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Mr. Mano Nazar

Executive Vice President and
Chief Nuclear Officer

Florida Power and Light Company

P.O. Box 14000

Juno Beach, Florida 33408-0420

SUBJECT:  ST. LUCIE PLANT, UNIT 2 - ISSUANCE OF AMENDMENT REGARDING
EXTENDED POWER UPRATE (TAC NO. ME5843)

Dear Mr. Nazar:

The Commission has issued the enclosed Amendment No. 163 to Renewed Facility Operating
License No. NPF-16 for the St. Lucie Plant, Unit No. 2. This amendment consists of changes to
the Facility Operating License and Technical Specifications in response to your application
dated February 25, 2011, as supplemented by the letters listed in Attachment 1 of the enclosed
safety evaluation.

This amendment increases the authorized maximum steady-state reactor core power level from
2700 megawatts thermal (MWt) to 3020 MW, which is an increase of approximately
11.85 percent. The proposed increase in power level is considered an extended power uprate.

A copy of the Safety Evaluation is also enclosed. The Notice of Issuance will be included in the
Commission's biweekly Federal Register notice.

Sincerely,

Tracy J. Orf, Project Manager

Plant Licensing Branch lI-2

Division of Operator Reactor Licensing
Office of Nuclear Reactor Regulation

Docket No. 50-389

Enclosures:

1. Amendment No.163to NPF-16
2. Safety Evaluation

cc w/encls: Distribution via Listserv



UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

FLORIDA POWER & LIGHT COMPANY

ORLANDO UTILITIES COMMISSION OF

THE CITY OF ORLANDO, FLORIDA

AND

FLORIDA MUNICIPAL POWER AGENCY

DOCKET NO. 50-389

ST. LUCIE PLANT UNIT NO. 2

AMENDMENT TO RENEWED FACILITY OPERATING LICENSE

Amendment No. 163
Renewed License No. NPF-16

The Nuclear Regulatory Commission (the Commission) has found that:

A

The application for amendment by Florida Power & Light Company (the
licensee), dated February 25, 2011, as supplemented by the letters listed in
Attachment 1 of the safety evaluation for Amendment No. 163, dated
September 24, 2012, complies with the standards and requirements of the
Atomic Energy Act of 1954, as amended (the Act) and the Commission’s rules
and regulations set forth in 10 CFR Chapter |[;

The facility will operate in conformity with the application, the provisions of the
Act, and the rules and regulations of the Commission;

There is reasonable assurance (i) that the activities authorized by this
amendment can be conducted without endangering the health and safety of the
public, and (ii) that such activities will be conducted in compliance with the
Commission's regulations;

The issuance of this amendment will not be inimical to the common defense and
security or to the health and safety of the public; and

The issuance of this amendment is in accordance with 10 CFR Part 51 of the
Commission's regulations and all applicable requirements have been satisfied.



2.

2, Accordingly, Renewed Facility Operating License No. NPF-16 is amended by changes to

the Operating License and Technical Specifications as indicated in the attachment to this
license amendment, and by amending paragraph 3.B to read as follows:

B. Technical Specifications

The Technical Specifications contained in Appendices A and B, as revised
through Amendment No. 163, are hereby incorporated in the renewed license.
FPL shall operate the facility in accordance with the Technical Specifications.

3. This license amendment is effective as of its date of issuance and shall be implemented
within 60 days.

FOR THE NUCLEAR REGULATORY COMMISSION

Attachment:
Changes to the Operating License
and Technical Specifications

Date of Issuance: September 24, 2012



ATTACHMENT TO LICENSE AMENDMENT NO. 163

TO RENEWED FACILITY OPERATING LICENSE NO. NPF-16

DOCKET NO. 50-389

Replace Pages 3 and 7 of Renewed Operating License NPF-16 with the attached Pages 3
and 7.

Replace the following pages of the Appendix "A" Technical Specifications with the attached
pages. The revised pages are identified by amendment number and contain vertical lines
indicating the area of change.

Remove Pages Insert Pages
[ |
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neutron sources for reactor startup, sealed sources for reactor instrumentation
and radiation monitoring equipment calibration, and as fission detectors in
amounts as required;

D. Pursuant to the Act and 10 CFR Parts 30, 40, and 70, FPL to receive, possess,
and use in amounts as required any byproduct, source, or special nuclear
material without restriction to chemical or physical form, for sample analysis or
instrument calibration or associated with radioactive apparatus or components;
and

E. Pursuant to the Act and 10 CFR Parts 30, 40, and 70, FPL to possess, but not
separate, such byproduct and special nuclear materials as may be produced by
the operation of the facility.

This renewed license shall be deemed to contain and is subject to the conditions
specified in the following Commission’s regulations: 10 CFR Part 20, Section 30.34 of
10 CFR Part 30, Section 40.41 of 10 CFR Part 40, Section 50.54 and 50.59 of

10 CFR Part 50, and Section 70.32 of 10 CFR Part 70; and is subject to all applicable
provisions of the Act and to the rules, regulations, and orders of the Commission now or
hereafter in effect; and is subject to the additional conditions specified below:

A. Maximum Power Level

FPL is authorized to operate the facility at steady state reactor core power levels
not in excess of 3020 megawatts (thermal).

B.  Technical Specifications l

The Technical Specifications contained in Appendices A and B, as revised through
Amendment No.163are hereby incorporated in the renewed license. FPL shall l
operate the facility in accordance with the Technical Specifications.

Renewed License No. NPF-186
Amendment No. 163
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NRC dated December 9, 2003, and October 29, 2004, in response to
Generic Letter 2003-01, or within the next 9 months if the time period
since the most recent successful tracer gas test is greater than 3 years.

(c) The first performance of the periodic measurement of CRE pressure,
Specification 6.15.d, shall be within 36 months in a staggered test basis,
plus the 138 days allowed by SR 4.0.2, as measured from
November 13, 2006, which is the date of the most recent successful
pressure measurement test, or within 138 days if not performed
previously.

N. FATES3B Safety Analyses

FATES3B has been specifically approved for use for St. Lucie Unit 2 licensing
basis analyses based on FPL maintaining the more restrictive operational/design
radial power fall-off curve limits as specified in Attachment 4 to FPL Letter L-2012-
121, dated March 31, 2012 as compared to the FATES3B analysis radial power
fall-off curve limits. The radial power fall-off curve limits shall be verified each
cycle as part of the Reload Safety Analysis Checklist (RSAC) process.

Upon NRC approval of a new long-term fuel evaluation model and associated
methods that explicitly account for thermal conductivity degradation (TCD) that is
applicable to St. Lucie Unit 2 design, FPL will, within 6 months:

(a) Demonstrate that the St. Lucie Unit 2 safety analyses remain
conservatively bounded in licensing basis analyses when compared to the
NRC-approved new long-term fuel evaluation model that is applicable to
St. Lucie Unit 2 design, or

(b) Provide a schedule for re-analysis using the NRC-approved new long-term
fuel evaluation modei that is applicable to St. Lucie Unit 2 design for any
affected licensing basis analyses.

4. This renewed license is effective as of the date of issuance, and shall expire at midnight
April 6, 2043.

FOR THE NUCLEAR REGULATORY COMMISSION
Original signed by
J. E. Dyer, Director

Office of Nuciear Reactor Regulation

Attachments:

1. Appendix A, Technical Specifications

2. Appendix B, Environmental Protection Plan
3. Appendix C, Antitrust Conditions

4, Appendix D, Antitrust Conditions

Date of Issuance: October 2, 2003

Renewed License No. NPF-16
Amendment No. 163
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DEFINITIONS

DOSE EQUIVALENT [-131

1.10 DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 {microcuries/gram) which
alone would produce the same thyroid dose as the quantity and isotopic mixture of I-131,
1-132, I1-133, I-134 and |-135 actually present. The thyroid dose conversion factors
used for this calculation shall be those listed in Federal Guidance Report 11, "Limiting
Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors for
Inhalation, Submersion, and Ingestion."

DOSE EQUIVALENT XE-133

1.11  DOSE EQUIVALENT XE-133 shall be that concentration of Xe-133 (uCi/gram) that
alone would produce the same acute dose to the whole body as the combined activities
of noble gas nuclides Kr-856m, Kr-85, Kr-87, Kr-88, Xe-131m, Xe-133m, Xe-133,
Xe-135m, Xe-135, and Xe-138 actually present. If a specific noble gas nuclide is not
detected, it should be assumed to be present at the minimum detectable activity. The
determination of DOSE EQUIVALENT XE-133 shall be performed using effective dose
conversion factors for air submersion listed in Table Ill.1 of EPA Federal Guidance
Report No. 12, 1993, “External Exposure to Radionuclides in Air, Water, and Soil.”

ENGINEERED SAFETY FEATURES RESPONSE TIME

1.12 The ENGINEERED SAFETY FEATURES RESPONSE TIME shall be that time interval
from when the monitored parameter exceeds its ESF actuation setpoint at the channel
sensor until the ESF equipment is capable of performing its safety function {i.e., the
valves travel to their required positions, pump discharge pressures reach their required
values, etc.). Times shall include diesel generator starting and sequence loading delays
where applicable. The response time may be measured by means of any series of
sequential, overlapping, or total steps so that the entire response time is measured.

In lieu of measurement, response time may be verified for selected components
provided that the components and methodology for verification have been previously
reviewed and approved by the NRC.

FREQUENCY NOTATION

1.13 The FREQUENCY NOTATION specified for the performance of Surveillance
Requirements shall correspond to the intervals defined in Table 1.1.

GASEOQOUS RADWASTE TREATMENT SYSTEM

1.14 A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and installed
to reduce radioactive gaseous effiuents by collecting primary coolant system offgases
from the primary system and providing for delay or holdup for the purpose of reducing
the total radioactivity prior to release to the environment.

IDENTIFIED LEAKAGE
1.15 IDENTIFIED LEAKAGE shall be:

a. Leakage (except CONTROLLED LEAKAGE) into closed systems, such as pump
seal or valve packing leaks that are captured, and conducted to a sump or
collecting tank, or

b. Leakage into the containment atmosphere from sources that are both specifically
located and known either not to interfere with the operation of leakage detection
systems or not to be PRESSURE BOUNDARY LEAKAGE, or

c. Reactor Coolant System leakage through a steam generator to the secondary
system (primary-to-secondary leakage).

ST.LUCIE-UNIT2 1-3 Amendment No. 105, 137, 347,
462 163




DEFINITIONS

1.16 Deleted

MEMBER(S) OF THE PUBLIC

1.17 MEMBER OF THE PUBLIC means an individual in a controlled or unrestricted
area. However, an individual is not a member of the public during any period
in which the individual receives an occupational dose.

OFFSITE DOSE CALCULATION MANUAL (ODCM)

1.18 THE OFFSITE DOSE CALCULATION MANUAL (ODCM) shall contain the methodology
and parameters used in the calculation of offsite doses resulting from

radioactive gaseous and liquid effluents, in the calculation of gaseous and

liquid effluent monitoring Alarm/Trip Setpoints, and in the conduct of the

Environmental Radiological Monitoring Program. The ODCM shall also contain

(1) the Radioactive Effluent Controls and Radiclogical Environmental

Monitoring Programs required by Section 6.8.4 and (2) descriptions of the

information that should be included in the Annual Radiological Environmental

Operating and Annual Radioactive Effluent Release Reports required by

Specifications 6.9.1.7 and 6.9.1.8.

OPERABLE ~ OPERABILITY

1.19 A system, subsystem, train, component or device shall be OPERABLE or
have OPERABILITY when it is capable of performing its specified function(s),
and when all necessary attendant instrumentation, controls, electrical power,
cooling or seal water, lubrication or other auxiliary equipment that are

required for the system, subsystem, train, component or device to perform its
function(s) are also capable of performing their related support function(s).

OPERATIONAL MODE — MODE

1.20 An OPERATIONAL MODE (i.e., MODE) shall correspond to any one inclusive
combination of core reactivity condition, power leve! and average reactor
coolant temperature specified in Table 1.2.

PHYSICS TESTS

1.21  PHYSICS TESTS shall be those tests performed to measure the fundamental
nuclear characteristics of the reactor core and related instrumentation and

(1) described in Chapter 14.0 of the FSAR, (2) authorized under the provisions

of 10 CFR 50.59, or (3) otherwise approved by the Commission.

ST.LUCIE-UNIT2 1-4 Amendment No. 46, 34, 46, 6%,
83 163



DEFINITIONS
PRESSURE BOUNDARY LEAKAGE

1.22 PRESSURE BOUNDARY LEAKAGE shall be leakage (except primary-to-secondary
leakage) through a non-isolable fault in a Reactor Coolant System component
body, pipe wall or vessel wall.

PROCESS CONTROL PROGRAM (PCP)

1.23 The PROCESS CONTROL PROGRAM (PCP) shall contain the current formulas,
sampling, analyses, test, and determinations to be made to ensure that

processing and packaging of solid radioactive wastes based on demonstrated
processing of actual or simulated wet solid wastes will be accomplished in

such a way as to assure compliance with 10 CFR Parts 20, 61, and 71, State
regulations, burial ground requirements, and other requirements governing the

disposal of solid radioactive waste.

PURGE ~ PURGING

1.24 PURGE or PURGING is the controlled process of discharging air or gas
from a confinement to maintain temperature, pressure, humidity, concentration
or other operating condition, in such a manner that replacement air or gas is
required to purify the confinement.

RATED THERMAL POWER

1.25 RATED THERMAL POWER shall be a total reactor core heat transfer rate to
the reactor coolant of 3020 MW.

REACTOR TRIP SYSTEM RESPONSE TIME

1.26 The REACTOR TRIP SYSTEM RESPONSE TIME shall be the time interval from
when the monitored parameter exceeds its trip setpoint at the channel sensor

until electrical power to the CEA drive mechanism is interrupted. The response time may be
measured by means of any series of sequential, overlapping, or total steps so that the entire
response time is measured. In lieu of measurement, response time may be verified for
selected components provided that the components and methodology for verification have
been previously reviewed and approved by the NRC.

REPORTABLE EVENT

1.27 A REPORTABLE EVENT shall be any of those conditions specified in Section
50.73 to 10 CFR Part 50.

SHIELD BUILDING INTEGRITY
1.28 SHIELD BUILDING INTEGRITY shall exist when:

a. Each dooris closed except when the access opening is being used
for normal transit entry and exit;

b. The shield building ventilation system is in compliance with
Specification 3.6.6.1, and

c. The sealing mechanism associated with each penetration (e.g.,
welds, bellows or O-rings) is OPERABLE.

ST . LUCIE-UNIT 2 1-5 Amendment No. 8, 43, 84, 437, 147
163
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TABLE 2.2-1
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

FUNCTIONAL UNIT TRIP SETPOINT ALLOWABLE VALUES
. Manual Reactor Trip Not Applicable Not Applicable

. Variable Power Level - Highm

Four Reactor Coolant Pumps < 9.61% above THERMAL POWER, < 9.61% above THERMAL POWER, and
Operating with a minimum setpoint of a minimum setpoint of 15% of
15% of RATED THERMAL POWER, RATED THERMAL POWER and a maximum
and a maximum of < 107.0% of of < 107.0% of RATED THERMAL POWER.
RATED THERMAL POWER.
. Pressurizer Pressure — High <2370 psia < 2374 psia

. Thermal Margin/Low Pressurem

Four Reactor Coolant Pumps Trip setpoint adjusted to not Trip setpoint adjusted to not
Operating exceed the limit lines of exceed the fimit lines of
Figures 2.2-3 and 2.2-4. Figures 2.2-3 and 2.2-4.
Minimum value of 1900 psia. Minimum value of 1900 psia.
. Containment Pressure — High =< 3.0 psig < 3.1 psig
. Steam Generator Pressure — Low > 626.0 psia'? > 621.0 psia?
. Steam Generator Pressure’" <120.0 psid < 132.0 psid

Difference - High
(Logic in TM/LP Trip Unit)

. Steam Generator Level - Low > 35.0% > 35.0%>

ST. LUCIE - UNIT 2 24 Amendment No. 8, 23, 68, 163



10.

1".
12.

13.

14,

18.

FUNCTIONAL UNIT

Local Power Density ~ High(S}

Operating

Loss of Component Cooling Water
to Reactor Coolant Pumps ~ Low

Reactor Protection System Logic

Reactor Trip Breakers

Rate of Change of Power — Highw

Reactor Coolant Flow - Lowm

Loss of Load (Turbine)

Hydraulic Fluid Pressure — Low(s)

*

ook

TABLE 2.2-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

TRIP SETPOINT ALLOWABLE VALUES
Trip setpoint adjusted to Trip setpoint adjusted to
not exceed the limit lines not exceed the limit lines
of Figures 2.2-1 and 2.2-2 of Figures 2.2-1 and 2.2-2.
> 836 gpm™* > 636 gpm
Not Applicable Not Applicable
Not Applicable Not Applicable
< 2.49 decades per minuie < 2.49 decades per minute
> 95.4% of minimum Reactor > 94.9% of minimum Reactor
Coolant flow with four Coolant flow with four
pumps operating* pumps operating*
> 800 psig > 800 psig

For minimum reactor coolant flow with four pumps operating, refer to Technical Specification LCO 3.2.5,

10-minute time delay after relay actuation.

ST. LUCIE-UNIT 2
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3/4.1 REACTIVITY CONTROL SYSTEMS

3/4.1.1 BORATION CONTROL

SHUTDOWN MARGIN - T.., GREATER THAN 200°F

LIMITING CONDITION FOR OPERATION

3.1.11 The SHUTDOWN MARGIN shall be within the limits specified in the COLR.
APPLICABILITY: MODES 1, 2*, 3 and 4.

ACTION:

With the SHUTDOWN MARGIN outside the COLR limits, immediately initiate and continue

boration at greater than or equal to 40 gpm of a solution containing greater than or equal to
1800 ppm boron or equivalent until the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

4.1.1.1.1 The SHUTDOWN MARGIN shall be determined to be within the COLR limits:

a. Within one hour after detection of an inoperable CEA(s) and at least once per
12 hours thereafter while the CEA(S) is inoperable. If the inoperable CEA is not
fully inserted, and is immovable as a result of excessive friction or mechanical
interference or is known to be untrippable, the above required SHUTDOWN
MARGIN shall be verified acceptable with an increased allowance for the
withdrawn worth of the immovable or untrippable CEA(s).

b. When in MODE 1 or MODE 2 with Keff greater than or equal to 1.0, at least
once per 12 hours by verifying that CEA group withdrawal is within the Power
Dependent Insertion Limits of Specification 3.1.3.6.

¢. When in MODE 2 with Keff less than 1.0, within 4 hours prior to achieving
reactor criticality by verifying that the predicted critical CEA position is within the
limits of Specification 3.1.3.6.

*  See Special Test Exception 3.10.1.

ST.LUCIE-UNIT 2 3/4 1-1 Amendment No. 25, 88, 105 163



REACTIVITY CONTROL SYSTEMS

SHUTDOWN MARGIN - T,., LESS THAN OR EQUAL TO 200°F
LIMITING CONDITION FOR OPERATION

3.1.1.2  The SHUTDOWN MARGIN shall be within the limits specified in the COLR.

APPLICABILITY: MODE &.

ACTION:

With the SHUTDOWN MARGIN outside the COLR limits, immediately initiate and continue
boration at greater than or equal to 40 gpm of a solution containing greater than or equal to
1900 ppm boron or equivalent until the required SHUTDOWN MARGIN is restored.

SURVEILLANCE REQUIREMENTS

4112  The SHUTDOWN MARGIN shall be determined to be within the COLR limits:

a.

Within 1 hour after detection of an inoperable CEA(s) and at least once per

12 hours thereafter while the CEA(s) is inoperable. If the inoperable CEA is
immovable or untrippable, the above required SHUTDOWN MARGIN shail be
increased by an amount at least equal to the withdrawn worth of the immovabie
or untrippable CEA(s).

At least once per 24 hours by consideration of the following factors:

Reactor coolant system boron concentration,

CEA position,

Reactor coolant system average temperature,

Fuel burnup based on gross thermal energy generation,
Xenon concentration, and

Samarium concentration.

AN~

At least once per 24 hours, when the Reactor Coolant System is drained below
the hot leg centerline, by consideration of the factors in 4.1.1.2b and by verifying
at least two charging pumps are rendered inoperable by racking out their motor
circuit breakers. .

ST. LUCIE - UNIT 2 3/41-3 Amendment No. 8, 26, 385 163
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REACTIVITY CONTROL SYSTEMS

FLOW PATHS — OPERATING
LIMITING CONDITION FOR OPERATION

3.1.2.2  Atleast two of the following three boron injection flow paths shall be OPERABLE:

a. One flow path from the boric acid makeup tank(s) with the tank meeting
Specification 3.1.2.8 part a) or b), via a boric acid makeup pump through a
charging pump to the Reactor Coolant System.

b. One flow path from the boric acid makeup tank(s) with the tank meeting
Specification 3.1.2.8 part a) or b), via a gravity feed valve through a charging
pump to the Reactor Coolant System.

¢. The flow path from the refueling water storage tank via a charging pump to the
Reactor Coolant System,

OR
At least two of the following three boron injection flow paths shall be OPERABLE:

d. One flow path from each boric acid makeup tank with the combined tank |
contents meeting Specification 3.1.2.8 c), via both boric acid makeup pumps
through a charging pump to the Reactor Coolant System.

e. One flow path from each boric acid makeup tank with the combined tank l
contents meeting Specification 3.1.2.8 c¢), via both gravity feed valves through a
charging pump to the Reactor Coolant System.

f.  The flow path from the refueling water storage tank, via a charging pump to the !
Reactor Coolant System.

APPLICABILITY: MODES 1, 2,3 and 4.

ACTION:

With only one of the above required boron injection flow paths to the Reactor Coolant System
OPERABLE, restore at least two boron injection flow paths to the Reactor Coolant System to
OPERABLE status within 72 hours or be in at least HOT STANDBY and borated to a
SHUTDOWN MARGIN equivalent to its COLR limit at 200 °F within the next 6 hours; restore at
least two flow paths to OPERABLE status within the next 7 days or be in COLD SHUTDOWN
within the next 30 hours.
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REACTIVITY CONTROL SYSTEMS

BORATED WATER SOURCES —~ SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.1.27  As a minimum, one of the following borated water sources shall be

OPERABLE:

a.

b.

One boric acid makeup tank with a minimum borated water volume of
3550 gallons of 3.1 to 3.5 weight percent boric acid (5420 to

6119 ppm boron).

The refueling water tank with:

1. A minimum contained borated water volume of 125,000 gallons,
2. A minimum boron concentration of 1800 ppm, and

3. A solution temperature between 40°F and 120°F.

APPLICABILITY: MODES § and 6.

ACTION:

With no borated water sources OPERABLE, suspend all operations involving CORE
ALTERATIONS or positive reactivity changes™.

SURVEILLANCE REQUIREMENTS

41.27  The above required borated water source shall be demonstrated

OPERABLE:

a.

At least once per 7 days by:
1. Verifying the boron concentration of the water,

2. Verifying the contained borated water volume of the
tank, and

At least once per 24 hours by verifying the RWT temperature when it
is the source of borated water and the outside air temperature is
outside the range of 40°F and 120°F.

At least once per 24 hours when the Reactor Auxiliary Building air
temperature is less than 55°F, by verifying that the boric acid
makeup tank solution temperature is greater than 55°F when that
boric acid makeup tank is required to be OPERABLE.

* Plant temperature changes are allowed provided the temperature change is accounted for
in the calculated SHUTDOWN MARGIN.
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REACTIVITY CONTROL SYSTEMS

BORATED WATER SOURCES — OPERATING
LIMITING CONDITION FOR OPERATION
3.1.28 Atleast two of the following four borated water sources shall be OPERABLE:

a.  Boric Acid Makeup Tank 2A in accordance with Figure 3.1-1.
b.  Boric Acid Makeup Tank 2B in accordance with Figure 3.1-1.

¢. Boric Acid Makeup Tanks 2A and 2B with a minimum combined contained
borated water volume in accordance with Figure 3.1-1.

d. The refueling water tank with:
1. A minimum contained borated water volume of 477,360 gallons,
2. A boron concentration of between 1900 and 2200 ppm of boron, and
3. A solution temperature of between 55°F and 100°F.
APPLICABILITY: MODES 1, 2, 3 and 4.
ACTION:

a.  With the above required boric acid makeup tank(s) inoperable, restore the
tank(s) to OPERABLE status within 72 hours or be in at least HOT STANDBY
within the next 6 hours and borated to a SHUTDOWN MARGIN equivalent to
its COLR limit at 200°F; restore the above required boric acid makeup tank(s)
to OPERABLE status within the next 7 days or be in COLD SHUTDOWN within
the next 30 hours.

b.  With the refueling water tank inoperable, restore the tank to OPERABLE status
within 1 hour or be in at least HOT STANDBY within the next 6 hours and in
COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS
4,128  Atleast two required borated water sources shall be demonstrated OPERABLE:

a. Atleast once per 7 days by:
1. Verifying the boron concentration in the water and
2.  Verifying the contained borated water volume of the water source.

b. Atleast once per 24 hours by verifying the RWT temperature when the outside
air temperature is outside the range of 55°F and 100°F.

¢c.  Atleast once per 24 hours when the Reactor Auxiliary Building air temperature
is less than 55°F, by verifying that the boric acid makeup tank solution is
greater than 55°F.

ST. LUCIE - UNIT 2 3/4 1-14 Amendment No. 8, 26, 40, 185, 157
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FIGURE 3.1-1
MINIMUM BAMT VOLUME vs STORED BORIC ACID
CONCENTRATION
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REACTIVITY CONTROL SYSTEMS

CEA DROP TIME

LIMITING CONDITION FOR OPERATION

3134  The individual full-length (shutdown and regulating) CEA drop time,
from a fully withdrawn position, shall be less than or equal to 3.25 seconds
from when the electrical power is interrupted to the CEA drive mechanism unti
the CEA reaches its 90% insertion position with:

a.  Tavg greater than or equal to 515°F, and
b.  All reactor coolant pumps operating.
APPLICABILITY: MODES 1 and 2
ACTION:

a.  With the drop time of any fuli-length CEA determined to exceed
the above limit:

1. Kin MODE 1 or 2, be in at least HOT STANDBY within 6 hours,
or

2. Ifin MODE 3, 4, or 5, restore the CEA drop time to within the
above limit prior to proceeding to MODE 1 or 2.

b.  With the CEA drop times within limits but determined at less than
full reactor coolant flow, operation may proceed provided THERMAL
POWER is restricted to less than or equal to the maximum THERMAL
POWER level allowable for the reactor coolant pump combination
operating at the time of CEA drop time determination.

SURVFILLANCE REQUIREMENTS

4.1.3.4  The CEA drop time of full-length CEAs shall be demonstrated through
measurement prior to reactor criticality:

a. For all CEAs following each removal and installation of the reactor
vessel head,

b.  For specifically affected individual CEAs following any main-
tenance on or modification to the CEA drive system which could
affect the drop time of those specific CEAs, and

c. Atleast once per 18 months.
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POWER DISTRIBUTION LIMITS

DNB PARAMETERS

LIMITING CONDITION FOR OPERATION
325 The following DNB-related parameters shall be maintained within the limits:
a. Cold Leg Temperature as shown on Table 3.2-2 of the COLR,
b. Pressurizer Pressure* as shown on Table 3.2-2 of the COLR,

¢. Reactor Coolant System Total Flow Rate - greater than or equal to 375,000 gpm,
and

d. AXIAL SHAPE INDEX as shown on Figure 3.2-4 of the COLR.
APPLICABILITY: MODE 1.
ACTION:
With any of the above parameters exceeding its limit, restore the parameter to within its limit within

2 hours or reduce THERMAL POWER to < 5% of RATED THERMAL POWER within the next 4
hours.

