e•e~t4ve
actienswll be61 intate to Avaluate theN designlmt n determjne appropriate specr-ific
c.rrect.ive actions. Action imrit; permit completien of on cycles and on CUF that will initiate
corrective actions before the design basis nube of events is licensing basis limits on

fatigue effects at any location are exceeded.
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The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
will include transient cycle counting required by the existing Metal Fatigue of Reactor
Coolant Pressure Boundary program and adds CUF monitoring for all but one of the
PVNGS NUREG/CR-6260 locations which arethe leading indicators for monitoring the
usagqe due to environmentally assisted fatigue. The RPV shell and lower head (juncture)
location will be monitored by cycle counting. The usage factors calculated by the enhanced
program for NUREG/CR-6260 locations will include environmental effects of the reactor
coolant environment as determined by NUREG/CR-6583 and NUREG/CR-5704.

No later than two years prior to the period of extended operation, the following
enhancements will be implemented: ,

The Motal Fatigu• of ReatoFr Coolant PDr~curo Boundary program,, will b• onha•nco toinclude: (1) addit•ioal Class 1 -ocationR With high caGlculatoadd CU• I Fsr,, (2) Class 1 compononts
for which tranfer functionn h•v• bpoon doveloped for stress based mornitoring, ad (3) CaIss

2 p•.0rt9r of the steam generators , with a Class 1 analysis and high c•aIculatod CUFsi.
* Cumulative usage factor tracking will be implemented for NUREG/CR-6260

locations not monitored by cycle counting (the reactor vessel shell and lower head

(juncture) location will be monitored by cycle counting).

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will beenhanced
to include a computerized program to track and manage both cycle counting and
fatigue usage factor. FatiguePro® will be used for cycle counting and cycle-based
fatigue (CBF) monitoring methods. FatiguePro® is an EPRI licensed product. A
fatigue monitoring software program that incorporates a three-dimensional, six-
component stress tensor meeting ASME.III NB-3200 requirements will be used for
stress-based fatigue monitoring (SBF).
The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will
monitor plant transients as required by PVNGS Technical Specification 5.5.5.
Cumulative usage factors (CUFs) will be calculated for a subset of ASME III Class 1
reactor coolant pressure boundary vessel and piping locations, and component
locations with Class 1 analyses. The enhanced Metal Fatique of Reactor Coolant
Pressure Boundary program will provide action limits on cycles and on CUF that will
initiate corrective actions before the licensing basis limits on fatigue effects at any
location are exceeded.
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 will be established to permit completion
of corrective actions before the design limits are exceeded.

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to add CUF monitoring. The following methods will be used:
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1) The Metal Fatique of Reactor Coolant Pressure Boundary program will be
enhanced to use cycle based fatigue (CBF) and stress based fatigue (SBF)
CUF calculationsb to monitor fatigue. FatiquePro® will be used for cycle
counting and cycle-based fatigue (CBF) monitoring methods. FatiquePro® is

- an EPRI licensed product.

2) The SBF method will use a fatigue monitoring software program that
incorporates a 'three-dimensional, six-component stress tensor method
meeting ASME III NB-3200 requirements.

An action lmitAction limits will be established to require corrective action when the

cycle-count fer-of any of the critical thermal and pressure monitored transients is

projected to reach the action limitdofinod in the progr.m . In order to ensure

sufficient margin to accommodate occurrence of a low-probability transient,

corrective actions must be taken before the end-of-remaininq number of allowable

occurrences for any specified transient becomes less than 1.

If a cycle count action limit is reached, the following actions will be considered and those
deemed appropriate will be taken:

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 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 and other similar repairs/analyses 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.
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For PVNGS locations identified in NUREG/CR-6260 and monitored by CUF, 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.

Cumulative Fatigue Usage Action Limit and Corrective Actions

Action limits will be established to require corrective action when the calculated CUF (from
cycle-based or stress-based monitoring) for any monitored location is proeected to reach 1.0
within the next 2 or 3 operating y-Glec_.ycles. In order to ensure sufficient margin to
accommodate occurrence of a low-probability transient, corrective actions, mu't be takcn
befoe the rmnngumbor of allowable occurrenceS for any specified transient becomes6

if a cycle count action) limit is reached, acceptable corrective actions include

1) Review of fatigue us~agc calculations

a. To determi~ne whether the transient in question contributes significantly to CUF.

b. To dnt) the comAponents and analyses affected by the transient in question.