SURVEILLANCE REQUIREMENTS

4251 Each of the DNB-related parameters shall be verified to be within their limits by
instrument readout at least once per 12 hours.

42.52  The Reactor Coolant System total flow rate shali be determined to be within its limit by
measurement™ at least once per 18 months.

*  Limit not applicabie during either a THERMAL POWER ramp increase in excess of 5% per
minute of RATED THERMAL POWER or a THERMAL POWER step increase of greater than
10% of RATED THERMAL POWER.

**  Not required to be performed until THERMAL POWER is > 90% of RATED THERMAL
POWER.
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TABLE 4.3-1

REACTOR PROTECTIVE INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL MODES FOR WHICH

CHANNEL CHANNEL FUNCTIONAL SURVEILLANCE
FUNCTIONAL UNIT CHECK CALIBRATION TEST IS REQUIRED
1. Manual Reactor Trip N/A N.A. Siu(1) 1,2, 3%, 4% 5
2. Variable Power Level — High
a. Nuclear Power S D(2), M(3), Q4) M 1.2
b. AT Power S D(6), Q(4) 1
3. Pressurizer Pressure — High S R M 1,2
4. Thermal Margin/Low Pressure S R M 1,2
5. Containment Pressure — High S R M 1,2
6. Steam Generator Pressure -~ Low S R M 1,2
7. Steam Generator Pressure S R M 1,2
Difference — High
8. Steam Generator Level - Low S R M(8, 9) 1,2
9. Local Power Density — High S R M 1
o e o Waer v
11. ﬁea_ctor Protection System NA. NA. M(7) 1,2 3% 4* 5*
ogic
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TABLE 4.3-1 {Continued

TABLE NOTATION

Only if the reactor trip breakers are in the closed position and the
CEA drive system is capable of CEA withdrawal.

Each startup or when required with the reactor trip breakers closed
and the CEA drive system capable of rod withdrawal, if not performed
in the previous 7 days.

Heat balance only (CHANNEL FUNCTIONAL TEST not included), above 15%
of RATED THERMAL POWER,; adjust "Nuclear Power Calibrate" poten-
tiometer to null "Nuclear Power — AT Power". During PHYSICS TESTS,
these daily calibrations may be suspended provided these calibrations

are performed upon reaching each major test power plateau and prior

to proceeding to the next major test power plateau.

Above 15% of RATED THERMAL POWER, recalibrate the excore detectors
which monitor the AXIAL SHAPE INDEX by using the incore detectors or
restrict THERMAL POWER during subsequent operations to < 90% of the
maximum allowed THERMAL POWER level with the existing reactor coolant
pump combination.

Neutron detectors may be excluded from CHANNEL CALIBRATION.

Adjust "AT Pwr Calibrate" potentiometers to make AT power signals
agree with calorimetric calculation.

At least once per 18 months and following maintenance or adjustment
of the reactor trip breakers, the CHANNEL FUNCTIONAL TEST shall
include verification of the independent OPERABILITY of the
undervoltage and shunt trips.

The fuse circuitry in the matrix fault protection circuitry shall
be determined to be OPERABLE by testing with the installed test
circuitry.

if the as-found channel setpoint is either outside its predefined as-found acceptance
criteria band or is not conservative with respect to the Allowable Value, then the
channel shall be declared inoperable and shall be evaluated to verify that it is
functioning as required before returning the channel to service.

The instrument channel setpoint shall be reset to a value that is within the as-left
tolerance of the Field Trip Setpoint, otherwise that channel shall not be returned to
OPERABLE status. The Field Trip Setpoint and the methodology used to determine
the Field Trip Setpoint, the as-found acceptance criteria band, and the as-left
acceptance criteria are specified in UFSAR Section 7.2.

ST. LUCIE - UNIT 2 3/4 3-10 Amendment No. 4, 163




REACTOR COOLANT SYSTEM
OPERATING
LIMITING CONDITION FOR OPERATION

34.22  All pressurizer code safety valves shall be OPERABLE with a lift setting of
> 2410.3 psig and < 2560.3 psig.”

APPLICABILITY: MODES 1, 2, 3, and 4 with all RCS cold leg temperatures > 230°F.
ACTION:

a.  With one pressurizer code safety valve inoperable, either restore the
inoperable valve to OPERABLE status within 15 minutes or be in HOT
STANDBY within 6 hours and in HOT SHUTDOWN within the next 6 hours.

b.  With two or more pressurizer code safety valves inoperable, be in HOT
STANDBY within 6 hours and in HOT SHUTDOWN with all RCS cold leg

temperatures at < 230°F within the next 6 hours.

SURVEILLANCE REQUIREMENTS

4422  Verify each pressurizer code safety valve is OPERABLE in accordance with the
Inservice Testing Program. Following testing, as-left lift settings shall be within +/- 1%
of 2500 psia.

*

The lift setting pressure shall correspond to ambient conditions of the valve at nominal
operating temperature and pressure.
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REACTOR COOLANT SYSTEM

3/4.4.8

SPECIFIC ACTIVITY

LIMITING CONDITION FOR OPERATION

3438

The specific activity of the primary coolant shall be limited to:

a. Less than or equal to 1.0 microcurie/gram DOSE EQUIVALENT
1131, and

b. Less than or equal to 518.9 microcuries/gram DOSE EQUIVALENT XE-133.

APPLICABILITY: MODES 1, 2, 3,and 4

ACTION:

SURVEILLANCE REQUIREMENTS

448

With the specific activity of the primary coolant > 1.0 uCi/gram DOSE
EQUIVALENT I-131, verify DOSE EQUIVALENT I-131 is < 60.0 uCi/gram once
per four hours.

With the specific activity of the primary coolant > 1.0 uCi/gram DOSE
EQUIVALENT I-131, but £ 60.0 uCi/gram DOSE EQUIVALENT I-131, operation
may continue for up to 48 hours while efforts are made to restore DOSE
EQUIVALENT I-131 to within the 1.0 pCi/gram limit. Specification 3.0.4 is not
applicable.

With the specific activity of the primary coolant > 1.0 yCi/gram DOSE
EQUIVALENT 1-131 for greater than 48 hours during one continuous time
interval, or > 60.0 uCi/gram DOSE EQUIVALENT I-131, be in HOT STANDBY
within 6 hours and COLD SHUTDOWN within the following 30 hours.

With the specific activity of the primary coolant > 518.9 pCi‘gram DOSE
EQUIVALENT XE-133, operation may continue for up to 48 hours while efforts
are made to restore DOSE EQUIVALENT XE-133 to within the 518.9 uCi/gram
DOSE EQUIVALENT XE-133 limit. Specification 3.0.4 is not applicable.

With the specific activity of the primary coolant > 518.9 puCi/gram DOSE
EQUIVALENT XE-133 for greater than 48 hours during one continuous time
interval, be in HOT STANDBY within 6 hours and COLD SHUTDOWN within the
following 30 hours.

The specific activity of the primary coolant shall be determined to be
within the limits by performance of the sampling and analysis program of
Table 4.4-4.
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TABLE 4.4-4

PRIMARY COOLANT SPECIFIC ACTIVITY SAMPLE

TYPE OF MEASUREMENT
AND ANALYSIS

1. DOSE EQUIVALENT XE-133 Determination

2. Isotopic Analysis for DOSE
EQUIVALENT 1-131 Concentration

3. Isotopic Analysis for lodine
Including 1-131, 1-132, I-133, 1-134, and 1-135

AND ANALYSIS PROGRAM

MINIMUM
FREQUENCY

1 per 7 days

1 per 14 days

a)

b)

Once per 4 hours,
whenever the specific
activity exceeds

1 micro-Ci/gram, DOSE
EQUIVALENT |-131, and

One sample between

2 and 6 hours following

a THERMAL POWER

change exceeding

15% of the RATED THERMAL
POWER within a 1-hour
period.

# Until the specific activity of the primary coolant system is restored within its limits.

ST. LUCIE - UNIT 2

314 4-27

MODES IN WHICH SAMPLE
AND ANALYSIS REQUIRED

1,2,3, and4

1

13, 24, 3#, and 4#

1,2,3

Amendment No, 26, 163



DELETED

ST. LUCIE - UNIT 2 3/4 4-28 Amendment No. 163



TEMPERATURE

LIMITS FOR 47 EFPY, HEATUP, CORE CRITICAL, AND INSERVICE TEST

FIGURE 3.4-2

ST. LUCIE UNIT 2 REACTOR COOLANT SYSTEM PRESSURE
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FIGURE 3.4-3
ST. LUCIE UNIT 2 REACTOR COOLANT SYSTEM PRESSURE-TEMPERATURE

LIMITS FOR 47 EFPY, COOLDOWN, AND INSERVICE TEST
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TABLE 3.4-3

LOW TEMPERATURE RCS OVERPRESSURE PROTECTION RANGE

Operating Cold Leq Temperature, °F |
Period, During During
EFPY Heatup Cooldown
<47 <246 <224 |
TABLE 3.4-4

MINIMUM COLD LEG TEMPERATURE FOR PORV USE FOR LTOP

Cold Leg Temperature, °F |

Operating

‘ During During |
Period
EFPY Heatup Cooldown
<47 80 132 |
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3/45  EMFRGENCY CORE COOLING SYSTEMS (ECCS)
3/4.51  SAFETY INJECTION TANKS (SIT)
LIMITING CONDITION FOR OPERATION

3.51 Each Reactor Coolant System safety injection tank shall be OPERABLE with:

a. The isolation valve open,

b. A contained borated water volume of between 1420 and 1556 cubic feet,

c. A boron concentration of between 1900 and 2200 ppm of boron, and

d. Anitrogen cover-pressure of between 500 and 650 psig.

APPLICABILITY: MODES 1, 2 and 3*.
ACTION:

a.  With one SIT inoperable due to boron concentration not within limits, or due to an
inability to verify the required water volume or nitrogen cover-pressure, restore the
inoperable SIT to OPERABLE status with 72 hours; otherwise, be in at least
HOT STANDBY within the next 6 hours and in HOT SHUTDOWN within the
following 6 hours.

b.  With one SIT inoperable due to reasons other than those stated in ACTION-a,
restore the inoperable SIT to OPERABLE status within 24 hours; otherwise, be in

at least HOT STANDBY within the next 6 hours and in HOT SHUTDOWN within
the following 6 hours.

SURVEILLANCE REQUIREMENTS

4511 Each safety injection tank shall be demonstrated OPERABLE:
a.  Atleast once per 12 hours by:

1. Verifying that the borated water volume and nitrogen cover-
pressure in the tanks are within their limits, and

2. Verifying that each safety injection tank isolation valve is open.

*  With pressurizer pressure greater than or equal to 1750 psia. When pressurizer pressure is less
than 1750 psia, at least three safety injection tanks shall be OPERABLE, each with a minimum
pressure of 235 psig and a maximum pressure of 650 psig and a contained water volume of
between 1250 and 1556 cubic feet with a boron concentration of between 1900 and 2200 ppm ]
of boron. With all four safety injection tanks OPERABLE, each tank shall have a minimum
pressure of 235 psig and a maximum pressure of 650 psig and a contained water volume of
between 833 and 1556 cubic feet with a boron concentration of between 1900 and 2200 ppm of |
boron.
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EMERGENCY CORE COOLING SYSTEMS

3/4.5.2 ECCS SUBSYSTEMS - OPERATING

LIMITING CONDITION FOR OPERATION

3.5.2 Two independent Emergency Core Cooling System (ECCS) subsystems shall be
OPERABLE with each subsystem comprised of:

a. One OPERABLE high pressure safety injection pump,
b. One OPERABLE low pressure safety injection pump, and

¢. Anindependent OPERABLE flow path capable of taking suction from the
refueling water tank on a Safety Injection Actuation Signal and automatically
transferring suction to the containment sump on a Recirculation Actuation
Signal, and

d. One OPERABLE charging pump®.
APPLICABILITY: MODES 1, 2, and 3*".
ACTION:

a. 1. With one ECCS subsystem inoperable only because its associated LPSI
train is inoperable, restore the inoperable subsystem to OPERABLE
status within 7 days or be in at least HOT STANDBY within the next
6 hours and in HOT SHUTDOWN within the following 6 hours.

2.  With one ECCS subsystem inoperable for reasons other than condition
a.1., restore the inoperable subsystem to OPERABLE status within
72 hours or be in at least HOT STANDBY within the next 8 hours and in
HOT SHUTDOWN within the following 6 hours.

b. Inthe event the ECCS is actuated and injects water into the Reactor Coolant
System, a Special Report shall be prepared and submitted to the Commission
pursuant to Specification 6.9.2 within 90 days describing the circumstances of
the actuation and the total accumulated actuation cycles to date, The current
value of the usage factor for each affected safety injection nozzle shalil be
provided in this Special Report whenever its value exceeds 0.70.

* One ECCS subsystem charging pump shall satisfy the flow path requirements of
Specification 3.1.2.2.a or 3.1.2.2.d. The second ECCS subsystem charging pump shall
satisfy the flow path requirements of Specification 3.1.2.2.b or 3.1.2.2.e.

**  With pressurizer pressure greater than or equal to 1750 psia.
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EMERGENCY CORE COOLING SYSTEMS
SURVEILLANCE REQUIREMENTS (continued)

2. Avisual inspection of the containment sump and verifying that the
subsystem suction inlets are not restricted by debris and that the sump
components (trash racks, screens, etc.) show no evidence of structural
distress or corrosion.

3. Verifying that a minimum total of 173 cubic feet of solid granular trisodium
phosphate dodecahydrate (TSP) is contained within the TSP storage
baskets.

4.  Verifying that when a representative sample of 70.5 + 0.5 grams of TSP
from a TSP storage basket is submerged, without agitation, in 10.0 + 0.1

gallons of 120 + 10°F borated water from the RWT, the pH of the mixed
solution is raised to greater than or equal to 7 within 4 hours.

f.  Atleast once per 18 months, during shutdown, by:

1. Verifying that each automatic valve in the flow paths actuates to its l
correct position on SIAS and/or RAS test signals.

2. Verifying that each of the following pumps start automatically upon receipt
of a Safety Injection Actuation Test Signal:

a. High-Pressure Safety Injection pumps. I
b. Low-Pressure Safety Injection pumps.
¢. Charging Pumps

3.  Verifying that upon receipt of an actual or simulated Recirculation Actuation
Signal: each low-pressure safety injection pump stops, each containment
sump isolation valve opens, each refueling water tank outlet vaive closes,
and each safety injection system recirculation valve to the refueling water

tank closes.

g. By verifying that each of the foliowing pumps develops the specified total
developed head when tested pursuant to the Inservice Testing Program:

1.  High-Pressure Safety Injection pumps.
2. Low-Pressure Safety Injection pumps.

h. By verifying the correct position of each electrical and/or mechanical position
stop for the following ECCS throttle valves:

1. During vaive stroking operation or following maintenance on the valve

and prior to declaring the valve OPERABLE when the ECCS subsystems
are required to be OPERABLE.
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EMERGENCY CORE COOLING SYSTEMS

3/4.54 REFUELING WATER TANK
LIMITING CONDITION FOR OPERATION

3.54 The refueling water tank shall be OPERABLE with:
a. A minimum contained borated water volume 477,360 gallons,
b. A boron concentration of between 1800 and 2200 ppm of boron, and
¢. A solution temperature of between 55°F and 100°F.

APPLICABILITY: MODES 1, 2, 3 and 4.

ACTION:
With the refueling water tank inoperable, restore the tank to OPERABLE status

within 1 hour or be in at least HOT STANDBY within 6 hours and in COLD SHUTDOWN
within the following 30 hours.

SURVEILLANCE REQUIREMENTS

454 The RWT shall be demonstrated OPERABLE:
a. Atleast once per 7 days by:
1. Verifying the contained borated water volume in the tank, and
2. Verifying the boron concentration of the water.
b.  Atleast once per 24 hours by verifying the RWT temperature when

the outside air temperature is less then 55°F or greater than
100°F.
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TABLE 3.7-2
STEAM LINE SAFETY VALVES PER LOOP

VALVE NUMBER LIFT SETTING*
Header A Header B
a. 8201 8205 > 955.3 psig and < 1015.3 psig
b. 8202 8206 > 955.3 psig and < 1015.3 psig
C. 8203 8207 > 955.3 psig and < 1015.3 psig
d. 8204 8208 > 955.3 psig and < 1015.3 psig
e. 8209 8213 > 994 1 psig and < 1046.1 psig
f. 8210 8214 > 994.1 psig and < 1046.1 psig
g. 8211 8215 > 994.1 psig and < 1046.1 psig
h. 8212 8216 > 994.1 psig and < 1046.1 psig

* +/-3% for valves a through d and +2%/-3% for valves e through h
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3/4.8 ELECTRICAL POWER SYSTEMS
34814 _A.C. SOURCES
OPERATING

LIMITING CONDITION FOR OPERATION

3.8.1.1 As a minimum, the following A.C. electrical power sources shall be OPERABLE:

a. Two physically independent circuits between the offsite transmission network
and the onsite Class 1E distribution system, and

b.  Two separate and independent diesel generators, each with:

1. Two separate engine-mounted fuel tanks containing a minimum volume of
200 gallons of fuel each,

2. A separate fuel storage system containing a minimum volume of
42,500 gallons of fuel, and

3. A separate fuel fransfer pump.

APPLICABILITY: MODES 1, 2, 3, and 4.

ACTION:

a.  With one offsite circuit of 3.8.1.1.a inoperable, except as provided in Action f,
below, demonstrate the OPERABILITY of the remaining A.C. sources by
performing Surveillance Requirement 4.8.1.1.1.a within 1 hour and at least
once per 8 hours thereafter. Restore the offsite circuit to OPERABLE status
within 72 hours or be in at least HOT STANDBY within the next 6 hours and
COLD SHUTDOWN within the following 30 hours.

b.  With one diesel generator of 3.8.1.1.b inoperable, demonstrate the
OPERABILITY of the A.C. sources by performing Surveillance Requirement
4.8.1.1.1.a within 1 hour and at least once per 8 hours thereafter; and if the
EDG became inoperabie due to any cause other than an inoperable support
system, an independently testable component, or preplanned preventative
maintenance or testing, demonstrate the OPERABILITY of the remaining
OPERABLE EDG by performing Surveillance Requirement 4.8.1.1.2a.4 within
8 hours, unless it can be confirmed that the cause of the inoperable EDG does
not exist on the remaining EDG*; restore the diesel generator to OPERABLE
status within 14 days or be in at least HOT STANDBY within the next 6 hours
and in COLD SHUTDOWN within the following 30 hours. Additionally, within
4 hours from the discovery of concurrent inoperability of required redundant
feature(s) (including the steam driven auxiliary feed pump in MODE 1, 2, and 3),
declare required feature(s) supported by the inoperable EDG inoperable if its
redundant required feature(s) is inoperable.

*  |f the absence of any common-cause failure cannot be confirmed, this test shall be
completed regardless of when the inoperable EDG is restored to OPERABILITY.
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ELECTRICAL POWER SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

4.  Simulating a loss-of-offsite power by itself, and:

a. Verifying deenergization of the emergency busses and
load shedding from the emergency busses.

b.  Verifying the diesel starts on the auto-start signal,****
energizes the emergency busses with permanently connected
loads within 10 seconds, energizes the auto-connected
shutdown loads through the load sequencer and operates
for greater than or equal to § minutes while its
generator is loaded with the shutdown loads. After
energization, the steady-state voltage and frequency
of the emergency busses shall be maintained at
4160 + 210 volts and 60 + 0.6 Hz during this test.

6.  Verifying that on an ESF actuation test signal (without
loss-of-offsite power) the diesel generator starts****
on the auto-start signal, and:

a) Within 10 seconds, generator voltage and frequency shall be
4160 + 420 volts and 60 £ 1.2 Hz.

b) Operates on standby for greater than or equal to 5 minutes.

¢) Steady-state generator voltage and frequency shall be
4160 + 210 volts and 60 + 0.6 Hz and shall be maintained
throughout this test.

6. Simulating a loss-of-offsite power in conjunction with an
ESF actuation test signal, and

a) Verifying deenergization of the emergency busses and
load shedding from the emergency busses.

b) Verifying the diesel starts on the auto-start signal, >
energizes the emergency busses with permanently
connected loads within 10 seconds, energizes the
auto-connected emergency (accident) loads through

- the load sequencer and operates for greater than or
equal to 5§ minutes while its generator is loaded with
the emergency loads. After energization, the
steady-state voltage and frequency of the emergency
busses shall be maintained at 4160 + 210 volts and
60 * 0.6 Hz during this test.

**** This test may be conducted in accordance with the manufacturer's
recommendations concerning engine prelube period.
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ELECTRICAL POWER SYSTEMS

A.C. SOURCES

SHUTDOWN

LIMITING CONDITION FOR OPERATION
3.8.1.2  As a minimum, the following A.C. electrical power sources shéll be OPERABLE:

a. One circuit between the offsite transmission network and the onsite Class 1E
distribution system, and

b.  One diesel generator with:

1.  Two engine-mounted fuel tanks containing a minimum volume of
200 gallons of fuel,

2. A fuel storage system containing a minimum volume of 42,500 gallons of
fuel, and

3. A fuel transfer pump.
APPLICABILITY: MODES 5 and 6.
ACTION:

With less than the above minimum required A.C. electrical power sources OPERABLE,
immediately suspend all operations involving CORE ALTERATIONS, operations involving
positive reactivity additions that could result in loss of required SHUTDOWN MARGIN or boron
concentration, movement of irradiated fuel, or crane operation with loads over the fuel storage
pool, and within 8 hours, depressurize and vent the Reactor Coolant System through a greater
than or equal to 3.58 square inch vent. in addition, when in MODE § with the reactor coolant
loops not filled, or in MODE 6 with the water level less than 23 feet above the reactor vessel
flange, immediately initiate corrective action to restore the required sources to OPERABLE
status as soon as possible.

SURVEILLANCE REQUIREMENTS

4.8.1.2.1 The above required A.C. electrical power sources shall be demonstrated
OPERABLE by the performance of each of the Surveillance Requirements of
4.8.1.1.1 and 4.8.1.1.2 (except for requirement 4.8.1.1.2a.5).
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3/4.9 REFUELING OPERATIONS
3/14.9.1 _BORON CONCENTRATION
LIMITING CONDITION FOR OPERATION

3.91 With the reactor vessel head closure boits less than fully tensioned or with the head
removed, the boron concentration of all filled portions of the Reactor Coolant System
and the refueling cavity shall be maintained within the limit specified in the COLR.

APPLICABILITY: MODE 6*.

ACTION:
With the requirements of the above specification not satisfied, immediately suspend all
operations involving CORE ALTERATIONS or positive reactivity changes and initiate and

continue boration at greater than or equal to 40 gpm of a solution containing 1900 ppm boron
or greater to restore boron concentration to within limits.

SURVEILLANCE REQUIREMENTS

4911  The boron concentration limit shall be determined prior to:

a. Removing or unboiting the reactor vessel head, and

b. Withdrawal of any full length CEA in excess of 3 feet from its fully inserted position
within the reactor pressure vessel.

49.1.2 The boron concentration of the reactor coolant system and the refueling canal shall be
determined by chemical analysis at least once per 72 hours.

*  The reactor shall be maintained in MODE 6 whenever fuel is in the reactor vessel with the
reactor vessel head closure bolts less than fully tensioned or with the head removed.
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3/4.10 SPECIAL TEST EXCEPTIONS
3/4.10.1 SHUTDOWN MARGIN

LIMITING CONDITION FOR OPERATION

3.10.1 The SHUTDOWN MARGIN requirement of Specification 3.1.1,1 may be
suspended for measurement of CEA worth, MTC, and SHUTDOWN MARGIN provided
reactivity equivalent to at least the highest estimated CEA worth is available

for trip insertion from OPERABLE CEA(s).

APPLICABILITY: MODES 2 and 3*.
ACTION:

a.  With any full-length CEA not fully inserted and with less than the
above reactivity equivalent available for trip insertion, immedi-
ately initiate and continue boration at greater than or equal to
40 gpm of a solution containing greater than or equal to 1800 ppm
boron or its equivalent until the SHUTDOWN MARGIN required by
Specification 3.1.1.1 is restored.

b.  With all full-length CEAs inserted and the reactor subcritical
by iess than the above reactivity equivalent, immediately initiate
and continue boration at greater than or equal to 40 gpm of a
solution containing greater than or equal to 1900 ppm boron or its
equivalent until the SHUTDOWN MARGIN required by Specification
3.1.1.1 is restored.

SURVEILLANCE REQUIREMENTS

4.10.1.1 The position of each full-length CEA required either partially or
fully withdrawn shall be determined at least once per 2 hours.

4.10.1.2 Each CEA not fully inserted shall be demonstrated capable of full
insertion when tripped from at least the 50% withdrawn position within

7 days prior to reducing the SHUTDOWN MARGIN to less than the limits of
Specification 3.1.1.1.

*  Operation in MODE 3 shall be limited to 6 consecutive hours.
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RADIOACTIVE EFFLUENTS

GAS STORAGE TANKS
LIMITING CONDITION FOR OPERATION

3.11.26 The quantity of radioactivity contained in each gas storage tank
shall be limited to less than or equal to 165,000 curies noble gases
(considered as Xe-133).

APPLICABILITY: Atalltimes.

ACTION:

a. With the quantity of radicactive material in any gas storage tank
exceeding the above limit, immediately suspend all additions of
radioactive material to the tank.

b. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.8 The quantity of radioactive material contained in each gas storage
tank shall be determined to be within the above limit at ieast once per

24 hours when radioactive materials are being added to the tank when reactor
coolant system activity exceeds 518.9 pCi/gram DOSE EQUIVALENT XE-133.
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ADMINISTRATIVE CONTROLS

than 8 days in gaseous effluents released from each unit to areas beyond the
SITE BOUNDARY conforming to Appendix | to 10 CFR Part 50,

10) Limitations on the annual dose or dose commitment to any MEMBER
OF THE PUBLIC, beyond the site boundary, due to releases of radioactivity
and to radiation from uranium fuel cycle sources conforming fo 40 CFR
Part 180.

The provisions of Specifications 4.0.2 and 4.0.3 are applicable o the Radioactive
Effluent Controls Program surveillance frequency.

g. Radiolodical Environmental Monitoring Program

A program shall be provided to monitor the radiation and radionuclides in the
environs of the plant. The program shall provide (1) representative measurements
of radioactivity in the highest potential exposure pathways, and (2) verification of
the accuracy of the effluent monitoring program and modeling of the environmental
exposure pathways. The program shall (1) be contained in the ODCM,

(2) conform to the guidance of Appendix | to 10 CFR Part 50, and (3) include the
following:

1)  Monitoring, sampling, analysis, and reporting of radiation and radionuclides
in the environment in accordance with the methodology and parameters in
the ODCM.