G. To ensure that the analytical bases o-f thte leak-before breaký (LBB31) fatigue cracký
poagation analysis and of the high energy line break (HEL.B) locations are m~aintainad.

d. To ensure8 that the analytical bases of a fatigue crack growth and Stability analysis in
suppeot of relief fro~m ASME= Section Al flaw removal and inspoctionR requiGrements for hot lg
small bGre half nE•zzie r•.a•ir are mantained.

2) Evaluati;n of remaining MargORs OR CG• F based.OR cycle bedostressr bGhIAd CU IF

calculations using the PVG faiuemnaagement program software.

3) Redefinition of the specified number Of cycles (e.g., by redUcing Specified numberof
cycles for other transients and us6ing the margin to inrGease the alloe~vad nubef cyclesfr,
the transient that is appro~aching its specified number of cycles).

4) Redefinition o~f the transient to remove conservatism in predicting the range of
DF-10OWFe -R9 18 13-ratWFP_ k4a.1-IP-6 ._.F - A MAS OR

• a .............. r w.

Curn~'!ative Fatigue Usage Action Limt ad Creret~ie Actions
An aOtRin limit will reril ,Elur-e c•rr••ti•e acrtionA when c.-.alc•uated CUE (from cc•le based or stres
based moWniring) for any monitored IocatioRn is projted to rFo•h 1 .0 withiR the next 2 o 3
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op~erating cycles. in erdorF to ensu1-re slufficient margin to accoFmmodate occuFFrreneof a low-
probability tranient, correc.tiVe.; acti'on&" 4 . u..wil^ be taken while there is still sufficient margin
to accommodate at least one occurrence of the worst-case design ba•-&transient event (i.e.,
,with the. highest fatigue usage per event cycle).

If a CUF action limit is reached aacceptable corrective, the followinq actions 4i•ludewill be
ýconsidered and those deemed appropriate will be taken:

1) Determine whether the scope of the men terYngenhanced Metal Fatique of Reactor
Coolant Pressure Boundary 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 Adjust fatigue monitoring methods to confirm continued conformance to the

code limit.

3) Repair/modify 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 XI Appendices A or C (or their, successors) and obtain required approvals
from the regulatory agency.

For PVNGS locations identified in kllUI~rE-/3R 6260, fatigue 6•sage fator taptionlm Iill be
based on accru1ed fatigue usageclulated with the F(en) environmental fatigue factor
.determined by ýNUJREG!CýR-5701and lNUIRGE!CR-6583 m~ethd rdud forinldg
effet•s of the reactor coolant . n'

The scope of the Metal Fatigue o~f Reacrtor1 Cooleant Pressure Boundar,' Oregram will b
eAnhah,,ed. ,with a reviscd list Of moritFred plart tra.nsients, that cont,,,rite to high usage

faGcOt, and with a revire Il lis f monitored locatios in Class -1 piRig aRd vessels and in

parts of the Class 22 steam: genbrator~s th-at havý.e a; Cl1ass I analyss

A fat'u. i mneteFRd~an pnff~pare gew.. that M.Airemr~at+e6 a1~r thBe dnAneRGGaI, si piv leminn+

medel rnnb u.,r. ASM 11 INIB N12 -2000 w .ill be 6ised fn, p.r np~,
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LRA Table A4-1 Commitment 39, page A-54, is revised to read as follows (deleted text is struck out, new text is underlined):

Table A4-1 License Renewal Commitments

item.:. Commitment- LA Section Implementation,
No.'Schedule,

39 No later than two years prior to the period of extended operation, the following 4.3.1 No later than two
enhancements will be implemented Fatigue Aging years prior to the

* Cumulative usage factor tracking will be implemented for NUREG/CR- Management Program period of extended
6260 locations not monitored by cycle counting (the reactor vessel A2.1 operation'.
shell and lower head (Ouncture) location will be monitored by cycle B3.1
countingq). For PVNGS locations identified in NUREG/CR-6260 and Metal Fatigue of
monitored by CUF, fatigue usage factor action limits will be required for Reactor Coolant
including effects of the reactor coolant environment. Pressure Boundary

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will A3.2
be enhanced to include a computerized program to track and manage Metal Fatiguc Analyses
both cycle counting and fatigue usage factor. FatiquePro® will be
used for cycle counting and cycle-based fatigue (CBF) monitoring
methods. FatiquePro® is an EPRI licensed product.

• The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program will monitor plant transients as required by PVNGS Technical
Specification 5.5.5. Cumulative usage factors (CUFs) will be
calculated for a subset of ASME III Class 1 reactor coolant pressure
boundary vessel and Piping locations, and component locations with
Class 1 analyses. The followingq methods will be used:
1) The Metal Fatigue of Reactor Coolant Pressure Boundary program

will be enhanced to use cycle based fatigue (CBF) and stress
based fatigue (SBF) CUF calculations to monitor fatigue.
FatiquePro® will be used for cycle counting and cycle-based fatique
(CBF) monitoring methods. FatiquePro® is an EPRI licensed
product.

2) The SBF method will use a fatigue monitoring software program
that incorporates a three-dimensional, six-component stress tensor
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Item.. Commitment LRA Section Implementatin-
No._ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ chedue.

method meeting ASME III NB-3200 requirements.
* The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary

program will provide action limits on cycles and on CUF that will initiate
corrective actions before the licensing basis limits on fatigue effects at
any location are exceeded.

O In order to ensure sufficient cycle count 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.

o CUF action limits will be established to require corrective action
when the calculated CUF (from cycle-based or stress-based
monitoring) for any monitored location is proiected to reach 1.0
within the next 2 or 3 operating cycles. In order to ensure
sufficient .margin to accommodate occurrence of a low-
probabilitv transient, corrective actions will be taken while there
is still sufficient margin to accommodate at least one
occurrence of the worst-case design transient event (i.e., with
the highest fatique usacge per event cycle).

I cnu rronF t atlgun monitoring program is a ycIo coRunting program WRtn one
location specGific cu1mulativec usage factor (CUJF) calculation (Prcssurizer
Spray Nozzle). No later than h years prior to the period of extpefnd
operation, the curren-t fatigue monitor inprga goVerned by 7-3ST QRG92
wHil be enhanced to include additional location specific CUE calclations and
an.P automrated and comPputerized managemen~t sefft'are programR for cycl
coun~ting and fatigue usage factorF tracking. The automated -and comnputerize
sEoftw.arc program will be used to supplement manual counting.

The enhanced Metal Fatigue of Reacto-r CoolanAt Pressur-1IeB Boun-,dar,' program
Di \ Mn iI i me .,.n e, +inr (If- rin k Aen fafni "n(I -r i!,tnn

_ _ _ J . j. n_ _ _ _ _ _ _ _ _ _ _ __nnn_ .1n _ __n_ _ _ _ _ _ _ __u~v

I K - 7 V Uyu ý VUUM M9 K 71 vy" ý =ý 5 - ------------ I - . I
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Item -. Commitment LRA Secto Implementation
No. KISchedule

(CBF) ard stress based fatigue CUF cIacuationS (51F) to meoitor fatiguo
,atiguepro@ well be usod for .Y... counting and . y.lI based fatigue (GBF=)

m onmitoring methods. FatiguePro® is an fEPRI lernsed prd errt.

incorporates a threc dimensional, six element stress tensor method meeting
ASME 11! NB 3200 requirements forF stress based fatigue .MGRitering (SBF).
APS also commiR;ts to the implementation of this mothod for SBF monitoring at
least two yars prior to the porieod of eXtnrded opration.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundar; pro~gram

Specification 5.5.6. Cumulative usage factorS (CU.F.s) will be caleu..ated for a
subset of ASME= "! Class 1 reactor coolant pressure bo)undary vessel and

0 n 1nc Inc+innc, An (I'e i ') ', 4v 1mnrn Ia ý,ine ~n A flhi 0 0r! 1 n r•m

The enhanced Metal Fatigue of ReactoC o•olant Pressure Boundar,, program
fIn0 I ,;f -,,-;,n.- Urf nn n,4-, ('1 it: +1-+ AA ~.i n;f,*,+a

r'~rnr+~ n ,+ir- k hfnrn +H, 1i i kn it'in lie - fnil,. a ffn'+c +tw•n•i

location are eXeeeded.

(RCTSAI 3246934) '
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B3 TLAA SUPPORTACTIVITIES

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 Section III of the ASME Boiler and Pressure Vessel Code;. An
equivalent term t is defined for valves in Subsubarticle NB-3550. The acceptance criterion
for systems and-components designed to these requirements is that U or t not exceed 1.0.
These terms, and current values estimated or calculated for monitoring purposes, are also
rendered as CUF, usage factdr, 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.

PVNGS Technical Specification 5.5.5 requires the establishment of a "Component Cyclic or
Transient Limit" program to track.the occurrences specified in PVNGS UFSAR section
3.9.1.1 and states in total:

"5.5.5 Component Cyclic or Transient Limit

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."