2) A Land Use Census to ensure that changes in the use of areas at and
beyond the SITE BOUNDARY are identified and that modifications to the
monitoring program are made if required by the results of this census, and

3) Participation in a Interlaboratory Comparison Program to ensure that
independent checks on the precision and accuracy of the measurements of
radioactive materials in environmental sample matrices are performed as
part of the quality assurance program for environmental monitoring.

h.  Containment Leakage Rate Testing Program

A program to implement the leakage rate testing of the containment as required by
10 CFR 50.54(0) and 10 CFR 50 Appendix J, Option B, as modified by approved
exemptions. This program is in accordance with the guidelines contained in
Regulatory Guide 1.163, “Performance Based Containment Leak-Test Program,”
as modified by Bechtel Topical Report, BN-TOP-1 or ANS 56.8-1994 (as
recommended by R.G. 1.163) which will be used for type A testing.

The peak calculated containment internal pressure for the design basis loss of
coolant accident P, is 43.48 psig. The containment design pressure is 44 psig.

The maximum allow containment leakage rate, L,, at P,, shall be 0.50% of
containment air weight per day.

ST.LUCIE - UNIT 2 6-15b Amendment No. 84, 88, 430, 445,
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ADMINISTRATIVE CONTROLS

ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT (continued)

6.9.1.9  Atleast once every 5 years, an estimate of the actual population within 10 miles of
the plant shall be prepared and submitted to the NRC.

6.9.1.10 At least once every 10 years, an estimate of the actual population within 50 miles of
the plant shall be prepared and submitted to the NRC.

6.9.1.11 CORE OPERATING LIMITS REPORT (COLR)

a. Core operating limits shall be established prior to each reload cycle, or prior to
any remaining portion of a reload cycle, and shall be documented in the COLR
for the following:

Specification 3.1.1.1 Shutdown Margin — T, Greater than 200°F
Specification 3.1.1.2 Shutdown Margin — T,,, Less Than or Equal to 200°F
Specification 3.1.1.4 Moderator Temperature Coefficient

Specification 3.1.3.1 Movable Control Assemblies —~ CEA Position
Specification 3.1.3.6 Regulating CEA Insertion Limits

Specification 3.2.1 Linear Heat Rate

Specification 3.2.3 Total Integrated Radial Peaking Factors — F,"
Specification 3.2.5 DNB Parameters

Specification 3.9.1 Refueling Operations — Boron Concentration

b.  The analytical methods used to determine the core operating limits shall be
those previously reviewed and approved by the NRC, as described in the
following documents or any approved Revisions and Supplements thereto:

1.

ST. LUCIE-UNIT 2

WCAP-11596-P-A, “Qualification of the PHOENIX-P/ANC Nuclear Design
System for Pressurized Water Reactor Cores,” June 1988 (Westinghouse
Proprietary).

NF-TR-95-01, “Nuclear Physics Methodology for Reload Design of Turkey
Point & St. Lucie Nuclear Plants,” Florida Power & Light Company,
January 1995.

DELETED

DELETED

CENPD-275-P, Revision 1-P-A, “C-E Methodology for Core Designs
Containing Gadolinia-Urania Bumnable Absorbers,” May 1988, & Revision
1-P Supplement 1-P-A, Apnl 1999.

DELETED

6-20 Amendment No. 43, 25, 64, 82,
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ADMINISTRATIVE CONTROLS (Continued)

CORE OPERATING LIMITS REPORT (COLR) (Continued)

b. (Continued)

7.

8.

10.

1.

12.

13.

14.

15.
16.
17.
18.

ST. LUCIE - UNIT 2

DELETED |

CEN-123(F)-P, “Statistical Cornbination of Uncertainties Methodology Part 1:

CE Calculated Local Power Density and Thermal Margin/Low Pressure

LSSS for St. Lucie Unit 1,” December 1979.

DELETED [

CEN-123(F)-P, “Statistical Combination of Uncertainties Methodology Part 3;
CE Calculated Departure from Nucleate Boiling and Linear Heat Rate
Limiting Conditions for Operation for St. Lucie Unit 1,” February 1980.

CEN-191(B)-P, “CETOP-D Code Structure and Modeling Methods for Calvert
Cliffs Units 1 and 2,” December 1981.

Letter, JW. Miller (NRC) to J.R. Williams, Jr. (FPL), Docket No, 50-389,

Regarding Unit 2 Cycle 2 License Approval (Amendment No. 8 to NPF-16

and SER), November 9, 1984 (Approval of CEN-123(F)-P (three parts)

and CEN-191(B)-P).

DELETED | l
Letter, J.A. Norris (NRC) to J.H. Goldberg (FPL), Docket No. 50-389,

“St. Lucie Unit 2 — Change to Technical Specification Bases Sections ‘2.1.1
Reactor Core’ and ‘3/4.2.5 DNB Parameters’ (TAC No. M87722),” March 14,

1994 (Approval of CEN-371(F)-P).

DELETED |
DELETED l
DELETED !

DELETED |
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ADMINISTRATIVE CONTROLS (continued)

CORE OPERATING LIMITS REPORT (COLR) (continued)

b. (continued)

34.

35.

36.

37.
38.
39.
40.
41.

42.

43.

45,

ST. LUCIE - UNIT 2

Letter, JA Norris (NRC) to J.H. Goldberg (FPL), “St. Lucie Unit 2 -
Issuance of Amendment Re: Moderator Temperature Coefficient

{(TAC No. M82517),” July 15, 1992.

lLetter, J.W. Williams, Jr. (FPL) to D.G. Eisenhut (NRC), “St. Lucie Unit
No. 2, Docket No. 50-389, Proposed License Amendment, Cycle 2 Reload,”
L-84-148, June 4, 1984.

Letter, J.R. Miller (NRC) to J.W. Williams, Jr. (FPL), Docket No. 50-389,
Regarding Unit 2 Cycle 2 License Approval (Amendment No. 8 to NPF-16
and SER), November 9, 1984 (Approval to Methodology contained in
L-84-148).

DELETED

DELETED

DELETED

DELETED

DELETED

CEN-348(B)-P-A, Supplement 1-P-A, “Extended Statistical Combination of
Uncertainties,” January 1997.

CEN-372-P-A, “Fuel Rod Maximum Allowable Gas Pressure,” May 1990.
DELETED

DELETED
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ADMINISTRATIVE CONTROLS (continued)

CORE OPERATING LIMITS REPORT (COLR]) (continued)

b.  (continued)

46.
47.
48,

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

ST. LUCIE -UNIT 2

DELETED |
DELETED |
CEN-396(L)-P, “Verification of the Acceptability of a 1-Pin Burnup Limit of

60 MWDI/KG for St. Lucie Unit 2" November 1989 (NRC SER dated

October 18, 1991, Letter J.A. Norris (NRC) to J.H. Goldberg (FPL), TAC
No. 75947).

CENPD-269-P, Rev. 1-P, "Extended Burnup Operation of Combustion
Engineering PWR Fuel,” July 1984,

CEN-289(A)-P, “Revised Rod Bow Penalties for Arkansas Nuclear One Unit
2,” December 1984 (NRC SER dated December 21, 1999, Letter
K. N. Jabbour (NRC) to T.F. Plunkett (FPL}, TAC No. MA4523).

CENPD-137, Supplement 2-P-A, “Calculative Methods for the ABB CE
Small Break LOCA Evaluation Model,” April 1998,

CENPD-140-A, “Description of the CONTRANS Digital Computer Code for
Containment Pressure and Temperature Transient Analysis,” June 19786,

DELETED | |
DELETED l

CENPD-387-P-A, Revision 000, “ABB Critical Heat Flux Correlations for
PWR Fuel,” May 2000.

CENPD-132, Supplement 4-P-A, “Calculative Methods for the CE Nuclear
Power Large Break LOCA Evaluation Model," March 2001.

CENPD-137, Supplement 2-P-A, “Calculative Methods for the ABB CE
Small Break LOCA Evaluation Model,” April 1998.

CENPD-404-P-A, Rev. 0, “Implementation of ZIRLO™ Cladding Material in
CE Nuclear Power Fuel Assembly Designs,” November 2001.

WCAP-9272-P-A, "Westinghouse Reload Safety Evaluation Methodology,”
July 1985.

WCAP-10216-P-A, Revision 1A, “Relaxation of Constant Axial Offset
Control; FQ Surveillance Technical Specification,” February 1994.
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ADMINISTRATIVE CONTROLS (continued)
CORE OPERATING LIMITS REPORT (COLR) (continued)

b. (continued)

61.

62.

63.

65.

66.

67.

WCAP-11397-P-A, (Proprietary), 'Revised Thermal Design Procedure," April
1989.

WCAP-14565-P-A, (Proprietary), "VIPRE-01 Modeling and Qualification for
Pressurized Water Reactor Non-LOCA Thermal-Hydraulic Safety Analysis,"
October 1999.

WCAP-14565-P-A, Addendum 1, "Qualification of ABB Critical Heat Flux
Correlations with VIPRE-01 Code,” May 2003,

Letter, W. Jefferson Jr. (FPL) to Document Control Desk (USNRC), “St.
Lucie Unit 2 Docket No. 50-389: Proposed License Amendment WCAP-
9272 Reload Methodology and Impiementing 30% Steam Generator Tube
Plugging Limit,” L-2003-276, December 2003 (NRC SER dated January 31,
2005, Letter B.T. Moroney (NRC) to J.A. Stall (FPL), TAC No. MC1566).

WCAP-14882-P-A, Rev. 0, “RETRAN-02 Modeling and Qualification for
Westinghouse Pressurized Water Reactor Non-LOCA Safety Analyses”,
April 1999,

WCAP-7908-A, Rev. 0, “FACTRAN-A FORTRAN IV Code for Thermal
Transients in a UO2 Fuel Rod”, December 1989,

WCAP-7979-P-A, Rev. 0, “TWINKLE - A Multi-Dimensional Neutron Kinetics
Computer Code”, January 1975.

WCAP-7588, Rev. 1-A, “An Evaluation of the Rod Ejection Accident in
Westinghouse Pressurized Water Reactors Using Special Kinetics
Methods”, January 1975.

c. The core operating limits shall be determined such that all applicable limits (e.g.,
fuel thermal mechanical limits, core thermal hydraulic limits, Emergency Core
Cooling Systems (ECCS) limits, nuclear limits such as SHUTDOWN MARGIN,
transient analysis limits, and accident analysis limits) of the safety analysis are met.

d. The COLR, including any mid cycle revisions or supplements, shall be provided
upon issuance for each reload cycle on the NRC.

ST. LUCIE - UNIT 2
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ADMINISTRATIVE CONTROLS (continued)

SPECIAL REPORTS

STEAM GENERATOR TUBE INSPECTION REPORT

6.9.1.12 A report shall be submitted within 180 days after the initial entry into HOT SHUTDOWN
following completion of an inspection of the replacement SGs performed in accordance
with Specification 6.8.4.1.1. The report shall include:

a.

b.

h.

The scope of inspections performed on each SG,
Active degradation mechanisms found,
Nondestructive examination techniques utilized for each degradation mechanism,

Location, orientation (if linear), and measured sizes (if available) of service
induced indications,

Number of tubes plugged during the inspection outage for each active
degradation mechanism,

Total number and percentage of tubes plugged to date,

The results of condition monitoring, including the results of tube pulls and in-situ
testing,

The effective plugging percentage for all pluggirig in each §G.

6.9.2  Special reports shall be submitted to the NRC within the time period specified for each

report.

6.10 DELETED
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO

AMENDMENT NO. 163TO FACILITY OPERATING LICENSE NO. NPF-16

FLORIDA POWER AND LIGHT COMPANY

ST. LUCIE PLANT, UNIT NO. 2

DOCKET NO. 50-389

1.0 INTRODUCTION

1.1 Application

By application dated February 25, 2011, as supplemented by letters listed in Attachment 1, the
Florida Power and Light Company (FPL or the licensee) requested changes to the Facility
Operating License and Technical Specifications (TSs) for the St. Lucie Plant, Unit No. 2

(St. Lucie 2). The supplemental letters listed in Attachment 1 provided additional information
that clarified the application and did not expand the scope of the initial application as originally
noticed.

The proposed changes would increase the maximum steady-state reactor core power level from
2700 megawatts thermal (MW1t) to 3020 MW, which is an increase of approximately

11.85 percent. The proposed increase in power level is considered an extended power uprate
(EPU).

The licensee’s application dated February 25, 2011, also requested approval of the new fuel
storage and spent fuel storage criticality analyses and amendments to TS 3.9.11, “Spent Fuel
Storage Pool,” and TS 5.6, “Fuel Storage,” in support of fuel storage requirements. The
licensee agreed with the NRC staff that the EPU and the fuel storage criticality analyses will be
reviewed and processed separately. The license amendment and associated safety evalution
(SE) for the fuel storage criticality analyses can be found at Agencywide Documents Access
and Management System (ADAMS) Accession No. ML12243A415.

1.2 Background

St. Lucie 2 is a pressurized-water reactor (PWR) plant of the Combustion Engineering (CE)
design with a containment structure comprised of a steel containment vessel surrounded by a
reinforced concrete shield building. St. Lucie 2 is located along with St. Lucie 1 on Hutchinson
Island in St. Lucie County about halfway between the cities of Fort Pierce and Stuart on the east
cost of Florida. The condenser is cooled by the circulating water system which takes suction
from and discharges to the Atlantic Ocean.
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The U. S. Nuclear Regulatory Commission (NRC) originally licensed St. Lucie 2 on

June 10, 1983, for operation at 2560 MWt. By Amendment No. 9 dated March 1, 1985, the
NRC granted a power uprate to St. Lucie 2 of approximately 5 percent, allowing the plant to be
operated at 2700 MWt. Therefore, the proposed EPU would result in an increase of
approximately 18 percent over the original licensed power level and 11.85 percent over the
current licensed power level for St. Lucie 2.

1.3 Licensee’s Approach

The licensee's application for the proposed EPU follows the guidance in the Office of Nuclear
Reactor Regulation’s (NRR’s) Review Standard (RS)-001, “Review Standard for Extended
Power Uprates” (Reference 1), to the extent that the review standard is consistent with the
design basis of the plant. Where differences exist between the plant-specific design basis and
RS-001, the licensee described the differences and provided evaluations consistent with the
design basis of the plant. Because the proposed EPU also include a measurement uncertainty
recapture (MUR), the licensee also used Regulatory Issue Summary (RIS) 2002-03, “Guidance
on the Content of Measurement Uncertainty Recapture Power Uprate Applications.”

The licensee will make the modifications necessary to implement the EPU during the refueling
outage in fall 2012. Following NRC approval of the EPU and the completion of the refueling
outage, the plant will be operated at 3020 MWt.

1.4 Plant Modifications

The licensee has determined that several plant modifications are necessary to implement the
proposed EPU. The following is a list of these:

e Reactor and Reactor Protection System (RPS)
o Implement EPU fuel design
o Raise RPS steam generator (SG) low-level trip setpoint
o Rescale pressurizer level control program
e Accident Mitigation Systems
o Increase component cooling water (CCW) system heat removal margin
o Maintain components’ environmental qualification (EQ)
o Modify CCW system pipe supports
e Spent Fuel Storage
o Add METAMIC™ inserts to spent fuel pool (SFP) storage racks
e Steam and Power Conversion System
o Replace moisture separator reheaters and upgrade related valves/controls
Increase steam bypass control system capacity and upgrade control system
Replace high and low pressure turbine steam paths
Replace main turbine electro-hydraulic control system
Upgrade steam and power conversion system instruments
o Modify piping supports
e Condensate and Feedwater (FW) System
o Upgrade main condenser
o Replace condensate pumps
o Replace main FW pumps and modify SG flow control valves

O O 0O O
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Replace heater drain pumps
Upgrade heater drain valves
Replace No. 5 FW heaters and upgrade level controls
Install leading edge flow meters
Upgrade FW controls and instrumentation
o Modify piping supports
e Alternating Current (AC) Power Block
o Replace main generator rotor and rewind stator
o Replace main generator bushings, current transformers, and install power
system stabilizer
Replace main generator hydrogen cool
Replace turbine cooling water heat exchangers (HXs)
Increase main generator hydrogen pressure
Replace main generator exciter coolers
Increase margin on AC electrical buses
Replace main transformers (MTs)
Upgrade iso-phase bus duct cooling system and supports
Modify switchyard components

O O OO0 O

OO0 O0OO0OO0OO0OO0OOo

The NRC staff’'s evaluation of the licensee’s proposed plant modifications is provided in
Section 2.0 of this SE.

1.5 Method of NRC Staff Review

The NRC staff reviewed the licensee's application to ensure that (1) there is reasonable
assurance that the health and safety of the public will not be endangered by operation in the
proposed manner, (2) there is reasonable assurance that such activities proposed will be
conducted in compliance with the Commission's regulations, and (3) the issuance of the
amendments will not be inimical to the common defense and security or to the health and safety
of the public. The purpose of the NRC staff's review is to evaluate the licensee’s assessment of
the impact of the proposed EPU on design-basis analyses. The NRC staff evaluated the
licensee’s application and supplements. The NRC staff also evaluated audits of certain
information at the licensee’s vendor site, and independent analyses, for areas where such
analyses were deemed appropriate by the NRC staff.

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

Audits of analyses supporting the EPU were conducted in relation to the reactor systems
review, including fuel design. The results of the audits are discussed in section 2.0 of this SE.



Independent NRC staff calculations were performed in relation to the following topics:

Meteorological data

Boron precipitation

Internal cladding pressure
Power-to-melt

Peak cladding temperature

The results of the calculations are discussed in section 2.0 of this SE.
2.0 EVALUATION

2.1 Materials and Chemical Engineering

2.1.1 Reactor Vessel Material Surveillance Program

Requlatory Evaluation

The reactor vessel (RV) material surveillance program provides a means for determining and
monitoring the fracture toughness of the RV beltline materials to support analyses for ensuring
the structural integrity of the ferritic components of the RV. Title 10 of the Code of Federal
Regulations (10 CFR) Part 50, Appendix H provides the staff's requirements for the design and
implementation of the RV material surveillance program. The NRC staff’'s review primarily
focuses on the effects of the proposed EPU on the licensee’s RV surveillance capsule
withdrawal schedule. The NRC’s acceptance criteria are based on (1) General Design Criterion
(GDC) 14, which requires that the reactor coolant pressure boundary (RCPB) be designed,
fabricated, erected, and tested so as to have an extremely low probability of rapidly propagating
failure; (2) GDC 31, which requires that the RCPB be designed with margin sufficient to assure
that, under specified conditions, it will behave in a non-brittle manner and the probability of a
rapidly propagating fracture is minimized; (3) 10 CFR Part 50, Appendix H, which provides for
monitoring changes in the fracture toughness properties of materials in the RV beltline region;
and (4) 10 CFR 50.60, which requires compliance with the requirements of 10 CFR Part 50,
Appendix H. Specific review criteria are contained in NUREG-0800, “Standard Review Plan”
(SRP) Section 5.3.1.

Appendix H of 10 CFR Part 50 invokes, by reference, the guidance in American Society for
Testing and Materials (ASTM) Standard Practice E185, “Conducting Surveillance Tests for
Light-Water Cooled Nuclear Power Reactor Vessels.” ASTM Standard Practice E185 provides
guidelines for designing and implementing the RV materials surveillance programs for operating
light-water reactors, including guidelines for determining RV surveillance capsule withdrawal
schedules based on the vessel material predicted transition temperature shifts (ARTypr).



Technical Evaluation

Licensee Evaluation

RV Neutron Fluence

In the EPU Licensing Report (Reference 2), Section 2.1.1.2.2, the licensee discussed the RV
neutron fluence projections for the EPU. The licensee indicated that although the EPU would
normally result in an increase to the neutron fluence for the RV, there was actually a decrease
in the 60-year projected neutron fluence because the EPU neutron fluence analysis used a
more realistic approach that removed some of the conservatism from the pre-EPU 60-year
neutron fluence analysis, while adding a 10 percent factor of conservatism to the EPU neutron
fluence projections beginning with Cycle 23. The licensee stated that the EPU projected RV
neutron fluence value at 55 effective full-power years (EFPY)) of facility operation (corresponding
to a 60 calendar year operating period) is compared to the pre-EPU 60-year neutron fluence
value in Table 2.1.1-2 of (Reference 2) at the 0° azimuthal location. According to the licensee,
the 0° location represents the peak neutron fluence for the RV plates, circumferential welds, and
axial welds. In (Reference 2), Table 2.1.1-3, the licensee provided revised chemistry factor (CF)
values for the RV surveillance materials, based on surveillance capsule neutron fluence values
that were also updated for EPU conditions.

The licensee stated that the 60-year neutron fluence projection used in the EPU evaluation was
calculated using a methodology consistent with Regulatory Guide (RG) 1.190, “Calculational
and Dosimetry Methods for Determining Pressure Vessel Neutron Fluence.” The licensee
stated that, for EPU conditions, the peak 60-year neutron fluence projection was used for the
RV upper shelf energy (USE), pressurized thermal shock (PTS) evaluation, and the calculation
of the adjusted reference temperature (ART) for the development of the reactor coolant system
(RCS) pressure-temperature (P-T) limits.

RV Materials Surveillance Program

The licensee provided a discussion of the impact of EPU on the RV materials surveillance
program in Section 2.1.1.2 of the licensing report. In the LAR, the licensee provided a
surveillance capsule withdrawal schedule that conservatively accounts for the 60-year EPU
neutron fluence in Table 2.1.1-1 (Reference 2). The licensee stated that the effect of the
changes in the neutron fluence projections due to EPU on the RV surveillance capsule
withdrawal schedule was evaluated, and that both sets of neutron fluence values are judged
sufficiently alike to warrant no change to the schedule in Table 2.1.1-1 (Reference 2).
Therefore, the licensee concluded that the proposed EPU will have no impact on the
surveillance capsule withdrawal schedule.

Staff Evaluation

RV Neutron Fluence

RG 1.190 describes acceptable ways to calculate RV neutron fluence. RG 1.190 states that
neutron fluence calculations should adhere to an NRC-approved methodology and provide
acceptable qualification criteria. The staff confirmed that the licensee used a neutron fluence
methodology described in WCAP-16817-NP, “St. Lucie Unit 2 RCS Pressure and Temperature
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Limits and Low Temperature Overpressure Protection Report for 55 Effective Full Power Years,”
Revision (Rev.) 2, October 2007 for determining the peak 60-year neutron fluence for EPU
conditions. The staff confirmed that this neutron fluence methodology was previously approved
by the staff for implementation at St. Lucie 2 as part of its evaluation for the current TS P-T limit
curves (Reference 3). The staff confirmed that this methodology meets the requirements of

RG 1.190, including consideration of dosimetry measurements from the tested surveillance
capsules. Since the licensee used a methodology to project the RV neutron fluence that is
consistent with the applicable regulatory guidance of RG 1.190 and has been approved by the
NRC staff, the staff finds the end-of-license neutron fluence projections for St. Lucie 2 to be
acceptable.

The staff confirmed that the peak neutron fluence, corresponding to the 0° azimuthal location for
all RV beltline materials, was used as the neutron fluence input for the licensee’s analyses of
the impact of the EPU on the RV Charpy USE, P-T limits, and compliance with PTS
requirements. The staff also verified that the licensee accurately addressed the impact of the
EPU fluence value on the calculated CF values for the RV surveillance materials, based on the
methods in Position 2.1 of RG 1.99, “Radiation Embrittlement of Reactor Vessel Materials,”
Rev. 2, May 1988, and the measured shifts in the reference nil-ductility transition temperature
(ART\pT) values for the surveillance materials. Specifically, for the surveillance plate, which is
representative of the limiting beltline material (Intermediate Shell Plate M-605-1) for the P-T
limits and PTS analysis, the staff confirmed that the licensee accurately calculated the new

CF value for EPU conditions, based on the updated capsule neutron fluence for 60 years.

RV Material Surveillance Program

ASTM E 185-82 recommends that, for a RV with a projected peak ARTpr at the RV inside
surface of greater than 100 °F and less than or equal to 200 °F, the RV should have a minimum
of four surveillance capsules scheduled for withdrawal and testing (including previously
withdrawn capsules). The peak predicted transition temperature shift for St. Lucie 2, accounting
for EPU conditions, is 128 °F for Intermediate Shell Plate M-605-1, at the inside surface of the
RV. The St. Lucie 2 RV has six capsules, with four capsules in the withdrawal sequence (two of
which have been previously withdrawn and tested) and two capsules designated as standby.
Therefore, the staff determined that St. Lucie 2 satisfies this first ASTM E 185-82 criterion for
EPU conditions. ASTM E 185-82 also recommends that, for a reactor with four surveillance
capsules installed, the last capsule should be withdrawn at a capsule fluence greater than once
but less than twice the peak end-of-license RV neutron fluence. As shown in Table 2.1.1-2 of
the licensing report, the peak RV neutron fluence accounting for EPU conditions at 55 EFPY is
4.42 x 10" n/cm? (E > 1.0 MeV). Per Table 2.1.1-1 of the licensing report, the fourth capsule is
scheduled for withdrawal at approximately 44 EFPY, corresponding to a capsule neutron
fluence of 4.5 x 10"° n/cm? (E > 1.0 MeV) for EPU conditions, which is greater than once but
less than twice the peak RV neutron fluence at end-of-license. Therefore, since the projected
neutron fluence for the fourth capsule is greater than once but less than twice the projected
peak RV neutron fluence at end-of-license, the criterion of ASTM E 185-82 is met. The fifth and
sixth capsules are designated standby and are not scheduled for withdrawal. The staff noted
that the EPU will not affect the surveillance capsule withdrawal schedule for St. Lucie 2. Based
on the above, the staff confirmed that the licensee accurately addressed the impact of the EPU
on the RV surveillance capsule withdrawal schedule, as identified in the licensing report,

Table 2.1.1-1.



Conclusion

Based on the above evaluation, the staff concludes that the method for calculating the
end-of-license neutron fluence for the RV, which is used as the basis for the surveillance
program, ART, USE, P-T limits, and PTS calculations, meets the applicable regulatory guidance
of RG 1.190. Therefore, the staff finds that the licensee’s neutron fluence methodology is
acceptable for EPU conditions. The staff also concludes that the surveillance capsule
withdrawal schedule for St. Lucie 2, accounting for EPU conditions, meets the ASTM E 185-82
criteria and thus meets the requirements of 10 CFR Part 50 Appendix H. Therefore, the staff
finds that the St. Lucie 2 RV material surveillance program is acceptable for EPU conditions.

2.1.2 P-T Limits and Upper-Shelf Energy

Regulatory Evaluation

The NRC'’s acceptance criteria for P-T limits are based on:

e GDC 14, insofar as it requires that the RCPB be designed, fabricated, erected, and
tested so as to have an extremely low probability of rapidly propagating failure;

e GDC 31, insofar as it requires that the RCPB be designed with margin sufficient to
ensure that, under specified conditions, it will behave in a nonbrittle manner and the
probability of a rapidly propagating fracture is minimized;

e 10 CFR Part 50, Appendix G, which specifies fracture toughness requirements for ferritic
components of the RCPB;

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

Specific review criteria are contained in the SRP, Section 5.3.2.

Part 50 of 10 CFR, Appendix G, provides the staff’s criteria for maintaining acceptable levels of
USE for the RV beltline materials of operating reactors throughout the licensed lives of the
facilities. The rule requires RV beltline materials to have a minimum USE value of 75 ft-Ib in the
unirradiated condition, and to maintain a minimum USE value above 50 ft-Ib throughout the
licensed period of operation of the facility, unless it can be demonstrated through analysis that
lower values of USE would provide acceptable margins of safety against fracture equivalent to
those required by Appendix G of Section Xl of the American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code (B&PV Code). The rule also mandates that the
methods used to calculate USE values must account for the effects of neutron irradiation on the
USE values for the materials and must incorporate any relevant RV surveillance capsule data
that are reported through implementation of a plant’s 10 CFR Part 50, Appendix H RV material
surveillance program.

Technical Evaluation

Upper Shelf Energy
Licensee Evaluation
In Section 2.1.2.2.1 of the licensing report, the licensee projected the USE values for 60 years

using the peak neutron fluence value revised for the EPU. The licensee stated that the peak
neutron fluence value at the one-quarter RV wall depth (1/4T) location was used for the EPU
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USE calculations, and this value was calculated based on the RV inner surface neutron fluence
value provided in Table 2.1.1-2 of the licensing report. The licensee further stated that the
projected USE values were calculated in accordance with the methods specified in RG 1.99,
Rev. 2. According to the licensee, the 60-year projected USE values demonstrate that the USE
for all RV beltline materials will remain greater than 50 ft-lbs through the end of the 60-year
operating period, thereby meeting the USE requirements of 10 CFR Part 50, Appendix G. The
licensee's USE projections for 60 years are based on a 55 EFPY operating period, which is
consistent with the EFPY operating period used for the projections of the nil-ductility reference
temperature for PTS (RTprs).

Staff Evaluation

The staff reviewed Section 2.1.2.2 of the licensing report to determine (1) whether the applicant
adequately addressed the impact of the EPU on the end-of-license (60 year, 55 EFPY) USE
values for the RV beltline materials, and (2) whether the applicant demonstrated that the
end-of-license USE values will remain in compliance with the USE requirements of 10 CFR
Part 50, Appendix G, accounting for EPU conditions. Appendix G of 10 CFR Part 50 specifies
that RV beltline materials shall maintain USE values no less than 50 ft-Ibs during the operating
life of the RV unless it is demonstrated that lower USE values would provide margins of safety
against ductile fracture equivalent to those required by Appendix G of the ASME Code),
Section XI. The staff's methods for calculating the projected percentage decrease in the USE,
based on the material’s copper content and projected neutron fluence, are specified in RG 1.99,
Rev. 2.

The staff performed confirmatory calculations of the licensee's projected 60-year USE values
using the EPU neutron fluence values at the 1/4T location provided in Table 2.1.2-1 of the
licensing report and the methods specified in RG 1.99, Rev. 2, Position 1.2. The staff's
calculations confirmed that the licensee accurately calculated the projected USE values for all
RV beltine materials, and all beltline materials will maintain USE values greater than the 50 ft-Ib
minimum specified in 10 CFR Part 50, Appendix G for acceptance of end-of-license USE values
without further analysis. Specifically, for the most limiting RV beltline material, Intermediate-to-
Lower Shell Girth Weld 101-171, the staff independently confirmed that the 55 EFPY USE value
is projected to be 71 ft-Ibs, based on the methods in RG 1.99, Rev. 2, Position 1.2. Additionally,
the staff confirmed that the unirradiated (initial) USE values and weight percentage copper
content values, which were used as inputs for the 60-year USE projections, are consistent with
those approved by the staff as part of its safety review for the renewed facility operating license.

Based on its review of the applicant's end-of-license USE analysis, accounting for EPU
conditions, as documented above, the staff determined the applicant demonstrated that all RV
beltline materials are projected to remain in compliance with the USE requirement specified in
10 CFR Part 50, Appendix G, accounting for EPU conditions through 60 years of facility
operation.

P-T Operating Limits

Licensee Evaluation

In Section 2.1.2.2.3 of the licensing report, the licensee addressed the impact of the proposed
EPU on the RCS P-T limit curves, which are established in the St. Lucie 2 TS. The licensee
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noted that if the EPU ART values exceed the values used for the current P-T limit curves, then
the applicability date for the TS P-T limit curves must be established using the EPU projected
neutron fluence and ART values. The licensee stated that the current (pre-EPU) P-T limit
curves have been generated for operation to 60 years based on 55 EFPY neutron fluence
projections and RG 1.99, Rev. 2, Position 1.1 CF values.

The licensee stated that the effect of the EPU on the applicability of the current TS P-T limit
curves was evaluated by comparing the ART values for the current licensing basis (CLB) with
the projected ART values after the EPU. For EPU conditions, the licensee proposed to use the
existing TS P-T limit curves, with a revision to the EFPY operating period for which the curves
are valid. The amended TS pages, provided in Attachment 3 to the licensee’s EPU license
amendment request (LAR), show the operating period for the P-T limits is revised from 55 EFPY
to 47 EFPY. The licensee provided peak EPU fluence projections at 55 EFPY for the 1/4T and
3/4T locations in the RV beltline in Table 2.1.2-1 of the licensing report. The licensee provided
CF values based on the methods in RG 1.99, Rev. 2, Positions 1.1 and 2.1 in Table 2.1.2-4 of
the licensing report. The licensee stated that these CF values were used to compute ART
values, and for those materials represented in the surveillance program with CF values based
on Positions 1.1 and 2.1 from RG 1.99, Rev. 2, the higher of the two ART values was applied for
determining the limiting ART value for EPU conditions.

Staff Evaluation

The staff reviewed Section 2.1.2.2 of the licensing report to determine (1) whether the applicant
adequately addressed the impact of the EPU on the RCS P-T limit curves, which are
established in the St. Lucie 2 TS, and (2) whether the applicant demonstrated that the proposed
TS revisions for the P-T limit curves ensure that that curves will remain in compliance with the
requirements of 10 CFR Part 50, Appendix G, accounting for EPU conditions.

The current TS P-T limit curves are valid through 55 EFPY. The LAR to incorporate these
curves into the St. Lucie 2 TS was submitted to the NRC by letter dated January 23, 2008
(Reference 3). By letter dated January 29, 2009, the NRC issued License Amendment No. 154,
wherein the staff approved these TS curves for RCS operation through 55 EFPY (Reference 4).
Since the licensee did not generate new P-T limits for EPU, but instead revised the applicability
period of the current approved P-T limits, the staff's review focused on the following:

o Determination of the limiting materials for the P-T limit curves for EPU conditions;

o Verification that the licensee correctly calculated the revised operating period for the
EPU P-T limits.

With respect to the determination of the limiting materials, the staff’s review took into
consideration the impact of the EPU neutron fluence on the limiting RTypt for the RV, which
must be adjusted to account for the effects of neutron embrittiement to determine an ART value,
as required by 10 CFR Part 50, Appendix G. The methods for calculating the ART, based on a
given neutron fluence, are provided in RG 1.99, Rev. 2. Appendix G of 10 CFR Part 50
specifies that the ART values for RV beltline materials must account for credible data resulting
from the material surveillance program of 10 CFR Part 50, Appendix H. The staff's guidelines
for surveillance data credibility assessments and the methods for applying credible surveillance
data for determining RV beltline ART values are also specified in RG 1.99, Rev. 2. For the
EPU, the limiting material (with respect to the ART values at the 1/4T and 3/4T locations) is
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represented in the licensee’s surveillance program. Therefore, the staff's review of the new
limiting ART values for EPU conditions addressed the impact of the revised surveillance
material fluence values on the calculation of the limiting ART values.

Limiting Materials for Pre-EPU TS P-T Limit Curves

The staff determined that, other than the minimum temperature requirements, the current

TS P-T limit curves (referred to as the “Pre-EPU” P-T limit curves), as approved per

(Reference 4), were established based on the irradiated fracture toughness properties of the
limiting beltline material at the 1/4T and 3/4T locations, which is a function of the ART value for
the limiting material at these locations. The limiting RV beltline material with respect to ART at
the 1/4T location is Intermediate Shell Plate M-605-2 (Heat No. B-3416-2), which had a
calculated ART value of 160 °F based on a CF value of 91.5. The limiting RV beltline material
with respect to ART at the 3/4T location is Intermediate Shell Plate M-605-1 (Heat No.
A-8490-2), which has a calculated ART value of 137 °F based on a CF value of 74.2. Both the
1/4T and 3/4T limiting ARTs are based on Position 1.1 of RG 1.99, Rev. 2. The staff noted that
Plate M-605-1 corresponds to the surveillance plate material, and a 3/4T ART value of 134 °F
was also calculated for Plate M-605-1, based on Position 2.1 methods from the RG (i.e., a linear
fit to the credible surveillance data). However, for the limiting ART values for the current TS P-T
limits, the licensee conservatively chose to use the higher ART of 137 °F determined using
Position 1.1.

Limiting Materials for EPU TS P-T Limit Curves

The revised neutron fluence analysis included a recalculation of the neutron fluences of the
previously withdrawn surveillance capsules, necessitating a recalculation of the CF of the
surveillance plate material. The Position 2.1 methods resulted in a CF value for EPU conditions
of 93.1 for Plate M-605-1, determined through a linear fit to the credible surveillance data.
Using this CF and the 55-EFPY 1/4T and 3/4T neutron fluences resulted in ART values of
164 °F at 1/4T and 138 °F at 3/4T for Plate M-605-1(Heat No. A-8490-2). Therefore, for EPU
conditions, Plate M-605-1 is the limiting material for both the 1/4T and 3/4T ART values.

The revised Position 2.1 CF calculation for Plate M-605-1 for EPU conditions is shown in
Table 2.1.1-3 of the licensing report. The staff confirmed that the licensee correctly calculated
the EPU CF value for Plate M-605-1 (93.1) based on the methods of Position 2.1 of RG 1.99,
Rev. 2.

Table 1 summarizes the 55 EFPY limiting ART values at the 1/4T and 3/4T locations, for both
the pre-EPU (basis for current TS P-T limits) and EPU conditions.
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Table 1 — Comparison of Limiting Materials and Adjusted Reference Temperatures for
55 EFPY, Pre-EPU and EPU Conditions

Location | Limiting Material ART CF (°F) RG 1.99, Rev. 2
(°F) Position

Pre-EPU 1/4T Intermediate Shell Plate 160 91.5 1.1 (tables)
M-605-2

EPU 1/4T Intermediate Shell Plate 164 93.1 2.1 (surveillance
M-605-1 data)

Pre-EPU 3/4T Intermediate Shell Plate 137 74.2 1.1 (tables)
M-605-1

EPU 3/4T Intermediate Shell Plate 138 93.1 2.1 (surveillance
M-605-1 data)

Recalculation of the Applicability Period of the TS P-T Limit Curves

For the TS P-T limit curves to remain valid under EPU conditions, the staff determined that the
projected ART value for the EPU limiting plate, M-605-1, must remain less than or equal to

160 °F at the 1/4T location. For the 3/4T location, the ART value for the EPU limiting plate,
M-605-1, must remain less than or equal to 137 °F. Based on the initial RTypt (30 °F), margin
term (17 °F), and CF (93.1) value for EPU conditions, the staff determined that a 1/4T neutron
fluence of 2.20 x 10" n/cm? (E > 1.0 MeV) results in an ART of 160 °F for this plate, and a 3/4T
neutron fluence of 8.9 x 10'® n/cm? (E > 1.0 MeV) results in an ART of 137 °F for this plate. The
staff determined that if the 1/4T fluence value is less than or equal to 2.20 x 10" n/cm?

(E > 1.0 MeV), the 3/4T fluence is less than or equal to 7.99 x 10" n/cm? (E > 1.0 MeV), based
on the RG 1.99, Rev. 2 formula (Equation 3) for neutron fluence attenuation in the RV wall; thus
1/4T represents the bounding requirement for neutron fluence at 47 EFPY. Therefore if the
peak 1/4T neutron fluence value at 47 EFPY is less than or equal to 2.20 x 10"® n/cm?

(E > 1.0 MeV) the TS P-T Ilimit curves are valid through 47 EFPY. The staff determined that the
licensee must provide a peak neutron fluence value corresponding to 47 EFPY in order to
confirm that the TS P-T limit curves will remain valid through 47 EFPY. Therefore, by letter
dated December 6, 2011, the staff issued a request for additional information (RAI).
Specifically, in RAI EVIB-1, the staff requested that the licensee provide a peak neutron fluence
value corresponding to 47 EFPY.

By letter dated December 20, 2011 (Reference 5), the licensee provided its response to RAI
EVIB-1. Inits RAI response, the licensee stated that, for EPU conditions, the peak RV neutron
fluence value corresponding to 47 EFPY is 3.67 x 10"° n/cm? (E > 1.0 MeV) at the inside
diameter clad to base metal interface. The staff determined that a peak RV neutron fluence of
3.67 x 10" n/cm? (E > 1.0 MeV) at the inside diameter clad to base metal interface corresponds
to a peak 1/4T neutron fluence value of 2.19 x 10" n/cm? (E > 1.0 MeV), based on the
calculation of neutron fluence attenuation through the RV wall using Equation 3 from RG 1.99,
Rev. 2.

The staff determined that the 1/4T and 3/4T ART values for the new limiting material, Plate
M-605-1, will remain bounded by the 1/4T and 3/4T limiting ART values for the current TS P-T
limit curves until the peak neutron fluence at the 1/4T location reaches a value of

2.20 x 10" n/cm? (E > 1.0 MeV). Based on its review of the applicant’s response to RAI
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EVIB-1, the staff determined that the peak 1/4T neutron will remain less than 2.20 x 10" n/cm?
(E > 1.0 MeV) through 47 EFPY for EPU conditions. Therefore, the staff determined that the
licensee’s proposal to use the existing TS P-T limit curves for EPU conditions, with the curves
EFPY applicability period revised from 55 EFPY to 47 EFPY, as shown in the amended TS
pages, is acceptable.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
USE values for the RV beltline materials at end-of-license and on the TS P-T limit curves. The
staff finds that the licensee has adequately addressed the changes in neutron fluence and its
impact on the end-of-license USE values. The staff concludes that the St. Lucie 2 RV will
continue to remain in compliance with the USE requirements specified in 10 CFR Part 50,
Appendix G, through the expiration of the current operating license. With respect to the TS P-T
limit curves, the staff finds that the licensee’s proposal to use the existing TS P-T limit curves for
EPU conditions, with the curves EFPY applicability period revised from 55 EFPY to 47 EFPY, as
shown in the amended TS pages, is acceptable. Therefore, the staff concludes that the TS P-T
limit curves will remain in compliance with the requirements of 10 CFR Part 50, Appendix G
through 47 EFPY.

2.1.3 Pressurized Thermal Shock

Regulatory Evaluation

The PTS evaluation provides a means for assessing the susceptibility of the RV beltline
materials to PTS events to assure that adequate fracture toughness is provided to support
reactor operation. The staff's requirements, methods of evaluation, and safety criteria for PTS
assessments are given in 10 CFR 50.61. The NRC staff's review covered the PTS
methodology and the calculation of the reference temperature, RTprs, at the expiration of the
license, considering neutron embrittlement effects. The NRC’s acceptance criteria for PTS are
based on (1) GDC 14, which requires that the RCPB be designed, fabricated, erected, and
tested so as to have an extremely low probability of abnormal leakage, of rapidly propagating
failure, and of gross rupture; (2) GDC 31, which requires that the RCPB be designed with
margin sufficient to assure that, under specified conditions, it will behave in a nonbrittle manner
and the probability of a rapidly propagating fracture is minimized; and (3) 10 CFR 50.61, which
sets fracture toughness criteria for protection against PTS events. Specific review criteria are
contained in SRP Section 5.3.2.

The staff has established requirements in 10 CFR 50.61 that are designed to protect the RVs of
PWRs against the consequences of PTS events. The rule requires licensees owning PWR-
designed light-water reactors to calculate a nil-ductility reference temperature at end-of-license
neutron fluence (RTprs as defined in 10 CFR 50.61) for each base metal and weld material in
the RV made from carbon or low-alloy steel materials. The rule also requires the RTprs values
to be maintained below the PTS screening criteria throughout the serviceable life of the
facilities. The rule sets a maximum limit of 270 °F for RTprs values that are calculated for base
metals (i.e., forging and plate materials) and axial weld materials and a maximum limit of 300 °F
for RTprs values that are calculated for circumferential weld materials.

Section 50.61 of 10 CFR provides a required methodology for calculating these RTprs values,
which are based on the calculation methods in RG 1.99, Rev. 2. For materials in the beltline
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region of the RV, the rule requires that the calculations account for the effects of neutron
irradiation on the materials and incorporate any relevant RV surveillance capsule data that are
required to be reported as part of the licensee’s implementation of its RV material surveillance
program.

Technical Evaluation

Licensee Evaluation

In Section 2.1.3.2 of the licensing report, the licensee discussed its evaluation of the impact of
the EPU on the 60-year projected RTprs values for the RV beltline materials. The licensee
stated that the peak neutron fluence value at the RV clad/base metal interface was used to
calculate the 60-year RTprs values for EPU conditions. Table 2.1.3-1 of the licensing report lists
the 60-year (55 EFPY) peak neutron fluence value for pre-EPU and EPU conditions. Consistent
with its discussion of neutron fluence values in Sections 2.1.1.2 and 2.1.2.2 of the licensing
report, the licensee noted that there was a slight decrease in projected 60-year peak neutron
fluence for the EPU because the EPU fluence analysis used more recent core power histories
that superseded the more conservative fluence projections from prior the 60-year neutron
fluence analysis, while adding a 10 percent factor of conservatism to the fluence projections
beginning with Cycle 23.

For the EPU, the licensee stated that 60-year projected RTprs values were calculated using the
methods specified in 10 CFR 50.61. With respect to the irradiation temperature, the licensee
stated that the EPU results in a slight increase in the irradiation temperature from 549 °F to

551 °F. The licensee addressed this effect by stating that the irradiation temperature remains
within the range of applicability for the methods identified in RG 1.99, Rev. 2, which correspond
to the calculation methods specified in 10 CFR 50.61. The licensee stated that the overall effect
of the irradiation temperature increase is small but beneficial because higher temperatures
decrease the rate of irradiation embrittlement. For RV beltline materials not represented in the
surveillance program, the licensee stated that the 60-year RTprs values for the EPU are based
on CF values that were calculated in accordance with Table 1 and 2 of 10 CFR 50.61, which are
identical to the table used to determine CFs in accordance with Position 1.1 of RG 1.99, Rev. 2.
The licensee stated that Intermediate Shell Plate M-605-1 corresponds to the surveillance plate.
Therefore the CF value was calculated using Equation 5 from 10 CFR 50.61, which corresponds
to the methods in Position 2.1 of RG 1.99, Rev. 2. The measured ARTypr data, reduced
fluence values, and detailed CF calculation for the surveillance plate are presented in

Table 2.1.3-3 of the licensing report. The licensee’s CF values for all RV beltline materials are
presented in Table 2.1.3-4 of the licensing report. The licensee stated that the limiting RV
beltline material for PTS is Intermediate Shell Plate M-605-1, which corresponds to the
surveillance plate. The licensee’s calculation determined that, accounting for EPU conditions,
the 60-year RTprs value for this plate is 175 °F. The licensee also determined that, accounting
for EPU conditions, the 60-year projected RTprs values for all RV beltline materials are less than
the screening criteria specified in 10 CFR 50.61. Accordingly, the licensee concluded that it has
adequately addressed the impact of the EPU on PTS, and therefore the proposed EPU is
acceptable with respect to PTS.



-14 -
Staff Evaluation

The staff reviewed Section 2.1.3.2 of the licensing report to determine (1) whether the applicant
adequately addressed the impact of the EPU on the projected 60 year RTprs values for the RV
beltline materials, and (2) whether the applicant demonstrated that the 60 year RTprs values will
remain in compliance with the PTS requirements of 10 CFR 50.61, accounting for EPU
conditions. The requirements of 10 CFR 50.61 specify that all RV beltline materials shall have
projected values for RTprs that are acceptable to the NRC. RTprs values that are projected to
remain less than the screening criteria specified in 10 CFR 50.61(b)(2) are acceptable for the
duration of the facility operating license. The methods for calculating RTers values are specified
in 10 CFR 50.61(c), which are similar to the recommended methods specified in RG 1.99,

Rev. 2.

The staff performed confirmatory calculations of the licensee's projected 60-year (55 EFPY)
RTprs values using the EPU neutron fluence values at the RV clad/base metal interface
provided in Table 2.1.3-1 of the licensing report and the methods specified in 10 CFR 50.61(c).
The staff's calculations confirmed that the licensee accurately calculated the RTprs for all RV
beltine materials, accounting for EPU conditions. The staff’s calculations also confirmed that
the projected RTprs values for all RV beltline materials are less than the applicable screening
criteria specified in 10 CFR 50.61(b)(2). Specifically, for the most limiting RV beltline material,
Intermediate Shell Plate M-605-1, the staff independently confirmed that the 55 EFPY RTprs
value is projected to be 175 °F, based on the methods in 10 CFR 50.61(c), and this value is less
than the screening limit of 270 °F specified in 10 CFR 50.1(b)(2). Additionally, the staff
confirmed that the unirradiated (initial) RTypr values, weight percentage copper and nickel
content values, and margin terms, which were used as inputs for the 60-year RTprs projections,
are consistent with those approved by the staff as part of its safety review for the renewed
facility operating license. The staff verified that, consistent with the requirements of

10 CFR 50.61(c), the CFs used to calculate RTprs values were determined using identical
methods to those that were used to calculate the CF’s for determining the ART used for the

TS P-T limit curves, accounting for EPU. The staff also noted that the RTprs value for the
limiting material, M-605-1, was calculated using a CF value (93.1) based on credible
surveillance data, as specified in 10 CFR 50.61(c)(2). As discussed above in Section 2.1.2, the
staff determined that this CF value was correctly determined based on the surveillance data for
M-605-1.

Based on its review of the licensee’s projected 60-year RTprs values, accounting for EPU
conditions, as documented above, the staff determined the applicant demonstrated that all RV
beltline materials are projected to remain in compliance with the PTS requirements specified in
10 CFR 50.61, accounting for EPU conditions, through 60 years of facility operation (55 EFPY).

Conclusion

The staff has reviewed the licensee’s projected end-of-license RTprs values, accounting for EPU
conditions. Based on its confirmatory RTprs calculations, the staff concludes that all RV beltline
materials will meet the applicable PTS screening criteria specified in 10 CFR 50.61 through the
end-of-license (55 EFPY). Therefore, the staff concludes that the PTS analysis for St. Lucie 2,
accounting for EPU conditions, is acceptable.
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2.1.4 Reactor Internal and Core Support Materials

Reqgulatory Evaluation

The RV internals (RVI) components include structures, systems, and components (SSCs) that
perform safety functions or whose failure could affect safety functions performed by other SSCs.
These safety functions include reactivity monitoring and control, core cooling, and fission
product confinement (within both the fuel cladding and the RCS). The NRC staff’s review
assessed the impact of the EPU on the margins of safety for maintaining the structural integrity
of the RVI components. The NRC’s acceptance criteria for RVI materials are based on GDC 1
and 10 CFR 50.55a for inspecting and evaluating the structural integrity of RVI components.
Section 50.55a of 10 CFR specifies the ASME Code editions and addenda that are approved for
use by the NRC. The ASME Code, Section Il contains the allowable materials. Specific review
criteria are contained in SRP Section 4.5.2 and other review criteria and guidance are provided
in Matrix 1 of NRC Review Standard, RS-001, Rev. 0. For PWRs, Matrix 1 of RS-001, Rev. 0,
“Review Standard for Extended Power Uprates,” provides references to the NRC’s approval of
the recommended guidelines for RVI components in Topical Report WCAP-14577, Rev. 1-A,
“License Renewal Evaluation: Aging Management for Reactor Internals (March 2001).” The
staff also observes that under “Other Guidance,” Matrix 1 of RS-001 refers to Note 1, which
states, in part, that “[flor thermal and neutron embrittlement of cast austenitic stainless steel,
stress-corrosion cracking, and void swelling, licensees will need to provide plant-specific
degradation management programs or participate in industry programs to investigate
degradation effects and determine appropriate management programs.”

Technical Evaluation

Licensee Evaluation

In Section 2.1.4.1 of the licensing report, the licensee included their regulatory evaluation and a
discussion of the CLB of St. Lucie 2 with respect to RVI components. The licensee stated that
WCAP-14577 does not apply in its entirety to CE-designed RVI components, and therefore only
the applicable criteria are applied to St. Lucie 2.

In their discussion of the CLB, the licensee noted that the St. Lucie 2 design bases conform with
the NRC GDC for Nuclear Power Plants specified in 10 CFR Part 50, Appendix A, as discussed
in Final Safety Analysis Report (FSAR) Section 3.1. The licensee also indicated that the
materials of construction for the RVI components are documented in FSAR Section 4.5.2.1.

The licensee stated that discussions of the applicable codes, standards, records, and quality
assurance (QA) program criteria for the all safety-related SSCs, including the RVI components
are provided in the FPL Quality Assurance Topical Report FPL-1.

In its discussion of the current license basis, the licensee also noted that the RVI components
were evaluated for the St. Lucie 2 license renewal application (LRA). The applicant indicated
that Section 2.3.1.4 of the SER for license renewal (NUREG-1779 (Reference 6)) identifies that
RVI components are within the scope of license renewal, and that programs used to manage
the aging effects associated with the RVI and core support components are discussed in the
license renewal SER, Sections 3.1.0.7 and 3.1.4, and Chapter 18 of the updated FSAR.
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In Section 2.1.4.2 of the licensing report, the licensee described the materials of construction of
the RVI components as primarily Type 304 stainless steel, with limited use of high-strength
precipitation hardening austenitic stainless steel and solution-annealed Type 316 stainless steel
in some fastener applications. The applicant indicated that there are a limited number of
fasteners because welded construction was used wherever possible. Other materials include
Stellite hardfacing (cobalt-based alloy) at potential wear points such as the snubber spacer
blocks on the core support barrel outside surface and Type 403 stainless steel for the upper
internals hold down ring. The licensee stated in this section that there are no applications of
nickel-based Alloy 600 or weld metals Alloys 82 or 182 in the RVI components and that there
are no applications of high-strength, precipitation-hardening nickel-base Alloys in the RVI
components.

Section 2.1.4.2 of the licensing report states that the primary objective of the RVI materials
assessment was to ensure that the EPU conditions (primary coolant chemical conditions,
temperature and neutron fluence) will not result in any new aging effects for the RVI materials
through the end of the 60-year operating period nor change the manner in which component
aging will be managed by the aging management programs (AMPs).

The licensee listed the following relevant degradation (aging) mechanisms for the RVI
components that were evaluated to assess the effects of the EPU:

A. Integrity of RV Fuel Cladding

B. Intergranular and Transgranular Stress Corrosion Cracking (IGSCC and TGSCC) of
Austenitic Stainless Steel

Irradiation-Enhanced Embrittlement

Irradiation-Assisted Stress Corrosion Cracking (IASCC) of Austenitic Stainless Steel
Irradiation-Induced Void Swelling of Austenitic Stainless Steel

Thermal Aging (Embrittlement) of Cast Austenitic Stainless Steel (CASS)
Irradiation-Enhanced Stress Relaxation of Threaded Structural Fasteners (TSFs).

@MMOUO

In Section 2.1.4.2.2 of the licensing report, the licensee described the service conditions for the
RVI components that will result from EPU. According to the licensee, the RCS chemistry
conditions are maintained by the RCS chemistry program, and these conditions are bounded by
the water chemistry conditions that were analyzed for the EPU, with respect to boron
concentration, lithium concentration, elevated temperature pH, and impurities. The core outlet
temperature will increase from 598 °F to 607.9 °F and the core inlet temperature will increase
from 548.6 °F to 551 °F. With respect to internal temperature of the RVl components, the
licensee indicated that the maximum value of the long-term steady-state temperature in the RVI
components as the result of gamma heating is 735.8 °F, which will be at a subsurface location
in the former plates of the core shroud near the mid-section of the core. The licensee stated
that the maximum neutron fluence after 60 years (55 EFPY) at the inner surface of the core
shroud, accounting for EPU conditions, is 7.01 x 10%2 n/cm? (E > 1MeV) and stated that the
areas of maximum neutron fluence are at the core shroud inner surfaces opposite the center
regions of the reactor core.