The existing Metal Fatigue of Reactor Coolant Pressure Boundary program requires manual
review of the Control Room Logs and Post Trip Reviews;. and any even. .. Any events.
transients or trips are recorded and added to those previously determined. A Simplified
cycle-based fatigue partial cycle (CBF-PC) cumulative usage factor (CUF) is calculated for
the pressurizer spray nozzle in :leach unit. The existing program requires corrective actions if
the recorded numbers of cycles exceed 90% of the limits stated by the UFSAR, or if the
pressurizer spray nozzle CUE exceeds 0.65. This 065 CUF act•ion limi.t for th• o .p.ay
nozzle, aRd the monitor!ng method for it, The existing Metal Fatigue of Reactor Coolant
Pressure Boundary pro-gram will be superseded by the enhanced PVNGS fatigue
management program.

As described in the Enhancements section below, the current fatigue monitoring program
will be enhanced to include additional locati6n-specific CUF calculations and an automated
and computerized management software program for cycle counting and fatigue usage
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factor tracking. The automated and computerized software program will be used to
supplement manual countina.

The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use cycle
counting (CC), cycle based fatigue CUF calculations (CBF) and stress based fatigue CUF
calculations (SBF) to monitor fatigue. FatiquePro® will be used for cycle counting and cycle-
based fatigue (CBF) monitoring methods. FatiquePro® is an EPRI licensed product. The
enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program will use a
co•mput8o-Zid, EPRI lionso; d .. f.,twar program, FatiguePro®, Which m.na.gos cumuaivo
fatigue damage in metal components Of the reacto• coolant pressure boundary and th
Class 2 portions of the steam generators with a Class 1 analysis. The F~atiguoPro® progra
will tra•k fatigue usago for each Of the selected compoRnents by either (1) cyle based
fatigue (C;BF) calculation, Which count trans~ient cycles and assign the maximum design
basisE steres range per event pair in orderF to calculate fatigue effects,, orF (2) a si*mple

coprie o f the number Of occuFFrrene of transient cycles to the number assumed e
design. The locations in which fatigue. effects are controlled by counting alone (method-2-)
are those w...ith relatively low design fatigue usage values, and therefore, for which cycIl
cun~ting Will suffice to demonstrate design basis co.pliance. A fatigue monitoring software
program that incorporates a three-dimensional, six-eIe•ne•tcomponent nedel-stress tensor
method meeting ASME III NB-3200 requirements wioll e used r stress-based fatigue
monitoring (SBF). The enhanced Metal Fatigue of Reactor Coolant Pressure Boundary
program will provide action limits on cycles and on CUF that will initiate corrective actions
before the licensing basis limits on fatigue effects at any location are exceeded.

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 revis.ens to the fatigue analyses.

The scope of the enhanced Metal Fatigue of Reactor Coolant Pressure Boundary program
will include transient cycle counting required by the existing Metal Fatigue of Reactor
Coolant Pressure Boundary program includes transient cycle cunRting that encompasses
and adds CUF monitoring for all but one of the PVNGS NUREG/CR-6260 locations which
are the leading indicators for monitoring the usage due to environmentally assisted fatigque.
The RPV shell and lower head (euncture) location will be monitored by cycle counting. The
usage factors calculated by the enhanced program for li,,,itkg 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 ReactorF Coolant Pressure Boundar-y prga is3implemetedva
procedure. The existing proedurFe prevides guidelines and requiments for manual fatigue
Fiia~ageMeRt-7

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
compo•nen6t, using the fatigue monitering software, to Maintain the fatigue usage oI
comRponents within the cumulative usaige factor limit of 1.0 established by Section 4II
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Substion M NB of the A.R-AIE 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 automatically acquired 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.MI, "Metal
Fatigue of Reactor Coolant Pressure Boundary.'

Exceptions to NUREG-1801

None

Enhancements

No later than two years prior to the period of extended operation, the following
enhancements will be implemented in the following program elements:

Scope of Program, Element I

* Cumulative usage factor tracking will be implemented for NUREG/CR-6260
locations not monitored- by cycle counting (the reactor vessel shell and lower head
(iuncture) location will be monitored by cycle counting).