In Section 2.1.4.2.3 of the licensing report, the licensee evaluated the changes expected due to
the EPU for each aging mechanism listed above. The licensee identified no significant changes
to the severity of the aging mechanisms due to the EPU. For both IGSCC and TGSCC, the
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licensee concluded no significant changes would occur in these mechanisms because the
temperature increases are minor and because the reactor coolant chemistry will not change.

With respect to irradiation embrittlement, the licensee identified the core shroud as the limiting
component and listed several other components that are potentially affected by this mechanism.
The licensee indicated that the increase in neutron fluence due to EPU would not cause
significant additional decreases in fracture toughness for these RVI components.

With respect to IASCC, the licensee listed RVI components that are potentially susceptible.

The licensee concluded that operating experience did not indicate IASCC will become a major
problem for PWR RVI components, either with or without EPU, but could not be completely
ruled out. The licensee provided a threshold neutron fluence of 1 x 10?" n/cm? (E > 1.0 MeV) for
IASCC. The licensee listed the RVI components that are potentially susceptible to IASCC
based on this threshold. The licensee indicated that additional industry data is needed to
assess this mechanism, and until that data is available, IASCC will be managed through ISIs
conducted in accordance with Section XI of the ASME Code, Subsections IWB, IWC, and IWD
and the RVI Inspection Program. The licensee additionally credited the Chemistry Control
Program for management of IASCC of RVI components.

The licensee concluded that the total amount and severity of void swelling in the RVI
components will be minor at the end of the 60-year license period and will be managed through
ISls conducted in accordance with Section Xl| of the ASME Code, Subsections IWB, IWC, and
IWD Program and the RVI Inspection Program. The licensee also listed the Chemistry Control
program as a program that manages void swelling of RVl components.

With respect to thermal aging embrittliement of CASS components, the licensee stated that the
only components fabricated from CASS are the control element assembly (CEA) shroud tubes
and the flow bypass inserts. According to the licensee, the temperature of these components
for EPU conditions is determined by the core outlet temperature of 607.9 °F. The licensee
stated that both components use CASS with molybdenum content < 0.5 percent, which is less
susceptible than high molybdenum content components. The licensee stated that the CEA
shroud tubes were fabricated from centrifugal castings and are therefore, not susceptible to
thermal aging regardless of delta ferrite content. The licensee stated that the flow bypass
inserts fabrication specifications permitted either static or centrifugal castings, and the delta
ferrite content for these components is not known. Accordingly, the licensee determined that
these components are potentially susceptible to thermal aging.

The licensee stated that the CASS components may also be exposed to significant neutron
radiation. Accordingly, the licensee identified the synergistic effects of neutron embrittiement
and thermal embrittlement as a potential concern CASS components with neutron fluence
exposure greater than 10'" n/cm? (E > 1.0 MeV) and that are also susceptible to thermal
embrittlement. The licensee identified the flow bypass inserts as susceptible to the synergistic
effects of neutron embrittlement and thermal embrittlement because they experience neutron
fluence in excess of the 10" n/cm? (E > 1.0 MeV) threshold and are assumed to be susceptible
to thermal embrittlement based on the assumed static casting method and unknown delta ferrite
content. The licensee stated that the embrittlement of the CASS flow bypass inserts will be
managed by the RVI inspection Program and the Thermal Aging Embrittlement of CASS
Program.
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The licensee’s evaluation of irradiation-enhanced stress relaxation of RVI components
concluded that the small increases in neutron fluence and temperature due to EPU would not
adversely affect stress relaxation of RVI components. The licensee stated that several TSFs
are considered susceptible to stress relaxation. The licensee stated that the effects of aging
(i.e., loss of preload) on these TSFs due to irradiation-enhanced stress relaxation will be
managed by the inservice inspection (IS1) Program for the ASME Code, Section Xl, Subsections
IWB, IWC, and IWD.

The licensee concluded that there are no new degradation mechanisms for the RVI components
resulting from the EPU. The licensee also concluded that the AMPs identified to manage the
effects of aging due to these mechanisms are appropriate, and no changes are needed to these
AMPs. With respect to the aging management review of the RVI components conducted for
license renewal, the licensee concluded that there are no changes to the materials, component
or system functions, system boundaries, and AMPs identified. The licensee also concluded the
RVI components will continue to meet the regulatory requirements for GDC 1 and

10 CFR 50.55a after implementation of the EPU.

Staff Evaluation

Matrix 1 of Review Standard RS-001 provides the NRC staff's basis for evaluating the potential
for EPUs to affect the aging mechanisms identified above. In RS-001, Matrix-1, the staff states
that, in addition to the SRP, guidance on the neutron irradiation-related threshold level for
IASCC in RVI components is given in WCAP-14577, Rev. 1-A. The staff also noted that for the
RVI aging mechanisms identified by the licensee, Electrical Power Research Institute (EPRI)
Topical Report 1012081, “Materials Reliability Program [MRP]: PWR Internals Material Aging
Degradation Mechanism Screening and Threshold Values (MRP-175),” December 2005
recommends specific screening criteria based on neutron fluence threshold levels.

The staff compared the licensee’s evaluation of the aging mechanisms for the RVI components
for the EPU to the licensee’s evaluation of the aging effects and mechanisms for license
renewal. The staff noted that in the LRA for St. Lucie, Units 1 and 2, the aging mechanisms
identified for the RVI components are consistent with those identified for the EPU. The staff
noted that the LRA identified the loss of material due to wear as an aging effect. While this
aging effect is not specifically addressed in the licensing report, the staff determined that the
loss of material due to wear would be caused by loss of preload in bolted connections and
changing flow patterns in the core region. As discussed below, the licensee did address the
effects of irradiation-enhanced stress relaxation on the loss of preload in TSFs for EPU
conditions, and the licensee’s evaluation determined that the EPU will not increase flow rates in
the core region sufficiently to impact the rate of wear.

In the licensing report, the effects of the EPU are evaluated for the following aging mechanisms
for the RVI components: fuel cladding corrosion, SCC, irradiation embrittlement, IASCC, void
swelling, thermal embrittlement, and irradiation-enhanced stress relaxation.

The susceptibility of the St. Lucie 2 RVl components to these aging mechanisms (with the
exception of fuel cladding corrosion) was assessed for license renewal as documented in the
St. Lucie, Units 1 and 2 LRA and the associated SER (Reference 6). The LRA indentified the
following aging effects and the mechanisms that cause the aging effect: 1) cracking due to SCC
and IASCC, 2) reduction in fracture toughness due to irradiation embrittlement and thermal
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embrittlement, 3) loss of material due to wear, 4) loss of mechanical closure integrity due to
cracking (SCC and IASCC) and stress relaxation, 5) loss of preload due to stress relaxation,
and 6) dimensional change due to void swelling. No additional components were identified in
the licensing report as susceptible to these effects due to EPU, compared to those components
previously identified as susceptible to these effects.

Neutron fluence and temperature are important parameters with respect to assessing the
susceptibility of RVI components to these aging mechanisms. In particular, threshold neutron
fluence levels are identified for certain aging mechanisms in industry guidance documents and
topical reports such as WCAP-14577, Rev. 1-A and MRP-175. WCAP-14577, Rev. 1-A
establishes a neutron fluence threshold of 1 x 10?' n/cm? (E > 1.0 MeV) for the initiation of
IASCC, loss of fracture toughness, and/or void swelling in PWR RVI components made from
stainless steel (including CASS) or Alloy 600/82/182 materials. MRP-175 provides
recommended screening criteria for each of the above aging mechanisms based on more
detailed threshold fluence values. In identifying components as potentially susceptible to these
aging mechanisms the staff found that the licensee generally applied the most conservative
(i.e., lowest fluence threshold) screening criteria for identifying susceptible components for EPU
conditions. Section 2.1.4.2.2 of the licensing report provides the post-EPU values of the
end-of-license neutron fluence, the core inlet and outlet temperatures, and the peak metal
temperature due to gamma heating.

For the EPU, the changes in RCS operating conditions that could potentially affect aging
mechanisms associated with the RVI components are neutron fluence and RCS temperature
within the core region. The staff determined that the applicant correctly identified all of the aging
mechanisms that are potentially affected by changes in these operating conditions as a result of
the EPU.

With respect to adequacy of the licensee’s existing AMPs to manage the aging of the RVI, the
licensee credits its RVI Inspection Program for managing cracking due to SCC and IASCC, loss
of fracture toughness due to irradiation embrittlement and thermal aging, change in dimensions
due to void swelling, and loss of preload due to stress relaxation. With respect to the RVI
Inspection Program, the staff observes that FPL committed in the LRA to “submit a report
summarizing the aging effects applicable to reactor vessel internals, including a description of
the inspection plan,” prior to the end of the current 40-year operating term for St. Lucie 2 (see
NUREG-1779 (Reference 6) Section 3.1.0.7 and FSAR Supplement Section 18.1.4 (Appendix A
of the LRA)). FPL also committed to perform a one-time inspection of the RVI components (to
implement the enhanced inspections of the RVI Inspection Program). NUREG-1779
(Reference 6) also documents that St. Lucie, Units 1 and 2 are participating in the EPRI MRP
effort related to RVI, which would provide additional bases for inspections under the RVI
program. The licensee did not specifically commit during the license renewal process to
implement an RVI inspection program consistent with the guidance of the standard industry
program as did most of the later license renewal applicants.

Based on its July 8, 2011, response to an RAI that was issued for the staff’s review of the EPU
for St. Lucie 1, the licensee committed to implementing the NRC-approved version of the PWR
RVI inspection and evaluation (I&E) guidelines provided in EPRI Topical Report 1016596,
“Materials Reliability Program: Pressurized Water Reactor Internals Inspection and Evaluation
Guidelines (MRP-227-Rev. 0),” as modified by the staff's final SE for MRP-227, for managing
the effects of aging on the St. Lucie 1 RVI components. Similar to the RAI response for
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St. Lucie 1, the staff determined that the licensee should submit a statement for addressing its
commitment to implement the NRC-approved version of the MRP-227 guidelines at St. Lucie 2.
Therefore, in RAI EVIB-2 the staff requested that the licensee submit a statement addressing its
intent to revise the current FSAR Section 18.1.4 commitments to require implementation of the
NRC-approved version of the MRP-227 guidelines for St. Lucie 2 (MPR-227-A, (Reference 7)).
By letter dated December 20, 2011 (Reference 5), the licensee provided its response to RAI
EVIB-2. Inits RAIl response, the licensee stated that FPL hereby revises its current
commitments associated with the aging management of the St. Lucie 2 RVI components during
the period of extended operation to adopt the NRC-approved version of the MRP-227 guidelines
(i.e., MRP-227-A) in place of the existing RVI Inspection Program. The licensee’s RAI response
includes a revision to the current commitments associated with aging management of the RVI
components to require implementation of the MRP-227-A guidelines during the period of
extended operation. The staff found the licensee’s RAI response acceptable because the
licensee confirmed that its current commitments related to aging management of the RVI
components at St. Lucie 2 are revised to require implementation of MRP-227-A guidelines
during the period of extended operation, in place of the existing RVI inspection program.

The staff's evaluation of the effects of the EPU on the specific applicable aging mechanisms is
addressed below, with the exception of fuel cladding corrosion effects, which is discussed in
Section 2.8.

Stress Corrosion Cracking (SCC)

The staff determined that the licensee adequately addressed the effects of the EPU on IGSCC
and TGSCC for the RVI components. The staff notes that IGSCC and TGSCC are not
specifically affected by increases in neutron fluence resulting from the EPU; the effects of
neutron irradiation on SCC are addressed as a separate aging mechanism — IASCC, which is
discussed below. However, the staff determined that the applicant correctly addressed the
small temperature changes in the core region as a potential contributor to IGSCC and TGSCC.
Furthermore, the staff agreed that the small increases in the core inlet and outlet temperatures
would not result in a significant increase in the susceptibility of the RVI components to IGSCC
and TGSCC, because the RCS Chemistry Program ensures that aggressive ions are
maintained below the levels required to initiate IGSCC and TGSCC. The staff also agreed

that the EPU will not result in the introduction of any aggressive chemical species that could
affect the susceptibility of the RVI components to IGSCC and TGSCC. Specifically, the
concentrations of dissolved oxygen and halogens are unaffected by the EPU, and RCS pH
operating conditions are bounded by those analyzed for the EPU. The staff determined that the
licensee’s RCS Chemistry Program will continue to provide adequate mitigation of aging effects
related to IGSCC and TGSCC. With respect to IGSCC susceptibility of Alloy A-286 TSFs, the
staff agreed that the susceptibility of A-286 TSFs will likely not be affected by the EPU, because
peak stresses will remain below the 100 kilopound-force per square inch threshold identified as
a result of the analyses of previous failures of A-286 TSFs. In addition, since Topical Report
MRP-227-A specifies methods acceptable to the staff for managing cracking due to SCC
(including IGSCC and TGSCC) of RVI, the staff finds that IGSCC of A-286 TSFs will be
adequately managed in accordance with the RVI Inspection Program.
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Irradiation Embrittlement

The staff noted that, based on the neutron fluence data reported in Section 2.1.4.2.2 of the
licensing report and Table 2.1.4-2, the most limiting RVI component for EPU conditions, with
respect to loss of fracture toughness due to irradiation embrittiement, will continue to be the
inner surface of the core shroud, which is comprised of stainless steel plates and welds. Based
on the data reported in MRP-175, Section F.4, the staff determined that, for wrought stainless
steel components and stainless steel weld metals exposed to neutron fluence levels greater
than 40 displacements per atom (dpa) prior to the implementation of the EPU, any additional
increase in neutron fluence as a result of the EPU would result in no significant additional
decrease in fracture toughness due to the plateau of stainless steel material properties as a
function of neutron fluence in dpa. Therefore, the staff agreed with the licensee’s statement in
Section 2.1.4.2.3 of the licensing report, that the additional fluence resulting from EPU
conditions will not cause significant additional decrease in fracture toughness for the core
shroud plates and welds, because, as reported in Section 2.1.4.2.2 of the licensing report , the
maximum projected 60-year fluence at the inner surface of the shroud is 7.01 x 10% n/cm?

(E > 1.0 MeV), approximately equivalent to 102 dpa, for EPU conditions.

In Section 2.1.4.2.3 of the licensing report, the licensee identified all other stainless steel RVI
components (wrought and CASS components) that are expected to be exposed to sufficient
neutron fluence for EPU conditions to undergo significant decreases in fracture toughness due
to irradiation embrittlement. The staff determined that the licensee correctly identified these
components using neutron fluence screening criteria that are more conservative than the
threshold fluence values for irradiation embrittlement identified in MRP-175.

The staff determined that the licensee adequately identified the programs necessary for
managing the effects of aging (i.e., loss of fracture toughness) due to neutron irradiation
embrittiement for these RVI components: The ISI Program, which conducts inspections in
accordance with the requirements of the ASME Code, Section XI, Subsections IWB, IWC, and
IWD; and the RVI Inspection Program. In addition, since Topical Report MRP-227-A specifies
methods acceptable to the staff for managing loss of fracture toughness due to neutron
irradiation embrittlement of RVI, the staff finds that these programs are adequate for addressing
loss of fracture toughness due to irradiation embrittlement.

Irradiation-Assisted Stress Corrosion Cracking

In Section 2.1.4.2.3 of the licensing report, the licensee identified the stainless steel RVI
components (wrought and CASS components, including welds) that are projected to be
exposed to sufficient neutron fluence for EPU conditions to be considered potentially
susceptible to IASCC. The staff determined that the licensee correctly identified these
components using a neutron fluence screening criterion of 1 x 102" n/cm2 (E > 1.0 MeV), which
is more conservative / bounding than the corresponding threshold fluence value for IASCC
identified in MRP-175 (2 x 10%" n/cm2 (E > 1.0 MeV)).

The staff determined that the licensee adequately identified the programs necessary for
managing the effects of aging due to IASCC for these RVI components: The Inservice
Inspection (ISI) Program, which conducts inspections in accordance with the requirements of
the ASME Code, Section XI, Subsections IWB, IWC, and IWD; the RCS Chemistry Program;
and the RVI Inspection Program. In addition, since Topical Report MRP-227-A specifies
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methods acceptable to the staff for managing cracking due to IASCC of RVI, the staff finds that,
these programs are adequate for managing cracking due to IASCC of RVI components.

Void Swelling

MRP-175 identifies neutron fluence and temperature-based screening criteria for accessing
whether RVI components may be susceptible to significant distortions and/or loss of fracture
toughness from void swelling. Consistent with these screening criteria, the licensee identified
the regions of the core shroud behind the reentrant corners, which are closest to the reactor
core, and at the center of the core region where the horizontal plate is thicker, as being
susceptible to significant void swelling. The licensee stated that the susceptible regions are
localized and limited in number, and therefore the total amount of void swelling in the core
shroud should not be significant at the end of 60 years accounting for EPU conditions. The
staff agreed that void swelling has not yet been a significant issue in PWRs. However the staff
determined that the potential core shroud aging effects associated with void swelling should be
managed during the 60-year operating period.

The staff determined that the licensee adequately identified the programs necessary for
managing the potential effects of aging due to void swelling in the core shroud: The Inservice
Inspection (ISI) Program, which conducts inspections in accordance with the requirements of
the ASME Code, Section Xl, Subsections IWB, IWC, and IWD; and the RVI Inspection Program.
In addition, since Topical Report MRP-227-A specifies methods acceptable to the staff for
managing aging effects caused by void swelling of RVI, the staff finds that these programs are
adequate for managing change in dimensions and loss of fracture toughness due to void
swelling.

Thermal Aging

The NRC staff has identified thermal aging (i.e., embrittlement) of CASS RVI components as a
contributor to the susceptibility of these components to non-ductile fracture due to the reduction
in fracture toughness caused by this aging mechanism. Additionally, the synergistic effects of
thermal embrittlement and neutron irradiation embrittlement may result in significant decreases
in fracture toughness for susceptible components. NUREG-1801, Volume 2, “Generic Aging
Lessons Learned (GALL) Report,” Rev. 1, September 2005 (GALL Rev. 1), Chapter XI,
Section XI1.M13 (GALL Section XI.M13) specifies that CASS components susceptible to thermal
aging be identified based on (1) casting method (i.e. static cast components vs. centrifugal cast
components), (2) molybdenum content, and (3) delta ferrite content. Static castings, high
molybdenum, and high delta ferrite contents result in a CASS component that is more
susceptible to thermal embrittlement. For potentially susceptible components (identified based
on the three screening criteria above), the GALL program provides for the consideration of the
synergistic loss of fracture toughness due to neutron embrittiement and thermal aging
embrittlement. For each such component, an applicant/licensee can implement either (a) a
supplemental examination of the affected component as part of a 10-year ISI program during
the license renewal term, or (b) a component-specific evaluation to determine the component’s
susceptibility to loss of fracture toughness.

The staff determined that the licensee identified the CASS RVI components at St. Lucie 2: the

CEA shroud tubes and the flow bypass inserts. The temperature of both sets of components is
determined by the EPU core outlet temperature (607.9 °F) based on negligible gamma heating.
According to the licensee, both applications use CASS with low molybdenum content (less than
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0.5 percent). The staff noted that low molybdenum content CASS components are less
susceptible to thermal embrittiement than high molybdenum content components. Furthermore,
given that the CEA shroud tubes were fabricated from centrifugal castings, the staff agreed with
the licensee’s assertion that the CEA shroud tubes would not be susceptible to thermal
embrittlement regardless of delta ferrite content, based on the CASS thermal embrittlement
screening criteria identified in the GALL Program. Based on the licensee’s statement that the
casting method for the flow bypass inserts permitted either static or centrifugal castings, and
these components have unknown delta ferrite content, the staff agreed that the flow bypass
inserts were appropriately identified by the licensee as susceptible to thermal embrittlement.

For the flow bypass inserts, the staff agreed the licensee adequately addressed the impact of
the small core outlet temperature change due to the EPU on the potential for the CASS flow
bypass inserts to incur a reduction in fracture toughness in a shorter period of time. However,
the staff agreed with the licensee’s statement that the lower bound fracture toughness for these
components will not be affected by the small temperature increase. Additionally, the staff found
that the licensee adequately addressed the potential for the flow bypass inserts to undergo a
reduction in fracture toughness due to the synergistic effects of thermal embrittlement and
irradiation embrittlement. GALL Section XI.M13 indicates that the reduction in fracture
toughness due to the synergistic effect may occur at fluence levels greater than 1 x 10" n/cm?
(E > 1.0 MeV). Since the flow bypass inserts are identified as susceptible to thermal aging and
are exposed to neutron fluence greater than the above threshold, the staff determined that the
licensee correctly identified these components as requiring aging management under the RVI
Inspection Program and the Thermal Aging Embrittlement of CASS Program. These AMPs are
described in FSAR Chapter 18. In addition, since Topical Report MRP-227-A specifies methods
acceptable to the staff for managing loss of fracture toughness due to thermal aging, the staff
finds that these programs are adequate for managing loss of fracture toughness due to thermal
aging of RVI components.

Irradiation-Enhanced Stress Relaxation

MRP-175 identifies both irradiation-enhanced stress relaxation and thermal stress relaxation as
potential contributors to the loss of preload for TSFs. While the literature data are limited
regarding definitive stress relaxation threshold criteria and the extent of stress relaxation due to
irradiation and thermal effects, the MRP-175 report does recommend a conservative screening
criterion for irradiation-enhanced stress relaxation: 1.3 x 10 n/cm? (E > 1.0 MeV),
corresponding to approximately 0.2 dpa. Accordingly, it is recommended that all bolted PWR
internals locations that reach or exceed this threshold be further evaluated for functionality
during the operating life of the plant.

The staff determined that the licensee applied the above irradiation-enhanced stress relaxation
screening criterion for identifying the RVI components susceptible to irradiation-enhanced stress
relaxation during the 60-year operating period: the A-286 CEA shroud bolts and upper internals
guide lug insert bolts. The licensee noted that, although these bolts are not located adjacent to
the reactor core, these bolts are within the scope of aging management to detect evidence of
loss of bolt preload, based on projected bolt fluence exceeding the MRP-175 screening criterion
for stress relaxation identified above. With respect to thermal stress relaxation, the staff
determined that this could become a contributor to the overall loss of preload for the CEA
shroud bolts and the guide lug insert bolts; however the effects of the small temperature
changes due to the EPU on the overall loss of preload would be negligible. The staff
determined that the licensee’s existing ISI Program may not be adequate for managing the
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potential aging effects, specifically loss of bolt preload and loss of material due to wear,
associated with both thermal and irradiation-enhanced stress relaxation. However, the staff
determined that the temperature and fluence changes associated with the EPU will not have a
significant impact on the loss of preload due to stress relaxation for the subject TSFs. In
addition, since Topical Report MRP-227-A specifies methods acceptable to the staff for
managing loss of preload due to stress relaxation of RVI, in RAI EVIB-2, the staff requested the
licensee to discuss whether it would implement the MRP-227-A guidelines for the management
of stress relaxation. In its December 20, 2011, response to RAI EVIB-2, the licensee stated that
MRP-227-A includes inspection requirements for RVl components that are subject to stress
relaxation, and the FPL commitments associated with aging management of the St. Lucie 2 RVI
components are revised to require implementation of the MRP-227-A guidelines. Accordingly,
the staff finds that loss of preload due to stress relaxation will be adequately managed by the
RVI Inspection Program.

Summary

Based on its review as discussed above, the staff determined that the licensee adequately
addressed the impact of the proposed EPU on the aging mechanisms discussed above, with
respect to changes in neutron fluence and temperature within the core region. The staff
determined that the licensee adequately identified the RVI components susceptible to aging
degradation due to the mechanisms discussed above, based on the previously established
fluence thresholds identified for these aging mechanisms in WCAP-14577, Rev. 1-A and
MRP-175. The staff also noted that the licensee has committed to implementing the
MRP-227-A guidelines for aging management of its RVI components at St. Lucie 2.

The staff notes that when the plant-specific RVI component inspection program conforming to
MRP-227-A is submitted to the staff for review, the staff will review the program to ensure that it
includes an evaluation confirming that the operating conditions for St. Lucie 2, are bounded by
the operating conditions (neutron fluence, temperature, etc.) assumed as the basis for the
development of the generic I&E guidelines for RVI components in MRP-227-A, as required by
Applicant/Licensee Action Item No. 1 from Section 4.2 of the staff final SE for MRP-227-A.

RIS-001, in Note 1 to Matrix 1, states that for thermal and neutron embrittlement of CASS, SCC,
and void swelling, licensees will need to provide plant-specific degradation management
programs or participate in industry programs to investigate degradation effects and determine
appropriate management programs. As noted above, the licensee has an existing commitment
to implement a plant-specific AMP for the RVI components. In addition, the program will be
consistent with NRC-approved Topical Report MRP-227-A, which takes into account the
industry findings on void swelling, SCC, and thermal and neutron embrittlement of CASS, and
which the staff determined contains acceptable methods for managing thermal and neutron
embrittiement of CASS, SCC, and void swelling of RVI components. Therefore, the staff finds
that the recommendation in Note 1 of Matrix 1 of RIS-001 is met.

Conclusion
The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
susceptibility of RVI components to known degradation mechanisms and concludes that the

licensee has identified appropriate degradation management programs to address the effects of
changes in operating temperature and neutron fluence on the integrity of these components.
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The staff finds that the licensee has appropriately evaluated the potential for age related
degradation of the RVI components because it considered the changes in neutron fluence,
temperature, and water chemistry in its evaluation. The staff agrees with the licensee’s
conclusion that the RVI components will experience no new aging mechanisms or effects due to
the EPU and that the previously identified aging mechanisms and effects (identified through the
aging management review process conducted for license renewal) will continue to be
adequately managed by the programs identified (RVI Inspection Program, ASME Section XI
IWB, IWC, and IWD Program, and the Water Chemistry Program) for EPU conditions.
Furthermore, the staff determined that the licensee has committed to implementing the
MRP-227-A guidelines for aging management of its RVI components at St. Lucie 2, and the
MRP-227-A guidelines provide acceptable I1&E criteria for managing all known aging effects
associated with the RVI components.

Consistent with Matrix 1 of RS-001, the staff further concludes that the licensee has committed
to an augmented inspection program for the RVI and core support components to ensure that
the components will continue to meet the requirements of GDC 1 and 10 CFR 50.55a following
implementation of the proposed EPU. Therefore, the staff finds the proposed EPU acceptable
with respect to maintaining the structural integrity of the RVI components.

2.1.5 Reactor Coolant Pressure Boundary Materials

Requlatory Evaluation

The RCPB defines the boundary of systems and components containing the high-pressure
fluids produced in the reactor. The NRC staff's review of RCPB materials covered their
specifications, compatibility with the reactor coolant, fabrication and processing, susceptibility to
degradation, and degradation management programs. The NRC’s acceptance criteria for
RCPB materials are based on (1) 10 CFR 50.55a and GDC 1, insofar as they require that SSCs
important to safety be designed, fabricated, erected, constructed, tested, and inspected to
quality standards commensurate with the importance of the safety functions to be performed;
(2) GDC 4, insofar as it requires that SSCs important to safety be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents; (3) GDC 14, insofar as it requires
that the RCPB be designed, fabricated, erected, and tested so as to have an extremely low
probability of rapidly propagating fracture; (4) GDC 31, insofar as it requires that the RCPB be
designed with margin sufficient to assure that, under specified conditions, it will behave in a
nonbrittle manner and the probability of a rapidly propagating fracture is minimized; and

(5) 10 CFR Part 50, Appendix G, which specifies fracture toughness requirements for ferritic
components of the RCPB. Specific review criteria are contained in SRP Section 5.2.3 and other
guidance provided in Matrix 1 of RS-001. Additional review guidance for primary water
stress-corrosion cracking (PWSCC) of dissimilar metal welds and associated inspection
programs is contained in Generic Letter (GL) 97-01, Information Notice (IN) 00-17,

Bulletin (BL) 01-01, BL 02-01, and BL 02-02. Additional review guidance for thermal
embrittliement of CASS components is contained in a letter from C. Grimes, NRC, to D. Walters,
Nuclear Energy Institute (NEI), dated May 19, 2000.

The staff notes that the design bases of St. Lucie 2 conforms with the NRC GDC as specified in
10 CFR Part 50, Appendix A, effective May 21, 1971, and subsequently amended July 7, 1971,
and February 12, 1976. St. Lucie 2 fully satisfies and is in compliance with the GDC as
discussed in FSAR Section 3.1.
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Technical Evaluation

The licensee’s evaluation of RCPB materials covered the design specification, compatibility with
the reactor coolant, fabrication and processing, susceptibility to degradation, and degradation
management programs. The staff notes that the licensee did not change any of the materials of
construction in the RCPB as a result of this power uprate. As a result, the licensee applied less
emphasis on the issues of design specifications and fabrication and processing and more
emphasis on the issues of compatibility with the reactor coolant, susceptibility to degradation,
and degradation management programs. The staff concurs with this approach because the
issues of design specification and fabrication and processing are primarily issues associated
with new materials or components and the remaining issues related to material degradation
associated with changes in the RCPB environment. In its application, the licensee stated that
the principle materials from which the RCPB is constructed include: a) carbon and low alloy
steel; b) austenitic stainless steel; c) Alloy 600/82/182; and, d) Alloy 690/52/152. In its
application the licensee also stated that the primary environmental changes within the RCPB as
a result of the EPU will include: a) an increase in RCS hot leg temperature of 5.9 °F and RCS
cold leg temperature of 2.35 °F; and b) potential changes in water chemistry including lithium,
boron and pH, but not zinc, hydrogen, dissolved oxygen, chlorides, sulfates or other
contaminants. The pH values of the RCS water will remain between 7.15 and 7.2. The staff
notes that the principal modes of potential material degradation in the RCS system are: a) loss
of material due to various forms of corrosion including corrosion due to boric acid; b)
transgranular cracking; ¢c) PWSCC; and, d) thermal aging. While the potential exists that the
severity of the previously mentioned degradation mechanisms may increase, no additional
degradation mechanisms are foreseen.

The paragraphs that follow will consider the effect of the projected environmental changes on
each combination of material and degradation effect.

Carbon and Low Alloy Steel - Loss of Material

In its application the licensee stated that due to the replacement of the nine Alloy 600 instrument
and sampling nozzles in the hot leg by the half nozzle repair process, a small amount of carbon
steel hot leg piping is permanently exposed to reactor coolant. The staff notes that some
corrosion of carbon steel components can be expected in hot, dilute boric acid solutions such
as occur in the reactor coolant. The staff also notes that WCAP-15973-P-A, Low-Alloy

Steel Component Corrosion Analysis Supporting Small-Diameter Alloy 600/690 Nozzle
Repair/Replacement Program, addresses this corrosion issue. The staff further notes that the
licensee utilized this reference at the time the repairs were made to determine that sufficient
corrosion allowances prior to meeting minimum ASME Code criteria were available. The staff
finally notes that the EPU environmental conditions are bounded by those used in
WCAP-15973-P-A. This indicates to the staff that the original analysis remains valid under the
EPU conditions.

In its application the licensee also addressed the concept of leakage of reactor coolant onto the
external surfaces of RCS components. The staff notes that while the corrosivity of the leaking
fluid is very low, rapid evaporation of water causes the formation of solid boric acid in
conjunction with a highly concentrated boric acid solution on the external surfaces of RCS
components. This concentrated solution of boric acid corrodes carbon steel at an appreciable
rate. The staff also notes that the rate of corrosion of steel exposed to concentrated boric acid
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is primarily a function of the solution concentration and to a lesser extent on the absolute
temperature of the solution. The staff finds that the change in chemistry of the reactor coolant
will have no effect on corrosion of the external surfaces of RCS components since the
concentration of boric acid in the reactor coolant is essentially unrelated to the concentration
following evaporation on the external surface of the components. The staff also finds that the
change in corrosion rate on the external surfaces of steel components due to the EPU
temperature rise will be insignificant due to the small change in temperature

(1060 degrees Rankine (°R) to 1066 °R which is a change of 1.0 percent). The licensee stated
that it manages potential corrosion on the external surfaces of carbon and low alloy steel
components due to reactor coolant leakage through the use of AMP XI.M10, Boric Acid
Corrosion, as contained in Rev. 1 of the GALL Report (NUREG 1801). The staff identified this
approach to corrosion management as being acceptable for the current operating conditions
while evaluating the licensee’s application for license renewal. The staff finds that the Boric
Acid Corrosion AMP will remain an effective tool to mitigate corrosion of the external surfaces of
carbon and low alloy steel components under the EPU conditions.

Carbon and Low Alloy Steel - Transgranular Cracking, PWSCC, Thermal Aging

The degradation mechanisms, transgranular cracking, PWSCC, and thermal aging are not likely
to occur under environmental conditions resembling either the current operating conditions or
those for the EPU for carbon or low alloy steels. Additionally, based on material characteristics
such as chemical composition, crystal structure, and active/passive behavior, the staff finds no
basis to expect these degradation mechanisms in carbon or low alloy steels exposed to either
the current or EPU operating conditions. The staff, therefore, finds that these degradation
mechanisms have insignificant impact on RCPB materials under the EPU conditions.

Austenitic Stainless Steel - Loss of Material

In its discussion of carbon and low alloy steel components, the licensee states that the internal
surfaces of most carbon and low alloy steel components are clad with austenitic stainless steel.
The licensee also states that the EPRI PWR Water Chemistry Guidelines indicates that
increasing initial lithium concentrations up to 3.5 parts per million (ppm) with controlled boron
concentrations to maintain pH values between 6.9 and 7.4 does not produce undesirable
material integrity issues. The staff concurs with the licensee’s interpretation of the EPRI
guidelines. The staff also notes that due to its passive condition, stainless steel is highly
resistant to corrosion in near neutral pH solutions, as maintained by the proposed lithium and
boric acid additions to the coolant. The staff, therefore, finds that the loss of material due to
corrosion of stainless steel by reactor coolant is not a significant concern at either the existing or
the proposed EPU environmental conditions.

Austenitic Stainless Steel - Transgranular Cracking

In its discussion of stress corrosion cracking of austenitic stainless steels, the licensee identifies
transgranular cracking as a possible degradation mechanism for austenitic stainless steels. The
licensee also states that transgranular cracking of austenitic stainless steels occurs only in the
presence of halogens such as chlorides and dissolved oxygen. The licensee further states that
its current water chemistry is within EPRI recommended guidelines and that, relative to
halogens and oxygen, the water chemistry will not change under EPU conditions. The staff
notes that one of the objectives of the EPRI water chemistry guidelines is the prevention of
transgranular cracking. The licensee finally states that, in the absence of an increase in
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chlorides or oxygen, the slight increase in temperature under the EPU conditions will not result
in the occurrence of transgranular cracking of stainless steel. Based on its knowledge of the
extensive body of literature associated with transgranular cracking of stainless steels, the staff
finds that: a) the licensee has correctly identified the conditions that may lead to transgranular
cracking; and, b) the licensee has correctly concluded that transgranular cracking is not
expected under current operating conditions. Based on the absence of changes in critical
contaminants (i.e., chlorides and oxygen) between current and EPU conditions, the staff also
concurs with the licensee’s assessment that transgranular cracking of stainless steel is not
expected under EPU conditions. The staff, therefore, finds that additional precautions on the
part of the licensee for the prevention of transgranular cracking under EPU conditions are not
required.

Austenitic Stainless Steel - PWSCC

PWSCC does not generally occur in stainless steels; however, some instances of intergranular
cracking have occurred in sensitized stainless steel under dead leg conditions (see NRC

IN 2006-27). While these instances technically meet the definition of PWSCC (i.e., intergranular
cracking of material exposed to primary water) they are generally called IGSCC and are thought
to be caused by issues such as crevices, high halogens, and/or high oxygen concentrations.
Given the absence of operating experience of PWSCC in stainless steels exposed to reactor
coolant meeting the EPRI water chemistry guidelines, the staff finds that, in the absence of
additional contaminants, the slight increase in temperature expected at EPU conditions would
not likely lead to PWSCC in stainless steel materials.

Austenitic Stainless Steel - Thermal Aging

The staff notes that some CASSs are subject to thermal aging. Thermal aging manifests itself
as an increase in hardness and yield strength and a decrease in ductility and toughness. The
staff also notes that the degree of aging is a function of the chemistry of the steel and the
process by which it was cast. The rate of degradation is a function of the operating temperature
of the material. The licensee indicated that CASS is present in both the hot leg and cold leg

piping.

In its discussion of thermal aging of CASS, the licensee indicated that it has evaluated its CASS
components against the standards established in NUREG-1801 (GALL Report AMP XI.M12,
Thermal Aging Embrittlement of Cast Austenitic Stainless Steel (CASS). Based on that
evaluation the licensee stated that some, but not all of its CASS material met the AMP criteria
for exclusion from aging management. Excluded components include the reactor coolant pump
(RCP) casings, pump covers, and valve bodies. The licensee also stated that the aging of the
remaining material was being managed through the use of the AMP. The licensee further
stated that the increase in temperature between the current and EPU conditions would not
cause an increase in the number of components for which aging management was required.
The licensee finally stated that while the components subject to aging management may reach
their minimum toughness values more quickly due to the slight increase in temperature under
the EPU operating conditions, the AMP does not require any modification to the program as a
result. The staff finds that the licensee has accurately assessed the pertinent technical aspects
of thermal aging of austenitic stainless steel (i.e., an increase in temperature will affect the rate
but not the extent of toughness reductions for a CASS component).
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The staff also finds that the licensee has correctly interpreted the information regarding the
management of aging of CASS components contained within the AMP. The staff, therefore,
finds that no further action is required on the part of the licensee relative to thermal aging of
CASS as a result of the EPU temperature change. The staff also notes that the water chemistry
change associated with the EPU will not affect thermal aging of CASS because thermal aging of
CASS is a thermal rather than chemically driven process.

Alloy 600/82/182 - PWSCC

In its application the licensee acknowledges that the primary mode of degradation of

Alloy 600/82/182 components is PWSCC. To mitigate this mode of degradation, the licensee
has replaced most of the Alloy 600/82/182 components and welds in the RCPB. Despite this
replacement program, some Alloy 600/82/182 components/welds remain. The following
components in the RCPB still contain Alloys 600/82/182:

e Five hot-leg pipe weld pads used for the half-nozzle repairs of Alloy 600 instrument
nozzles;

o Nozzle-to-safe-end DM welds of the following cold leg nozzles: letdown and drain, safety
injection, charging inlet, spray, and RCP suction and discharge nozzles;

e Twelve cold-leg instrument nozzles and the welds connecting the nozzles to the RCS
piping and connecting the nozzles to austenitic stainless steel safe-ends;

o Thirty pressurizer heater sleeves and the Alloy 182 in the partial penetration welds
between the sleeves and pressurizer bottom head. The licensee states that the EPU will
not result in an increase in the pressurizer operating temperature or in changes in the
chemical conditions of the primary coolant in the pressurizer; thus, the potential for
PWSCC of these parts and welds will not be affected by the EPU; and

e One pressurizer Alloy 690 replacement instrument nozzle has an Alloy 82 weld pad on
the pressurizer outside diameter (OD) surface.

These components/welds are subject to PWSCC under current operating conditions, and,
because time for PWSCC crack initiation is reduced as temperature is increased, they are
subject to a more rapid onset of PWSCC under EPU conditions. The licensee has calculated
that the time required for initiation of PWSCC cracks will decrease approximately 21 percent in
hot leg locations as a result of the 5.9 °F temperature increase anticipated as a result of the
EPU.

The only hot leg location that has not been replaced or mitigated is the drain nozzle safe-end
weld. The staff notes that a much smaller decrease in time to PWSCC initiation will occur for
cold leg locations (approximately 10 percent compared to the pre-EPU temperature). The
licensee proposes to address the issue of PWSCC through the use of its Alloy 600 management
plan. The licensee stated that this plan follows industry experience, identifies and ranks

Alloy 600/82/182 locations, develops and maintains inspection plans and develops
mitigation/repair replacement strategies for remaining Alloy 600/82/182 components.

The staff finds that the licensee’s approach to managing PWSCC in the remaining hot-leg
location is acceptable because the licensee has been and will continue to inspect this weld
during each refueling outage and plans to replace or mitigate the weld at a future outage. This
inspection frequency is in accordance with ASME code case N-770-1 for both current and EPU
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hot leg temperatures. Code case N-770-1 with conditions has been incorporated by reference
into 10 CFR 50.55a.

The staff finds that the licensee’s approach to managing PWSCC in the cold leg locations
containing Alloy 600/82/182 is acceptable because: a) the licensee has a comprehensive

Alloy 600 management plan; b) the plan has been effective in managing hot leg components
under current operating conditions; c) the cold leg conditions under power uprate conditions are
cooler than the hot leg conditions under current operating conditions indicating that the program
has been demonstrated to be sufficiently robust to address cracking under the cold leg EPU
conditions; d) the Alloy 600 management plan was examined as part of the license renewal
process and found to be acceptable; and, e) the licensee needs to inspect Alloy 600/82/182
material in accordance with ASME Code Case N-770-1 with conditions as required in

10 CFR 50.55a(g)(6)(ii)(F).

To minimize PWSCC, the licensee must perform inspections of Alloy 600.82/192 material in
accordance with ASME Code Case N-722, N-729-1 and N-7701 in 10 CFR 50.55a. The staff
finds that PWSCC in Alloy 600/82/182 under the EPU conditions will be managed appropriately
through inspections as required by 10 CFR 50.55a.

Alloy 600/82/182 - Thermal Aging

In its application, the licensee fails to address thermal aging of Alloy 600/82/182. The staff
notes, however, that thermal aging of Alloy 600/82/182 has not yet been observed by the staff
under environmental conditions resembling either the current operating conditions or those for
the EPU. The staff also notes that thermal aging has been observed only in cast austenitic
stainless steels. Thermal aging in these steels is a function of casting method, molybdenum
content and delta ferrite content. The staff further notes that cast Alloy 600/82/182 is not used
in nuclear power plants. The staff additionally notes that the nickel and chromium equivalents in
Alloys 600/82/182 are such that no delta ferrite is expected. The staff finally notes that

Alloy 600 contains no more than trace level of molybdenum. The staff, therefore, finds that
thermal aging of Alloy 600/82/182 is not a significant degradation mechanism under the EPU
conditions.

Alloy 690/52/152 - Loss of Material

In its application the licensee does not specifically address the susceptibility to loss of material
of Alloy 690/52/152 components or welds. The staff notes that based on the chemical
composition of these materials, high nickel and chromium contents which lead to passive
behavior, these materials, when exposed to reactor coolant, are expected to be highly resistant
to corrosion. The staff further notes an absence of operating experience indicating that these
alloys are susceptible to loss of material. An examination of Rev. 2 to the GALL Report reveals
that there are no entries for loss of material due to any form of corrosion for nickel alloys
exposed to reactor coolant. The GALL Report does contain entries for loss of material due to
mechanisms such as wear or fretting for nickel alloy components exposed to reactor coolant.
As part of its license renewal process, the licensee has AMPs for the affected components
which are designed to detect and manage loss of material. The staff notes that while increases
in flow velocity which are likely to be associated with EPU conditions may accelerate this type of
wear, the AMPs in use by the licensee are not specific to any given flow rate and therefore will
monitor loss of material in Alloy 690/52/152. Due to the presence of these programs and to the
fact that they are not specific to the existing plant conditions, the staff finds that the licensee’s

OFHCGIAL USE ONLY —PROPRIETARYINFORMATION



OFFICIAL USE ONLY —PROPRIETARY-INFORMATION
-31-

approach for addressing loss of material of Alloy 690/52/152 components and welds under EPU
conditions is acceptable.

Alloy 690/52/152 - Transgranular Cracking

In its application, the licensee fails to address transgranular cracking of Alloy 690/52/152

(i.e., cracking of austenitic materials due to the presence of oxygen and halides). The staff
notes, however, those materials with high nickel contents such as Alloys 690/52/152 are less
susceptible to this form of degradation than Alloy 600/82/182. The staff finds that transgranular
cracking will not significantly affect Alloy 690/52/152 under the EPU conditions.

Alloy 690/52/152 - PWSCC

In its application the licensee states that, based on substantial laboratory data, Alloy 690/52/152
is significantly more resistant to PWSCC than Alloy 600/82/182. The licensee also states that,
based on 20 years of field experience for Alloy 690 and 15 years of field experience for

Alloy 52/152, there have been no reports of PWSCC up to temperatures of 653 °F. The staff
has incorporated the use of ASME code case N-729-1 and N-770-1 in 10 CFR 50.55a. These
code cases address examination requirements for PWR RV upper heads and examination
requirements for class 1 PWR piping and vessel nozzle welds fabricated from Alloy 82/182 with
or without mitigation activities (including weld overlays with Alloy 52/152). The staff finds that
compliance with these code cases as incorporated in 10 CFR 50.55a is sufficient to address
concerns of PWSCC in Alloy 690/52/152 piping components and welds. (The staff’'s evaluation
of Alloy 690 SG tubing is discussed in the SG section of this SE.) The staff finds that PWSCC
in Alloy 690/52/152 under the EPU conditions will be monitored and addressed by the above
ASME Code Cases as incorporated by reference in 10 CFR 50.55a.

Alloy 690/52/152 / Thermal Aging

In its application, the licensee does not address thermal aging of Alloy 690/52/152. The staff
notes, however, that thermal aging of Alloy 690/52/152 has never been observed by the staff
under environmental conditions resembling either the current operating conditions or those for
the EPU. The staff also notes that thermal aging has been observed only in cast austenitic
stainless steels. Thermal aging in cast austenitic stainless steels is a function of casting
method, molybdenum content and delta ferrite content. The staff further notes that cast

Alloy 690/52/152 is not used in nuclear power plants. The staff additionally notes that the nickel
and chromium equivalents in Alloys 690/52/152 are such that no delta ferrite is expected. The
staff finally notes that Alloy 690 contains no more than trace levels of molybdenum. The staff,
therefore, finds that thermal aging of Alloy 690/52/152 is not a significant degradation
mechanism under the EPU conditions.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on the
susceptibility of RCPB materials to known degradation mechanisms and concludes that the
licensee has identified appropriate degradation management programs to address the effects of
changes in system operating temperature on the integrity of RCPB materials. The NRC staff
further concludes that the licensee has demonstrated that the RCPB materials will continue to
be acceptable following implementation of the proposed EPU and will continue to meet the
requirements of GDC 1, GDC 4, GDC 14, GDC 31, 10 CFR Part 50, Appendix G, and
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10 CFR 50.55a. Therefore, the NRC staff finds the proposed EPU acceptable with respect to
RCPB materials.

2.1.6 Leak-Before-Break

Reqgulatory Evaluation

Leak before break (LBB) analyses provide a means for eliminating from the design basis the
dynamic effects of postulated pipe ruptures. NRC approval of LBB for a plant permits the
licensee to (1) remove protective hardware along the piping system (e.g., pipe whip restraints
and jet impingement barriers) and (2) redesign pipe connected components, their supports, and
their internals. The NRC staff's review for LBB covered (a) direct pipe failure mechanisms (e.g.,
water hammer, creep damage, erosion, corrosion, fatigue, and environmental conditions);

(b) indirect pipe failure mechanisms (e.g., seismic events, system overpressurizations, fires,
flooding, missiles, and failures of SSCs in close proximity to the piping); and (c) deterministic
fracture mechanics and leak detection methods. The NRC’s acceptance criteria for LBB are
based on GDC 4, insofar as it allows for exclusion of dynamic effects of postulated pipe ruptures
from the design basis. Specific review criteria are contained in SRP Section 3.6.3 and other
guidance provided in Matrix 1 of RS-001.

The design bases of St. Lucie 2 conforms to the NRC GDC as specified in 10 CFR Part 50,
Appendix A, effective May 21, 1971, and subsequently amended July 7, 1971, and
February 12, 1976.

Technical Evaluation

In section 2.1.6.2 of its application, the licensee states that the current structural design basis
for the plant includes the application of LBB methodology to eliminate consideration of the
dynamic effects resulting from pipe breaks in the RCS primary loop piping. The licensee also
stated that the original LBB analysis was conducted in accordance with CE Owner’s Group
(CEOG) Report CEN-367-A Rev. 000, Leak Before Break Evaluation of Primary Coolant Loop
Piping in Combustion Engineering Designed Nuclear Steam Supply Systems [NSSSs],
February 1991. As denoted by the “-A” in the report designation, the approach for the analysis
of LBB, which is described in the report, has been accepted by the staff. The staff's SE is
included in the report. The licensee further stated that, as part of its license renewal it
requested Westinghouse Electric Company (Westinghouse) to conduct a plant specific
reevaluation of the original LBB analysis for the EPU conditions.

The results of the review determined that the only changes in the input parameters affecting
LBB were the normal operating loads on the primary loop piping, which were different from the
original analysis. However, the EPU piping loads are bounded by the piping loads previously
evaluated.

Staff guidance for LBB analyses is contained in SRP Section 3.6.3 and NUREG-1601 Volume 3.
This guidance states that LBB analyses should: a) demonstrate that margin exists between the
“critical” flaw size and a postulated flaw that yields a detectable leak rate; b) demonstrate that
there is sufficient margin between the leakage through a postulated flaw and the leak detection
capability; ¢) demonstrate margin on the applied load; and, d) demonstrate that fatigue crack
growth is negligible. Acceptance criteria for LBB analyses include: a) margin of 10 on
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detectable leak rate; b) margin of 2 on flaw size; and, c) margin of v2 on loads for leakage flaw
size. The staff notes that the primary inputs to LBB analyses are material properties (which are
functions of the materials used and temperature), internal pressure, normal operating loads,
safe-shutdown earthquake (SSE) loads, and certain plant transients.

The staff notes that the principal changes associated with EPU conditions are: a) a change in
RCS flow rate; b) an increase in both RCS hot and cold leg temperatures; and, c) changes in
water chemistry.

In considering the effects of the changes to the RCS system environment caused by the EPU
which may affect the LBB analysis, the staff finds that: a) water chemistry changes will not affect
the LBB analysis significantly; b) changes in hot and cold leg temperatures may affect material
properties; c) changes in fluid flow and changes in hot and cold leg temperature may change
normal operating loads; d) internal pressure for the LBB analysis will not change because
system pressure does not change as a result of the EPU; and, e) SSE loads will not change as
the characteristics of the SSE are not affected by the EPU.

The staff notes that the original analysis conservatively utilizes stress strain properties for

650 °F and fracture toughness properties for 550 °F. Since the change in temperature as a
result of the EPU remains within these bounds, the staff finds that the actual changes in material
properties resulting from the EPU do not affect the original LBB analysis.

In its application the licensee states that changes in normal operating loads do occur as a result
of EPU conditions. However, the licensee also states that changes in normal operating loads
resulting from the EPU are bounded by the normal operating loads used in the original LBB
analysis because the normal operating loads originally used were selected to bound the normal
operating loads at several plants. The staff finds that the loads used in the original LBB analysis
bound the loads from the EPU conditions.

Based on the above analysis, the staff concurs with the licensee’s assertion that the LBB
analysis for the EPU conditions is bounded by the original analysis and that the LBB analysis for
the EPU conditions satisfies the acceptance criteria of SRP Section 3.6.3.

The staff notes, however, that one aspect of the original LBB analysis, the existence of
components and welds which are susceptible to PWSCC and which have not been mitigated, is
contrary to guidance found in SRP Section 3.6.3. The staff has established precedent for
accepting LBB analyses for conditions in which non mitigated, PWSCC susceptible, welds or
components are present based on increased inspections performed in accordance with

10 CFR 50.55a(g)(6)(ii)(F). In this instance, the staff chooses to remain consistent with this
precedent and accepts the licensee’s LBB analysis despite its deviation from SRP

Section 3.6.3. The staff is, however, reviewing the PWSCC issue with respect to leak before
break evaluations. If necessary, changes in the staff policy on this issue will be generically
addressed for all plants.

Conclusion
The NRC staff has reviewed the licensee’s evaluation of the effects of the proposed EPU on the

LBB analysis for the plant and concludes that the licensee has adequately addressed changes
in primary system P-T and their effects on the LBB analyses. The NRC staff further concludes
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that the licensee has demonstrated that the LBB analyses will continue to be valid following
implementation of the proposed EPU and that lines for which the licensee credits LBB will
continue to meet the requirements of GDC 4. Therefore, the NRC staff finds the proposed EPU
acceptable with respect to LBB.

2.1.7 Protective Coating Systems (Paints) - Organic Materials

Requlatory Evaluation

Protective coating systems (paints) provide a means for protecting the surfaces of facilities and
equipment from corrosion and contamination from radionuclides and also provide wear
protection during plant operation and maintenance activities. The NRC staff’s review covered
protective coating systems used inside the containment for their suitability for and stability under
design basis loss-of-coolant accident (DBLOCA) conditions, considering radiation and chemical
effects. The NRC’s acceptance criteria for protective coating systems are based on

(1) 10 CFR Part 50, Appendix B, which states QA requirements for the design, fabrication, and
construction of safety-related SSCs and (2) RG 1.54, Rev. 2, for guidance on application and
performance monitoring of coatings in nuclear power plants. Specific review criteria are
contained in SRP Section 6.1.2.

The licensee stated that coatings located within the reactor containment building (RCB), which
could potentially be subjected to design-basis accident (DBA) conditions, are referred to as
Service Level | coatings. The primary purposes of Service Level | protective coatings are to
provide corrosion protection and a suitable surface with regard to radioactive decontamination.
Since Service Level | protective coatings are located within the RCB, failure to remain adhered
to the surfaces to which they are applied could result in a larger than anticipated build-up of
coating material debris at the containment sump strainers during a DBA. Conceivably, such a
build-up could adversely impact the flow of water through the nuclear safety-related containment
sump strainers and, correspondingly, the flow of water available for the safety-related function of
the Emergency Core Cooling System (ECCS).

FSAR Section 6.3.2.2.2a provides the summary of the response to NRC GL 98-04, regarding
potential degradation of ECCS and containment spray (CS) system due to protective coatings
failure and foreign material accumulation in containment recirculation sumps after a loss-of-
coolant accident (LOCA). The licensee’s response to GL 98-04 is documented in a letter from
J. A. Stall (FPL), Generic Letter 98-04 Initial Response, to NRC Document Control Desk; dated
November 4, 1998, as summarized below. The NRC closed this issue for St. Lucie 2 via letter
from K. N. Jabbour (NRC), Completion of Licensing Action for Generic Letter 98-04, Potential
for Degradation of the Emergency Core Cooling System and the Containment Spray System
after a Loss-of-Coolant Accident Because of Construction and Protective Coating Deficiencies
and Foreign Material in Containment, to T. F. Plunkett (FPL) dated December 9, 1999.