* The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to include a computerized program to track and manage both cycle counting and
fatigue usaqe factor. FatiquePro® will be used for cycle counting and cycle-based
fatigque (CBF) monitoring methods. FatiguePro® is an EPRI licensed product. A
fatigue monitoring software program that incorporates a three-dimensional, six-
component stress tensor meeting ASME III NB-3200 requirements will be used for
stress-based fatigue monitoring (SBF).(!) additiona Class 1 locations ,ith high
G alculated cumulative usage factorS, (2) Class 1 co)mponents forF which transfcr

fntoshave boen developed foFr strer-ss b-ased- monitoring, and (3) Class, 2 peotiens
of the steam generators with a Class I analysis and high calculated cu1mulative

* The enhanced Metal Fatique of Reactor Coolant Pressure Boundary program will
monitor plant transients as required by PVNGS Technical Specification 5.5.5.
Cumulative usage factors (CUFs) will be calculated for a subset of ASME III Class 1
reactor coolant pressure boundary vessel and piping locations, and component
locations with Class 1 analyses. The enhanced Metal Fatigue of Reactor Coolant
Pressure Boundary program will provide action limits on cycles and on CUF that will
initiate corrective actions before the licensing basis limits on fatigue effects at any
location are exceeded.
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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 will be established to permit completion
of corrective actions before the design limits are exceeded.

Cycle Count Action Limit and Corrective Actions

An-aAction limits will be established to require corrective action when the cycle count
fe9jif any of the critical thermal and pFessu rmonitored transients is projected to reach
the action limit dofined in the program beforo the ond of• the n.ext. o.perating cyco. 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, aGGeptablethe following corrective actions

iwAnudewill be considered and those deemed appropriate will be taken:

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 (L6B) fatigue
crack propagation analys!s 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 and other
similar repairs/analyses 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).
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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-aAction limits will be established to require corrective action when the 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 nmast-will be taken while there is still sufficient margin to
accommodate at least one occurrence of the worst-case design, baýis-transient event
(i.e., with the highest fatigue usage per event cycle).

If a CUF action limit is reached aGeeptal;4ethe following corrective actions-Reludewill
be considered and those deemed appropriate will be taken:

1) Determine whether, the scope of the monimtorg- enhanced Metal Fatigue of
Reactor Coolant Pressure Boundary 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) EnhanRGe-Adiust fatigue monitoring methods 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 and monitored by CUF, 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.
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Parameters Monitored or Inspected - Element 3 and Monitoring and Trending - Element 5

* The Metal Fatique of Reactor Coolant Pressure Boundary program will be enhanced
to add CUF monitoring. The following methods will be used:

flThe seePe-ef-tthe-Metal Fatigue of Reactor Coolant Pressure Boundary
program will be enhanced wi4-a-to use cycle based fatigue (CBF) and stress
based fatigue (SBF) CUF calculations to monitor fatigue. FatiguePro® will be
used for cycle counting and cycle-based fatigue (CBF) monitoring methods.
FatiquePro® is an EPRI licensed product.revised list Of monitered plant
traRnSentS that contrib•te Wt high usage facE)r, anRd with a revisd• list of
motro loains in Class 1 piping and vossels and in parts of the Class 2

steam generatorsi that havo a Class 1 analysis.

2) The SBF method will use a fatigue monitoring software program that
incorporates a three-dimensional, six-component stress tensor method
meeting ASME III NB-3200 requirements.

Detection of Aging Effects - Element 4

The Metal Fatigue of Reactor Coolant Pressure Boundary program will be enhanced
to include a computerized program to track and manage both cycle counting and
fatigue usage factor. FatiguePro® will be used for cycle counting and cycle-based
fatigue (CBF) monitoring methods. FatiguePro® is an EPRI licensed product.
A fatigue monitoring software program that incorporates a three-dimensional, six-
element m. . component stress tensor meeting ASME III NB-3200 requirements will
be used for stress-based fatigue. monitoring (SBF).

Operating Experience

The methods of the FatiguePro® software, used by the enhanced 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 PVNGS industry operating experience
program reviews industry experience, including experience that may affect fatigue
management, to ensure that applicable experience is evaluated and incorporated in plant
analyses and procedures. Any necessary evaluations are conducted under the plant
corrective action program.

The existing Metal Fatigue of Reactor Coolant Pressure Boundary program was
implemented in response to industry experience that indicated that .the design ba6ss set at
transients uised forF Class 1 analyses of the reactor coolant pressure boundary did not
include s.me significant tran.ients, and therefore might not be limiting feo components
affected by them. The existing Metal Fatigue of Reactor Coolant Pressure Boundary
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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
to the 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 IA 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.

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,
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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, with enhancements, 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
Amendment 9

Page B-121