The licensee stated work on Service Level | protective coatings are controlled as a “Special
Process” in accordance with requirements of ASME NQA-1-1994, Quality Assurance
Requirements for Nuclear Applications, and 10 CFR Part 50 Appendix B. Technical and quality
requirements for procurement, surface preparation, application, surveillance, and maintenance
of Service Level | protective coatings in containment are derived from an engineering
specification. The licensee does not use commercial grade dedication for Service Level |
protective coatings in containment. Additionally, the following inspections are discussed in the
licensee’s response:
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1. Inspection of safeguards sump is performed every refueling outage;
2. Inspection of containment for loose debris at the end of each outage prior to restart;

3. Inspection of containment coatings at the end of each refueling outage to ensure that
quantities of unqualified coatings are below acceptable limits.

Technical Evaluation

The licensee stated that although coatings typically do not perform a nuclear safety function,
detachment from protected surfaces is an especially important consideration inside
containment. Qualified containment coatings are required to remain intact after a design basis
LOCA (DBLOCA) to avoid compromising the ECCS or safety-related CS system by plugging
containment sump screens with debris. For the purposes of this review, the staff evaluated the
results of the DBA qualification testing of the Service Level | coatings currently used in
containment to ensure that the current DBA testing bound the anticipated conditions inside
containment following a DBLOCA, post-EPU implementation.

As a result of implementing the EPU, the minimum boric acid concentration of the refueling
water tank (RWT) and safety injection tanks (SITs) will be increased by 180 ppm, which will
result in slightly reducing the anticipated maximum sump pH during a DBLOCA. No
modifications to the CS system or the associated iodine removal system will be made as a
result of the EPU. The maximum boric acid concentration in the RWT and the SITs is not
changing as a result of the EPU; therefore, the minimum containment sump pH will remain
approximately 7. Based on the planned changes to the CS system, the licensee stated that the
slight chemistry changes resulting from the EPU will have a negligible impact on the Service
Level | coatings inside containment.

The Service Level | coatings were qualified to a temperature of 286 °F from zero to 2.8 hours
and 219 °F from 2.8-23.9 hours during DBA qualification testing. The anticipated temperature in
containment following a DBLOCA at EPU conditions is 267 °F from zero to 2.8 hours, and

209 °F from 2.8-23.9 hours. The maximum pressure during the DBA qualification testing of the
Service Level | coatings was 54 pounds per square inch gauge (psig), while the anticipated
pressure in containment following a DBLOCA at EPU conditions is 43.48 psig. The maximum
cumulative dose during the DBA qualification testing of the Service Level | coatings was

3 x 10® Rads, while the anticipated cumulative dose in containment following a DBLOCA at EPU
conditions is 1.42 x 10® Rads. In all the above cases, the staff agrees that the DBA qualification
testing bounds the anticipated changes in the chemistry, temperature, pressure and radiation in
containment, following a DBLOCA at EPU conditions.

Conclusion

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

Regulatory Evaluation

Flow accelerated corrosion (FAC) is a corrosion mechanism occurring in carbon steel
components exposed to single-phase or two-phase water flow. Components made from
stainless steel are immune to FAC, and FAC is significantly reduced in components containing
even small amounts of chromium or molybdenum. The rates of material loss due to FAC
depend on flow velocity, fluid temperature, steam quality, oxygen content, and pH. During plant
operation, it is not normally possible to maintain these parameters in a regime that minimizes
FAC; therefore, loss of material by FAC can occur. The NRC staff reviewed the effects of the
proposed EPU on FAC and the adequacy of the licensee’s FAC program to predict the rate of
material loss so that repair or replacement of damaged components could be made before
reaching a critical thickness.

The licensee’s FAC program is based on NUREG-1344, NRC GL 89-08, and the guidelines in
EPRI Report NSAC-202L-R2 & R3 “Recommendations for an Effective Flow-Accelerated
Corrosion Program” dated April 1999 and August 2007 respectively. The FAC program predicts
loss of material using the CHECWORKS™ computer code, as well as visual inspection and
volumetric examination of the affected components. The NRC’s acceptance criteria are based
on the structural evaluation of the minimum acceptable wall thickness for the components
undergoing degradation by FAC.

Technical Evaluation

The licensee stated that the FAC program predicts, detects, monitors, and mitigates FAC in high
energy carbon steel piping associated with the main steam, extraction steam, main FW, heater
drains and blowdown systems, and is based on industry guidelines and experience. The
licensee also stated that the FAC program addresses internal loss of material of drain lines and
selected steam trap lines due to flow accelerated corrosion.

The licensee stated that large bore piping systems that are susceptible to FAC and meet the
minimum criteria for effective modeling are analyzed using the EPRI computer code
CHECWORKS™ SFA. Inputs to the CHECWORKS™ SFA code include heat balance
information (steam cycle data), water chemistry data, piping line data, and pipe material and
component data. Wear rates of piping components are obtained using the wear calculation
feature of CHECWORKS™ SFA. The FAC computer program also utilizes CHECWORKS™
SFA for determination of minimum predicted wall thickness at the next inspection interval. The
licensee additionally stated that piping component structural calculations, where required to
satisfy code requirements, are performed by site engineering.

Certain systems and pipe segments have usage and flow rates that cannot be accurately
quantified because demand and operating conditions vary greatly or are controlled by a remote
level, pressure, or temperature signal. These systems cannot be effectively modeled using
CHECWORKS™ SFA and the licensee has categorized them as Susceptible-Non-Modeled
systems. For determination of wear rates in Susceptible-Non-Modeled lines, the licensee stated
that ultrasonic testing (UT) or radiography techniques (RT) inspections are performed at
selected locations, usually immediately downstream of flow orifices, steam traps, control valves,
etc. The five methods commonly used for determining the wear of piping components from
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inspection data are: (1) Band Method, (2) Averaged Band Method, (3) Area Method, (4) Moving
Blanket Method, and (5) Point-to-Point Method. Although methods (1) through (4) use different
approaches, the total wear is the difference between an initial/baseline thickness and the
minimum measured thickness. This value is divided by the in-service life of the component to
determine the wear rate. In method (5), the difference between two sets of thickness data from
two different examination dates are used to determine the wear rate over the component
inservice life between the dates of examination.

The licensee additionally stated that radiography is used normally in the Long-Term Flow
Accelerated Corrosion Monitoring Program for small bore components and may be used on
large bore components that are 8 inches in diameter or less and Schedule 40; computed
radiography is not used where wear rate trending is required. For determination of wear rates in
large bore Susceptible-Non-Modeled piping and components in the FAC program, the licensee
stated that ultrasonic testing measurements are taken at selected locations. The licensee’s
FAC engineer then determines the wear rate and predicts the wall thickness at the next outage,
and the time to the next inspection.

In its letter dated February 25, 2011, the licensee provided Tables 2.1.8-1 and 2.1.8-2, which
compared the current wear rates of a sampling of highly susceptible lines, with post-EPU wear
rates. The tables also compared predicted wall thickness with measured wall thickness at the
pre-EPU wear rate. On July 26, 2011, the staff issued an RAI to obtain information on
components, with nondestructive engineering testing performed, in the same or similar lines as
those provided in Tables 2.1.8-1 and 2.1.8-2. In its response, dated August, 25, 2011, the
licensee provided tables listing additional inspected components to supplement Tables 2.1.8-1
and 2.1.8-2.

The tables provided by the licensee showed both increases and decreases in predicted FAC
wear rates; however, the staff finds the corrosion rate changes reasonable for the
corresponding changes in operating conditions. Additionally, of the 29 lines with
non-destructive evaluation data provided, all 29 lines (100 percent) showed that the predicted
wall thickness was more conservative than the measured wall thickness, measured by UT or
RT, at the current wear rate. The staff finds that the current FAC program incorporates
adequate conservatism to ensure that components susceptible to FAC will be managed
appropriately prior to exceeding minimum wall thickness after implementation of the proposed
EPU.

The licensee also stated that, prior to the implementation of the EPU the CHECWORKS™ SFA
program will be updated to reflect the EPU heat balances and the new thermodynamic flow
conditions. The licensee stated that an enhanced monitoring program will be implemented to
develop baseline EPU erosion rates, define inspection periodicity, predict long-term degradation
rates, and perform maintenance as required.

Conclusions

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

2.1.9 SG Tube Inservice Inspection

Reqgulatory Evaluation

SG tubes constitute a large part of the RCPB. SG tube ISI provides a means for assessing the
structural and leak tight integrity of the SG tubes through periodic inspection and testing of
critical areas and features of the tubes. The NRC staff’s review in this area covered the effects
of changes in differential pressure (DP), temperature, and flow rates resulting from the proposed
EPU on plugging limits, potential degradation mechanisms (e.g., flow-induced vibration), plant-
specific alternate repair criteria, and redefined inspection boundaries. The NRC’s acceptance
criteria for SG tube ISI are based on 10 CFR 50.55a requirements for periodic inspection and
testing of the RCPB. Specific review criteria are contained in SRP Section 5.4.2.2 and other
guidance provided in Matrix 1 of RS-001. Additional review guidance is contained in St. Lucie 2
TS 3.4.5, Steam Generator Tube Integrity for SG surveillance, NRC RG 1.121 for SG tube
plugging limits, NRC GL 95-03 and NRC BL 88-02 for degradation mechanisms; and NEI| 97-06
for structural and leakage performance criteria.

Technical Evaluation

St. Lucie 2 has two replacement SGs manufactured by AREVA. Each SG has 8999 thermally
treated Alloy 690 tubes with an OD of 0.75 inches and a wall thickness of 0.043 inches. During
manufacturing, all tubes were hydraulically expanded at both ends over the full depth of the
tubesheet. The tubesheet was drilled on a triangular pitch with 1.0-inch spacing,
center-to-center. The radius of the row 1 U-bends is 4.134 inches. The U-bends in rows 1
through 15 were stress relieved after bending. Seven Type 410 stainless steel support plates
(each 1.181-inches thick), which have broached trefoil holes, support the vertical section of the
tubes, and four sets of antivibration bars (each 0.112 inch thick) made from Type 405 stainless
steel support the U-bend section of the tubes.

The TS surveillance requirement 4.4.5.1 requires the SG tube integrity to be verified in
accordance with the licensee’s SG program. The licensee stated that the current SG program
will continue to be utilized to assess SG tubing structural and leakage integrity following the
change in SG operating conditions (temperature, steam pressure, steam and FW flow)
associated with the implementation of the EPU. Additionally, the licensee conducted an
evaluation to assess the effects of the EPU on SG tube integrity due to potential changes in
pressure, temperature, and flow rates. In the evaluation, the licensee determined three areas
where the EPU could have an effect on SG tube integrity: tube support wear, foreign objects,
and corrosion degradation. The licensee stated that although process parameter changes due
to the EPU may impact the initiation and growth rates of these various degradation
mechanisms, the changes are considered as part of the current SG program and will be
considered in future degradation and monitoring assessments.

The licensee stated that the SGs have experienced wear at the tube supports; specifically at the
anti-vibration bars in the U-bend region and at tube support plates in the straight sections. The
cumulative plugging fraction for both SGs is very low for all causes with only 0.089 percent in
SG 2A and 0.067 percent in SG 2B. Cumulatively, there are 2042 (11.3 percent) tubes with
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identified tube support wear, most of which the licensee stated are very shallow in nature. The
licensee stated that inspections required by the existing SG program would detect large
changes easily, and more subtle changes would be detected by the evaluation of wear rates of
each inspection.

The licensee stated that wear may also result from a foreign object, depending on the mass of
the foreign object. Secondary side visual inspections are routinely performed in both SGs
during plant outages to evaluate the effectiveness of sludge lancing and to detect and
investigate any potential foreign objects. The licensee stated that through the end of Cycle 17
inspections, all known foreign objects have been removed from both SGs.

The licensee stated that for the increase in Ty (increasing from 569.3 °F to 604.0 °F), the
impact of the initiation of corrosion degradation is expected to be negligible based on current
operating experience at the plant compared to other Alloy 690 thermally treated plants operating
at higher Ty, conditions and for longer operating periods in terms of effective full power hours.
The licensee additionally stated that the inspection scope for future tube examinations, and the
continual monitoring of operating experience of other similar Alloy 690 thermally treated plants,
is sufficient to establish the onset of corrosion degradation.

Finally, the licensee stated that the increase in pressure difference across the tube wall, from
1365 psi to 1400 psi, will be incorporated into the new operational assessment and repair limits
at the beginning of Cycle 19, coinciding with the planned implementation of the EPU.

Conclusion

The NRC staff has reviewed the licensee's evaluation of the effects of the proposed EPU on
SG tube integrity and concludes that the licensee has adequately assessed the continued
acceptability of the plant’'s TSs under the proposed EPU conditions and has identified
appropriate degradation management inspections to address the effects of changes in
temperature, DP, and flow rates on SG tube integrity. The NRC staff further concludes that the
licensee has demonstrated that SG tube integrity will continue to be maintained and will
continue to meet the performance criteria in NEI 97-06 and the requirements of 10 CFR 50.55a
following implementation of the proposed EPU. Therefore, the NRC staff finds the proposed
EPU acceptable with respect to SG tube ISI.

2.1.10 SG Blowdown System

Requlatory Evaluation

Control of secondary side water chemistry is important for preventing degradation of SG tubes.
The SG blowdown system (SGBS) provides a means for removing SG secondary side
impurities and thus, assists in maintaining acceptable secondary side water chemistry in the
SGs. The design basis of the SGBS includes consideration of expected and design flows for all
modes of operation. The NRC staff’s review covered the ability of the SGBS to remove
particulate and dissolved impurities from the SG secondary side during normal operation,
including anticipated operational occurrences (AOQOs) (main condenser in-leakage and
primary-to-secondary leakage). The NRC’s acceptance criteria for the SGBS are based on
GDC 14, insofar as it requires that the RCPB be designed to have an extremely low probability
of abnormal leakage, of rapidly propagating fracture, and of gross rupture. Specific review
criteria are contained in SRP Section 10.4.8.
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Technical Evaluation

The SGBS provides for continuous blowdown between 18,900 Ib/hr and 94,500 Ib/hr from above
the SG tube sheet from two 2-inch blowdown nozzles that are piped into a single blowdown
header per SG. This continuous blowdown prevents the concentration of soluble and insoluble
impurities in the SGs (in conjunction with the chemical feed and secondary sampling systems),
thus preventing or minimizing the degradation of the RCPB SG tubes from the secondary side.
The blowdown lines from each SG pass through the containment penetrations and containment
isolation valves to the SG blowdown treatment facility where the blowdown is cooled, filtered,
purified by ion exchange and sent to monitoring storage tanks prior to recycling back to the
condenser or to the discharge canal. The blowdown is cooled to 120 °F using a closed cycle
cooling system that is cooled by the open cycle cooling system. The intake cooling water
system provides the cooling for the open cycle HXs.

The licensee stated that the increased steam and FW flow rates at EPU conditions do not
significantly affect the concentration of impurities throughout the turbine cycle nor increase the
effect of the impurities on the SGs. The licensee further stated that the normal operating
blowdown flow rate will remain within design limits and will continue to control chemistry as
required; therefore, no changes to the SGBS design flow rates or operational modes are
needed as a result of the EPU.

The licensee additionally stated that the maximum operating pressure in the secondary side of
the SGs increases slightly (7.4 psi) and the maximum operating temperature is unchanged for
EPU operation. The existing design P-T of the SG blowdown piping (985 psig and 550 °F)
remain bounding and do not change at EPU conditions; therefore, no modifications to the SGBS
piping system, including the pumps, valves, tanks, vessels and HXs are required as a result of
implementation of the EPU.

Conclusion

The NRC staff reviewed the effects of the proposed EPU on the SGBS and based on there not
being a change in the blowdown flow rate, the maximum operating temperature of the system,
and because the pressure at EPU conditions does not challenge the existing design pressure,
the staff has determined that the SGBS will continue to perform its function post-EPU
implementation. The NRC staff also has reviewed the licensee's evaluation of the effects of the
proposed EPU on the SGBS and concludes that the licensee has adequately addressed
changes in system flow and impurity levels and their effects on the SGBS. The NRC staff
further concludes that the licensee has demonstrated that the SGBS will continue to be
acceptable and will continue to meet the requirements of GDC 14 following implementation of
the proposed EPU. Therefore, the NRC staff finds the proposed EPU acceptable with respect
to the SGBS.

2.1.11 Chemical and Volume Control System

Requlatory Evaluation

The chemical and volume control system (CVCS) and boron recovery system (BRS) provide
means for (a) maintaining water inventory and quality in the RCS, (b) supplying seal water flow
to the RCP and pressurizer auxiliary spray, (c) controlling the boron neutron absorber
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concentration in the RCS, (d) controlling the primary water chemistry and reducing coolant
radioactivity level, and (e) supplying recycled coolant for demineralized water makeup for
normal operation and high-pressure injection flow to the ECCS in the event of postulated
accidents. The NRC staff reviewed the safety related functional performance characteristics of
CVCS components. The NRC’s acceptance criteria are based on (1) GDC 14, insofar as it
requires that the RCPB be designed so as to have an extremely low probability of abnormal
leakage, of rapidly propagating fracture, and of gross rupture, and (2) GDC 29, insofar as it
requires that the reactivity control systems be designed to assure an extremely high probability
of accomplishing their safety functions in the event of AOOs. Specific review criteria are
contained in SRP Section 9.3.4.

Technical Evaluation

The CVCS is described in FSAR Section 9.3.4. The system is designed to perform the following
functions:

e To control the reactor coolant inventory, chemistry conditions, activity level, and boron
concentration;

e Automatically divert letdown flow to the waste management system when the highest
permissible water level is reached in the volume control tank (VCT);

o To provide pressurizer auxiliary spray; and
e To support containment isolation.

To perform these functions, continuous feed and bleed is maintained between the RCS and the
CVCS. Water is let down from the RCS, through a regenerative HX, to minimize thermal loss
from the RCS. The pressure is reduced through letdown control valves and further cooling
occurs in the letdown HX followed by a second pressure reduction. Water is returned to the
RCS by the charging system. The letdown flow is normally aligned to pass through the ion
exchangers to remove ionic impurities. A filter removes solids, and the gases dissolved in the
coolant are removed, added, or maintained in the VCT, as applicable. The boric acid
concentration in the coolant is changed by the reactor makeup portion of the CVCS as required
for reactivity control. The boric acid and charging portions of the CVCS perform safety-related
functions for injecting boric acid into the RCS following a safety injection actuation signal (SIAS)
during accident conditions or for safe shutdown of the plant. Excess coolant may be diverted
into the waste management system.

In its letter dated February 25, 2011, the licensee stated that changes in NSSS design
parameters that could potentially affect the CVCS design bases functions, as a result of
implementing the EPU, included the increase in core power and the allowable range of RCS
full-load design temperatures. The increase in core power and the allowable range of RCS
full-load design temperatures may also affect the CVCS design bases requirements related to
the core re-load boron requirements. Additionally, increasing the allowable range of RCS full
load design temperatures may affect the heat loads that the CVCS HXs must transfer to the
CCW system; and in the case of the regenerative HX, to the charging flow.
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The regenerative HX cools the normal letdown flow from the RCS, which is at the RCS Tcold
temperature. The design inlet (RCS Tcold) temperature of the regenerative HX is 550 °F. The
licensee stated that design inlet temperature of 550 °F bounds the highest RCS Tcold
temperature associated with the RCS no-load temperature of 532 °F. Additionally, the licensee
stated that the no-load RCS temperature, letdown flow, and charging flow do not change for the
EPU. The licensee further stated that although the full-load EPU Tcold temperature of 551 °F
will increase above the current value of 548.5 °F, it is within 1 °F of the design inlet Tcold value
and that the regenerative HX materials were evaluated and determined to be acceptable for a
range of temperatures which bound the maximum EPU operating temperatures. On

July 26, 2011, the staff issued RAI, to obtain amplifying information on the evaluation done on
the regenerative HX materials.

In its response dated August 25, 2011, the licensee stated that the design temperature of the
regenerative HX is 650 °F and that this temperature was the bounding value for the material
properties of the HX. The licensee further stated that since the design temperature was higher
than the maximum expected transient temperature through the HX of 551 °F, the regenerative
HX materials were determined to be acceptable at EPU conditions. The staff evaluated the
licensee’s response and finds that the regenerative HX materials are adequate to handle the
increased temperature at full load EPU conditions.

Since the performance of the regenerative HX is unchanged at EPU conditions, as discussed in
the previous section, there is no effect on the performance of the letdown HX. The licensee
stated that the 1 °F difference in the letdown temperature can easily be accommodated within
the capability of the letdown HX cooling water temperature control valve. Therefore, the
licensee concluded that acceptable letdown HX performance will be provided at the EPU
conditions.

The licensee stated there are no effects on the charging and letdown flows at EPU conditions
due to the temperature change. The minimum and maximum charging and letdown flows are
the same as those for current operation. With no change in letdown and charging flows, the
CVCS functions of maintaining the RCS inventory, supplying pressurizer auxiliary spray, and
RCS chemistry control are not impacted by EPU.

The makeup system relies on the storage capacity of various sources of water, including
primary makeup water and boric acid solutions from both the boric acid makeup tanks and the
RWT. Primary makeup water is used to dilute the RCS boron concentration, to provide positive
reactivity control, or to blend concentrated boric acid to match the RCS boron concentration
during RCS inventory makeup operations. Since the flow capacity performance of the RCS
makeup system is not impacted by the change in RCS conditions resulting from the EPU
conditions as discussed above, the licensee stated that the EPU does not affect the capability of
the makeup system to perform these system functions.

The boric acid makeup tanks and RWT provide the sources of boric acid for providing negative
reactivity control to supplement the reactor control rods. The EPU is expected to have an effect
on the boration requirements that must be provided by the CVCS boration capabilities. The
licensee stated that the EPU analysis has determined that the increases in the boric acid
makeup tank and RWT minimum concentration requirements are within the CVCS capability.
The reload safety analysis checklist is designed to address the boration capability for routine
plant changes, such as core reloads, and infrequent plant changes such as a plant uprating that
results in a change to core operating conditions and initial core reactivity. The licensee stated
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that the reload safety analysis checklist (RSAC) process will ensure the boration requirements
are within the boration capability.

CVCS letdown flow and charging flow are varied to control pressurizer water level and RCS
inventory. The pressurizer water level is programmed as a function of power level to assist in
compensating for RCS coolant contraction and expansion. The licensee indicated that this
programmed level will remain as currently installed with the revised average temperature
program endpoints. The licensee stated that the current setpoints for charging and letdown
control remain appropriate for EPU conditions.

The portion of the expansion/contraction volume not accounted for by the pressurizer
programmed level is made up by inventory from the VCT and if necessary, from safety-related
borated water sources. Safety-related makeup will always be available even when the VCT is
drawn down below the low-low-level setpoint. The licensee stated that the additional
expansion/contraction at the EPU temperature will result in acceptable system response.
Furthermore, the licensee stated that there will be a slight increase in nominal letdown
temperatures which will impact the letdown flow control valve limit setpoints that maintain
minimum and maximum letdown flows; however, this impact is within the design capability of the
valves.

There is the potential for an increase in crud buildup due to the EPU. The licensee indicated
that 40 gallons per minute (gpm) purification flow is sufficient at the current power level and that
maximum purification flow is 128 gpm, which leaves adequate margin available at EPU
conditions.

Conclusion

The NRC staff reviewed the effects of the proposed EPU on the CVCS and based on the
estimated increase in T4, boron concentration and potential crud build up being within the
design capability of the system, as well as no changes in charging flow, letdown flow, and
pressurizer level control, the staff finds that the CVCS will continue to perform its function
post-EPU implementation. The NRC staff also has reviewed the licensee's evaluation of the
effects of the proposed EPU on the CVCS and BRS and concludes that the licensee has
adequately addressed changes in the temperature of the reactor coolant and their effects on the
CVCS and BRS. The NRC staff further concludes that the licensee has demonstrated that the
CVCS and BRS will continue to be acceptable and will continue to meet the requirements of
GDC 14 and GDC 29 following implementation of the proposed EPU. Therefore, the NRC staff
finds the proposed EPU acceptable with respect to the CVCS.

2.1.12 Metamic Surveillance Program

In the LAR (Reference 2), the licensee included a Metamic™ insert surveillance program to
monitor the material condition of the Metamic™ inserts proposed to be installed in the unit’s
SFP to support the SFP criticality analysis. The staff required additional information and issued
an RAI dated October 28, 2011 (ADAMS Accession No. ML112990830) and February 16, 2012
(ADAMS Accesion No. ML12048A277). The licensee’s responses to those RAls are dated
December 27, 2011 and March 8, 2012.
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Requlatory Evaluation

The following is the regulatory basis for the use of Metamic™:

GDC 62, “Preventing of criticality in fuel storage and handling,” states that, “criticality in the fuel
storage and handling system shall be prevented by physical systems or processes, preferably
by use of geometrically safe configurations.”

According to SRP Section 9.1.2, “Spent Fuel Storage,” the staff's review should ensure the
compatibility and chemical stability of the materials wetted by the water in the SFP and, if
applicable, in the new fuel vault and evaluate potential mechanisms that alter the dispersion of
any strong fixed neutron absorbers:

A. Compatibility and chemical stability of the materials in the components wetted by water

in the SFP and in the new fuel vault. If the possibility for corrosion mechanisms is
detected, the existing programs for preventing or minimizing corrosion are reviewed for
their applicability to control corrosion.

. The reactivity of fuel in the SFP is controlled by plates or inserts attached to spent fuel

racks containing neutron poison dispersed in a matrix. In some environments, the matrix
may degrade and release the neutron poison, resulting in some reduction of neutron
absorbing properties of the panels. The licensee should have a program for monitoring
the effectiveness of the neutron poison present in the neutron absorbing panels.

Technical Evaluation

2.1.12.1  Metamic™ Insert Description

Metamic™ is composed primarily of Boron Carbide and Aluminum (Al 6061). Boron Carbide is
the main constituent in materials known to perform effectively as neutron absorbers and Al 6061
is a marine-qualified material known for its resistance to corrosion. The licensee provided the
following description of the proposed Metamic™ inserts to be used:

The Metamic™ used for the inserts shall have a boron carbide weight percentage of
24.5 percent minimum. Alloy 6061 aluminum powder is used in the manufacture of
Metamic™. The areal density of B-10 in the inserts shall be 0.0160 gm/cm? nominal and
0.0150 gm/cm? minimum.

The overall length of the inserts will be approximately 156.5 inches. The cross-section
width of the inserts will be approximately 8.3 inches square. The Metamic™ panel
thickness is nominally 0.070 inches thick.

The landing element material will be constructed from 6061-series aluminum.

The formed Metamic™ panel will be attached to the head piece (landing element) using
a pinned connection. The top flange of the formed Metamic™ panel will be sandwiched
between upper and lower aluminum pieces. There are four aluminum pins, passing
through holes in the top flange of the Metamic™ panel, which will be welded to the upper
and lower aluminum pieces. There will be no welding of or to Metamic™.
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The staff reviewed the licensee’s description of the inserts to be used in the SFP and requested
clarification concerning the upper limit on the boron carbide weight percentage planned on
being used for the inserts in the SFP. The staff issued an RAI dated March 28, 2012.

In the response dated March 31, 2012, the licensee stated that the coupons used in the
Metamic™ Surveillance Program are identical in composition and manufacturing process as the
inserts. Additionally, the licensee stated that the twenty Metamic™ coupons to be installed in
the SFPs (ten per unit) have been received and that the Certificate of Compliance provided with
the coupons stated that the boron carbide content for each of the twenty coupons have a weight
percent that ranges from 25.07 to 25.98. The licensee finally stated that none of the coupons
are over 31 weight percent boron carbide.

The staff has reviewed the licensee’s response and has determined that because the coupons
used in licensee’s surveillance program are identical in composition and manufacturing process
as the inserts installed in the licensee’s SFP, then the maximum boron carbide weight percent
of the inserts is bounded by the maximum upper bound of the boron carbide weight percent of
the coupons, which is 25.98 percent. An insert that has a boron carbide weight percent greater
than the maximum upper bound of the coupons will not be properly modeled by the coupons
during the surveillance testing as described in the licensee’s Metamic™ Surveillance Program;
therefore, it would not be appropriate for installation in the SFP. Ensuring that the boron carbide
weight percent of the inserts falls within the range of the boron carbide weight percent of the
coupons provides reasonable assurance that the Metamic™ inserts will perform as designed in
the SFP. The staff's concern on the upper limit of the boron carbide content of the inserts is
resolved.

2.1.12.2 Metamic™ Program Description

The licensee stated that the purpose of the Metamic™ insert surveillance program is to ensure
Metamic™ panels continue to meet the licensing bases requirements. This will be done by
confirming that physical and chemical properties of Metamic™ perform in the SFP as in the
pre-installation qualification data. The surveillance program will monitor how Metamic™
absorber material properties perform over time as a result of radiation, chemical, and thermal
environment found in the SFP. The specific details of the surveillance program, including the
test sample size, will be incorporated into the FSAR, based on the general elements provided
below:

e Visual inspection of the Metamic™ inserts.
e Physical measurement of Metamic™ coupons.
e Neutron attenuation testing of Metamic™ coupons.
2.1.12.3 Initial and Follow on Surveillance Selection
The licensee stated that the Metamic™ inserts inspected as part of the initial surveillance

campaign will be selected by considering the following criteria and generally selecting the most
challenging conditions:
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o Results of pre-installation inspections (e.g., select inserts that have pre-existing
conditions),

o Experience gained during installation (e.g., select inserts that required higher insertion or
removal forces),

e Spatial variations in cooling water flow within the pool, specifically considering effects of
the fuel pool cooling system suction and discharge piping, storage arrangements and the
characteristics of fuel assemblies adjacent to each insert, especially heat generation
rates,

o Noteworthy or unique aspects of St. Lucie fuel pool-related operating experience during
the inservice interval, such as atypical water chemistry or impact by a foreign object, and

o Relevant operating experience from other plants.

Development of follow-on inspection campaigns will be determined by results from this initial ISI.
Some of the same sample of inserts/coupons may be included in future ISIs.

The staff has reviewed the surveillance criteria and has determined that they are acceptable.
The incorporation of operational experience from the licensee’s SFP and relevant operating
experience from other plants provides reasonable assurance that the inserts exposed to the
most challenging conditions will be selected for inspection.

2.1.12.4 Coupons and Coupon Tree in the SFP

A coupon tree will be installed in the SFP that holds ten coupons. The coupons are identical in
composition and manufacturing process as the Metamic™ inserts. The coupon tree will be
placed in a SFP cell in a location that will ensure a representative dose to the coupons, in
addition to simulating the flow characteristics and pool chemistry. The cell location will be in
Region 2 of the SFP, which typically has highly burned permanently discharged fuel. Tested
coupons will not be returned to the SFP.

The licensee stated that should the Metamic™ inserts no longer be required for control of
neutron multiplication within the SFP (e.g., as a result of vacating the fuel pool to dry storage),
insert surveillance and inspections may be terminated.

The staff reviewed the licensee’s submittal concerning the placement of the coupon tree and
requested additional information regarding what the licensee meant by “representative dose”
and whether the placement of the coupon tree was such that the coupons experienced an
environment that bounds the SFP conditions for the inserts to be used. The staff issued an RAI
dated February 16, 2012.

In the response dated March 8, 2012, the licensee stated that the most important factors of
consideration for deciding on the location of the coupon tree, and the characteristics of fuel
assemblies in cells surrounding the cell containing the coupon tree, are the accumulated dose
and the neutron flux. The licensee additionally stated that proximity to higher burned fuel will
yield a higher dose, whereas positioning near higher reactivity fuel will increase the localized
flux. The licensee stated that this combined effect will be achieved by placing most recent

OFHCGIAL USE ONLY —PROPRIETARYINFORMATION



OFFICIAL USE ONLY — PROPRIETARY INFORMATION
-47 -

discharged assemblies in at least two of the four cells, face-adjacent to the Region 2 cell
containing the coupon tree. Additionally, other cells, face-adjacent to the coupon tree, will be
loaded with discharged fuel assemblies cooled for no more than 5 years with an expected
burnup in excess of 35,000 megawatt-days per metric ton uranium (MWd/MTU).

The licensee stated that this configuration of the coupon tree surrounded by recently discharged
assemblies, including freshly discharged assemblies in two adjacent cells without a CEA or
Metamic™ insert, will create an environment that is expected to bound all inserts. The licensee
stated that the environment established around the coupons would provide reasonable
assurance that, if the monitoring program were to detect degradation in the coupons, proper
corrective actions can be taken to mitigate the degradation of the inserts prior to any insert
falling below the design requirements.

The licensee stated that Region 1 of the SFP is inappropriate for the placement of a coupon tree
because no Metamic™ inserts are credited in the Region 1 configurations analyzed for in the
proposed updated TSs. The licensee stated that Region 2 of the SFP, where most of the
Metamic ™ inserts will be placed, is used for the storage of permanently discharged fuel
assemblies with typical burnups in excess of 35,000 MWd/MTU. The licensee further stated
that the assemblies in Region 2, including the assemblies placed in cells with inserts, typically
remain in the same location for a period of greater than 5 years, until removed to dry cask
storage. Therefore, inserts are not exposed to freshly discharged assemblies in an as severe
configuration as the coupons, described above.

The staff has reviewed the licensee’s response and has determined that the placement of the
coupon tree bounds the environmental conditions seen by the inserts in the SFP based on the
anticipated amount of burnup and storage time of fuel assemblies planned to be stored around
the coupon tree. Placing the coupon tree in an environment that bounds the environmental
conditions seen by the inserts in the SFP will provide reasonable assurance that any
degradation experienced by the coupons will preclude possible degradation experienced by the
inserts and allow the licensee enough time to take corrective actions. The staff’'s concerns
about the coupon tree placement have been resolved.

The staff also requested additional information concerning the physical dimensions of the
coupons to be used in the SFP. Specifically, the staff requested if there would be any coupons
that had a formed chevron cross-section similar to the inserts used in the pool. The staff also
requested if there would be coupons that simulate the potential galvanic coupling that may be
seen by the inserts in the SFP. The staff issued an RAI dated February 16, 2012.

In the response dated March 8, 2012, the licensee stated that the Metamic™ coupons have a
height of 8 inches by 6 inches wide, and a thickness of 0.070 inches. This is the same
thickness as the Metamic™ inserts. The licensee stated that the Metamic™ coupons do not
include a formed chevron cross-section; the coupons are a flat, rectangular panel. The licensee
stated that because the most important physical measurement parameter is material thickness
to monitor for potential swelling, and the thickness of the Metamic™ coupon is the same
thickness as the Metamic™ inserts, the coupons are representative of the inserts for this critical
dimensional check. The licensee further stated that the remaining coupon measurement
parameters (height, width, and weight) serve a supporting role and are utilized to identify early
indications of the potential onset of neutron absorber degradation; these parameters will be
measured before the coupons are installed in the SFP, and subsequently checked during future
coupon inspections. The licensee stated that because relative change in these measured
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parameters will be evaluated as part of the surveillance program, the coupons do not have to
replicate the exact geometry of the inserts. The licensee additionally stated that the visual
inspections of the Metamic™ inserts will be sufficient to detect evidence of galvanic coupling.
Additionally, the licensee stated that visual inspection of the actual inserts rather than the
coupons is the preferred method to detect any potential for galvanic coupling as they eliminate
the need to simulate area ratio and proximity effects to other dissimilar materials in the SFP
(fuel assemblies, SFP racks, etc.). For these reasons, the licensee stated that the Metamic™
coupons will not be used as a means to detect galvanic coupling.

The staff has reviewed the licensee’s response and has determined that based on swelling
being the most significant physical characteristic of concern, the chosen coupon dimensions are
representative of the inserts used in the SFP, because the coupons are the same thickness and
of the same material as the inserts. Additionally, the staff has determined that the licensee’s
method for detecting galvanic coupling is acceptable based on using the visual examination of
the inserts in the SFP, rather than relying on simulating area ratio and proximity effects to other
dissimilar materials in the SFP with the coupons, because the visual examination will represent
actual insert conditions. The staff's concerns with the coupon physical dimensions and galvanic
coupling have been resolved.

2.1.12.5 Inspections
2.1.12.5.1 Visual Inspection of the Metamic™ inserts

The licensee stated five inserts will be selected as described in section 3.4 for visual
examination at 4, 8, 12, 20, and 30 years after the initial installation and physical measurement.
The licensee additionally stated that the surveillance campaigns will be scheduled to avoid
refueling intervals and periods when fresh fuel is stored in fuel pool racks in preparation for
refueling.

The licensee stated that the visual ISI method will be a camera-aided visual examination of the
insert base material, its edges, regions of the insert where base material has been formed

(i.e., bent to shape), as well as any connection to the base metal. Non-welded connections will
also be examined. Interior and exterior bend radii and front and back faces of the insert will be
inspected. The licensee stated that the visual examination is sufficient to detect evidence of
cracking, corrosion pitting or other gross damage. Inspections may be performed on inserts
underwater, after they have been removed from their storage rack cell location, or inserts may
be temporarily removed from the fuel pool water, if radiation and surface contamination levels
permit.

The licensee stated that should insert anomalies be noted on the visual inspections, then an
additional set of five inserts will be inspected. Issues identified during the visual inspections will
be included in the licensee’s corrective action program (CAP) for investigation and resolution.

2.1.12.5.2 Physical Inspection of the Metamic™ Coupons

In accordance with manufacturer’'s recommendations, the licensee stated that two coupons will
be selected for physical measurement inspection at 4, 12, 20, and 30 years following initial
installation of Metamic™. Measurements will include weight and physical dimensional
measurements (length, width and thickness) of the coupons to confirm the absence of swelling
and shrinkage.
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The licensee stated that should physical inspections of the coupons result in a failure to meet
acceptance criteria for thickness, then an additional two coupons will be inspected. Issues
identified during physical measurements inspection will be included in the licensee’s CAP for
investigation and resolution.

2.1.12.5.3 Neutron Attenuation Testing of the Metamic™ Coupons

The licensee stated that two coupons will be selected for neutron attenuation inspection 4, 12,
20, and 30 years following initial installation of Metamic™. Neutron attenuation testing is
required to prove a periodic validation of certain assumptions embedded in the fuel pool rack’s
criticality analysis, and to also confirm that the neutron absorption capability of the Metamic™
would remain unchanged throughout its service lifetime.

The licensee stated that should a coupon fail to meet acceptance criteria during neutron
attenuation testing, then an additional two coupons will be tested. Issues identified during
neutron attenuation testing will be included in the licensee’s CAP for investigation and
resolution.

2.1.12.5.4 Staff Summary of the Proposed Inspections

The staff has reviewed the three elements of the proposed Metamic™ Surveillance Program.
The licensee’s proposed visual examinations of the Metamic™ inserts are acceptable because
they will provide an in situ indication of any material degradation happening to the inserts while
in the SFP environment. The use of Metamic™ coupons for physical measurements and
neutron attenuation testing is also acceptable because the results of these examinations will
also give an early indication of neutron absorber degradation, as well as a loss of neutron
attenuation, given that the placement of the coupons in the SFP will be bounding of the
environment experienced by the Metamic™ inserts. The interval chosen by the licensee for the
inspections is acceptable because earlier inspections intervals are spaced closer together,
allowing the licensee to catch the onset of any degradation and take timely corrective actions
sooner in the life of the inserts. In addition, the inspections performed at earlier intervals will
inform later inspections providing reasonable assurance that later inspections will be more
effective at detecting degradation. The staff finds that the three elements of the Metamic™
Surveillance Program are acceptable.

2.1.12.6  Acceptance Criteria
The licensee’s acceptance criteria for each inspection are as follows:
e Visual Inspection:

Any surfaced-based abnormalities, such as, through-wall corrosion/damage,
bubbling, blistering, corrosion pitting, cracking, or flaking.

e Physical Measurement Inspection:

The licensee stated that based on the manufacturer’'s recommendations, an
increase in thickness at any point should not exceed 25 percent of the initial

OFHCGIAL USE ONLY —PROPRIETARYINFORMATION



OFFICIAL USE ONLY — PROPRIETARY- INFORMATION
-50 -

thickness at that point. This acceptance criterion is to monitor for swelling. The
remaining measurement parameters (length, width, and weight) serve a
supporting role and should be examined for early indications of potential onset of
neutron absorber degradation, if any, that would suggest the need for further
attention and possibly a change in the measurement schedule.

The licensee stated that baseline inspections will be performed at the fabrication
facility and will include determination of Boron Carbide weight percentage,
dimensional measurements, weight measurement, visual examination for any
Metamic™ panel defects (inclusions, cracks, etc.), and operability checks
(interface with handling tool). A panel map will be made to document any
observed panel defects. The results of baseline examinations will be recorded in
the inserts documentation package for future availability. The licensee
additionally stated that the following dimensional measurements will be made:

Dimensional Measurement Information Recorded
Insert Length As-Found Values
Metamic™ panel width As-Found Values
Metamic™ thickness As-Found Values
Metamic™ panel longitudinal bond Pass/Fail
radius
Metamic™ panel bend angle Pass/Fail

e Neutron Attenuation Testing:

B-10 areal density is to be greater than or equal to 0.015 grams of B-10 per
square centimeter. The licensee stated that the revised TS 5.6.1.a.7 will contain
the acceptance criteria for neutron attenuation testing (ADAMS Accession

No. ML11314A111). The staff has reviewed the licensee’s TS submittal and
finds that it adequately reflects the required B-10 areal density stated above.

The licensee stated that the failure to meet the acceptance criteria for either physical
measurement or neutron attenuation testing requires investigation and engineering evaluation,
along with early retrieval and measurement of two additional coupons, to provide corroborative
evidence that the indicated change(s) is real. If the deviation is determined to be real, an
engineering evaluation shall be performed to identify further testing or any corrective action that
may be necessary.

The staff has reviewed the acceptance criteria for the three elements of the licensee’s
Metamic™ surveillance program and finds them acceptable. The acceptance criteria for the
visual inspection will provide adequate assurance that the onset of any potential degradation will
be detected so that the appropriate corrective actions can be initiated by the licensee. The
physical measurement inspection of the coupons, which are representative of the inserts in the
SFP, will provide adequate assurance that any swelling in the coupons will be detected early
enough for the licensee to take corrective actions to prevent the adverse affects of swelling in
the inserts. Furthermore, the baseline inspection of the inserts will facilitate documentation of
the initial conditions of the inserts, which can be used as a reference point for later inspections.
The neutron attenuation testing of the coupons, which are representative of the inserts in the
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SFP will provide reasonable assurance that the inserts will continue to meet the TS requirement
for B-10 areal density.

Conclusion

Based on a review of the licensee’s Metamic™ surveillance program, the staff concludes that
the Metamic™ inserts proposed for use by the licensee are compatible with the environment in
the SFPs. Additionally, the staff finds the proposed surveillance program, which includes visual,
physical and confirmatory tests, capable of detecting potential degradation of the Metamic™
material that could impair its neutron absorption capability. The implementation of the
Metamic™ surveillance program provides reasonable assurance that the Metamic™ inserts will
be able to perform their intended function and if degradation were to occur it would be detected,
monitored and mitigated in maintain subcriticality in the SFP. The staff finds that the licensee’s
program meets the requirements of GDC 62, as well as SRP Section 9.1.2, and concludes that
the use of Metamic™ as a neutron absorber insert for the SFP post-EPU implementation is
acceptable.

2.2 Mechanical and Civil Engineering

2.2.1 Pipe Rupture Locations and Associated Dynamic Effects

Requlatory Evaluation

SSCs important to safety could be impacted by the pipe-whip dynamic effects of a pipe rupture.
The NRC staff conducted a review of pipe rupture analyses to ensure that SSCs important to
safety are adequately protected from the effects of pipe ruptures. The NRC staff's review
covered (1) the implementation of criteria for defining pipe break and crack locations and
configurations, (2) the implementation of criteria dealing with special features, such as
augmented IS| programs or the use of special protective devices such as pipe-whip restraints,
(3) pipe-whip dynamic analyses and results, including the jet thrust and impingement forcing
functions and pipe-whip dynamic effects, and (4) the design adequacy of supports for SSCs
provided to ensure that the intended design functions of the SSCs will not be impaired to an
unacceptable level as a result of pipe-whip or jet impingement loadings. The NRC staff’s review
focused on the effects that the proposed EPU may have on items (1) through (4) above. The
NRC'’s acceptance criteria are based on GDC 4, which requires SSCs important to safety to be
designed to accommodate the dynamic effects of a postulated pipe rupture. Specific review
criteria are contained in SRP Section 3.6.2.

Technical Evaluation

According to the plant’s CLB, St. Lucie 2 considers postulation of high energy and moderate
energy pipe failures inside containment and outside containment. The St. Lucie 2 CLB
postulated pipe failures in fluid systems and acceptance criteria for postulated pipe failure
(break and crack) locations and the dynamic effects associated with postulated pipe failures are
contained in the plant’'s FSAR Sections 3.6.1 and 3.6.2. The licensee’s response to staff's RAI
and Section 3.6F.1 of the Unit 2 FSAR shows that the effects of moderate energy piping failures
inside containment are bounded by the applicable high energy pipe breaks. FSAR

Section 3.6F.2.1(c) shows that cracks are postulated for moderate energy piping outside
containment to occur anywhere along the subject piping. According to licensee’s EPU licensing
report and the licensee’s response to staff’'s RAI, for postulating pipe failures inside containment

OFHCGIAL USE ONLY —PROPRIETARYINFORMATION



OFFICIAL USE-ONLY —PROPRIETARY-INFORMATON
-52-

for EPU, the licensee used guidance provided in RG 1.46, which is part of St. Lucie 2 CLB. For
postulating pipe failures outside containment for EPU, the licensee used guidance provided in
the A. Giambusso Letter (December 1972), which is also part of the St. Lucie 2 CLB. The
licensee’s responses to staff's RAls and the EPU licensing report show that performed
evaluations at EPU conditions for moderate energy and high energy piping did not result in any
new pipe break or crack locations. The licensee’s response also shows that the ASME

Section Ill, 1971 edition through Summer 1973 Addenda code was used for developing stress
data for postulating pipe failures inside and outside containment, which is consistent with the
CLB code. The staff finds the licensee’s response acceptable because assurance has been
provided that the criteria and methodology used to evaluate postulation of pipe failures are
consistent with the plant’'s CLB.

The current structural design basis of St. Lucie 2 implements the guidance of GDC 4 to include
the application of LBB methodology described in NUREG-1061 Volume 3 and eliminate
consideration of the dynamic effects associated with circumferential (guillotine) and longitudinal
(slot) breaks in the RCS primary loop piping. The validity of LBB methodology under the
proposed EPU conditions is contained in EPU licensing report Section 2.1.6. The staff’s
evaluation of LBB is documented in Section 2.1.6. In response to staff's RAI, the licensee
replied that it performed stress evaluations for postulating pipe failures for the Class | branch
lines connected to the RCS primary loop piping to reconcile minor changes in thermal
expansion displacements and that all other loading conditions were unchanged due to EPU for
these branch lines. Applicable RCS branch piping breaks are the pressurizer surge line breaks,
spray and relief line breaks, high pressure safety injection line breaks, shutdown cooling (SDC)
line breaks, and chemical and volume control line breaks for letdown and charging piping. The
licensee’s branch line piping evaluations due to EPU did not result in any new postulated pipe
break locations.

The licensee considered EPU operating parameters of temperatures, pressures and flow rates
in performing piping evaluations that did not result in any new or revised postulated pipe failure
locations. The licensee also considered design features that protect essential equipment from
the dynamic effects of pipe whip and jet impingement of postulated pipe failures and determined
that operating parameters associated with EPU did not result in any load increases which would
adversely impact existing pipe whip and jet impingement assessments.

In addition, the licensee evaluated the EPU impact on the issues identified and actions
requested by GL 96-06, "Assurance of Equipment Operability and Containment Integrity During
Design Basis Accident [DBA] Conditions." The pressure in the solid/stagnate volume of water in
a piping section between inboard and outboard containment isolation valves could increase due
to heating of the trapped fluid that could result from an increase in containment temperature due
to a LOCA or a main steamline break (MSLB) accident conditions and adversely affect the
structural integrity of related piping and penetrations. Due to this phenomenon, one of the
requested actions of GL 96-06 was that licensees address overpressurization of piping systems
that penetrate the containment due to fluid susceptibility for thermal expansion. According to
St. Lucie 2 FSAR Table 6.2-52, thermal relief valves were provided to seven isolated piping
segments penetrating containment to address thermal overpressurization concerns of NRC

GL 96-06. In reference to GL 96-06, Section 6.2.4.1.2 of the FSAR states that the design of
containment penetrations accommodate thermal pressurization concerns due to environmental
heating of trapped fluids and that the piping penetration assemblies are designed to withstand a
P-T at least equal to the containment vessel design internal P-T and to withstand the
post-accident transient environment. In an RAI the staff requested that the licensee discuss the
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impact that the proposed EPU has on piping sections subject to thermally induced
overpressurization addressed by GL 96-06. The licensee in its response indicated that plant
modifications were implemented to overpressurization susceptible isolated piping sections that
penetrate the containment as part of the resolution to GL 96-06 to address its concerns. The
licensee in its response also stated that the proposed EPU does not introduce any new
configurations, nor does it change existing procedural controls that will result in
overpressurization of piping during accident conditions. The licensee further stated that no
additional modifications due to EPU are required to the ones already in place as part of the
resolution to GL 96-06. The staff also noted that according to the plant licensing basis the
piping penetration assemblies are designed to containment vessel design temperature, which
according to the EPU licensing report Tables 2.6.1-2 and 2.6.1-3 bounds the EPU containment
vessel temperature due to LOCA and MSLB. Therefore, from its review of the FSAR, review of
the licensee’s response to staff's RAl and review of EPU licensing report Tables 2.6.1-2 and
2.6.1-3 the staff concludes that reasonable assurance has been provided that the proposed
EPU will not adversely affect the structural integrity of the piping penetration assemblies and
their related isolated piping segments and the modifications that FPL has implemented as part
of the resolution to GL 96-06 remain valid for EPU conditions. Because the current design
containment vessel design temperature bounds the EPU containment vessel temperature due
to LOCA and MSLB, as stated above, the staff further concludes that the containment structural
integrity is maintained. For further evaluation input of the EPU impact on the responses to

GL 96-06 and on the integrity of the primary containment and subcompartments due to mass
and energy (M&E) releases resulting from pipe breaks see SER Section 2.6.

The licensee, using methods and criteria from the CLB and current design basis on record,
found that the pipe break evaluations for EPU conditions of applicable piping systems did not
result in new or revised break/crack locations, and the existing design basis for pipe break, jet
impingement, pipe whip and environmental considerations remain valid for EPU. The staff finds
the licensee’s evaluations for postulated pipe failures adequate and acceptable as they meet
the licensing and design basis acceptance criteria found in its FSAR.

Conclusion

The NRC staff has reviewed the licensee’s evaluations related to determinations of rupture
locations and associated dynamic effects and concludes that the licensee has adequately
addressed the effects of the proposed EPU on them. The NRC staff further concludes that the
licensee has demonstrated that SSCs important to safety will continue to meet the requirements
of GDC 4 following implementation of the proposed EPU. Therefore, the NRC staff finds the
proposed EPU acceptable with respect to the determination of rupture locations and dynamic
effects associated with the postulated rupture of piping.

2.2.2 Pressure-Retaining Components and Component Supports

Requlatory Evaluation

The NRC staff has reviewed the structural integrity of pressure-retaining components (and their
supports) designed in accordance with the ASME B&PV Code, Section Ill, Division 1,
ASME/American National Standards Institute (ANSI) B31.1, and GDC 1, 2, 4, 14, and 15. The
NRC staff's review focused on the effects of the proposed EPU on the design input parameters
and the design-basis loads and load combinations for normal operating, upset, emergency, and
faulted conditions. The NRC staff’s review covered (1) the analyses of flow-induced vibration
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and (2) the analytical methodologies, assumptions, ASME Code editions, and computer
programs used for these analyses. The NRC staff's review also included a comparison of the
resulting stresses and fatigue cumulative usage factors (CUFs) against the code-allowable
limits. The NRC’s acceptance criteria are based on (1) 10 CFR 50.55a and GDC 1, insofar as
they require that SSCs important to safety be designed, fabricated, erected, constructed, tested,
and inspected to quality standards commensurate with the importance of the safety functions to
be performed; (2) GDC 2, insofar as it requires that SSCs important to safety be designed to
withstand the effects of earthquakes combined with the effects of normal or accident conditions;
(3) GDC 4, insofar as it requires that SSCs important to safety be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents; (4) GDC 14, insofar as it requires
that the RCPB be designed, fabricated, erected, and tested so as to have an extremely low
probability of rapidly propagating fracture; and (5) GDC 15, insofar as it requires that the RCS
be designed with margin sufficient to ensure that the design conditions of the RCPB are not
exceeded during any condition of normal operation. Specific review criteria are contained in
SRP Sections 3.9.1, 3.9.2, 3.9.3, and 5.2.1.1; and other guidance provided in Matrix 2 of
RS-001.

In addition to their GDC compliance described above, St. Lucie 2 pressure-retaining
components and supports were evaluated for plant license renewal. The evaluations are
documented in NUREG-1779, “Safety Evaluation Report [SER] Related to the License Renewal
of St. Lucie Nuclear Plant, Units 1 and 2,” dated September 2003 (Reference 6).

Technical Evaluation

NSSS Piping, Components, and Supports

The primary systems of St. Lucie 2 is the NSSS piping, which is the RCS piping and it consists
of two heat transfer piping loops connected in parallel to the reactor pressure vessel (RPV).
Each loop contains one SG, two RCPs, carbon steel piping with stainless steel cladding and
instrumentation. The major function of the RCS is to transport heated coolant from the RPV
through the SGs and back to the RPV for reheating. The primary system also contains an
electrically heated pressurizer connected to the hot leg of one of the reactor coolant loops via a
stainless steel surge line. The St. Lucie 2 current design bases for NSSS piping, components
and supports is contained in FSAR Sections 5.4.3, Reactor Coolant Piping; 5.4, Component and
Subsystem Design; 3.9.3.1, Design Transients Used in Design and Fatigue Analyses;

3.9, Mechanical System and Components; 3.7, Seismic Design and Section 3.2, Classification
of SSCs. In addition, the current design basis also includes the pressurizer surge line thermal
stratification, requested by NRC BL 88-11, “Pressurizer Surge Line Thermal Stratification.”

Based on review of the licensee’s responses to s